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PREFACE
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ABSTRACT

A discrete-element method of analysis for transverse vibration of beam
columns resting on linearly or nonlinearly-elastic, or nonlinearly-inelastic,
supports is presented. The applied forces include static fixed loads and time-
dependent dynamic loads. The program is an extension of programs BMCOL 43
(Research Report No. 56-4) and DBCl (Research Report No. 56-8) to cover in-
elastic supports and time-dependent axial thrusts. Two multi-element models
are used to simulate the inelastic characteristics of supports, one which
allows the beam to 1lift off the support when it deflects, upward or downward,
and the other which considers the resistance to either upward or downward
deflection. An internal damping factor, which is related to the first deriva-
tive with respect to time of the curvature of the beam, has been included, in
addition to the conventional external viscous damping factor.

The method is based on an implicit difference formulation of the Crank-
Nicolson type. A computer program has been written to check the validities of
the proposed multi-element models of tracing the loading paths of the nonlinearly-
inelastic supports and of the implicit formulation of the Crank-Nicolson type.
The results compare well with the theoretical results and with experimental

data.

KEY WORDS: dynamic, static, nonlinearly-inelastic supports, multi-element
model, beam column, implicit formulation, discrete-element method, computers,

piles, bridges, earthquake, wave forces.
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SUMMARY

A computer program, DBC5, is presented which can efficiently analyze a
beam-column resting on linearly or nonlinearly-elastic, or nonlinearly-inelastic
supports and subjected to either static fixed loads or dynamic loads.

The path-dependent history of loading of the nonlinearly-inelastic
resistance-deflection curve of the support is considered in this study. Two
multi-element models, which are used to simulate the nonlinear characteristics
of the inelastic resistance-deflection curves, have been introduced. For prob-
lems with nonlinearly-elastic or nonlinearly-inelastic supports, the iteration
process compares successively computed deflections until a specified tolerance
is satisfied. An option available in the program allows a switch from a
spring~load-iteration process (adjusting both the stiffness and the load from
one iteration to the next, which is known as tangent modulus method) to a
load-iteration technique (adjusting only the load) when the supports yield or
disconnect from the beam-column. An internal damping factor, which is related
to the first time derivative of the curvature of the beam, has been considered
in addition to the external viscous damping factor which is normally encountered
in a dynamic problem.

The results of an analysis can include

(1) solutions for the member under static fixed loads,

(2) solutions for the member under dynamic and static loads at each time
station, and

(3) plots of computed deflections or moments along either the time or

the beam axis as required.

Seven example problems typical of those encountered by highway and founda-
tion designers illustrate the uses of the program and the options available.
Included are a three-span beam loaded with an AASHO standard 2-D truck moving
at a uniform speed of 60 mph, a simply supported steel rod loaded by axial
pulses, a partially embedded steel pipe pile loaded by idealized wave forces,

and a partially embedded steel pipe pile excited by sinusoidal, earthquake-

induced forces.

xi
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A guide for data input 1s presented which allows routine application of
the method of analysis with little necessary reference to the body of the main

report. Any number of analyses may be run at the same time.



IMPLEMENTATION STATEMENT

The utilization of numerical methods to describe computer models of
problems in structural dynamics has been an interesting subject to which many
structural engineers have devoted their efforts in recent years.

In this study, an efficient computer program, DBC5, is developed for the
analysis of beam-column problems, static or dynamic, which have either linearly-
elastic or nonlinearly-inelastic supports. The path-dependent history of
loading of the nonlinearly-inelastic resistance-deflection curve of the support
is considered. Potential applications include study of the dynamic response
of actual truck-loaded bridges, prediction of the response of offshore piles
tc wave forces, analysis of railroad loadings on continuous spans which are
supported on soil foundations, analysis of transverse response of partially
embedded piles to earthquake-induced forces, and prediction of the hysteresis
effect of inelastic supports under pavement slabs.

Recommendations are made for further research in developing other better
multi-element computer models for nonlinear supports so that buckling, fracture,
softening, and relaxation (creep) of the support could also be considered in
the program.

It is further recommended that this program be put into test use by
designers of the Texas Highway Department to further evaluate its uses, and
to investigate needed extensions or modifications to make it more usable for

the practicing design engineer.
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CHAPTER 1. INTRODUCTION

In recent years, a great deal of interest has been focused on the utili-
zation of numerical methods to describe computer models of problems in struc-
tural dynamics, Many computer programs (for instance, Refs 3 and 10) are
available for solving for the dynamic response of beams or slabs which are
either linearly or nonlinearly supported; no program has been found, however,
which considers the path-dependent history of loading of nonlinearly-inelastic
supports. As a result of the necessity to consider the important effects of
energy lost due to the hysteretic behavior of the supports, much of the present
work has been devoted to the development of multi-element models to simulate
the nonlinearly=-inelastic supports. With these models, general rules in FOR-
TRAN logic can be observed and used to predict the loading paths of resistance-
deflection curves of the supports, The models for the nonlinearly=-inelastic
supports described in this work are not time-dependent; therefore, relaxation
(creep) of resistance of the support is not included in the model., The retar=
dation, or delayed elasticity, of the support can be considered by installing
an external viscous dashpot in parallel with the support model. The softening
of the nonlinearly-inelastic support is also not included but strain-hardening

may be considered.

Purpose and Scope of Program DBC5

The primary purpose of this investigation is to develop an efficient com-
puter program for solving for the transverse dynamic response of a beam=-column
resting on linearly or nonlinearly-elastic or nonlinearly-inelastic supports
which are simulated by the proposed multi-element models described in Chapter
3. When the hysteretic behavior of the supports is considered, the program
is able to predict more accurately the dynamic response of beams, piles, slabs,
or even bridges which are supported by soil foundations,

A marching method of solution is used which is based on an implicit
formula introduced by Crank and Nicolson (Ref 2) to solve second-order heat

flow problems. Salani (Ref 10) is credited with applying this implicit



formula in determining the transverse time-dependent linear deflections of a
beam or plate. Essentially, the beam is replaced by an arbitrary number of
rigid bars and deformable joints, and time is divided into discrete, equal
intervals. The representation readily permits the flexural stiffness, the
elastic restraints, the mass densities, and the applied external loadings to be
discontinuous and lumped at the deformable joints which connect the rigid bars.
The governing partial differential equation at each joint is approximated by

a difference equation that includes several unknown deflections of the joint,
which occur at specified time intervals, All difference equations are based
on the assumptions of linear elasticity and the elementary beam theory. The
effects of transverse shear and rotatory inertia are neglected.

The nonlinear characteristics of the supports are considered by using
either a spring-load iteration process (adjusting both the stiffness and the
load from one iteration to the next, which is known as tangent modulus method)
or a load-iteration technique (adjusting only the load). The iteration pro-
cess compares successively computed deflections until a specified tolerance is
satisfied. Only three nonlinear characteristics of support curves are con-
sidered: the first is exhibiting the same resistance to either upward to down-
ward deflection, hereafter referred to as the symmetric resistance-deflection
curve; the second is allowing the beam to lift off the support when it de-
flects upward, hereafter referred to as the negative one-way resistance=
deflection curve; the third is allowing the beam to lift off the support when it
deflects downward, hereafter referred to as positive one-way resistance-deflec-
tion curve. Two multi-element models to simulate the three types of support

are introduced in this work,

Application

Computer Program DBC5 is versatile and efficient for

(1) solving for the transverse response of beam-columns with linear and
nonlinear supports under free or forced vibration;

(2) computing slopes and shears of the bars, bending moments, and sup-
port reactions of the deformable joints, statically or dynamically;
and

(3) plotting computed deflections or moments along either the time or
beam axis for the requested monitor stations.



w

Applied forces include static fixed loads, time variant axial thrusts,
and time variant lateral loads. Static solutions of beam-columns under fixed
loads may also be obtained. B

The computer program is intended to provide an efficient tool for anal-
yzing many problems encountered by highway and foundation designers which are
complicated and unsolvable using classical methods. A variety of highway
structures, such as bridge girders, guard rails, or even a whole bridge floor
under moving loads or suddenly applied impact, can be simulated by the computer
model of Program DBC5 and solved efficiently. The capability to treat supports
that behave nonlinearly and inelastically provides for direct solutions of
transverse deflections of railroad rails under moving loads and the prediction
of the responses of offshore piles to wave forces, as well as the study of
transverse responses of piles to earthquake=-induced forces, since the parts
of rails and piles supported by the soil can be reasonably represented by the
proposed multi-element models for considering the path-dependent history of

loading of the soil supports.
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CHAPTER 2. DEVELOPMENT OF THE IMPLICIT OPERATOR

Program DBC5 is developed for the dynamic analysis of beam-columns rest=-
ing on linearly-elastic or nonlinear supports under time variant axial thrusts
and lateral loads. The program uses a discrete-element model for developing
the equation of motion of beams. An implicit formula of the Crank-Nicolson
(Ref 2) type is then utilized to form a marching operator. At each point in
time, a set of simultaneous equations for the unknown deflections at the de=-
formable joints can be obtained by systematically applying the marching opera-
tor at all joints. A recursive procedure is then used to solve the simultane-
ous equations., A brief discussion of the method of the recursive solution

procedure is included in Appendix B.

Discrete~Element Model for Dynamic Beam-Columns

Matlock and Taylor have developed a static model composed of rigid bars
and springs (Fig 1) which can be used to simulate a beam-column. 1In Ref 5
the efficiency of this model has been proved'by solving a variety of structures
which can be simulated as beam=-columns. By the addition of masses and damping
factors lumped at the deformable joints, a dynamic model (Fig 2) is formed

that can closely simulate the dynamic response of real beam-columns.

Equation of Motion of Beam-Columns

The equation of motion for transverse vibration of beams can be obtained
by summing all the forces, internal and external, at a particular joint j
and a particular time station k (see Fig 3). The concept is based on D'Alem-
bert's principle. Thus an equation can be written in terms of the unknown
deflections w , moments M , internal damping factors Di

soe o
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= W37 T ( TN w2+,
f0 © 0B L(Qj+Qj,k—1)+ Qj+Qj,k+1)_\+h( 5-1 1 G511/

Detailed derivations of Eqs 2.1 and 2.2 are included in Appendix A. In
Fig 4, an implicit operator of the Crank-Nicolson (Ref 2) type is shown for
Eq 2.2.

To start the dynamic solutions, a static model as described in Ref 2 is
used twice, at time stations =2 and -1 , for solving the initial deflected
shape of the beam~column due to static loads. Since the implicit operator re-
quires the deflected shape at only the two previous time stations, there are
no considerations of the initial velocities and initial accelerations of the
deformable joints of the beam., This is consistent with normal practice, since
deformable joints of a beam normally have no initial velocities or initial
accelerations.

All deflections at time station k+l1 are unknown. To solve for the un-
known deflections at time station k+l , the operator, which requires the de-
flected shapes of the beam at time stations k and k-1 to be known, is ap-
plied systematically at beam joints j = -1, 1, 2 ,., M+l ., This procedure
establishes a set of simultaneous equations wherein each equation includes
five unknown deflections. These equations are solved by a two-pass, recursive
technique described in Ref 4 (see Appendix B) for the unknown deflection of
every joint. Once the deflected shape of a member at time station k+1 is
known, the slopes, bending moments, shears, and support reactions for the mem-
ber at the previous time station k can be determined by using the procedures

described below.

Slope. Equation 2.3 is the simple-difference expression for slope of the
individual bar j in terms of the deflections of joints j-1 and j and the

beam increment length h (see Fig 1(c)).

“Wi_1 + w-
ej = —iT-—_J- (2'3)

The concept applied for both the static model and the dynamic model. It
will be seen in results printed from the program that the slope is printed be-
tween the beam stations; this slope ig that of the bar between the indicated

beam stations.
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Bending Moment. In conventional beams, the bending moment is equal to

the product of the flexural stiffness and the curvature. In the finite-element
model the flexibility of the beam and the curvature are lumped at the beam sta-
tion points. The corresponding relation for bending moment M in the static

model is

F,
M, = 3 ( j-1 i i+l
j h

(2.4)
k| h

W, - 2w, + w, >

In the dynamic model, the internal dampling factor lumped at the joint con-

tributes its effect in addition to the conventional bending moment, Thus,

2w, ¥ wj+1,k>
h

F. w. -
- i j=1,k
M, =

+ 2w

7 (’Wj-l,k-l iok-1 7 Yi41,k-1 F Y5e1, k01

\
Tl T Ve, (2.5)

Shear, Shear Vj in the static model is found from the equation of

moment equilibrium of bar j (Fig 1(b)). Thus,

(2.6)

For the dynamic model, in addition to the effects of conventional bending

moments and static axial thrusts, the moments contributed by the internal

/ =\ . -\‘
damping factors le/j 1 and Kpl}j , and the time dependent axial thrusts
\ -

T? , are also found in the equation of moment equilibrium of bar j (Fig 3).
b
Thus,

-M, + M s

. + w
_ iel,k Y4,k T T ( Yi-l,k T Yy k>
V. - - ) : 2 3
T+ Tkl i3



14

W . - 2w +
DR ALY
-1 dt
i 3
, . - 2w, .+
.\ (D;.) d (“’J-l,k Yi:k wj+1,k> 2.7)
5 at 3
h
Substituting
T 1 (T T >
Tk 5 \Ty,k-1 7% T5,141/ 2
W, - 2w, + w,
_d (J-Z,k Yi-1,k WJ:k‘) = 1 (.w_ + 2w
dt 3 thh13 j=2,k-1 j=1,k-1
TV kel Y Y2, T ekt wj,kf-l)
and
d (Wj-lsk Tt w“l’k) = 1 (-w + 2w
dt 3 2hth3 je1,k-1 j,k=1

) N\
TVl k-1 T Yi-1,kkl T 2,k T Vel k1)

into Eq 2.7, thus,

M, + M, - +
= _J=1,k "3,k [ (T TN (W'-l kY k)
v, - . ( Jmi, Js
sk h Ty 05 T k-1 Tj,k+1)]i R
%)
p* ),
A

3 (‘“j-z,k-l kel T Vg1t Vye2, k4L
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),

\
ey,
J,k+1) ’h h3 j=1l,k-1

t

-2 A + 2w,

Wiiltl T 3,k-1 7 Yiel,k-1

+ -2 (2.8)

.
Witk T 2V kel T Vil ken/

As seen in Fig 1(b) (or Fig 3), Vj (or Vj,k ) is the shear throughout
the length of bar j. Therefore Program DBC5 is written such that the shear
computed in each bar is printed between the ad jacent beam stations. In the
program, the rotational restraints and the applied couples, which convention-
ally are considered to be concentrated at a point, are acting on the beam as
equal and opposite loads separated by two increments, as shown in Fig 5.
Therefore, the shear for only the bars adjacent to beam stations with applied

couples or rotational restraints is affected by these loads and is not the

same as conventional shear.

Support Reaction. As described in Ref 5, the support reaction for the

static model can be obtained by Eq 2.9 or Eq 2.10.

If joint j is supported on a linear spring S? , the reaction Q? is
S
Q. = - S.w, 2.9)

If joint j is supported on a nonyielding support (deflection wj equal

to zero), the support reaction is

Q3 _ Mj_l-ZMj+Mj+1_Q +cj_l-c
j h j

jrl
2h

Ry TRy T Ry P R0

4h2

T .wW. -Tw, =T, .w. + T, .w,
j j=1 j i jtlj j+l j+l

h (2.10)
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CJ- (Applied Transverse Couple)

ﬁﬁ \ (Rotational
Restraint)

(a) Mechanical model.
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j-1 j+l

(b) Equivalent forces.

Fig 5. Rotational resistance R and applied couple C
acting on the mechanical model.
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For the dynamic model, the support reaction can be obtained by Eq 2.1l cu

Eq 2.12.

If joint j is supported on a linear KS?) or nonlinear (s? k> spring
3

S N
or both (S, + S, > the support reaction . is
7 T,k PP Uk
S s
. - W,
QJ,k i ik
or
N S /s N S
S, w, + Q. or - {S., + S, w, + Q; 2.11
jok i,k Ql’k & | J’k/ ik Ql’k ( )

S X . . . . .
where Qi K is the iterative correction reaction of the nonlinear support at
b

time station k .

If joint j is supported on a nonyielding support, the support reaction

is

M. - 2M, + M, -
S 1o S 1 Sl 3 W SN B B 0
ik h N 2h
T T
(Qj,k-l R AN (R ; . .
2 /7 4n? VitU5e2,k T N1k T R iYLk
Vo

+ R, .w. jo= = ‘T.w. - T.w. - )
+17§+2,k/ " h ( 5% T Yk T T e T Tk

oY),
-w, . W, .
h32ht j=2,k-1 §=1k=1 " ¥i,k-1F Y5a2 ksl
, . \ 2@12 ,
- 2w, . -~ (-
(SRS ISRy 3, " ¥5e1,k-1 T ¥y k1
h
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Internal and External Damping

’ ;o /AN
In Eq 2.1, two symbols KDl/j and KDe/j are introduced to represent

the internal damping coefficients and the external viscous damping coefficients,

\ ’

which are both lumped at joint j. The rheological models of the two damping
/ i \ N

l

; P

1b-in"-sec/sta and lb-sec/in/sta. The internal damping is due to the internal

constants are shown in Fig 6. The typical units of and {Pejj are
dynamic viscosity of materials. Boltzmann first proposed the hereditary
theory which attributed the loss of energy, due to intermal damping, to the
elastic delay by which the deformation lagged behind the applied force.,
Coulomb also proposed a viscous theory which assumed that the viscosity
effects are proportional to the first time derivative of strain. The coeffi-
cient of proportionality (constant for each material at constant temperature)
is called the coefficient of viscosity. In Ref 13, Volterra has shown a
mathematical relationship between the viscous and hereditary damping theories,
The relationship of stress ¢ to strain € for the material based on the

hereditary theory can be assumed as
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a™le
o = E€+ 2 Pn—0— (2.13)
n=1 dt
where
n-1 To
Pn = S%%%TTT J P lonar

T 1is an instant of time between O and To , To 1is the period of heredity
(9(1) = 0 for T > To), and ¢(7) 1is the memory function which can be found
from the experimental data.

If the coefficients Pn with n > 1 can be neglected, Eq 2.13 reduces
to

_ de
o Ee + 2 2.14)

where ¢ = P1 . Equation 2,14 is the stress-strain relationship of the mater-
ial based on viscous theory. Therefore, viscous theory is included in here-
ditary theory.

In the rheological model shown in Fig 6(a), the internal damping coef=-

ficients ﬂDl}j are related to the first time derivative of curvature, Thus
.y de,

M, = F.q, + D", == (2.15)
j i'] v /3 de

gives the relationship between the moment Mj and the curvature ¢, .
Equation 2,15 is used in Program DBC5 for calculating the bending moments
contributed by the flexural stiffness and the internal damping coefficient at
the deformable joint j.
It will be shown in problem 4 described in Chapter 5 that the internal
damping factors have little effect on the solutions of lower frequencies of a
vibrating steel beam. The vibrations at higher frequencies, however, are

damped out with time due to the effects of internal damping and rapid changes

of curvatures.



The external viscous damping force is defined as f(w. k) = -(De)jwj K
The constant D° (in tons per unit velocity, lb-sec/inch, ;r kip-sec/ft) i;
called the coefficient of viscous damping. This type of damping occurs for
small velocities in lubricated sliding surfaces, dashpots, and hydraulic shock=-
absorbers., The so-called viscous resistances are produced by the slow motior
of immersed bodies in fluid, either liquid or gas. The value of the coeffi-
cient (De)j depends essentially on the nature of the fluid, as well as on
the form and the dimensions of the immersed body.

With these two types of damping factors, the Program DBC5 can solve the
problems characterized by the so-called visco-elastic nonlinearity to a great

extent.

Linearly-Elastic and Nonlinearly-Inelastic Supports

In the discrete~element model, lateral supports of various types can be
represented by either an equivalent linearly-elastic spring or a nonlinearly-
inelastic spring at each of the beam stations. For example, if the beam is
supported by columns or piers, the axial stiffnesses of the columns or piers
can be approximately estimated and included as equivalent linear spring con-
stants. For more reality, the true behavior of many lateral supports can be
better represented by the nonlinear characteristics of the axial resistance-
deflection curves of columns, or piers, and soil supports.

If the beam is laterally supported by a soil foundation, better results
are obtained by using the nonlinear characteristics of the resistance-deflec=-
tion curves of the soil than by using the equivalent linear spring constants
of the soil resistances, since these characteristics represent the true be-
havior of the soil supports. In Program DBC5, the nonlinear characteristics
of each lateral support are described by a curve consisting of straight line
segments., Only three types of the nonlinear characteristics of the lateral
supports, symmetric, negative one-way, and positive one-way, are considered
in this work,

The symmetrical nonlinear resistance-deflection curve is shown in Fig 7.
The force developed against the beam-column model by the supports is plotted
on the vertical axis and the model deflection is plotted on the horizontal
axis., For both load and deflection, the positive sense is upward. The posi-

tive and negative one-way resistance-deflection curves are shown in Fig 8.
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For the negative one-way support, resistance to deflection is developed only
when deformable joints deflect in the negative or downward diresction; for the
positive one-way support, resistance to deflection is developed only when de-
formable joints deflect in the positive or upward direction. In order to be
consistent with the multi-element model (see Chapter 3) used to simulate the
nonlinear resistance-deflection curve of the supports, several limitations

are placed on the nonlinear characterization:

(1) The curve must pass through the origin.

(2) The curve must be continuously concave as viewed from the horizontal
axis, except that horizontal lines of zero stiffness can be input
for representing ideally plastic behavior.

(3) No softening of supports is permitted; that is, no reversal of
slope sign of the segments on the support curve is permitted.

Stability of the Implicit Operator

Reference 10 has shown that when a uniform beam with well-defined boundary
conditions under free vibration is analyzed using the implicit operator of the
Crank-Nicolson form, the solution is stable for all positive values of EI ,
p, h, and ht . ,

If the same beam, with internal damping (Di>j lumped at joints, is
under free vibration, the quadratic equation for evaluation of the stability

criterion becomes

2
e2¢ ¢ 1 2q

+ e [ 2
" 4(F4D) (cos En-l) + q

2

2

2
r 4 (F-D) (cos Bn-l) +q ] _
5| = 0 (2.16)

+ 7
“ 4 (F+D) (cos B-1)" +q

where

F = EI

o
I

i
(D )j/ht

Nal
]

3,2
2 ph /ht



The derivation of Eq 2.16 is included in Appendix C.
From Eq 2,16, the condition for bounded solutions as time approaches in-

finity becomes

16 (F2-D%) (cos Bn-1)2 + 8Fq° > 0 2.17)

The above inequality is true, since D 1is usually less than F for a reasona-
ble time increment length ht , and the positive value of the term 8Fq2 is
always greater than the negative value of the term 16(F2 - DZ)(cos ‘En-l)2

when ht is extremely small,

For more complicated cases, such as a beam with internal damping, non-
linear spring supports, and rotational restraints under forced vibration, the
analytical proofs for the stability of the implicit operator are not feasible,
However, stable numerical solutions have been obtained for most complex prac-
tical problems that are physically stable. For beams with nonlinear supports
under forced vibration, cautious selection of a reasonably small time increment
length (for instance, less than 1/10 of the fundamental period) must be made,
since the basic assumption of the Crank~Nicolson implicit formula is that the
time-dependent forcing function and the time variant nonlinear springs are
smoothly varied with time. Extremely small time increment length is not
possible for most practical problems due to the present limitation of a maxi-

mum of 1000 time stations provided in Program DBC5.
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CHAPTER 3, RESISTANCE-DEFLECTION CURVES FOR THE IATERAL SUPPORTS

Three types of lateral supports are considered in this work: linearly-
elastic, nonlinearly-elastic, and nonlinearly-inelastic. Chapter 2 discusses
how the nonlinear support characteristics can be reasonably described by non-
linear resistance-deflection curves which are approximated by a series of
straight-line segments. This chapter introduces two multi-element models each
of which is made up of several sub-elements that can be used to simulate the
nonlinearly-inelastic characteristics of either a symmetric or a one-way re-
sistance-deflection curve. A short discussion of the Baushinger effect (Refs 9
and 11) as it relates to the formation of the loading paths of nonlinearly-
inelastic resistance-deflection curves is included., Finally, a systematic
approach to tracing the loading paths of nonlinearly-inelastic resistance-

deflection curves in dynamic problems is explained.

Multi-Flement Models

A multi-element model consisting of several parallel sub-elements for
simulating the symmetric resistance-deflection curve is shown in Fig 9(a).
Each sub-element has a linear spring connected in series with a Coulomb fric~-
tion block., The sub-elements are assumed to behave as perfectly elastic-
plastic and their resistance-deflection curves are shown in Fig 9(c). We see
that it is possible to represent a symmetric resistance-deflection curve with
a number of perfectly elastic-plastic simple elements in parallel. Buckling
and fracture phenomena are not considered in this work. Now let us study the
behavior of the sub-elements. If the multi-element model is starting to de-
form downward, all of the four sub-springs will deform elastically and the
resistance will be built up to point A, as shown in Fig 9(b).

At this point the resistance force in the sub-spring S1 is just equal to
the friction force created at the sliding surface of the Coulomb friction
block. Beyond the point A the entire sub-element 1 will slide and no resist-
ance, therefore, will be taken by this sub-element. If the model continues to

S and S

deform downward the resistance will be taken by sub-springs 82 > S35 4

27
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up to point B, At point B the sub-element 2 will start to slide, Beyond the
point B the resistance will be taken by sub=-springs S3 and S4 up to point C.
At point C the sub-element 3 will also start to slide. Beyond point C the

resistance will be taken only by sub=spring S up to point D, Finally at

point D the entire support will start to yieldaplastically and offer no more
resistance to the deflection., Based on the above assumption, a continuously-
straight-line-segment curve which represents the nonlinear characteristics of
the support can be easily obtained by the summation of all ideally elastic-
plastic resistance-deflection curves of the sub-elements. The procedure of
constructing such a curve is shown in Fig 9(b). Theoretically, the more seg-
ments there are in a curve, the smoother the representation of the nonlinear
characteristics will be. Practically, however, a symmetric curve that consists
of a maximum of 19 straight-line segments (9 sub-elements) is suitable to rep-
resent the nonlinear characteristics,

A multi-element model, as shown in Fig 10(a), is used to simulate the
negative one-way resistance-deflection curve. The model is similar to the one
used in the symmetric case except that there is no connection between the
springs and the friction blocks. The spring-blocks work the same way as the
ones used in the symmetric case when the deflection is downward (megative).
While the deflection is upward (positive), the springs lift off the friction
blocks and therefore no resistances can be built up in the sub-springs. Once
the sub-springs are contacting the friction blocks again, the resistances in
the sub-springs will again begin to build up and the spring-blocks act exactly
as if the model is deflecting downward, The procedure of constructing a nega-
tive one-way curve from the individual sub-elements is shown in Fig 10(b).

The same multi-element model as shown in Fig 10(a) can be used to simu-
late the positive one-way resistance-deflection curve. In this case, the
support model is to the right of (or above) the joint of beam-column; there-
fore, the sub=-springs disconnect from the friction blocks and exhibit no re-

sistances while the deflection is downward (negative).

Baushinger Effect of Nonlinear Resistance-Deflection Curve

If a specimen of mild steel is subjected to compression after a previous
loading in tension, the applied compression stress, combined with the residual
stress induced by the preceding tensile test, will produce yielding in the

most unfavorably oriented crystals before the average compressive stress
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reaches the value at which slip bands would be produced in a specimen in its
original state. Thus, the tensile test cycle raises the elastic limit in ten-
sion, but lowers the elastic limit in compression. This phenomen is called
the Baushinger effect (Refs 9 and 11).

From the multi-element models shown in Fig 9(a) and Fig 10(a), we can
see that each individual sub-element is allowed to slide during the loading-
unloading process. As a result of sliding or plastic deformation produced on
loading, a system of residual resistances is introduced on unloading. Obvious-
ly, these residual resistances will influence the deformation produced by sub=~
sequent loads. Now let us study the so-called Baushinger effect based on the
multi-element models shown in Fig 9(a) and Fig 10(a). For simplicity, con-
sider a single spring support which has a nonlinear symmetric resistance=-
deflection curve with only three segments of resistances as shown in Fig 11(b).
The nonlinear spring can be constructed by a multi-element model consisting
of only two sub~elements each with an ideally elastic~plastic resistance=~
deflection curve as shown in Fig 11(c) and Fig 11(d). If a vertical load Q1
is applied downward to the spring, it will produce resistances R and R

1 2

in the sub-springs S1 and 82 ,» respectively. Thus,

Q.S
171
R, = ==&~ (3.1
1 (Sl+Sz)
Q,s
12
R, = =~ (3.2)
2 (Sl+Sz)

By gradually increasing the load Q1 we reach the condition at which the

friction block in the sub~element 1 starts to slide while the sub-spring 52
continues to deform elastically., This condition corresponds to point A in
Fig 1lb. If at point A the deflection is equal to a value LA then the

corresponding resistance RA is found from the equation

R, = (sl + sz)w1 (3.3)
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If we continue to increase the load, the sub-element 1 will slide and exhibit

no resistance, and the additional resistance R_ will be taken by the sub-

B

spring S, . The additional resistance RB corresponding to the deflection

2

W, will be

RB = Sz(w2 - Wl) (3.4)

The relation between RB and w, is shown in Fig 11(b) by the inclined line

AB . If we begin unloading the iodel after reaching point B on the diagram,
both sub=-springs S1 and S2 will behave elastically and the relation between
the removed resistance and the upward displacement will be given by Eq 3.3.

In the diagram we therefore obtain the line BC parallel to OA , and the

total vertical displacement upward during unloading is
Wy = (RA + RB)/(Sl + sz) (3.5)
Substituting Eq 3.3 into Eq 3.5 yields

"

w. = w 4 —B— (3.6)
175, +5,

From Eq 3.4 we obtain
3.7)

Comparing Eqs 3.6 and 3.7, we find that v, is greater than LAY We see
that because of the sliding of sub=element 1, the model does not return to
its initial state and the permanent set oC is produced. The magnitude of

the permanent set is found from the equation

‘ S
oOC = w, - W = 1

R, | ————==< (3.8)
2 3 B L S,(S] +8,)-
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Because of this permanent set there will be positive residual resistance RS

2
in the sub-spring 52 » and this resistance will be balanced by the negative
residual resistance Ri in the sub-spring Sl . The magnitudes of Ri and

Rg can be shown graphically in Fig 1l(c) and Fig 11(d), respectively.
To show the Baushinger effect let us consider a second cycle of loading.

At small values of load both sub-springs deform elastically, and in Fig 11(b)

the second loading process will begin at point C and proceed along the straight

line CB . When we reach point D the sub-spring S, will be relieved of the

1

residual negative resistance Ri and during further loading will have positive
resistance. At point B the positive resistance in the sub-spring Sl will
equal the friction force created by the friction block, and sliding of the
sub~element 1 will begin, It is seen that the sliding resistance of the sub=-
element 1 is raised because of the residual resistances. The gliding resist-
ance was at point A with resistance RA in the first cycle and at point B
with resistance RA + RB in the second cycle., The process of unloading in
the second cycle is perfectly elastic and follows the line BC ,

Let us now reverse the direction of the force and apply an upward load
Ql . The deformation will then proceed along the straight line CE , which is
a continuation of line BC , At point E the total negative resistance is
RA - RB , and the negative resistance in the sub-spring Sl is equal to the
friction force created by the friction block, As the load is increased, the
deformation proceeds along the line EF , 1If the model is unloaded after
reaching point F, it will return to the initial state represented by point
0 ., It is seen that by loading the model downward to point B , the positive
sliding resistance in the sub~spring S1 was increased from R to RA + RB .

A

At the same time the negative sliding resistance in the sub=spring S, was

1
diminished from R to R, - RB . This jllustrates the Baushinger effect.

The area of the pa?alleloggam OABCEFQ0 gives the amount of mechanical energy
lost per cycle, The same concept discussed above can be expanded to a model
consisting of any number of sub-elements,

For a negative one-way resistance-~deflection curve as shown in Fig 12b,
the Baushinger effect for this model can be illustrated by the loading paths
indicated by the parallelogram OABCO and the area defined by OAB'DEFO .
Notice that unless the model reaches the condition at which both sub-~elements

are sliding during the loading process (point D) there will be no permanent

set after unloading from point B in the diagram. This is because the sub=spring
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S1 and the friction block are disconnected after reaching the point C in the
diagram, and hence no residual resistance can be built up in the sub-spring

S1 . With further unloading the deformation proceeds along the line CO and the
model will return to the initial state represented by point O. At this point,

if we reverse the direction of load, the deformation will proceed along the

new curve line OCBB'D . This is because the sub-spring S li.fts off the

1
friction block before reaching the point C.

It is seen that because the sub-springs are able to lift off the friction
blocks, no negative resistances can be built up in the sub-springs and there-
fore the loading paths can generate only on the negative side of deflection.

The above concept also can be expanded to the model which has more than two
sub-elements, The Baushinger effect of a positive one-way resistance-deflection
curve is similar to a negative one-way resistance-deflection curve, except
that the loading paths can generate only on the positive side of the deflection.

A general procedure for tracing the loading paths of either a symmetric

nonlinear or a one-way resistance-deflection curve of any support which has

more than two sub-eléments will be discussed below.

Systematic Approach for Following Loading Paths

In Figs 9(c) and 10(c), we see that the multi-element models for simu-
lating the nonlinearly-inelastic supports can be represented by a number of
ideally elastic=-plastic sub-elements. Although it is possible to retain the
ideally elastic-plastic resistance-deflection curves of each iadividual sub-
element in the program, a more efficient and easier way is to retain the over-
all curve which is obtained by the summation of all ideally elastic=-plastic
resistance~deflection curves of the sub-elements as shown in Figs 9(b) and
10(b).

In Program DBC5, ndnlinear supports can be described for any beam station,
The nonlinear resistance~deflection curve of the support is described by a
simple tabular input which generates a curve of straight line segments with a
series of point numbers. After defining the resistance-deflection curve by a
series of points, which are numbered in order, the resistance and deflection
of each point must be retained sequentially in the variables of Q and W ,
respectively. The retained values of the deflection w must be increasing
positively, while that of the resistance Q must be decreasing or equal for

the consecutive points.
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A typical symmetric nonlinear resistance-deflection curve is shown in
Fig 13a.

In order to be able to systematically generate the loading paths of the
curve during the loading-unloading process, the slope of each segment, the
projected horizontal (deflection) value and the projected vertical (resistance)
value of each segment must be retained sequentially in the variables of S ,
Aw , and AQ , correspondingly. Notice that the retained values of the varia=-
ble S must be in descending order.

Now let us study the procedure of constructing the new path of the origi-
nal resistance-deflection curve shown in Fig 13(a), when the deformation of
the support starts to reverse its direction at point A as shown in Fig 13(b).
The systematic procedure consists of (1) drawing line AB parallel to segment
4-5 so that the projected value of line AB on the horizontal axis is equal
to Am{ and the projected value on the vertical axis is equal to AQ? s
(2) drawing line BC parallel to segment 3-4 so that the projected value of
line BC on the horizontal axis is equal to Awg and the projected value on
the vertical axis is equal to AQg » (3) connecting point C to point 7 on
the original curve, and (4) renumbering the new path of the resistance-deflec-
tion curve as 1, 2, ... 7 as shown in Fig 13(b).

We see that the number of points on the new curve has been reduced to 7
from 8, which is the previous number of points on the original curve. 1If the
deformation of the support again starts to reverse its direction at point A',
shown in Fig 13(b), another new path of the resistance-deflection curve, num-
bered 1, 2, ... 6, will be generated by a procedure similar to that described
above, except that three lines, A'B' , B'C' , and C'D' , are drawn before
the new curve connects to the previous curve.

For a typical negative one-way resistance-deflection curve, as shown in
Fig l4(a), the logic of tracing two new curves can be shown graphically in
Fig l4(b). The procedure is similar to the one used in the symmetric case.

It is seen that loading paths are generated only by downward (negative) de-
flections and positive resistances. We also see that the second adjusted
curve is generated when the deformation of the support, after going back to
the initial state at the end of the first loop, continues to proceed along the

line 5CBA2A' and starts to reverse its direction at point A', The deforma-

tion at point A' is greater than the deformation at point A, where the first
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adjusted curve started. The logic of tracing the loading paths of a positive
one-way resistance-deflection curve is similar to the one used in a negative
one-way resistance-deflection curve, except that the loading paths are on the
positive side of the deflection.

A detailed flow chart relating to the FORTRAN logic, which is used in
the program, of tracing the loading paths of the nonlinearly-inelastic resist-

ance-deflection curves of the support will be found in Appendix F.



CHAPTER 4., DESCRIPTION OF PROGRAM DBCS

General

Program DBCS5 is written in FORTRAN language for Control Data Corporation
(CDC) 6600 computers. With minor changes, the program would be compatible
with IBM 7090 computers and with other systems. Four available FORTRAN sub-

routines are included in the program:

(1) INTERP3 (Ref 5) for interpolating the input data,
(2) TICTOC (Ref 5) for evaluating the computation time,

(3) SPLOTY9. for plotting the results by using the printer plotting method,
and

(4) ZOT1 for plotting the results by using the microfilm or ball-point

paper plotting method.

The program uses in-core storage which requires 58,500 words, Although
the use of auxiliary tapes will reduce the storage, it raises the computation
time to a great extent due to tape operations; therefore, the in-core solution
method has been chosen rather than using many auxiliary tapes. A summary flow
chart of the program is presented in Fig 15. The definitions of symbols used
in the program and a listing of the program with several general flow charts
are included in Appendix E and Appendix F. Subroutines SPLOT9 and ZOTl were
developed particularly for the highway research projects at The University of

Texas at Austin.

Procedure for Data Input

A guide for data input is included in Appendix D. The guide is designed
so that additional copies may be furnished as separately bound extracts for
routine use. A parallel study of the guide will help the reader to understand
the following discussion.

Any number of problems may be stacked and run together. The sequence of
problems is preceded by two cards which describe the run. The first card of

each problem contains the problem number and a brief description of the problem

41
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The program continues working problems until a blank problem number or an

error is encountered; then the run is terminated.

Tables of Input Data

Table 1 is the data-control table. 1t consists of a single card which
must be input for each problem. The number of cards in the remaining tables
and the hold options of these tables are specified in this table. The hold
options for the various tables are independent of each other, but care must
be exercised to insure that the data in the various tables are compatible.
For example, if a previous 40-increment problem had a distributed load from
station O to station 40, then the user should not change the total number of
increments in the new problem to some number less than 40 unless he erases
the loads past the end of the new beam.

Table 2 contains

(1) number of increments into which the beam-column is divided,
(2) beam increment length,

(3) number of increments into which the time axis is divided,
(4) time increment length,

(5) printing option for the computed results,

(6) number of monitor beam stations which are requested for printing
the computed results,

(7) iteration switch to show whether or not the problem has nonlinear
supports,

(8) number of monitor beam stations which are requested for printing
the iteration data,

(9) option to choose the method of plotting the results, and

(10) option of using lines or points for the plots.

If the number of time increments is 0, the problem is considered to be a
static case and the complete results of the static solution will be printed
at every beam station. In this case, two kinds of plots, which have either
deflection or moments for the vertical axis and beam stations for the hori-
zontal axis, may be requested by inputing "0" for the time station in Table 9.
For any station in the beam, a deflection, slope, or both, in either the
initial or the permanent condition, may be specified in Table 3. If an initial

condition of deflection, slope, or both is specified, it will be disregarded
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after the dynamic solutions are started. A specified deflection is equivalent
to a single lateral support that is very stiff and is unable to deform freely.

A fixed-end support can be simulated in the computer by the specifica-
tion of a permanent zero deflection and a permanent zero slope at the same
beam station. The ability to specify a permanent deflection other than zero
provides the user with a simple method of studying problems in which the sup-
ports settle., The ability to specify an initial deflection other than zero,
on the other hand, provides the user with capability to study dynamic problems
with initial displacements. Due to the method of simulation (see Fig 5), the
specified slopes and deflections must conform to the following minimum spacing
requirements:

(1) A slope may not be specified closer than three increments from

another specified slope.

(2) A deflection may not be specified closer than two increments from a
specified slope, except that both a slope and deflection may be
specified at the same beam station.

Slope and deflection conditions may be specified at no mcre than 20 beam
stations. Each specification requires a separate card., The cards may be
stacked in any order within the table.

Fixed loads and restraints are described in Table 4. The input values
are beam stiffness, fixed static loads, linear support springs, static axial
thrusts, rotational restraints, and applied couples. Couples and rotational
restraints appear only as concentrated effects, while axial tkrusts are usually
distributed. The remaining values may be either concentrated or distributed.
The method used for the description of distributed data is illustrated in
Appendix D. All of the input values of Table 4 are accumulated algebraically
in storage. Therefore, there are no restrictions on the order of the cards,
except that within a distribution sequence, the beam stations must be in
ascending order. Axial thrusts must be described in the same manner as other
values in this table because there is no provision in the program for auto-
matically distributing the internal effects of an externally applied axial
thrust. For example, an axial thrust applied to the ends of the beam-column
must be specified as either an axial tension or an axial compression at each
interior beam station., The number of cards accumulated in Table 4 cannot

exceed 100.



45

Table 5 is used to describe the lumped mass densities, the lumped internal
damping factors, and the lumped external damping factors at beam stations.
Data in this table are input the same as in Table 4. The maximum allowable
number of cards accumulated in this table is 100,

Time-dependent axial thrusts are input in Table 6 as values applying to
designated bars. The values of time-dependent axial thrusts specified in this
table may vary linearly both in the beam axis direction and in the time axis
direction. There are no restrictions on the order of cards, except that beam
stations which are stated as the starting station and the ending station in
the same card must be in ascending order. A concentrated effect of time-
dependent axial thrust at a beam station is not permitted to be stated in this
table since it would have no physical meaning.

The method used for the description of distributed data is also illus-
trated in Appendix D. The number of cards accumulated in this table cannot
exceed 100.

Table 7 is used to describe time-dependent lateral loadings applied at
the station points. The variation and the distribution of the input data are
the same as in Table 6, except that the concentrated effect of the lateral
load at a single station is allowed in this table. The number of cards accu-
mulated in this table cannot exceed 100.

Nonlinear resistance-deflection curves of the supporting beam stations
are input in Table 8. Every particular nonlinear support curve is described
by three consecutive cards. The values input on the first card are resistance-
multiplier, deflection-multiplier, number of points, symmetry option, deflection-
tolerance, and resistance-tolerance. The values input on the second card are
resistance values which are multiplied by the resistance-multiplier to obtain
the final resistances of each point on the curve. The values input on the
third card are deflection values which are multiplied by the deflection-
multiplier to obtain the final deflections of each point on the curve.

There are no restrictions on the order of support curves, except that
within any distribution sequence, the beam stations must be in regular order.
More than one curve may be placed at a beam station. The maximum number of
support curves cannot exceed 20 (60 cards).

Four kinds of plots may be requested by inputing the name of the hori-
zontal axis, the name of the vertical axis, the particular beam or time sta-

tion, and the multiple plot switch in Table 9. As many as five of the same



kinds of plots, each of which is described by one separate card, may be
superimposed by using the multiple plot switch. There are no restrictions
on the order of cards, except that beam or time stations must be in regular
order within a sequence of the same kind of plots. Superimposed plots must
all be of the same kind. The maximum number of cards input in this table can-
not exceed 10.

Three kinds of plotting methods, namely printer plots, microfilm plots,
and ball-point paper plots, are built into the program. The switch which
tells the program to choose one of the above three methods for plots is input

in Table 2. Various plot options are illustrated in example problems described

in Chapter 5.

Error Messages

Program DBC5 provides many checks for common types of data errors as well
as for particular errors which occur due to either violations of FORTRAN logic
or solution errors considered by the program.

Conditions which are considered to be of the type of data errors are

(1) the allowable number of cards for an input table is exceeded;

(2) a slope or deflection is specified too close to another slope or
deflection;

(3) data are input at stations beyond the end of the beam-column;
(4) the station numbers in a distribution sequence are out of order;

(5) the symmetry option is not equal to 1 when only one point is input
on a support curve;

(6) the final values of deflection and resistance, which are input for
defining the points on a support curve, are improperly specified;

(7) the allowable number of nonlinearly supported beam st:ations is ex-
ceeded;

(8) the number of cards input in Table 8 is not zero when the problem is
a linear case; and

(9) repeated data are input in Table 9.
The conditions which are considered solution errors are

(1) calculated displacements exceed maximum allowable deflection speci-
fied by the user,

(2) calculated displacements exceed limits of support curves during the
iteration process, and

(3) solution does not close within the specified number of iterations.
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An error message which defines the error will be printed if any of the

above conditions is encountered.

In addition to the specific error messages, a general purpose error mes-

sage is provided for a number of unlikely errors. If the message 'UNDESIGNATED

ERROR STOP" is printed, the user must investigate the program to determine

what caused the error. Any error detected by the program will cause the en-

tire run to be abandoned.

Description of Problem Results

The output of results is arranged so that the input quantities of Tables 1

through 9 are available for all problems and are printed with explanatory head-

ings.

Table 10 presents the calculated results which are tabulated according to

the following order:

(1)

(2)
(3)

C))
(%)

(6)

(7

monitor deflections during the iteration process of the static solu-
tions (none if the problem is a linear case or if the number of
monitor beam stations for printing the iteration data is zero),

complete results of the static solutionms,

monitor deflections during the iteration process of the dynamic
solutions at time station O (see explanation in the parentheses of
procedure 1,

complete results of the dynamic solutions at time station O,

monitor deflections during the iteration process of the dynamic
solutions at this time station (see explanation in the parentheses
of procedure 1),

monitor or complete results of the dynamic solutions at this time
station, and

repeat outputs of procedures 5 and 6 until the last time station
specified in this problem is encountered.

The proper headings are printed at the top of the outputs of each pro-

cedure described above.

If printout of the calculated results are not requested, the message

Y"PRINTING RESULTS IS NOT REQUESTED" will be printed under the headings of

Table 10.
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Plots of Results

Options are available which allow the user to obtain plots of the
deflections or moments along either beam or time axis, Three kinds of plot-
ting methods, namely printer plots, mircofilm plots, and ball-point plots,
are available in the program. Both microfilm and ball-point piots fit in an
8-inch by 9-inch space. The optimum scales for the plots, both horizontal and
vertical, are automatically selected by the program. Two fictitious points,
one with the minimum horizontal and vertical values of all the points to be
plotted on a single frame and the other with the maximum horizontal and verti-
cal values, are plotted on the microfilm or ball-point plots for the purpose
of choosing the proper vertical scale. These two fictitious points are not in
the stored values of the points to be plotted on this frame and, therefore,
should be disregarded. An example plot of the deflections aloag the time axis
for inelastically supported ﬁass under free vibration is shown in Fig 16. The
plot in Fig 16 is made using the ball-point plotting method; tne problem num-
ber and the identification of the plot variables are printed beneath the plot.
The plot variables which identify either a microfilm plot or a ball-point plot
include three sets of characters. The first set to the right of the problem
number is one of the following four symbols: DVT or MVT (deflection or moment
along time axis for a particular beam station), DVB or MVB (deflection or
moment along beam axis for a particular time station). In the center is either
BEAM STA = or TIME STA =. On the right are the station numbers for which the
deflections or moments are plotted. The plot in Fig 16 is from Example Prob-
"lem 1, described in Chapter 5. Another example plot, which is plotted using
the microfilm plotting method, is shown in Fig 17. 1In this example, the
moments along the time axis for the mid-point of a three-span beam on which
an AASHO standard 2-D truck is moving with a speed of 60 mph is plotted on
the microfilm, which then can be developed on an enlarged magrietic print, The
plot is from Example Problem 3, described in Chapter 5. Many more ball-point
plots which have more than one curve plotted on one frame can be found in
Example Problem 5, described in Chapter 5.

A typical example plot which is plotted by using the printer plotting
method is shown in Fig 18. The printer plotting method plots the horizontal
axis vertically on the sheet. The plot is from Example Problem 6, described

in Chapter 5. Different symbols (as many as five) are used on each frame of
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the printer plots for identifying different curves superimposed on this frame.
The identifications of-the plot variables (such as description of program and
run, problem number and problem description, description of the type of the
plots, and beam stations or time stations) are printed on the cop of each
frame of plots. The numerical values printed vertically to the left of the
plots are those of the first plot on this frame, The scale of the vertical
(deflection or moment) axis is not plotted on the plots, and the horizontal
(beam or time station) axis is scaled equally for each point on the plots and
plotted by the symbols I. A series of numbers corresponding to the beam or
time stations is printed vertically on the left end of the plots for the pur-

pose of indexing. The printer plots fit on 8-1/2-inch by 1l-iach standard

letter-size paper.



CHAPTER 5. EXAMPLE PROBLEMS

In this chapter seven example problems are solved by Program DBGS5.
Problems 1 and 2 each have two different cases and Problem 4 has three differ-
ent cases. Problems 1 and 1A demonstrate the validity of the program in pre-
dicting the formation of hysteresis loops on the nonlinear resistance-
deflection curve of the spring which supports a freely vibrating mass.

Problems 2-1 and 2-2 present a comparison between the numerical solutions
solved by DBCS and the theoretical solutions of vibrating beams illustrated
in Ref 12, pages 375 and 378. Problem 3 demonstrates the capability to use
the computed dynamic tire forces of a moving truck from another available com-
puter program as input data in Program DBC5 to predict the dynamic responses
of a highway structure. Problem 4 compares the experimental data with the
computed results of a simply supported steel rod under axial pulses. Problem 5
demonstrates the capability to predict the response of off-shore piles to wave
forces. The solution of a three-span beam (30 beam increments) which is
simply supported at the ends and loaded by a transient pulse at station 17 is
illustrated in Problem 6. Finally, Problem 7 demonstrates the capability to
predict the response of a partially embedded pile to earthquake~induced forces.
A listing of input data is included in Appendix G, and the sample computer

output listing is included in Appendix H.

Example Problem 1. TInelastically Supported Mass Under Free Vibration

Figure 19 shows a mass of density 1.0 1b—sec2/in. supported by a nonlinear-
ly inelastic spring; the mass is loaded by a static load of 100 pounds for the
initial deflection and then released by applying a constant dynamic load of
100 pounds. The weight of the mass is neglected. The nonlinear characteris-
tics of the resistance-deflection curve of the spring are also shown in Fig 19.
Time increment length is equal to 6.283 y 10-3 second, which is approximately
1/100 of the nmatural period. The vibration of the mass is solved at 800 time
stations. This first problem is intended to provide confidence in the proposed

multi~element models to predict the loading paths of the nonlinear-inelastic
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Problem 1
Mass density : 1.0 lb—secz/in
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6.283 y 10‘3 seconds

Froblem 1A

WML ;Dispklce-
=3 ment=3in

Nonlinearly-Inelastic Resistance~Deflection Curve of SN
4 Resistance (Q)
i > LB
———————————— J~-|20
? |
|
| |
| |
| |
| |
i i 3
| N S - 60
1 | i
3 | i
| 1 ?
[ | . R--13s
| | .
! | | i\5
¢ { ""20 N
| : | L Deflection (W)
2 Ly IN24 8 2 10
f i f i +——— t A e
-10 -2 -8 -4-2 \i 1] } !
!
201 %) | | |
i
-361--X | | |
‘ | a
! § ?
60+ -——— 8 ; %
!
| 1
! |
! ]
!
| |
} I
19 W
-1201+ - ———$()
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support. From the computer output, a plot of deflections versus support
reactions can be obtained, as shown in Fig 20.

It is seen that due to partial yielding of the support at the beginning,
a hysteresis loop is formed in each cycle of vibration and mechanical energy
is lost in each loop. The mechanical energy lost from point A to point J in
Fig 20 is equal to the area defined by JKEFGHIJ, which is equivalent to the
difference between the summation of the areas defined by ALDCBA and DEFPD and
the summation of the areas defined by FPNHGF and JMNIJ. Therefore, the de-
flections are damping out with time until the response finally becomes a free
elastic vibration within the range of greatest stiffness. This can be proved
from the tabular output of the program when large time increment lengths
(6.283 x 10_2 second) are used. The computer plot of deflections versus time

is shown in Fig 21.

Example Problem lA. TFree Vibration of Mass by Specifying Tnitial Displacements

An additional run on the preceding problem was made by specifying an
initial displacement of 3 inches instead of applying a static load for the
initial deflection. TFrom the plot of support reactions versus deflections
(Fig 22), it is seen that a permanent set is obtained because of initial
yielding of the support. The mass is finally freely vibrated at a position
about a mean permanent upward deflection of approximately 1 inch. This can be

shown in the computer plot of deflections versus time in Fig 23,

Example Problem 2-1. Lateral Vibration of a Simply Supported Beam with Axial
Compression Force

Figure 24 shows a simply supported beam which is compressed with an axial
force of 3.70 x 105 pounds and placed under free vibration by specifying an
initially deflected sine curve for which the maximum deflection at the center
is 3.952 inches. The beam is 120 inches long and has a uniform flexural stiff-
ness of 1.08 x 109 lb-inz. The beam is divided into 10 elements, each is 12
inches long. The mass density of the beam is 1.085 x 10_1 1b-sec2/in./sta.

The number of time increments is 200, and the time increment length is
3.752 10_4 seconds. The theoretical natural period of the vibration is

3.752 x 1072 seconds (Ref 9, p 375).
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The theoretical responses (Eq d, p 375, Ref 12) and the computed responses
based on a time increment length of 3.752 x 10_3 seconds (1/10 of the natural
period) are plotted for the center of the beam on the computer plot of deflec-
tions versus time for beam station 5, as shown in Fig 25. The responses of
the small time increment length (1/100 of the natural period) are almost per-
fectly matched with the theoretical responses. The responses of the large
time increment length (1/10 of the natural period) show more variation when
compared to the theoretical responses in the first period, and after the first
period are shifted with a phase angle. The more increments, however, the beam
is divided into, the better the results. The computed moments, based on both
small and large time increment lengths along the time axis for the center of

the beam, are shown in Fig 26.

Example Problem 2-2. Lateral Vibration of a Beam on Elastic Foundation

Figure 27 shows the beam in Problem 2-1 resting on an elastic foundation
which has a spring constant of 1.2 x 104 1b/in./sta. The beam is under free
vibration with an initially deflected shape of sine curve, in which the maxi-
mum deflection at the center is 6.672 inches. The number of time increments
is 200, and the time increment length is 1.540 x 10_le seconds. The theoreti-
cal natural period is 1.540 x 10-2 seconds (Ref 12, p 378).

The comparisons between the computed responses, based on both small and
large time increment lengths, and the theoretical responses (Eq ¢, p 378,

Ref 12) for the center of the beam are shown in Fig 28. The difference be-
tween the computed responses of the small time increment length (1/100 of the
natural period) and the theoretical responses is slight. The computed moments,
based on both small and large time increment lengths, along the time axis are

shown in Fig 29.

Example Problem 3. Three-Span Beam Loaded with an AASHO Standard 2-D Truck
Moving at a Speed of 60 MPH

This problem demonstrates the capability to input the dynamic tire forces
interpreted from the computer output of the program described in Ref 1 into
Table 7 of Program DBC5 to predict the responses of a three-span beam; the beam
is loaded with an AASHO standard 2-D truck which is moving at a uniform speed

of 60 mph, as shown in Fig 30.
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2-D Truck

Xz = 153 inches

S(R - SiL - 535 1b/in
Sar = Sap - 3750 1b/in

T T
STer = S = 9000 1b/in

Dir = Dy = 7.3 1lb-sec/in
Dogr = DL = 6.7 lb-sec/in

DYg = DY, - 2.8 lb-sec/in
DL,g= DG = 5.6 lb-sec/in

w
Beamn
Axis fl’F‘
o
2 ; 7 ;3:
Rear Axje Load _gf Front Axle Load is ’
Beam Staton O 10 20 30 40
Static Weights of Wheels Beam Properties
Axle 1 right 3139 1b F, - 4.5 ¥ 10 in, 1b-in
Axle 1 left 3012 1b Fz = 9.0 x 10 in 1b-in
Axle 2 right 7780 1b S = 2.0 % 10 1b/in
Axle 2 left 7103 1b s, = 0.5964 lb-sec /in/sta
pp = 0.2982 lb-sec /in/sta
Static Loads of Axles Beam increment length = 60 1nches_2
Front 3075 1b Time increment length - 5.666 x 10" sec
Rear 7441 1b
Dynamic Forces of the
Front and Rear Axles
QTUB)

0 5 1© B 20 25 30 3 40  Beam Sta

Fig 30. Example Problem 3. Three-span beam loaded by an AASHO
standard 2-D truck moving at a speed of 60 mph.
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The beam is simply supported at the ends and has a length of 200 feet.
The beam is divided into 40 increments, each of which is 60 inches long. The
two linear springs are located at beam stations 10 and 30 and have a value of
2 % 105 1b/in. The first and third spans of the beam have a uniform flexural
stiffness of 4.5 x 1011 lb-in.2 and a uniform mass density of (.5964 lb-seczf
in./sta. The second span of the beam has a uniform flexural stiffness of
9.0 % 1011 lb-in.2 and a uniform mass density of 0.2982 1b-sec2/in./sta. The
computer model used in Ref 1 for simulating the AASHO standard 2-D truck is
shown in Fig 30. The input data for the springs and dashpots which simulate
the tires of the truck and the static weights of the wheels are also shown in
Fig 30. The computed dynamic forces of the four tires are averaged to give
the two axle forces which then are input into Table 7 of Program DBC5. The
distribution of these two axle forces on both the beam and time axes is shown
in Fig 30. The time axis is divided into 80 increments, each of which has a
length of 5.666 x 10-2 seconds so that the front axle will move one beam
increment length per time station.

The computed deflections and moments along the time axis for the center
of the beam are plotted by the program as shown in Figs 31 and 32, respectively.
The plots are produced on microfilm which then can be enlarged.

A comparison of the dynamic response to the static response of the deflec-
tions along the beam axis is shown in Fig 33. This static response of the
plot in Fig 33 is computed by specifying the static load of thz front axle at
beam station 21 and the static load of the rear axle at the ceater of the bar,
between beam stations 18 and 10; the dynamic response of the plot, therefore,
is the computed deflection along the beam axis for time station 21. The
dynamic effect on the responses of the beam produced by a moving 2-D truck
is fairly small compared to the static responses produced by the same truck.
This is because the dynamic forces generated by the 2-D truck, which is moving
on a smooth pavement, are smoothly varied with time, and therefore there are
small dynamic effects. Any other AASHO standard truck or semi-trailer can be
used in the program described in Ref 1 to generate the corresponding dynamic
tire forces, which then can be input with a limited amount of interpretation
into Table 7 of Program DBC5 to predict the dynamic responses of highway

structures that can be simulated by beam-columns.
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Example Problem 4-1. Simply Supported Steel Rod - Axial Pulse Base Time =
0.10 Second

In the following three problems, a simply supported steel rod is loaded
by three axial pulses with different peak loads and base time, as shown in
Fig 34. The problem is a real experiment which was done by Matlock and Vora
(Ref 7). The steel rod is 153.75 inches long and 11/16 of an inch in diameter.
The steel rod is divided into 41 increments, each of which has a length of
3.75 inches. The mass density of the rod is 1.023 x 10-3 lb-seczlin./sta.
The static weight of the rod is 3.95 10-1 lb/sta. An internal damping fac-
tor of 20 1b-in.2-sec is input at each stationm.

The first axial pulse input for this problem has a peak value of 175
pounds and a base time of 0.10 seconds. The axial pulse was recorded on the
oscilloscope in the experiment by Matlock and Vora described in Ref 7. The
true axial pulse is described at 20 points by scaling from the recorded output
of strain gages, which then can be input in Table 6 of Program DBC5. The time
increment length is set equal to 5 x 10-3 seconds and 40 time stations are
solved for this problem."-

Figure 35 shows the comparison of the computed bending moments along the
time axis to the measured bending moments in the experiment for the center
station of the steel.rod. It is seen that good agreement exists between the
predicted results and the measured results before 0.9 second, while the mea-
sured bending moments are smaller than the predicted bending moments after
0.9 second. This deviation is mainly due to the assumption that the beam
properties are fully elastic in the dynamic model of Program DBC5. Other
factors, such as the errors obtained by scaling from the recorded output, the
difficulty in establishing the ideal hinged supports, and failure to consider
the axial deformation of the rod, also affect the accuracy of the predicted
results.

An additional curve of the bending moment along the time axis for the
center of the rod, which is computed without inputting the internal damping
factor, is also plotted on Fig 35. Little is changed by ignoring the effect
of the internal damping factor, since the change of the curvature at this
point is very smooth along the time axis. The computed deflections along the
time axis for the center station of the steel rod are plotted by the program,

as shown in Fig 36.
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Example Problem 4-2. Simply Supported Steel Rod - Axial Pulse Base Time =
0.026 Second

In this problem, the steel rod in the preceding problem is loaded by
another pulse with a shorter base time but larger peak value. The base time
of the pulse is 0.026 second and the peak value of the pulse is increased to
approximately 635 pounds. The axial pulse is described at 26 points by scaling
from the recorded output of the experiment.

The computed bending moments along the time axis, with and without inter-
nal damping effect, and the measured bending moments are plotted for compari-
son, as shown in Fig 37. Results similar to those for the preceding problem
are observed, but the effect of the internal damping factor is a little
greater than in the preceding problem. Figure 38 shows the computed deflec-

tions along the time axis for the center station of the steel rod.

Example Problem 4-3. Simply Supported Steel Rod - Axial Pulse Base Time =
0.006 Second

In this problem the loaded axial pulse has a base time of 0.006 seconds
and a peak value of 850 pounds. Again the computed bending moments along the
time axis, with and without internal damping factor, and the measured bending
moments are plotted as shown in Fig 39. Because of the higher frequency of
vibrations, the mode shapes of the beam vary rapidly with time and cause large
variation of curvature; therefore, the effect of the internal damping factor
is much greater than in the preceding two cases. The estimated value of
20 lb-in.2 sec/sta input for the internal damping factor is higher than the
real value. Figure 40 shows the computed deflections along the time axis for

the center station of the steel rod.

Example Problem 5. Partially Embedded Steel Pipe Pile loaded by Wave Forces

This problem shows how DBC5 can be used to solve the dynamic response of
laterally loaded piles to wave forces. Figure 41 presents a steel pipe of
30-inch outside diameter and 28-inch inside diameter which is partially
embedded in the soil to a depth of 80 feet and extends slightly above the sur-
face of the water which is 40 feet deep. The steel pipe is divided into 31
increments, 2ach of which has a length of 48 inches. The flexural stiffness

of the pipe is 2.877 x 10 inch 1b-in.2. The mass density of the pipe is 3.21
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lb-secZ/in. from station 1 to station 31. A large mass, which is arbitrarily
set at 32.1 lb-secZ/in., is lumped at station O to represent the weights of
the structure, cquipment, etc. The static weights of the pipe and the large
mass lumped at station O are considered to be the axial compression forces,
which are distributed from 1.220 ¥ 104 pound at statlon 1 to 4.924 « 104

pound at station 31. An estimated value of 1.918 ¥ 10 1b-in. :-sec/sta is
input for the internal damping factor.

The pipe is assumed to be simply supported at station 31 and assumed to
have a linear spring support of 3 ¥ 107 1b/in. as well as a rotational re-
straint of 2.1 ¥ 1010 1b-in./rad at station 1. From station 1l to station 31,
the pipe is laterally supported by soil. The soil from station 1l to station
16 is assumed to be a soft clay which has a shear strength that varies from
200 lb/ft2 at the top to 333.4 lb/ft2 at the bottom. The soil below station 16
is assumed to be a stiff clay which has a shear strength of approximately
475 lb/ft2. Generation of the resistance-deflection curves for the soil sup-
ports at stations 11 and 13 is based on a technique presented by Matlock
(Ref 6). The resistances and deflections for both support curves are described
at 20 points as shown in Fig 42. The remaining support curves between stations
11 and 16 are linearly distributed.

The nonlinear characteristics of the resistance-deflection curves for the
soil supports from station 16 to station 31 are obtained from the data for the
experiment done by Matlock and Vora in Ref 8. The nonlinear rasistance-
deflection curves are also described at 20 points, as shown in Fig 43.

Current drag forces are assumed to vary from -2 ¥ 104 pound at station 1
to -1 x 104 pound at station 11. 1Idealized wave forces are shown at the
bottom of Fig 41. The wave forces are assumed to vary linearly from station 1
to station 1l. The time increment length is equal to 1.0 10_2 seconds.

Tour hundred time stations are solved for this problem.

The computed deflections and moments versus time for stations 10 and 21
are plotted by the program, as shown in Figs 44 and 45, respectively. TFigure
46 shows the computed deflections along the beam axis for time stations 60 and
160. Figure 47 shows the computed deflection along the beam axis for time
stations 230 and 280. TFigure 48 shows the computed moments along the beam
axis for time statiomns 60 and 320. All plots in this problem are automatically

plotted using the ball-point plotting method.



Resistance (Q)

Support Curve at Beam Station 13

LB Point Q W Point Q W
l 2 15 x 10% 1 |14380(|-20.000|] 11 |- 2650| 0.034
! 2 |14380]|- s5.426| 12 |- 4700| 0.202
! 3 |11750|- 2.963 13 |- 6100| 0.418
i Support Curve at 5 4 [10500|- 2.119| 14 |- 7490 0.769
{ Beam Station |13 4 4 5 9240 |- 1.444() 15 - 8365| 1.072
| 5 IO 6 8365|- 1.072|] 16 |- 9240 1.444
| 6 7 7490 |- 0.769|| 17 |-10500] 2.119
} 7 8 | 6100|- 0.418) 18 |[-11750| 2.963
A 5 8 9 4700 |- 0.202|| 19 |-14380]| 5.426
b 8 5 S 10 2650 |- 0.034| 20 [-14380(20.000
|
{ Support Curve at & 5 6 -
| Beam Station |1 89 Deflection (W)
]
INCH
! 10 | 3 4 20
— - : } : e . —
-20 -5 -4 -3 -2 -
Support Curve at Beam Station 11
Point| Q W Point Q W
L |5800(-20.000] 11 [-1070] 0.034
2 |s5800|- s5.426| 12 |-1932] 0.202
3 |4750|- 2.963|| 13 |-2465| 0.418
4 |4240|- 2.119|| 14 [-3022] 0.769 4
5 [3735]- 1.444)| 15 |-3380] 1.072 =10+
6 13380]|- 1.072] 16 |-3735| 1.z44
7 13022- 0.769| 17 |-4240! 2.119
8 |2465|- 0.418| 18 |-4750| 2.963
9 |1932|- 0.202| 19 |-5800]| 5.426 4
10 |1070]- 0.034| 20 |-5800](20.000 ~1.5x 107
Fig 42. Symmetric resistance-deflection curves of soft clay at beam stations 11 and 13.
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A Resistance (Q) Support Curve at Beam Stations 16 to 31
LB Point| Q W Point| Q W
Lz510% 1 |28235]-20.000| 11 |- 7020]| 0.034
—_—— 2 |28235|- 5.426|| 12 [-11840]| 0.202
3 |26305|- 2.963|| 13 |-15696| 0.418
4 125340(- 2.119|| 14 |-19552| 0.769
| 5 23652|- 1.444|| 15 |-21722) 1.072
! 6 (217221- 1.072|| 16 |-23652| 1.444
! 7 |19552|- 0.769|| 17 |-25340| 2.119
| 8 |15696|- 0.418| 18 |[-26305| 2.963
E 9 |11840|- 0.202| 19 |-28235| 5.426
i 10 7020 |- 0.034|l 20 |-28235/20.000
%
|
i
|
1 Deflection (W)
} 2 3 4 5 INCH 20
;i '. ! . ! l f : + f N
-2 -5 -4 -3 -2 - |
i
i
I ;
—10% |
12 !
{
I3 ;
{
_ 4 14 i
16 !
Iz 18 !
19 0
-3 x10%4

Fig 43, Symmetric resistance-deflection curves of stiff clay at beam stations 16 to 31.
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Fig 46. Example Problem 5. Deflection along the beam axis for time stations 60 and 160.
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Example Problem 6. Three-Span Beam with One-Way and Symmetric Nonlinear
Supports Loaded with a Transient Pulse

This problem is intended to demonstrate that the option of switching from
a spring-load (tangent modulus method) iteration to a load iteration technique
which is built into Program DBCS is useful when the tangent modulus method
fails because of lift-off of the one-way support or yielding of the nonlinear
supports. Figure 49 shows a three-span beam (30 beam stations) which is
simply supported at the ends, one-way supported at station 8 and nonlinearly
supported at stations 16 and 17 and is loaded with a transient pulse at
10 1b~in.

and a uniform mass density of 5.184 x 10“1 1b-sec2/in.Xsta. A rotational

station 17. The beam has a uniform flexural stiffness of 2.4 yx 10 2

restraint of 3.0 x 1010 is applied at beam station 0 and a constant axial
compression force of 105 pounds is assumed. The negative one-way resistance-
deflection curve of the support at beam station 8 is shown in Fig 50. The
symmetric resistance-deflection curve of the support at beam statiom 17 is
also shown in Fig 50, The nonlinear characteristic of the support at beam
station 16 is linearly distributed between beam station 15, which has no
resistance to deflection, and beam station 17. The applied transient pulse
at beam station 17 is shown at the bottom of Fig 49. The time increment length
is equal to 4 x 10_2 seconds and 40 time stations are solved for this problem.
The computed results and the monitor deflections at beam stations 8, 15,
16, and 17 during the iteration process are printed on the computer output.
It is seen that the tangent modulus method failed at time statioms 5, 9, 13,
16, and 24 due to abrupt changes of time-dependent loads or lift-off of the
support at beam station 8 at these time stations; therefore the program
automatically switches to the load iteration method and succeeds in obtaining
the closed solutions. If the time increment length is reduced to 4 10-3
seconds and the same problem is rerun for 400 time statioms, the tangent
modulus method works nicely at each time station except three at which the
beam starts to lift off the support at beam station 8. This is because
smoother changes of time-dependent loads are obtained due to tne small time
increment length and, therefore, the tangent modulus method only fails at
some of the critical time stations at which lift-off of the support occurred.
The computed deflections and moments versus time for beam stations 8 and 17

are plotted using the printer plotting method, as shown in Figs 51 and 52,
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10 2
i N B . 2.4 x 10 lb-in
Station R 5
0 % w o - 0.5184 1b-sec /in/sta
5.2 T 10°1b
ad
R =3 x 1010 1b-in/rad
8
S B N .
8§ —— Mq /‘Eh‘f’ S” and S see Fig 50
4 Beam increments = 30

Beam increment length = 48 inches

S Time increments = 40
6 - of —— -2
7 — « Time increment length = 4 x 10 seconds

30 Fr
t

Transient Pulse Q7

[
5x10° Q" (Ib)
x103-F

Time Station

—t el

-5x 103+

T

- |o4-1

Fig 49. Example Problem 6. Three-span beam loaded
by transient pulse.
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) Negative One-Way
A Resistance (Q) Support Curve at

~ Beam Station 8
Negative One-way Support LB ?am ation
Curve at Beam Station 8 Point  Q W
! 3 Layio? T 40,000 <4.0
| 2 40,000 -3.0
| 4 339,000 -2.0
| 4 35,000 -1.0
1 5 20,000 -0.5
| 4 6 0 0.0
i T3x10 7 0 4.0
|
{
[
|
l S 12xi0?
[
|
il 2
|
z
i 3 +104
2
! 4 Deflection (W)
| INCH
|
J { ] 1 6 ! % ? 4; -
B R
o ]
|
|
Symmetric Support Curve 6 !
at Beam Station 17 _‘04“ E
!
Point Q W ? is
1 13,600 -4.0
2 13,600 -2.0 Symmetric Support Curve
3 8,600 -1.0 .
4 3,000 -0.3 -2 x |04+ at Beam Station 17 —
5 - 3,000 0.3
6 - 8,600 1.0
7 -13,600 2.0
8 -13,600 4.0

Fig 50. Resistance-deflection curves of the supports at
beam stations 8 and 17.
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PROARAM ndCh ~ MASTER = JACK CHAN =« MATLOCK w NFCKI=REVISIAN DATE 2 26 Min 71
CXAMPLF PRORLEMS FOR PRAARAM DACSY HY JACK CHAN JUNE 1971
LYHATIC HEAMrNLIMN BRNGERAM ( S=1ws TMPLTCIT OPFRATAR

PROKX {(CONTL)
) THREE «SPAN HBEAM WwITH NNFowAY AND SYMMETRTC NON[ I4FAR SUP LOAUED Ay T.»
#osat PLNT OF DEFLECTION VS TIMF FAD REAM STATTIONS OF ¢ #anas

1 CURVFE (&) = »
2 CURYFE (s} = 17
PT«NO VAL ke
-1 =1,.3l3re1p +
0 ~H.601F-17 +
1 -6, 0b5F=y3 + #7
? -l,bBliF=-up + ®7
3 «l 9YIF =02 + %1
4 -l B TBF w)? - ® 1
5 -3 4 l4F=52 . * oy
& “l, 7T19F=02 . LA
7 -2, 6Hb6F .04 . '
8 =3,031F=03 ®1 .
g -1,485F =7 1 .
10 -1.73“‘7-‘]2 + QI
1l =2,036Fan? . L3
12 =3, 566F=)p . * 1
13 -3, 996F=np . * oy
14 -3 4ElF =0 « ® 7
15 “l,095%Fwne + ey
16 Te6l2Fmu g *
17 =3,97T1F =43 *1 b
1R - ABIF =32 . @ 1
19 -3 Béler P . . s 1
20 - T29F =y 2 . L34
21 “]1.945F =37 . aq
22 =5, U84F =13 *1 +
23 B,561F=y3 @ +
24 3,095F=03 “ *
25 =2 . 837F=)> + @1
26 =3, 0O9YF =i N o
27 1,608Fw2 - 2
28 4,137F =07 . Te
29 -]1,B82F=yp wy .
30 wt, PeFW(? * 1 -
31 -], 3HHF -2 *Y e
37 6,97¢F-y2 . T #
33 4, 049F =02 + 1
34 b, 6OUF =2 . LI
35 -8, 3bop.y2 I | .
36 9 ,599F =03 8 .
37 T,121F =2 1 & *
33 6,240F=-1U7 . s
39 =6,159rF=n2 . LR
490 =1 .5B4F-np v s 1

Fig 51. Example Problem 6. Deflection vs time for beam stations 8 and 17.
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PROGRAM NBCS = MASTER =« JACK CHAM = MATLOCK - DECK1=REVISIAN DATE 3 26 Jun 71
CXAMPLE PROBLFMS FOR PRORRAM DHCS RY JACK CHAN JUNE 1971
DYNAMIC BEAM=COLUMN PROSOAM ( S=1eg IMPLICIT OPERATOR )

PROR (CONTD)

[} THREE=SPAN BEAM WITH ONF-wAY AND SYMMFTRIC NONLINFAR SUP LOADED RY T,P
#Raa® PLOT OF dENUs MOM, VS TIME FAR AFAM STYATIONS OF s #oses

1 CURVF (&) = 2]
2 CURVE (¢) = 17

PT 4 NO SVALUES
-l =3,358F=1p +
0 ~3.891F"10 .
1 «3,578F+04 L .
2 u9.538€¢{}4 » i +
3 ~1.8l2Fe0% - Y .
4 =2,122F+05 * 1 .
5 -2,115g+0s b 1 .
6 'IQAOQE‘OS » Y *
7 -4 65TF 404 » Tt +
8 1.139E604 i. -
9 =5,331F403 » .
10 =6,771Fs04 » 1 .
11 w]828BF« 05 - b +
12 =2.BT5E+y5  # 1 .
13 w2,433F+05 » T .
14  =1.82BF+05 . 1 .
15 »5,922F+ 04 » 1 .
16 3,1T8F+04 1 # *
17 1,282F+04 T e .
18 =9,15Tg+0¢ . 1 .
19 -2 589F 408 2 ] *
20 =2,965E+us ¥ ' .
21 -1,227€4+05 * ¢t
22 T,166F+04 - . "
23 1,018E40% 1 - .
24 -1,.266F+u4 .y -
25 =B,175Fevs . 1+
26 =3,985g404 . LI |
27 «l ,949F 04 . *1
28 -4, 3460E+04 * 9 +
29 «3,052r4 04 . 1 .
30 2,7T09E+04 T = -
3l 1,262F«04 S
32 =5,033€404 « %y
33 =~TeH26F+04 . - 1
34 S, T14F 404 - .
35 -]l 049Es04 - »
36 2.806F+04 T . +
37 4,163F+04 1 - .
38 =4 Thapend ¥ T
39 w3, T93F 404 . - T
40  =T,125F«04 LA

Fig 52. Example Problem 6. Moment vs time for beam stations 8 and 17.



95

respectively. Figure 53 shows the computed deflections along the beam axis
for time stations 4, 8, and 20. Figure 54 shows the computed moments along

the beam axis for time stations 12, 16, and 30.

Example Problem 7. Partially Embedded Steel Pipe Pile Excited by Sinusoidal
Earthquake-Induced Forces

The capability of Program DBC5 to analyze the response of a partially
embedded steel pipe pile which is excited by sinusoidal earthquake-induced
forces is illustrated with problem 7. Figure 55(a) shows a 12.75-inch outside
diameter x 0.5-inch wall steel pipe pile embedded in the soil to a depth of
40 feet and extending 10 feet above the ground surface. The pile has a
flexure stiffness of 10.9 ¥ 109 1b-in.2 and is divided into 50 beam increments.
Each beam increment has a length of 12 inches. An axial compression force of
10,000 pounds is assumed in the pile. From beam station O to beam station 40,
the lumped mass density of soil and pile is assumed to be 5.184 1b-sec2/in./sta.
From beam station 40 to beam station 50, the lumped mass density of soil and
lateral load is assumed to be 2.5962 lb-secz/in./sta. The negative and positive
one-way resistance-deflection curves, which describe the lateral soil supports
from beam station O to beam station 40, are shown in Fig 55(b) and (c), res-
pectively. The time increment length is 5 ¥ 10"3 seconds and 160 time stations
are solved for this problem.

The pile is excited by a sinusoidal earthquake-induced force, as shown in
Fig 55(d). The sinusoidal earthquake induced force has a base time of 0.1
second (equivalent to 20 time stations) and is induced from an assumed sinu-
soidal acceleration with a maximum value of 1/10 ¢ (G = 386 in./secz) and a
base time of 0.1 second. Based on the discrete-element beam-column model, the
applied transverse load QT is equal to the product of deflection W and
spring force SN . By double integration of the equation of sinusoidal accel-
eration and evaluation of the constants of integration, the relation between
the maximum deflection (Wmax) and the maximum acceleration Cwmax) is found to
be

2,2

W = W t /m
max max [

where tc is the base time and ™ is equal to 3.1416. TIf the nonlinear spring



PROARAM 1n3LS = MASTER = JACK CHAN = MATLOCK = nNFCKI=REVISION NATE = 26 Jitn 71
EXAMALE PROWLFMS FOR BRARRAM NHCE HY JACK CHAN  INE 1971
QYNAMTC BEAM=COLIMAN PROAGDAM ( B=lwg TMP| 1CIT NPFRATAR

PRO3 (CONT)

6  TRREE-SPAN HEAs W1TH ONFaWAY AND SYMMETRIC NON| [9FAD SUP LOADER ny TP
#aaa® PLeT OF DFFLCCTTONS ALONG AFaAM AXIS AT TIMF STATIONS nF, sadas

1 rUKVF (#) = 4
? CURVFE (+} = 8
3 CURVF (x) = 2p
PT o0 YL s
-] 5,388F-13 X
0 g, : X
1 S.7o9F=l3 X
2 1,7876«47 .t
3 3, l4nKFe0? L X
4 4,173rw12 oY
5 4, 379Fay? e X
6 3.893;“’\)? §§x
7 4 . 549F " )17 * X
A -4,576Fwi? X+
9 =1,222p.41 € .
10 ~2,203F=v] ) X .
11 -3,353F-01 : X .
12 4, 625F =11 H T+
13 ~5,970r=U1 X Ie
14 -7e33yr-i1 T T o+
18 -8, ,684F . x# Y e
16 =F,35TF=111 x @ 1 .
17 -1, . 111F+4do X @ 1 ¢
I¥:] =l,192F+u0 X ° ' .
19 =1,238F«0n X # T .
20 =1.250F+NY X o« " .
21 «1.223%5+u0 A @ ' R
2 -1e17HFeVD X [ 1 -
23 ~1.0948F+u0 X 4 1 .
24 "9.927‘:-01 X + ) 1
25 -8 b4 Fwy] X #* 1 "
26 wl,155F=01 X " 1 »
271 =5,510F=01 X s 1 N
28 =3,743Fmy} X - 1 +
29 -1,892F=4] x *® 1 o+
30 . X
31 l,892F=71 . 1 @y

Fig 53. Example Problem 6. Deflection along the beam axis for time
stations 4, 8, and 20.
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TAREE~SFAN BEa4 wITH NNF-WAY AND SYMMFTRIC NONL INFAR SUP LOADEDR ay 71,0
wasa® PINT OF HENDs MOM. &LONG RFAM AXIS AT TTuF STATIONS nF, sasas

L CURVE ()
2 CURVE (%)
3 CURVE (X)

VAL YE#

g,
6,563F+04
7.673F*9%
2.10VF«+04
-3.365&‘004
-8,865F+ 4
=]l ,422F¢ 05
-1'93"’;"05
w2 H26F 405
-2,875F 405
«2,5005+05
—2.283{41)5
“1 093OE*OS
-1.548F+0%
-1,153¢405
-1,64%0F404
-4,068F+04
=1,077F+u4
2,7V0p+08
3,585rF408
4.3237%0“}
4,891F+08
5.271lc« 08
S,946F+95
5,407F+08
5,169F+05
4,679F« 08
4 012F+0%
3.173E005
2. 197E+05
1,123F4+08
=9,252F-0n9
0,

Fig 54,
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Example Problem 6. Moment along the beam axis for
time stations 12, 16, and 30,
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50+
40+
30~

204

Beam
Station
10,000 Ibs

Beam
Axis

w (a)

One-Way Resistance-Deflection Curves SN

Lateral

10,000 Ibs

Loads

1275 in. O.D. x 0.5 in. Wall Pipe

6

X %Z \:(12.75)4 - (11.75)4}

lb-in2

= 10.9 x'lO9
Mass Density:
Sta 0 to 40: Weight of soil + pile - 200 lbs/ft
. p - 200/386.4 - 5.184 lb-seCZ/in/sta
Sta 40 to 50: Weight of pile + lateral load

= 10,000 lbs. Distributing on 10' length.

2
10,000/ (10 x 386.4) - 2,592 1b-sec /in/sta

increments = 50
length = 12 inches

‘o =

Number of beam
Beam increment

100

Resistance (Ib)

SN
- Deflection (in)

(b)

Ear thquake-Induced Forces

Number of time increments = 160
Time increment length = 5 x 10_3 seconds
and SN
S¥
?Res;is’rcnce (Ib)
Deflection (in)
. -0 2005 10
0 v ! T
100 N | |
N_ 1Q0 _ Ib,. t ! f
sN= &5 = 2000, Slook--N—— 4
3 4
(c)

Let X__ - 1/10 G - 38.6 in/sec’
A Qe(ib) max
N 2
St .
T) ~ C
lole]= 782 |bs Q) qax = -2 “max
2
50 2 .
0 (Qe)max «:—£EEL§—9—1— x 38.6
it
o) 5 10 15 20 Time Station
,‘_ ,rc:0|sec — = 78.2 lbs
(d)
Fig 55. Example Problem 7. Partially embedded pile excited by

sinusoidal earthquake-induced forces.
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N . . .
force S can be assumed to be constant, then the maximum sinusoidal

earthquake-induced force can be obtained by the equation

The earthquake-induced forces are applied at beam stations O to 40 to approxi-
mately describe the ground movements.

The computed resistance-deflection curves of the negative and positive
one-way supports at beam station 20 are shown in Fig 56. The first loading
path is seen to form a loop which starts from point A and follows the path
of ABCDAEFGA. The mechanical energy lost in the first loop is equal to the
area defined by the loading path. The second loading path follows the path of
ADHDAGIGA; no mechanical energy is lost in this path because the energy is
absorbed by or transformed to adjacent supports. Between points D and G in the
second loading path, the supports at beam station 20 exhibit no resistance and
hence a hole is produced around the pile at this station. The third loading
path is similar to the second loading path except that in the third the maxi-
mum positive deflection increases from point H to point J, and the maximum
negative deflection decrease from point I to point K. The succeeding paths
are similar but have progressively smaller maximum positive and maximum nega-
tive deflections until finally no more energy is absorbed by or transformed
to adjacent supports and the entire pile exists in a state of free vibration
since no damping factor has been included. Figure 57 shows the plot of deflec-
tion versus time for beam station 20. Here the response is tapering down to
the two limits at which the entire pile is in a state of free vibration.

A similar computed resistance-deflection curve can be constructed for any
other support, with a similar result expected unless the support (for instance,
at beam station 40) has not yet reached the yielding condition; then the com-
puted resistance-deflection curve will be a straight line. ZFigure 58 shows
the computer plot of deflection versus time for beam stations 10 and 30.

Figure 59 shows the computer plot of deflection versus time for beam statioms
40 and 50. Figure 60 shows the computer plot of deflection along the beam
axis at time stations 10 and 20. Figure 61 shows the computer plot of deflec-
tion along the beam axis at time stations 50 and 150. TFigure 62 shows the

computer plot of moment along the beam axis at time stations 30 and 100.
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CHAPTER 6. SUMMARY AND CONCLUSIONS

In this study, the dynamic solution of the discrete-element beam-columns
of Ref 10 (DBCl) and the static solution of the discrete-element beam-columns
of Ref 5 (BMCOL 43) have been modified and extended to cover nonlinear supports
and loads with time-dependent axial thrusts; the program has the added capabil-
ity of producing plots of the deflections or moments along either beam or time
axis of any requested monitor stationms.

The path-dependent history of loading of the nonlinearly-inelastic resist-
ance-deflection curve of the support is considered in the study. Two multi-
element models, which are used to simulate the nonlinear characteristics of
symmetric and one-way resistance-deflection curves, have been introduced. An
internal damping factor, which is related to the first time derivative of the
curvature of the beam, has been considered in addition to the external viscous
damping factor which is normally encountered in a dynamic problem. A computer
program which has been presented, DBCS5, allows the user to obtain a variety of
results and plots. All of the uses and capabilities of DBCl and BMCOL 43,
except construction of the envelopes of maximums provided in BMCOL 43, have
been incorporated in the DBCS5 program.

This method is based on an implicit difference formula of the Crank-
Nicolson type. Problems in which only linear spring supports are specified
are not subject to the instability of dynamic solutions. Problems in which
nonlinearly-inelastic supports are specified, however, require cautious selec-
tion of a time increment length, to pick one reasonably but not extremely small
(for instance, less than 1/10 of the fundamental period), since the basic
assumption of the Crank-Nicolson implicit formula is that the time dependent
forcing function and the time variant nonlinear springs are smoothly varied
with time. For problems with nonlinear supports, the iteration process compares
the successively computed deflections until a specified tolerance is satisfied.
The option of switching from the spring-load iteration technique (tangent

modulus method) to the load iteration technique for problems with nonlinear
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supports is useful when the support yields or disconnects from the beam-column
since the spring-load iteration method fails in these cases.

This report is intended to encourage use of DBC5 as a tool in computer
aided design. Highway structural and foundation designers can use it to solve
many problems, static or dynamic, which they encounter and which presently are
solved by rough approximations or by tedious hand calculations. A very impor-
tant use would be for a study of the dynamic response of actual truck loaded
beam~columns, as illustrated in Example Problem 3 described in Chapter 5. A
highly sophisticated computer program (Ref 1) is available to compute the time
variant dynamic forces of the tires of a truck moving at a uniform speed on
highway pavements. With limited interpretation, the computed dynamic tire
forces could be input in the table provided for the time dependent lateral
loads in Program DBCS5.

Further application to design problems that are difficult to solve by
conventional means is possible. The possible variations include analyses of a
bridge structure as foundation supports settle, railroad loadings on continu-
ous spans supported on soil foundations, the effect of axial loads induced
from tractive forces or temperature changes, approach slabs coanected integral-
ly with the bridge structure and supported on soil foundations, offshore piles
loaded with wave forces and partially embedded in the soil, and transverse
response to earthquake-induced forces.

Future extensions to the model and the program might include, for highway
pavement analysis, the coupling of a vehicle model and pavement roughness
characteristics to the beam-column model for generation of dynamic loads (simi-
lar to the model described in Ref 1) and the inelastic analysis of beam proper-
ties.

The nonlinear solution capabilities should be extended to the beam bending
stiffness variable. Nonlinear moment-curvature relations could be incorporated
in the iterative procedure, thereby permitting analysis of the beam material
for stresses in the nonlinear range. The hysteresis effect of the nonlinear
moment~curvature relations should also be considered.

Studies of the nonlinear closure procedure should be continued. Methods
for accelerating closure in the load iteration technique should be developed.
In Program DBC5, the iteration process is performed at each time step. It is
possible, however, to iterate only at the critical time stations; at the rest

of the time stations, the support stiffness can be assumed to be unchanged



109

since a small time increment length must be used in these problems. The
existing discrete-element model requires the user to know and specify the dis-
tribution of axial thrust throughout the beam. A valuable extension of this
work would be modification of the model to include axial deformations and
development of the force-deformation equations for axial thrust.

Finally, experimental data are required for further evaluation of the
method, especially in predicting the path-dependent behavior of the supports.
Research of this nature will furnish additional data on the nonlinear behavior
of the supports, which could be applied to modification of the existing multi-
element models for nonlinear supports so that buckling, fracture, softening,

and relaxation (creep) of the support could also be considered in the program.
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APPENDIX A. DERIVATION O THE DYNAMIC IMPLICIT OPERATOR BASED ON THE
CRANK-NICOLSON IMPLICIT FORMULA

The dynamic model used in Program DBCS is discussed in Chapter 2 and the
free-body diagram of the model is shown in Fig 3.

Since the rigid bars connected between the deformable joints are only
responsible for transferring the bending moments, the shears, and the axial
thrusts from one joint to another, the equation of motion of the beam-column
can be obtained by summing up all the forces, internal or external, at any
deformable joint where the beam properties are lumped. For the convenience of
the reader, the free-body diagram of a portion of the dynamic beam-column
model is shown in Fig Al.

If we take equilibriums for the moments in Bar j and Bar j+1 and for the

vertical forces at joint J, then

for Bar j
i d i d
Ma g - M+ 0Dy g8 @iy - @5 Coy )
T -
+ .+ T, -W, + w, = 0 A.1)
rygh 3,0 051k IR
for Bar jt+l
i, d i d
My - Myt O gp 0500 T Oy gt 04 1
+V. h o+ (T, + T Y(ew. . + ) = 0
j+1 1T OUHLE Y,k T YLk (4.2)
for Joint j
- i 13 A B TS N
37T YLk 2h
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Fig Al. Free-body diagram of a portion of the dynamic beam-column model.
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Solving for the shears Vj and Vj+1 in Eqs A.1l and A.2 and substituting

into Eq A.3 and multiplying by h vyields

i d i, d
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Collecting the terms and rearranging the order in Eq A.6, we obtain a

dynamic implicit operator:
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APPENDIX B

DERIVATION FOR RECURSIVE SOLUTION OF EQUATIONS
(Extracted from Appendix 2 of Ref 4)
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APPENDIX B. DERIVATION FOR RECURSIVE SOLUTION OF EQUATIONS
(Extracted from Appendix 2 of Ref 4)

Any of the fourth-order difference equations for beams or beam-columns

can be written in the following form:

a,w, + b.w, + c.w, +d.w, + e, ,w, = £, B.1
jj-2 j3-1 i’i i+l jit+2 j (8.1

Definitions of the coefficients aj through fj will vary according to the
particular beam formulation considered. The general process of simultaneous
solution of a complete system of such equations will be the same in any case.
The matrix formed by writing coefficients aj through ej at all stations
has non-zero terms along only the five main diagonals, and the most efficient
method of solutions, therefore, is a direct process that amounts to simple
Gaussian elimination. 1In a forward pass, two unknowns are eliminated from
each equation, resulting in a triangularized coefficient matrix of only three
diagonals. On the reverse pass, the solution is completed by back substitu-
tion. The necessary recursion equations for the process are derived below.
and w,

-2 j-1
can be written in terms of deflections at two stations to the right. 1In

Assume, temporarily, that wj can be eliminated so that wj

general
wj = Aj + ijj+1 + Cjwj+2 (B.2)
Writing equations of this form for wj_2 and wj_1 R
wj_2 = Aj-2 + Bj-2wj-1 + Cj-ij (B.3)
wj_1 = Aj-l + Bj-le + Cj-l,wj+1 (B.4)

Substituting Eqs B.3 and B.4 into Eq B.1,

a.|A,. + B. A . + B. . w., + C. .w,. + C. .w.
J[ j-2 j-2Bya1 j=1"3 5-195+1) j=2"3d
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cw, +d.w 4

. LW, C, .w, + . W, e W,
=173 j-1 J+1) i 37 T 2

Multiplying and collecting terms,

(aB, B, .+a,C, ., +bB, .+ c,w,
ji-27j3-1 ji-2 i i-1 773

+ (@.B. .C..+b.C. . +d)w,
(aJ j=2"j3-1 ji-1 J) jt+l

+ (e.)w, = £, =~ (a.,A, + a.,B. .A. + b A,
( J) j+2 i ( jj-2 i i-273-1 j J“l)

Equation B.6 can be rewritten in the form assumed in Eq B.2:

w. = A.+Bw. .+ C,w,
j ] i3+l jit2
where
A. = D(E.A, ,+aA, , - f,
i J( ii-1 ji-2 J)
B, = D.(E.C, . +4d,
i i 31 i
C., = D. (e,
j J( J)
and where
D, = - 1/(E.B., . +a.C, ,+c¢
j ( ji-1 j-2 )
E = a.,B, + b
j i i-2 j

For beam and beam-column problems, the coefficients Aj R Bj

can be thought of as expressing the physical continuity of the system.

(B.5)

(B.6)

(B.7)

(B.7a)

(B.7b)

(B.7¢)

(B.7d)

(B.7e)

, and Cj

In
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these coefficients all of the known input data are digested and stored. The
coefficients at any one station depend not only on the load and stiffness
data at that station but also on effects from all previous stations. These

coefficients have therefore been termed "Continuity Coefficients."
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APPENDIX C

STABILITY ANALYSIS FOR THE DYNAMIC IMPLICIT OPERATOR
WITH INTERNAL DAMPING COEFFICIENT
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APPENDIX C. STABILITY ANALYSIS FOR THE DYNAMIC IMPLICIT OPERATOR
WITH INTERNAL DAMPING COEFFICIENT

In studying the stability criterion for the dynamic solutions of a beam
with hinged ends and M increments, a solution to the equation of motion

described in Chapter 2 (Bq 2.1 or 2.2) can be assumed to be

k .
wj,k = A sin(jsn)e 2 (C.1)

in which A is a constant, j =0, 1, 2,,..M, and k =1, 2, 3,..., = .
If we consider only the flexibility of the beam Fj , the mass density of
the beam g, , and the internal damping coefficient of the beam (Dl)j , then

Eq 2.2, becomes

f’ (Dl)j-l“s { 1 i
LFj-l + ht ij_2’k+1 -2 *L(Fj_l + Fj) + h_t [(D >j-1

i 7 l [“ i
R N T L
DM B A APRIPEE (LAPE RS PR h, L®D 51

3
. . 2h"p,
i i h i
+ 4(D )J, + (D )j+1_\+——--——ht2 }Wj,k-i—l - 2 {(Fj +Fj+1)

i
® )j+1'3

1 ( i i A 1
+ — D .+ (D), . —_—
no L9 5F P ) Vet l.Fj-H. + h Y542, kb1
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3

_ ah pj\ r (Di)-_l'T r
\ 2 ) ik T LFj-l - h, J Yi-2,k-1 + 2 TﬁFj-l + Fj) -
N
1T S '
o LO 50t O] e {ﬁFj-l FAFEFa)

2h3p.

i i i .
DYy, .+ 40YH .+ @Y. + 4 }
P gy + 40+« )J+1J 2 Yik-1

-

.
By

[ 1 [ i i 7
PR )t [0y 00y ] T

i
P @ )j+1*

- LFj+l i} "E;f"lle+2,k—1 (€.2)

Assuming that the beam has a uniform cross section, uniform elastic
properties, uniform mass density, and a uniform internal damping coefficient,

Eq C.2 can be simplified as

(F + D)wj - 4(F + D)wj + 6(F + D)wj - 4(F + D)
>

-2, k+1 -1,k+1 k+1

Vil T E DIV gy T E Dy e T AE DIV g

+ 6(F = D)Wj - 4(F - D) + 6(F - D)w,

k-1 Vi1, k-1 i,k-1

- 4(F - D) (F - D)w

Vairl, k-1t 42 ,k-1

2w +

2 e T T Yy ) (€.3)



where

F = all F terms (EI)
D = all (D') terms divided by h,
p = all p terms

Substituting Eq C.1 into Eq C.3, we obtain

F+0) £ 6,01 @) £ (B ,1eP
3
= - ZE%_ [sin B je(k+1)®-+ 2 sin P jek®
h n n
t
v W (k-l)éwl
+ sin b je ]
where
f(ﬁn,j) = sin Bn(j'z) - 4 gin Bn(j-l) + 5 sin an
~ 4 sin Bn(j+1) + sin Bn(j+2)
Let
2 3
~ 2ph
@ 7 72
ht

Then, dividing Eq C.4 by e(k~1>¢ , we obtain
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f r -
i(F + D)Lf(Bn’j) + q2 sin anj } e2® + (2q2 sin '&‘Bn;'])eqb

( s+ sin 5]} - |
+ lﬁF D) f(BnJ) + q~ sin an } = 0 (C.5)
Substituting the following trigonometric identities,

sin ﬁn(J-Z) = sin an cos 2Bn - cos an sin an

4 sin Bn(j-l) 4(sin an cos Bn - cos an sin bn)

I

2 .+ - é » < -~ » Py
4 sin Bn(J 1) 4(sin J cos bn + cos an sin Bn)
sin bn(3+2) = sin BnJ cos ZBn + cos an sin ZBn
into Eq C.5 and simplifying the equation, we obtain

L2(F + D) (cos ZSn - 4 cos P+ 3) + qzj e‘?‘(’?j + 2q2e®

+ EZ(F - D) {cos an - 4 cos Bn + 3) + qzj = 0 (C.6)

We can simplify Eq C.6 by using the trigonometric identities

cos 2P = 2 COSZB -1, (cos i~ 1)2 = c032 B -2cos b +1
n n n n n
o e . . 2¢
and dividing by the coefficient of e 3 thus
2 -
2¢ T 2g Y
e + L > e

4L(F + D) {(cos bn - 1)2 + q
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4(F - D)(cos B - 1)2 + q2 )
+ L 5 5 | = 0 (C.7)
4(F + D) (cos Bn ~- 1" +q

Let

2
B = = g 2 2 = and
L4(F + D) (cos Bn - 1D+ q J
4(F - D)(cos Bn - 1)2 + q2
C =
4(F + D) (cos En - 1)2 + q2
Hence Eq C.7 becomes
e2¢ + 2Be¢ +C = 0 (C.8)

Equation C.8 is the quadratic equation which can be used to evaluate the
stability criterion of the dynamic solutions of the beam. The criterion for
the solution of wj K in Eq C.1, which is to be bounded as time approaches

b
62

s e s . . 1 .
infinity, is that the roots of the quadratic, e and e , must satisfy

the condition that

¢

le My le?] =1 (C.9)

The two roots of Eq C.8 are

¢
e - . B + ’Bz -C
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and

e = -B-[B" -cC (C.10)

The conditions of Eq C.9 are satisfied if the following inequality is

true

Substituting the equalities of B and C into Eq C.1ll yields

2 4(E = D)(cos E_ - 12 + ¢
i - 2. 272 7 2 (12
L4(F + D) (cos Bn - 1" +q J 4(F + D) (cos Bn - 1Y+ q
The above inequality can be reduced to
16 (F° - 0°)(cos E_ - 1D* + 8F (cos B - 1% 20 (c.13)

By omitting the positive term (cos Bn - 1)2 s the criterion for the stability

of the dynamic solution of a uniform beam with hinged ends and internal

damping coefficient becomes

2 2 2
16 (F° - D) (cos B_ - 1)° + 8Fq” = 0 (C.14)
"),
Since N is usually less than Fj for a reasonable time increment
t

length ht and the positive value of the term 8Fq2 is always greater than
2 2 2
the negative value of the term 16(f - D )(cos Bn -1 when the time incre-

ment length is extremely small, the above inequality is true.
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DBC5 GUIDE FOR DATA INPUT -- Card Forms

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

Page 1 of 13

80

| 80
IDENTIFICATION OF PROBLEM (One card for each problem)

Prob,

No. Description of problem

1 5 il 80
TABLE 1, PROGRAM CONTROL DATA (One card for each problem)

Enter "1" to keep data from prior tables

Number of cards input for tables

2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9
| 3 - 10 t5 20 25 30 35 40 45 50 55 60 (3] 70 75 80
TABLE 2, CONSTANTS (One, two, or three cards; none if preceding Table 2 is held)
NUM NUM NUM of NUM of Option
of of monitor monitor Plot- for
beam Beam time Time Print- STA Itera- STA ting line or
incre~ increment incre- increment ing (print- tion (itera- method point
ments length ments length Switch ing) switch tion) switch plots
M H MT HT IPS* MONS ITSW#* MONI MOP LOP
6 10 20 Le 3] 40 a6 50 ES €0 33 70 75

%1
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« 1f printing switch is -1, use the following card, otherwise ignore: Page 2 of 13

Complete print

out at
time sta
interval
KPS Monitor stations
[ 10 2t 25 30 a5 40 45 50 55 60 &5 T0

% If iteration switch is not zero, use the following card, otherwise ignore:

C -

Max num of Maximum Deflection
iterations for allowable closure
any time step deflection tolerance
MAXIT WMAX WTIOL Monitor stations
€ G 20 30 & a8 50 53 60 @5

TABLE 3. SPECIFIED DEFLECTIONS AND SLOPES (The number of cards as shown in Table 1, none if preceding Table 3 is held)

Initial or

permanent
Case switch
STA *%%  Deflection Slope 10Ps #
€ 10 6 20 310 40 46 $0
#%% 1f case = 1, specified deflection * 1f I0PS = 1, initial deflection or slope (or both) is
= 2, specified slope specified,
= 3, specified both = 2, permanent deflection or slope (or both) ~—

1%

is specified.
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Page 3 of 13

TABLE 4, STIFFNESS AND FIXED-IOAD DATA (The number of cards as shown in Table 1)
Enter
|I1|l if
con't Bending Transverse Static spring  Static axial Rotational Transverse
From To on next stiffness static load support thrust restraint couple
STA  STA card F QF s T R CP
6 10 15 20 30 40 50 60 70 80
TABLE 5. MASS AND DAMPINGS (The number of cards as shown in Table 1)
Enter
lllll if
con't Internal External
From To on next Mass density damping damping
STA STA card RHO DI DE
6 i0 5 20 3 40 50 60

TABLE 6.

TIME DEPENDENT AXIAL THRUST (The number of cards as shown in Table 1)

Axial thrust values (see page 7)

Beam STA Time STA
from to from to TT1 TT2 TT3
o I S N ]

|[o] 15 21 25 30 36 45 55 63

SH1
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. Page 4 of 13
TABLE 7. TIME DEPENDENT IATERAL IOADING (The number of cards as shown in Table 1)

Beam STA Time STA Lateral Loads (see page 9)
From To From To QT1l Q12 QT3

| | | | |

6 10 15 2t 25 30 36 45 £ 85

TABLE 8. NONLINEAR SUPPORT CURVES (Three cards per curve, the number of cards as shown in Table 1)

Enter
!11 (3] if Smﬂe -
From To cont'd Resistance Deflection  Num try Deflection Resistance
Beam Beam on next Multiplier Multiplier Points Option Tolerance Telerance
STA STA card omp WMP NPOC  KSYM WNTOL QNTOL
6 10 15 20 30 40 45 50 60 70
Resistance Values Ql l l
3 38 40 43 50 55 €0 65 70 75 80
Deflection Values W[ l | ] l l ] f | ]
3t 35 40 a5 50 55 €0 &5 70 75 80

TABLE 9, PLOTTING SWITCHES (One card for each plot, the number of cards as shown in Table 1)

Beam
or Multiple
Horizontal Vertical time plot
axis axis STA switch
& =) =F @
7 i 7 20 26 30 36 40

& Enter either "TIME" or "BEAM"
Enter either "DEFL'" or 'MOMT"

EZXH Enter either a beam station number if TIME horizontal axis was specified or a time station number if BEAM horizontal
axis was specified,

AR}
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Page 5 of 13

GﬂThe consecutive plots, which are entered 1 for Multiple Plot Switch, will superimpose on common axes. The last
plot of the group of plots which are superimposed on common axes must be entered 0 for Multiple Plot Switch.

For consecutive plots which are entered 0 for Multiple Plot Switch, each plot is plotted separately on different
axes.

STOP CARD (One blank card of the end of each run)

6%1
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GENERAL PROGRAM NOTES Page 6 of 13

The data cards must be stacked in proper order for the program to run.
A consistent system of units must be used for all input data, for example, lbs and inches.
All words of 5-spaces or less are understood to be right justified integers, whole decimal

numbers, or alphanumeric words. (34 or
All words of 10-spaces are right justified floating-point decimal numbers, 4,23 1E+07]

Table 1, Program~Control Data

For each of Tables 2 and 3, a choice must be made between holding all 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 Tables 4 through 9, the data is accumulated in storage by adding to previously stored data.

The number of cards input is independent of the hold option, except that the cumulative total
of cards cannot exceed 100 in Tables 4 through 7; 60 in Table 8; and 10 in Table 9. Card
counts entered in Table 1 should be rechecked carefully after the coding of each problem is
completed.

Table 2. Constants

Variables: H HT WMAX WIOL
Typical Input Units: in sec in in

The maximum number of increments into which the beam-column may be divided is 200, Typical units
for the value of beam increment length are inches. The maximum number of increments into
which the time axis may be divided is 1000, Typical units for the value of time increment
length are seconds. If the printing switch (IPS) is set equal to -1, only results at monitor
beam stations will be printed, except at every time station interval specified (KPS) where
results at all beam stations will be printed. If the printing switch (IPS) is set equal to
+1, the complete results of all beam stations will be printed at every time station and the
second card therefore is not necessary. If the printing switch is equal to zero or left
blank, no intermediate results will be printed. MONS is the number of specified monitor beam
stations which are entered on the second card from column 21 to column 70, for printing the
monitor stations results at every time station. The maximum number of monitor beam stations
which may be used is 10.

161
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Page 7 of 13

The second input card should be omitted when the printing switch (IPS) is set equal to zero,
blank, or +1.

For nonlinear support curves, which are stated in Table 8, the switch (ITSW) is set equal to
either a negative or positive integer, for example, -1 or +1. 1If ITSW is set equal to zero
or left blank, no nonlinear support curves may be entered in Table 8 and the third input card
must be omitted.

MONI is the number of monitor beam stations, which are entered on the third input card from
column 41 to column 65, for printing monitor deflections during the iteration process. The
maximum number of monitor beam stations which may be requested is 5,

MAXIT is the number of iterations to be allowed for this problem. The maximum number is 50.

WMAX is the maximum allowable deflection for this problem.

WTOL is the closure tolerance for the iteration process.

MOP is a switch for selecting the method of plotting the results of beam or time stations which
are stated in Table 9.

If MOP is set equal to -1, microfilm plots are made.

If MOP is set equal to zero or left blank, printer plots are made.

If MOP is set equal to 1, 12-inch standard ball-point paper plots are made.

IOP is an optional switch for choosing point or line plots for the microfilm or paper plots.

If 1LOP = -j, point plots are made at every jth point.

If 1OP = 0 or blank, line plots are made. If LOP = j, line plots with a point plot at every jth
point are made.

If no cards are entered for Table 9, MOP and LOP may be left blank.

If MOP is set equal to zero or left blank, LOP may be left blank.

Table 3, Specified Deflections and Slopes

The maximum number of beam stations at which deflections and slopes may be specified is 20,

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

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 beam station.

IOPS is a switch for specifying either an initial deflection (or slope) or a permanent deflection
(or slope) at the beam station stated on the same card.

If IOPS is set equal to 1, initial deflection or slope (or both) are specified for the static
solutions only.

If TOPS is set equal to 2, permanent deflection or slope (or both) are specified, both for the
static solutions and the dynamic solutions,

£ES1
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Table 4. Stiffness and Fixed-Load Data Page 8 of 13

Variables: F QF S T R CP
Typical Input Units: 1b x in2 1b 1b/in 1b  inxlb/rad inx1lb

Axial tension or compression values T must be stated at each beam station in the same manner as
any other distributed data; there is no mechanism in the program to automatically distribute
the internal effects of an externally applied axial force,

Data should not be entered in this table (nor held from the preceding problem) which would express
effects at fictitious stations beyond the ends of the real beam-column.

The left end of the beam~column must be located at station O,

For the interpolation and distribution process, there are four variations in the beam station
numbering and referencing for continuation to succeeding cards. These variations are ex~
plained and illustrated on page 1l1. There are no restrictions on the order of cards in
Tables 4 and 5, except that within a distribution sequence the beam stations must be in
regular order.

Table 5. Mass and Damping Data

Variables: RHO DI DE
Typical Input Units: 1b x secz/in 1b x in2 X sec 1b % sec/in

See description in Table 4,

Table 6. Time Dependent Axial Thrust

Variables: TT1 TT2 TT3
Typical Input Units: 1b 1b 1b

Time dependent axial thrust values "TIT1" and "TT2" are the distributed values entered at beam stations
"FROM" and "TO", respectively, of time station "FROM'". The values "TT3" are the distributed
values entered at beam stations "FROM" of time stations "TO".

All the values of time dependent axial thrusts at the beam stations within the two limits of "FROM"
and "TO" of the time stations between the two limits of "FROM" and "TO" will be linearly

el
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interpolated by the program. There are no restrictions on the order of cards, except that
beam stations which are entered as "FROM" and "TO" in ihe same card must be in ascending
order, or in other words, the same beam station is not allowed to be entered as "FROM" and
"TO" in the same card.

See page 12 for illustrated examples of interpolation and distribution.

Table 7. Time Dependent Lateral Loading

Variables: QT1 QT2 QT3
Typical Input Units: 1b 1b 1b

All restrictions stated in Table 6 are also true in this Table, except that same beam station is
allowed to be entered as '"FROM'" and 'TO' in the same input card.
See page 13 for illustrated examples of interpolation and distribution.

Table 8. Nonlinear Support Curves

QMP is a constant which is multiplied by Q-VALUES to obtain the vertical resistance values of the
corresponding points of the resistance~deflection curve.

WMP is a constant which is multiplied by W=-VALUES to obtain the horizontal deflection values of
the corresponding points of the resistance-deflection curve.

NPOC is the number of points input on the resistance~deflection curves,

K8YM is the symmetry option of the input resistance~deflection curve.

If KSYM is set equal to 1, then the total number of points on the curve will be twice the value
of NPOC. 1In this case, the point of origin of the curve should not be specified.

If KSYM 1is set equal to O (or left blank) or -1, the point of origin of the curve must be speci-
fied. 1In this case, the deflections which are stated as the first point and the last point
on the curve must be equal but opposite in sign.

If KSYM is set equal to 0, the support is a negative one-way gupport; that is the beam will 1lift
off the support when 1t deflects upward.

If KSYM is set equal to -1, the support is a positive one-way support; that is the beam will 1lift
off the support when it deflects downward.

There are no restrictions on the order of support curves, except that within any distribution
sequence the beam stations must be in regular order. More than one curve may be placed at a
beam station.

{61
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The maximum number of points which may be input on any given curve is 10, although additional
points up to a total of 20 may be created internally if the curve symmetry option is
exercised.

WNTOL is the closure tolerance of deflections for matching up the unadjusted part of the
resistance~-deflection curve when the original curve needs to be adjusted.

QNTOL 1s the closure tolerance of resistances for matching up the unadjusted part of the resistance-
deflection curve when the original curve needs to be adjusted.

For any particular resistance-deflection curve, the final deflections of the points in storage (WMP
times W-values) must be increasing positively, while the final resistances (QMP times Q-values)
must be in descending or equaling order. 1In other words, the resistance-deflection curves must
be continuously concave as viewed from the horizontal axls, except that horizontal lines of
zero stiffness can be input for representing the plastic regions of the curve. Softening of
the support is not permitted; that 1s, no reversal of slope sign of the segment on the support
curve is permitted.

For both one-way (negative and positive) supports, the Iinput order of the points on the curve is the
same, e.g., the final deflections of the points in storage must be increasing positively; in-
ternally, the program reverses the order of the points on the positive one-way support curve
after the necessary Information for tracing the loading paths has been retained.

If continuing on next curves, the deflectlons must be equal for the corresponding points of each
curve in the sequence of continuation. 1In this case, WNTOL, NPOC, and KSYM also must be equal.

The resistance-deflection curve at every nonlinearly supported beam station within the two limits
of "FROM" and "TO" will be linearly interpolated by the program.

The maximum number of beam stations which can be nonlinearly supported is 100.

Table 9. Plotting Switches

Four kinds of plots, deflection or moment along time axis, and deflection or moment along beam axis
may be requested.

If the horizontal axis is TIME, a beam station must be entered from column 26 to column 30.

If the horizontal axis is BEAM, a time station must be entered from column 26 to column 30.

As many as five plots may be superimposed by using the multiple plot switch.

Superimposed plots must all be of the same kind.

There are no restrictions on the order of cards except that beam or time stations must be in
regular order within a sequence of the same kind of plots.
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CONT'D
FROM TO  TO NEXT

Individual — card Input STA STA CARD ? F Q efc...
Case ao.1 Data concentrated at one sta ... . .. .. | 71:’ 7 —| 0=NO | | 3.0 l .
Case 0.2, Data uniformly distributed . ... .. ... . r 5 —:’15 |O =NO | 2.0 l -~
| 75 =20 Jo=vm0]| 40 | 10 -
| Jo —*20 | O=NO | [ 2.0 O
Multiple — card Sequence /
Case b. First—of — sequence . .. . .. ... ... .. L&\JT | 1=YES l 0.0 L 2.0 —[ \@
Case c¢. Interior — of —sequence . . ... ........ ‘ LKSO |1:Y£5r 4.0 | 2.0 | <®
[ T>‘35 [1=¥es] zo | oo [ 1<
Case d. End—of—sequence ... . ... .. . .. . | &UO |O=/VO | 2.0 | | /e

Resulting Distribution of Data

STIFFNESS F |

aigimmtilE

|
N w a
|
N
/

|

T
Y

o

Sta: 5 10 15 20 25 30 35 40
LOAD Q ~-O-0-0-0&-- — 3 —
|
F-0-0-0-0-0-0-0-0-0- s T 2T 99-0-0-o.
Pt I
Sto: 5 10 15 20 25 30 35 40
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TABLE 6. TIME DEPENDENT AXTAL THRUST {CONTINUED)

Page 12 of 13

The variable TT(J,K) 1is input at any bar-number and time station by specifying ‘the value of axial thrust
distributed at beam station "FROM'" and time station "FROM'" in the columns of inputting TTl , the value of
axial thrust distributed at beam station "TO'" and time station "FROM" in the columns of inputting TI2 ,

and the value of axial thrust distributed at beam station "FROM' and time station

inputting TT3

"TO" in the columns of

Beam|Sta
From|To

Time
From

VSta
To

0

TTl TT2 TT3

.0E+00| 3.0E+00|2.0E+00
.0E+00| 3.0E+00|2.0E+00
.0E+00| 2.0E+003.0E+00
.0E+00| 1.0E+00|3.0E+00
.0E+00|-2.0E+00|1.0E+00

4 Beam Sta (J)

e o D O @
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The variable

QT (J,K)

TABLE 7. TIME DEPENDENT LATERAL LOADING (CONTINUED)

Page 13 of 13

is input at any beam station and time station by specifying the value of lateral
load distributed at beam station "FROM'" and time station "FROM" in the columns of inputting QTl , the

value of lateral load distributed at beam station "TO'" and time station "FROM' in the columns of inputting

of inputting QT3

QT2 , and the value of lateral load distributed at beam station "FROM'" and time station '"TO'" in the columns
E;;m Sta [ Time |Sta
rom|To From|To QTlL QT2 QT3
0 5 0 5| 4.0E+00| 3.0E4+00|2.0E+00
10 15 2 21 2.0E+00| 3.0E+00]|2.0E4+00
8 8 7 91 2.0E+00| 2.0E+00]3.0E+001
8 12 9 913.0E+00| 1.0E+00]3.0E+00
15 20 6 71 2.0E+00(-2.0E+00|1.0E+00

QT 9 ____
A 8 e
7—-
6 ]
5 51
<:r‘ T T r
! > QTI
QT|]4_ /Y sar3e |
J X S LSS S S s SLS
{ f S S S
QT: . Beam Sta (J)

o @ Do e
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APPENDIX E

GLOSSARY OF NOTATION FOR DBC5
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TEMPORARY VALUE OF KaSE( ) 07
ARRAY CONTAINTNG ExTERWAL BEAM O) TIME STAo?Jb)
FOR TWE TITLFS OF PLOTS 9T U0
ROUTING SWITCH IN TARLES 44 5 ANp 8 07 IUY
4T Hn

SYMMETRY OPTION UsFn IN TawLe @ 0TIV

SPEQIFIEL VAL UE og KSYM{ 1 AT Eack STa J  g7Ju1
INITIAL EXTERNAL TI%F STa USEL In TABLE ¢ 070U
FINAL EXTERNAL TIwF ST& USED ty vADLE & 0740
SwITeM TO INOTCSTE TrAT VERY PLOT 8K1s IS 070U}

DEFLECTION(IFa)) OR MrMEMT ((Fe2) g7l
OPTIGNAL LINE OR ROINT PLOT Sy ITeM wWeEw aTuuy

USING MICROFILM OR RaLL~-POINT PLOTS o7uul
SWITCH wWHICH CAUSFS THE axIal LGaDS Ta BE 7401

DISTRIRUTEN Th HALF~STAS 07Ul
INUEX FOR EXTERMA( BFa~ §$Ta 0TI
KUM oF BEAM TNCREMENTS 0TJHUl
NUM 0F POINTS FOR FACH PLOT FRAME 074U
NuM oF ITERATTONS SPFCIFIED (MAX ® S0) 074Ul
kUM aF CHARACTERS n PLAT TITLES n7JuUY
UM OF MONITOR STaTIONS FOR PRINTING THE 07JU)

ITERATION NATA(MAX & 5) 07U
NUM nF MONITOR STATTONS FOR PRINTING RE= 070U)

SULTS tMax & 10} 07Ju1

OPTIONAL PLOTTING METHAD SwiTimk [RNITH

(=13MICROFILM, n NR Riakr=p2INTFR, 87 Uy

1 EBALL~RPOTHNT) 074U
MULTIPLE PLOT SWITeH SaVED FOR EaCH PLOT  p7ul)
TEMPORARY Va{UF OF MRG! | ¥R PLaT$ of n7J0y

MOMENTS ALONG THE AEaM AX]S 97J01

»ULTIPLE PLOT SKITER INPUT IN TaglE 9(IF =q70Uy
e PLLT IS SUPERIMPOSEY WITw NEXT) 87U

# PLUS ONE TwRU ¥ PLUIS SEVEN urIUY
AUM oF TIME InCRELFNTS 07401
*T PLUS TH 275U
AGE-TL] FOLQ 074U

NUM OF PLOTS SUPERIWPOSED AN onT FRaug 07JU1
INDEX OF NUM OF P ATS 07JuU1

YA SBIAAN OO NAAAAONMNTANAAMAMAANAOCAMNANOOG NN MM OO M NOO 000

KIT2 ThRU wNCE9
ROTZ THRU NCTTen( TS
Aevs

KC14 THRU wC19

AEER

AT

AITS

NETT

wNC

noCl

NOS
NOSJ ()

NPE
APBT

NPENT
nPET
ARPCTS
ARCC L )
NPEOR

NPS

NPT
APTTS )

APZERC

S
AUMOC ()

KM aF CAKES INPUY IN TABLES » TwRU & FOR 074U}

THIS FRCBLFM 07U
TOTAL kUM OF CARDS IN THE PaRYICULAR TaBLrOTUL)
TATAL NUM CF CURYES IN TABLE ® 0700y
INITIAL INCEX vaLuF FOR THE InPut To THE 874yl

PaRTICUL AR TaRLE atuul

KUK OF C#RCS INPUT RFPEATEOLY IN TABLE % 0700
INDEY USED In TWE [TERATION p0 LnOP a7Ju)
TTERATION RUMRER 4T wwicH ToE LOAD 1TERa~ o700}

TION ¥ETHOD STARTS 074U}
SAVEP VALUE oF NIT FAR THE FIRSY CYCLE OF g7uu)

ITERATIONS LR NIV
UM oF SUPFORTING STAS WHICH mAVE MONe QTIUY

LINEAR RESISTANCE=DEFLECTION CURVES 07JU)
ROUTING SWITCH WHICH TELLS THF ppoGRAM Dg 07.U1
ONE MORE CYCLE OF LOAD ITERATIONS 07Ut

WHEN THE SOLUTION DOES NOT (LOSE 074U1
INDUEX FOR COUNTING THWE NUM OF S|nPES OF  q70U1
NONLINEAR ¢V 07JUL

NUM nF SLOPE® ON TWE NONLINEAR RESISTANCE-07JUL
CEFLECTION CV AT A PARTICULAR $TA J 07JU1

INOEX FOM TOTAL atiw oF pLOTS 07JU1
INGEX FOR AUm OF PLOTS nF BENDINA MOMENTS 07JU)
ALONG THE AEAM AXIS 07U}

ROUTING COUNTER FOR THE NUM OF PAINTS ON  0TJU)
TRE NCNp INEAR RESISTANCESOEFLECTION 07JU1
CV wPICKn 1S tNCREASING ITS GPECIFIED p7Ju)
VALUE OF DEFLECTION FROM NEg TO ZERO 07.U)
OR FRCW NEG T POSITIVE eTIuY
TEMP VALUE OF wyum oF POINTS ON SUP CV 870}
TTaL R4 OF pOTATSE ACTUALLY ON THE NONe 070U
LINEAR RESISTANCE~DEFLECTION €V AT a a7uuy

PARTICULAR $Ta J 073Uy
AUN F PULIRTS INPUT M TABLE & Tp COEFINE a070Ud
paallCU aR NNNL INEAR RESISTANCE~ B7JUL
CEFLECTInn CHIRVE eTIuUL
PHOBLEM NUMBER(PRNG STOPS IF n BLANK) 0TIV}
INOEX WHICWM INDICATES TWAT THF 70U

DEFLECTION AT A PARTICULAR sTA IS 070U}
WITHIN THE SEGMENT CONNECTEN BETWEEN 07JU1
POINT NRS AND POINT (WPSel) ON THE 87JU1
LONLINEAR SLD CV 07.JU1
INDEX FOR AUM OF B DTS ALONG TIMF AXIS [\ 185
AUM 0F POINTS ON THE NONLINEAR RESISTANCE-07JU)
DEFLECTION CVv AT A PARTTCULAR STa J 07.U1
ROUTING COUNTER WHTCH DEFI~ES THp AUM 9F 07 U3
SLOPES SPECIFTIEN On THE PARTICULAR Lk N1

NONL INEAR RAFQTSTANCE=DEF] Cv f47Ju1
GOUT ynE SWTTeru Yo TMRICRTE THAT T LX)
oEFLEcTzON AT 4 PnnTzcuLaR SUP ST: r:uvqul
EGUAL 10 yHE yalyE OF yrF FIRsT o?au)
POINT On TWE MONLINESAR SUP cVIF 21y 07001
INDEx AULM FOm SPECIFIED CONGTTIONS FERISY
AUM OF O3CILLATING CYCLES DURTNG THE oTIUY

0LT
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Tel TTME STA ann

INFUT VALY'CES PF O TiuwE DECENDENT LNADS
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THE VERT AXTS IS DFFLFCTION

2 4 LETTERS zu0mypz SEC 1N INP{CaTE THAT
THE VERT AXI& 1S5 MNMENT

T & LETTERS 2TIvFse USED TO INNICATE THaAT
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074U
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074V
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FOR THE PLOTS
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GENERAL FLOW CHART OF DBCS

START

[READ & PRINT Problem I. D.

[READ & PRINT Tables I thru 8)

Distribute and generate all the
nonlinear curves of the sup sta

Retain slopes, Qdrops, Wdrops of
the segments on each sup curve

|

READ & PRINT Table 9)

Interpolate & distribute
data from Tables 4 and 5

|

,———-——-—3—{DO requested number of time sta-)

Compute time variant axial thrusts
and lateral loads for the present
time sta k and time sta k-2

175

Terminate if Prob.
No. is blank

CALL SUBROUTINE
INTERP3

% See detailed
flow chart on
pages 152 to 160

f'—'"——{DO requested number of iterations)—————————n\

'-“--'{DO for each nonlinear sup )

First cycle Second cycle|

Interpolate to <i8up. curve adjust

stiffness & load

Yes
from sup curve

Find resistance
stiffness & load
from new curve

J

| find resistance ment necessary?

~—————————[CONTINUE)

)




176

A Go back for
I the second
I cycle of
Compute matrix coefficients, recur- iterations
sion or continuity coefficients,
and deflection at each beam station

Count number of sta. not closed and
number of sta exceeding maximum Y
allowable deflection

|

[Set up monitor data for this iteration]

|

Test closurance of deflection|

p—— e e s e e e . e S—— — ——— ———

Satisfied? Yes N
No
—— — — —{CONTINUE
A

[

Compute slopes, moments, shears, and
sup reactions for the previous time sta

IRetain deflections and moments for plots|

PRINT iterational monmitor deflec-
tions and computed results

‘—-—-————————-—"—+CONTINUE)

‘Plot results if requested in Table 9|

U EIEpESEENPE———————-— L A M | B Lo

‘Go back and READ new problem number[
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GCENERAL FLuW CHART OF TIME DO LOOP

Initialize
KPC =0
KK =0
NPBT = 0

|

Clear storage for variables:
IFUS( ), QIC ), SS( 2,
SSKM1( j, QIMI( ), & QIM2( )

— ——————1D0 7000 K = 1, MIP4)
Initialize &
clear storages
Mocr = 0
ITCS = 0
ITCSR = O
IOCNT = O
KK = KK + 1
Compute dynamic axial thrusts
& dynamic lateral loads for
time Sta., K & time Sta. K-2
— 6910

1

Initialize for next iteration
QI(Jy = Q(J) + QTWJ,1)

[}

SS(J) = $(J) == J = 1,MP7

NIT
(,--—-—-——-———-—{Do 6056 NN = 1, NNC)
| T
l J = ISTA(NN)
ED NPCT = NETTS (NR)

6504

—D0 6000 NIT = 1, MAXIT

177

If linear problem,

set MAXIT = 1

Q(J) = static load

QT (J,1) = dynanic

load at time Sta K

S(J) = linear spring
constant

NCV8 = num of curves
in Table 8

NNC = Total num of

nonlinear sup
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| 691U

l I0SW(J) = Switch

YES for load
iteration
| KD NO
Initialize
NIT for the first
load iteration
NN W{J,KK) = W(J,KK~1)

ESM = 0.5

{(First
cycle)

WPT(NN, 1) =

deflection value
of the first pt.
on the sup curve

ABS (W(J,KK),) ~ \YES
ABS (W(J,KK~1))
7

/)
PRINT ERROR |
Mess., & STOP

NO

|
|
l is
|
|
|
|

‘ [ABS (W(J,KK-1)) +
ABS (W(J ,KK) )]

{ ABS (W (J ,KK-1)

l W(J,KK))?

l YES

il

W(J,KK) <
W(J,KK-1)7

6086
6504




NIT

KSYMJ (NN)
?

IS

Yes

Reverse the order of
the support curve

Yes

Yes

KSYMJ (NN)

IS

IS

—T IFUS(I) - ©
No
Determine the location
of the greatest slope
(Negative one- (WPT (NN, NP)
way support
y support) T3
KSYMI(NN) = O
? (Positive
No one-way
support)
W(J-kK-1) <\ No
WPT (NN,NP)? / R
Yes W(J,KK-1) > No
WPT (NN,NP) ?
v N y, JYes
669 6086
| 605 6504

179
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NIT

605)
[TUS(3) -~ TUS(J) + 1]

Determine the resistant
support stiffness at
previous time station

IS the previous
resistant stiff- Yes
ness within

elastic range?

No

Retain the deflections and
the resistances of the
points for the unadjusted
part of the sup cv

Revise the portion of the
new path of the sup curve

Connect the new path to
the unadjusted part and
renumber the order of
the aupport curve

6086

e

6910

IUS(J) = Switch
to indicate
that the sup cv
is revised
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6910

| Interpolate to find re-
' sistant stiffness and

| load value from sup cv

6086 ~

Use spring-load Use load it-
(tangent modulus) eration Md
|iteration Md.

———g—————————

— e e —_—— —— e e e ——

J 1
6026 CONTINUE )

NIT
IS there a sup sta
where the Q-W curve
has been revised?
YES
Set
ITCS =0
ITCSR = 1
\.
6505
-

Compute matrix coeffi-
cients at each beam sta

NO

Compute recursion or con-
tinuity coefficients at
each beam station

Revise continuity coef-
ficients for specified
conditions
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6505 | 6910

Compute deflection
at each beam sta

(Linear
case)

Count number of stations
exceeding max allowable
l deflection and number of

IS there a sup sta where

NO the deflection oscillates
during the iteration
process?

| YES

stations not closed
? NIT
| s
|
l A Mo A
I YES
| :
|

Set switches for Load
| | Iteration Md. IOSW(J) =1

Ve

YES 1S
TOCNT = 0
?

NO

Check the deflections
are within the ranges
i of adjusted parts of
l sup curves or not?

If not, revise them

| Retain monitor deflec-
tions for this iteration

| 6000
I 6175




[NIT

6505

YES

PRINT ERROR
Mess. & STOP

YES

IOCNT =
IOCNT + 1

YE

ITCSR = 0

NO

Are comput-
ed deflec-
tions from
new curves
closed back
on old cvs?

of new curves

Use the largest re-
sistant stiffnesses
and iteration loads

_

(_)

[set 1TCS = 1

S

NO

Initialize for starting
the second cycle of
iterations

N

|

183
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YES

NO

PRINT iterational
monitor deflections

Set

=1

TOSW (J)

-

Set switches for printing
error messages of not closed
within the specified num of
iterations

6910

Do one more cycle

of load iterations
for double check.

6175

YES

NO

Compute slopes & shears of
the bars and moments & sup
reactions at the joints for
the previous time station

Retain monitor deflections
or moments for plots

|

PRINT monitor or complete
results for the previous
time station

PRINT monitor deflections
during the iteration process




NO

W(J,1) = W({J,KK-1)

W(J,2) = W(J,KK)
KK = 2
—

\“___________—-——u——-———ZQQQ-ﬁContinue}

Plot deflections
oY moments along
either time or
beam axis for
the requested
monitor stations

N

PRINT ERROR|
message of
not closed
and STOP

GO back and READ new prob. no.

185



PROGRAM NACK { TreuT, NUTPUY

] FORMAT L4 SRCAKAN PREE = MARTER - J80xk Cran « YAT(OCK » Oaus]
1 JErLECKI=REVISION PATE = Z6 Juh 11 ) Z&Jy)
BIMERSION ARYNIP) e A2 T4 A(207)r RlEQTI, Ci207)0 1n0€n

1 FipoTl, 017071 SC2071s TI(POTYe @277y, CFIZ0T), 1anco
2 KEY (20T TRIIP0) s KASF (0] 0 wSIT 1 TaS (€O, 1o0Cn
3 THYATIR0Ys 127441001 RREGTICOT Y FN2(100) Y LREED
. Qna2ila6ye Sr2 (1200, TR2i1604, Ax2ilo0ry Cn2t1A0Ys  OBSFD
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& ErAn2 (1onYy GIRPTUpte DERZINGCI . LPS110st SyMi (10 OEsEp
BIMENSIAN TYE20Te2hy GTEZA7+2)y TTIAL00T 17201000 0191100 17000

1 102 (100, kT141a0Ys KT20(1000, ~01 (1001, KQ2(107 1y tgeey

2 TYY (1000 Tr2ilande TTACI0GYs 271206003, ST12C100 USSEQ

3 GT2(100%s XAXIS (100, L¥S¥(101« MPSil0), x3avelery  0SSEQ
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k4 WRUT (100« E0)y GEOVTIT00e20)y #ruCi20h, AVP{1CHs 1014 18FEY

R SLAPE {100y U e WNRCP10D#10)y KTSL10) . NOSILIO0N) s 1SFEL
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I3 cornLdIn0y, WNTOL {201, GANTOL 1200, KSymutlngyy 1sFF)

3 ki rNT (BT TFUS (2071 e KSAVT(S) s KEYPT(cl, MPNTIGYs  JCFE]

C EYQT(BY, v1i{gsPn2ls §5xml(207)s ¥Mi&y, XM (4) 18FF)
NIRERSION SSUMPIP0T) s LTMYI(ZUTY, QLF21207T1, O5¢(29T) 2149y
NATA SYBR  , 1u8, lhey JuX, [s=+ 1W0e lkme 1R$, 1nE, 1W/e qKe /7 110E0
CAMRLH /SR AT /R TDTRSEAL L yn 0 SYME Q&&F ¢
COMMCH 70Ty (B, MOy TR, wOP 17880
TRIEGER vIDTH 05580

& FARMSET & ARy A5 3 26 JUY
g FOBMAT ( Ihe 1B 3 178F0
& FORMAT (1%, A5 175¢0
16 FARMAT | 5 ¢ POXy OHTmememTRIM | 2TFES
1) FrEMAT €5l ¢ BOYX, IBpfee=-=TRIM } 2IFES
12 FoRmal (1485 Gamy3
13 FORMAT | wxe 1€85 ) 2IFES
14 FORBAT { A%, SX. 1445 1} 1RFES
15 FOPMAY (f/4710F PRCBR o s5%e 8%y SX, 1685 ) [N
14 FOEMAT (/7717 PEOR (CONTM)y /8% Ahs RXs 1485 iRFES
?p FORMAT 14718 ) InnEg
2] FORMAT  2( &Xe TS5s FlNe3 )y BXe 615 ) InDED
Pz Frhral { 8%y 15s 10X, 1015 ) [
23 FORFAT ( 9%, 1=y 2t10edy 10%s RI2 gren
3] FARMAT { »isxy I8)4 2F10.3s S¥» Ig 175F ¢
W) ECRMAT 1 8%, 374, ob10,3 ) 23vng
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RO0 FORYAT (/77 40w TARLF 8 = NON INEaR SuUBEust Curyrg  // 240F
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Jmie Timk STasEg
(13347
lecco
LA
1anco
1n0Cn
0=SE0
QS 5EQ
LEY I
GhaD]
[T
Qfab)
LY -0
Chaty
LY LAY
1r 2]
14081
14481
leunl
GRSEQ
LTS |
16441
16041
1644}
1nace
955E0
9s5Fg
08%€9
0880
18041
LRRED
05%EQ
DR&EQ

€61



IF § J4T2 = JY1 } 754, 715%, 756 gss€o

1854 PRINT 917 08s€Q

&0 TN 9aga 055EQ

15% ADFREY = 1.0 0%SEQ

€SP = 1,0 JENTS]

GO TG ¥RY 085€0

756 ADEROM = JT2 = JT) 0SSEQ

187 GYLgexT1 2 QTUJeKT) & € GTIINC) » ( GT2INC) = WTLING) J @lgial

1 RINC . BDERD® o ( QY3I(NC) w QTI(NC) ) » TINC 16941

2 /7 YOENOM 3 % EST » ES8 18481

712 CONT INUF 085F 0

110 CONTINYF 0SSEQ

6999 CONTINUF leocCo

1F ( ITSw Y £900. 4905, %900 2PTJEQ

€900 1F 1 KAXIY 0T, 6 ) =0 Tn 4910 2BDEQ

PRINT 99R2 28DE0

Ceew=]TSW = Os LINEAR SPRINGSy SO SFT MaXIT a ] 280ED

£90% MAXKIT = 1 2ADEQ

6910 tC 6000 SIT = 1y MAXIY eRnEp

KOFFCINTTY = 0 28nEg

Crmmme INTTTALTZING FOR NEXT ITFRATINN 28DEC

no 6500 J = 1. ¥PY 2r0ED

AT, = Q) « a¥idel) 214P1

68 () = StJ1 28DEQ

6500 CONT IRUF 2EpEg

IF [ NCVB «EQ. 0 ) G0 TO 6504 2RDE0

DO #0586 NN = 13 ANC 1RFEL

NPYIS * n 10FE)

J o® ISTA(NN) 18FE)

NCS ® NOSJ(NA] lapel

NPCT 8 MPYTSINN) 18FE]

IF { I0SwlJ) JFD. 0 1 pn Y0 685 064P)
Commme IR ITTALIZING FAR THE FIRST L0aD ITERATICON

1F ( NIT 6T, NITS } G To 6567 0689}

WOJsKKY = Wi sKK=]) Qgae]

6557 IF ¢ Iswid) ,EQ, ¢ ) On 1o £0%7 0849

ESM » 0,5 18FF)

GO YO 608S 18¢g)

£087 FSVM = 1,0 15FE]

L1118 tF € ITCS «F8, 0 ) G0 TO 4088 10FE1

IF { IFUS{JY EG, 1 3 6O TO t08) 1sFE]

Cmeme=TEST TO SFE IF NFEDS ANJUSTMENT OF YHE G=W CURVE FNR ThE FIRST TIVESFE)

1F § ARG (w{JeKX3) LLT, aRStwlgakx«l)) 1 GC TC A03 10FE)

IF C ( APSIW{JeKK=1)) o AMSIW{ JokK}} ) oEG. ABR{w(JiKKwly « 19FE1

1 WiJeKK}} ) G0 TO €03 10FE]

GO TO 6086 10FEY

6081 IF ¢ WPTINNeY) ) 601 9991» £02 lerg

Camem=TFST TO SEE )F NFEDS ADJUSTMENT OF Gww CUWVE AFTER Twg PIRST TIME 1%FE)

£a1 TE 6 gl Ky BE Wt 1. kKey) ) RN 10 ADARAR 1aFF)

Ge TN 561 18FE)

602 IF  W{gskK) LLE. widrkk=y} 1 60 70 6088 1oFEY

GO 10 5e3 1eFEY

603 IF { wWiJdsKK=13 } 669, 0%, 903 26411

01 IF { wSym_ ine) oFGe 1 3 60 TC 604 18FE)

1F L TFUStHdY JEQ. 1 3 G0 Th tas
IF ( ¥SYFIINRY JEG, =1 ) 0 10 604

GO0 TN &8
Crams~BFVFREE THE ARRFR OF wAN TuFaAR SUPHORT CURVE
&06 00 #06 AP = 13 MPCT

NPR * KDCT » wB &
WOVT (NN NPT ¥ WPT (NN NP
GRYT (NN NP) = QPTINNSAPR)
&0& CONT INUF
oC 506 AP =z 1 NPCT
WPT (R enP) ® WPYT (NN, hS)
QPT (hhyx Py & ORVT (NNyAE)
506 CORTINUFE
TF L #SYroltal oFGCe 1 3 GNP TL 608

154p}
2A Y
ISFEY
LeFEL
IrFE]
LarFy
18FEL
15FF 1
1oFEY
1sFE]
15FE L
1SFEY
18FE]
1sam)

fmmmweCHECK TO SEE TF AEFDS ACJUSTMERT OF TRE GQek CV FOR ONE«®aY SUpPLRYZ6 Ut

IF  KSYPL NN WRE, =1 ) GO TO 666
1F C TFUSHd] LEG, 0 ) GO TO 60§

666 B0 60T &P = 25 APCT
STFMD & ARS { [ ORT(NRNP) = GPTINNsRPell ) /
1 I WPT(NAIAP) = WPTINNsAP=1) } }
IF { ABSUISTEMR = SLOPE(NNG1Y? LF. 1.0F=06 ¥ Gn 10 &C8
507 CONT INUF
BRINT 9AN
60 10 9969
508 IF £ wPT(NMeT) T 508s 9991y 511
€069 NE x NP e ]
s11 IF L wsyvo M) LEG. 0 ) G0 TO 667
TF U Wi vXX=1) 4iE, WRYINNGNFP} 3 60 YO p0RE
€O TN &#%
667 IF { wiJo®X=1} (CE, wPTinRNF) 1 60 TO 6088
GO TN geg
XX IF © KSYFJIRAT LEG. 1 3 G0 TO 808
1F ( KSYMIINN) SEG. 0 )} GO TU 608
GO 10 ABRé
605 TUSHY) = TUSHL) ¢ )

G0 607 AP = 2. KPCT
1F L wPT{(ARst} ) 6084 999714 209

s0R 1F { wi{JgeXKe=1) = WPT{NNeNP) | 631, 613y 607
609 IF { wigeXNm]l = wPT(NNenR] § 60T, €13y 6]1
607 CONTINUF
GO 10 812
&31 IF € wige¥¥=1) =~ wPY{NNs]) ) &124 632e 614
611 TF I i jeXkm1) = kBPTiNNs]) 1 610y HI2e 612
612 KAFFCINTTY = 1
G0 TH 14
613 NPS = NP s ]
G0 TN 618
632 NRIS =
[N [NI=2-30 2 -}
CmweveTEST TO SEF wiJawk=13 15 AT WHICF SLOPE (AN NP}
615 5TenP x ARS [ { QPTI(NMINPS) « QPT (NNeNRS~1)
1 ( WRYI{NNsAPS} « WPTINNINPS=])

1F L STEMP 1 f. 1.0E=0& 1 G0 TO #&l
GTENE = STEME # ARS{w! J*KK=]) ~ wPT{ANsNPSw1})

/
H

26401
[
264u1
218P1
2) 4P}
15ap]
leas]
lcapy
15apP)
184P])
15801
26051
264

2¢.4))
26Jul
26401
264w
2eJu3
264Ul
1SFE]
10FEL
1oFE}
lorel
10F51
18FE]
10FE1
106KE1
186€1
1nrFEl
1oFE]
1nrg])
1aFE1
10FEY
1nFF1
l1oFgl
214P1
214P)
1nFF1
1nFEl

761



GC TN 642 10FE] WOVT (INNGNEL)Y = WPVT(NANSL=1] ¢ GNROPL / SLOPE frk ASC) 10FE1

64 QTEFP = ARS(W(JyKK=1) = WPT(NNyNPG~L1} 1eFE] OPVT(RNWNSLY 2 BPYTINNsASL=]) « QDROPL 10FEY
642 CC &1& NSC = 1v AOS Q8AP] GC TN 24 10FE)
1IF ( STEWP = SLOPE(NNGNSC) 3 616 8170 530 0frsey K39 WPVTINN(NELY = wPYTINAIASL=)) ¢ WDROP(NNsNSC) = 18FE1
K1& CONTINUE kAP 1 85 (anrOPL) 15FE]
GO TN 617 062P1 APV IANGNSLY » OPYT (NN NSL=1) 10FEY
530 IF { NSC LEG, 1 ) 60 Yo 617 06AP1 GL 10 624 10FEL
SDHALF &  SLOPFAANNSC*1) = SLOPE(NALNSCY 1 7 240 0eary 623 IF ( SLNPE(NNSISC) oLE, 1.0F=06 ) GO TO &éo 1oFE]
SPART = STENP = SLOPF (NDMNSCH Opat'y WEVYTIRNGNSLS 3 WPVTINRWNSL=13 = GRROPL 7/ SLAPE INKNECH 12FEL
1F { SPART ,RT, SCHALF J WSC s NSC » 1 06aP] OPVY INNGNSL) ® QPVY (NNsNSL=1) ¢ GOROPL 10FE]}
617 QNROPL = QDROP (MNWNSEY = QTEMP 10FF] 60 10 674 1c¢FEL
KSC) = ~SC = 1 10FEL Y] WPYT{NNGNGLE 3 WPYTINNGASL=1) = WDROP(NMyLSC) o I1SFEY
T6 C NSCI +GTs 0} 60 10 520 1%FE] 1 abig (QOROF 3 ISFEL
Cowwm=nf KEED NF ADJUSTIAG THE QW CURVE, SINCE THE PREVINUS DEFLECTICN 2149 GPVY INNGNSLY & QPVTiNRASL=1) 1oFE]
Crmmmm= 1S wiTHIN THE ELASTIC RANGF 21aP] Cra=m=8aVE THE BFMATNNING WwPT aNp 0PT Ix WPyl aNp OPVY AnRravs 1oFEL
TustJSr = 0 16¥FE] 624 0O 426 APC = AP, NPCT 10FE)
IF { IFLSTJY €08, 1 3 6D 70 6086 IsFEL TF { ABRSIWPVT (WNGASLY = WPTINNONPCI) «GTe WNTOLJINAD 3 600 TL  ISFEL
IF  wPTiNaa1] oLTe 040 ) GO TO &08¢& 11134 1 2% 18FE]
Cmew==REVERSE THE ORDER 0F POINTS aF G=w CURVE BACK To TWE STARTED ORUERISFE} IF { ABS(GPVT{ANGASL) « OPTIMNGNACH) «GTe GONTOLU(NRE 1 G0 T I1XFE)
DO Sla MPA = 1+ APCY 1SFE] 1 628 1SFE)
NPR o« NPCT » NPA o ) IsFE] GO TO ép¢ 10FEY
WPVY(NNHPA) = WPT (NN, NPR) 18FE) 62% CORTINUFE 10FEY
QPVT (NN GNPA) & 9P TINNINPRY 1SFE] 626 SPCTL = NPCT « NPC 10FE1
s51¢ CONTINUE ISFE] IF © NPCTL ) 99B0s 627, 628 10%€]
00 515 NPA = }a KPCT 18FE] 628 CO 6628 AAa x 1» APCTL largy
WRTINNIRPAY 2 WOVTINNiNPA) 1&6FE ) WPYT (NN NELERAY = WPT {NNGNPLONA)Y 16FE1
OPTINNGRPA} = QPVTINNNFE) 18FE1 QPVTINKyNSLeRA) ™ QPT (NN sNPCeNA) 10FEY
515 CONTINUE 18FE] 6670 CONT INUF 1oFEl
GG 1N AABE 1&FE] NSL = RSL ¢ APCTL 10FETL
Cmwmme S&VE kP aNm GPT FROM BOINT 1 Y0 POINT APe) FOR THIS CUNVE NN 2148%1 CownwnGiVE THE nEw SDRJUSTED Q=W CURYVF In wPT S GPT ARRAYS 214P}
5720 NPMY 2 WP e ] I185E] 627 £C 625 &P = )4 ASL 1oFE]
no 6168 APYS = 1, NPu} lorEl WPTIAN,APT & WPVT (NN KP! 10FE)
WOYTINKBPVE] 3 WOT (NNeAPVS) lorfl GPTIANIAP) » QPYT (NMAP) 1oFFy
QPYT (ANGNPYSY & GPT (NN NPYSY 1nFEY 29 CORTINUF loFel
518 CONTINUF 1gFE ) NPTTS(NNT ® hSL 10FE]
TF L RPIS JEC, 0 ) GO TD 433 10FF ) 1FUS ) « 1 18FE)
NP = KF e 1 loFf) s088 NPCT & APTTS (NN I8FE]

Gt T K14 10FEY ComeamINTERPOLATE TC FING RESISTANT STIFFNFSS, AND L0AD GALUED FrO» SLPFORT (v
CowwmeRFCERERATE THE NONLINEAR SuyPo0PT cURVE FOR Tmis CURVE aN 10FE) DO #0900 AP x 2» rPCY 1oFEL
€33 WOVT (NN NP) 8 W(JyKK=]} 10FF) IF { wPT{AR«1} ¥ €091, 9991y 6092 16FEL
QPVTINRANP) 3 { WRT(RRsRPS) = wiJyKK=1) } & STpup & 10FE1 6091 IF ( WiJyKK) ~ WPT(NN,NP} ) 6093, 6096, 4090 lpst]
1 GPYINNNPSY 1pFEL 5092 TF § W{JaXX) = wWPT(NA,NP) )} 6090« 60364 6087 1oFEY
624 06 819 adcc = 1y n8CY 10aFEY 6060 CONTINUF 1rFEL
MST = NGCC ¢ NP 10FFY P w METIS (ARG 10FEY
IF ( WPT(AN9Y} 1 B20, 9991, 62] 10FE1 0 TN snge 16FEL
&70 WPVT (NNSNST) = WwPYT(NANST«])  WOROP (NNsRSCCH 1pFE L 50973 1F { wile®¥) « wPT(NNy)) 3 6098 61114 6110 1eFE]
OPVY (NKWNETY % DPYTINNINGT =] = GOROP(NNeNSCCY 1oFEl 6097 IF ¢ wtJeXN} = WPTINNGYE 3 46118 61119 6058 1nFE}
6o 10 618 10FEY 6111 1F L 1nSeiy) LEQ, 1 ) GO TM £196 O0Fap]
621 WEVT NN WNSTY = WPYTINNINGT=]) ~ «DROP (NNINSCCH 10FE} N & NP om ] Usap)
QPYT (NN NSTY » QPYTINNINET~]) o SNAOP (NNsNSCCY 10FEY 010 br9e 10FF)
619 CONTINUF 1o¥FE] 6G9A KOFFCINTT) = ) 10FEL
NSL ® NEC ¢ AP 16FEY a0 ¥ 6710 1gapy
IF ( wPT{AN1) ) €224 9991, 623 1eFEY 6096 1F ¢ TOSW(J) LEG. 1 3 60 10 6196 06sP]
LY-F] 16 | SLOPF [NneNSC) LLE, 1,0E-08 ) 6D To 639 lorel Co==wmTARGENT MOPULUS wETHCE ( LOaNeSPRING ITERATION METwon GFAPY

661



6198
1

6112

6113

€110

IF ( NP LT, NPCT ) GO TO 6198
SLePE2] = 0.0
a2y * 6.0
G0 TO 6112
SLOPE21 ® ARS { ( QPT(NNyNPsy) = QPTINNINPY )
{ WOTINNGNPe]] = wPTINNINP) 1}
1F 1 SLOPE2] (LE, 1.0F-06 ) SLOPE2] = 0.0
Q1p] = “PTINRGNP) « SLOPEZL » wPTINNtNR)
IF { NP 6T, 1} G0 TO 8112
SLOPEP] = SLCPEPL » 2,0
arzy = o1zl ® 2,0
SLOPFF? = 0,¢
Q122 & 6,0
60 TN 8112
SLAPFZ2 & ARS [ ( QPTINDGNP) = GPTIARWNP=]] )
t WPTINKGNPY = WPT{NANP=1; 3
IF { SLAPE22 ,LE, 1.0F=06 ) SLOPE2Z ® 040
QIp2 = GPTIKNJNP=1) o SLOPER2 ® WRT(NNNFw)
IF € NP LLT. NPCT 3y 60 T0 86113
SLOPEP? & SLCPEPZ & 2.0
are2 = n122 % 2.0
€51yl = SS(J) ¢ 0,5 * t SLOPE2] « SLOPEZZ 1 »
A1yt = QIGJ) o U8 & ( Q121 » Ql22 ) » ESp
GO TN Hose
IF  10Sw(Jl LEQ, 0 ) GO TD €187
G0 TN G196
Commm—TARGERT MABLLUS WETHOE ( LOAD=SPRING JTERATION METHOD
SLMPE? & ABS [ ( QPT(ANINP) « QPT(NNINP-1) ) /

5197
1

1

IF
$Styr *® 88
2 RIS I

G0 10 Anké

ar

{ WPTINNINPY = WPT(NNSNE~]
€ SLreF? LLF, 1,0F-0% ) SLOPE2 = 0.0

F M

Comae=t 04D 1TERATION METROD

4PPPAXIMATE | INE2R SPRING CONSTANT FOR SYMMETHIC SUP Cv

STEMP = ARS ( § OPT(NNNLE

i WPTINNSNL)

* SLOPFZ * ESM
{43 * { QPTINNeNP)

- QPTinNsnL=1Y
- WPT(ANySL=])

3

H
¥

¥

/
)

¥

L34

« SLOPEZ * wPTINNeNP)

y »

b oJLE. Y40EwpE ) 60 10 6297

LG, 1) 60 TU 6268
ARPPROXIMATE INEAR SPRING COPSTANT FOk ONE-WAY syp Cy

( ARS(OPTINNWI1)) LE, 1.0E~)
§1 = ARS { QPTINN,NL=1} /

2 ) 60 TC 6310
WRY IANaNL=1Y )

QPTINNGNLT 7/ WPT(aNINL) )

6196 00 4295 AL 2 Fs APCY
1
tF { ARS { STEMP = 5§ OBE iNNel)
6296 CONT INUF
PRINT GRO
GO TN 9Q99
6297 IF { xSYyM NN
Cemmm=GFT
1F
G0 10 6296
6310 S1 = 8RS
o 10 ép45%
Cee===5F1
6268 S1 = SLOPEINA DY

1F

{

TFustJ}
5] = 4R%

EG. 81 60 TN 6209

t

¢ AaPTiNN L)
{ WPTINNGNL=])

~ aPT (NAatL 1)
- wPT(NraNLAT)

}
3

/
3

2140}
2147
214P)
21491
21480y
21401
214P]
1oFF1
loFEl
1oFEY
1oFE}
10FE}
IpFEL
1rFE)
21a%)
214P)
214P1
10FE]
214P1
21aP1
21490
18FE]
18FE)
18FE)
06aP])
064P)
dsar)
218P)
21aP)

214P)

18FE)
18FE]
185K
084P)
064P1Y
284U}
26 U1
264U
26JU1
26 U1
26441
26441
26JU1
26411
FL NI
26 U1
264Ul
2& i1
2euts
2e0u1
FL N
280111
28,1
2¢ U1

6799

6056
8504

Cmwew~TEST TC SEE 1F THERE 1S A sTa nF SUPPORT UNLOADED

o B &

6506
503
650%

CrmwmamcDWBUTE MATRIX CAEFFS AT EACH $TA U FOR FIRST AND SECOND TYME STa

7844

7005

CF D

-1
Wt =
S =
TF &1 L

QC =

CONTINUE
1 L 17CS

GC 8508
1F ( TUStY
CORTIRNUF

G0 YO 617%

= §§tJ)
- KK
ARe (G

W
E.

oE

i

+ S1 % FSM

o WOT{RRINPY
BT (uhenP) - GETI
PT(nNyME] = wPTI

1,0E-06 1 S§1 = G,0
QPT(RNIAR) & uC » §)
08 = = wiJeXX)
QLYY = 91ty

2. 0

JEG.

17¢s = ¢
17¢8R = 1

NS =
a1
at21
ATy
APy
e
ctz)
DO 6060 J

aun o

(RN

33330

fn
10 M

YA = Figel)

YA =
Y. =

YD
YE
YF
IF (x =3
LT3
AR
cC
no
EE
FF =
GO O Tels
A
BB =

LI

cC =

Ef =
FF =

-2
Ft

G ® Ho*

Tt
-2
Fi

0 *
J=1)

Je1)
IS

et

¥Pa
1

Pe
t
.
)

{

. 51
s UnL - us ).

Gn 10 AS0E

) G To 6503

25 % Wo* R(Y=1)

Figel) o FLU) )

a,0 % Fiy) o FLJ
telJel) » RIJ®

FlJdy » £1dell 1}
W26 * o ® RUJe])

HES * 011J) = 5.5 ® €2 ¢
7004 7005, TNOS

}
Y4
YR
YC
M4
YE
YF

YA o DUiu=Y) / HT
YA « 2,6 * ( Driu=1) o« DI

{
Yc

TY)

2y

o TTUUs1) )

e ( CTCJ=1) « 440 & DI

* WER »

1

-

o 240 % HIT2 & RHO(YY

©

Ce¥

T

TY(Je?) ¢ TTLU

£3 = ¢ - SSint e

YN = 2.0 * 4 D1{JT » D1iY
TTJe142) » TTEJ*141Y )
¥y oo UIEJeY) /4 WT

Dur ® YE ¢ 4.0 ® HITZ ® RRO(Y) * wldykK~1) o ( <82 s100CO
Por # CItd=1) 7 KT ) & wi

t

NNsRP= |y )
NN enP=1Y )

ESH

/
3

~ REZ * 10N
1) + g3 * §S(g) ¢
1) 1 ¢« HE2 & ( T}

- HEZ & Tldeyy

{ cPiym1l

U A S A )

(Jh & Rredery 2 7 M7
1) o TT(ysds2) » TT(delo D)
¢ W3ITY1 * DEtW)

ESkMRI

*1} 1}/ MY W 0,5

=2 gRK=2}

- CPlyel}

( «HK = h,0 *

.

H

* LE2 ®

-

. HEZ #

28501
06aP1
2149}
214P)
2140
LIy LA
26,01
[ L}
J&FF)
25 8]
25,87
2581
18FE}
F-ABES|
2541
1%FEY
1%FE}
LLEIS ]
0esEQ
08SEQ
4sSEQ
[ 3334 ]
0%%EQ
08SEQ
08SEQ
0%SEQ
1p0C0
160

04481
0%SEQ
08SEQ
160C0
1p00Co
LTNES ]
OKSEQ
100Co
180C0
1anCo
1o00Co
1pnCo
100C0
looco
1800
lonCe
100C0
lenco
160C0
100C0
212P)
tonco
100C0
150Co

{100C0
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@ Pligel) o 4,0 * DIyl & DIGelr 1 £ WY ¢ 2,0 ®
HAT]L & CE(J) ) % Wi pXKe23 & =00 = 4,0 ® ( D14y}

RS LR SN VR

Crmmme=COMPUTE RECURSION OR CONTINUITY COFFFS AT Fachk $Ta
1008 E m AL ®» RBiJ=2) s 6R
NENOM & £ * BiJdwl) » aa & Cig=2) « CC
IF ¢ DENOM 3 6010y 600S. £01C
Co=seeNCTE IF DENOM TS ZERDe REER NAFS NOT FXIST, D = 0 SETS VEF( » (.

6008 P = 0,0

GO TO gnA1R
010 Nz o= 1,0 7/ DFNOK
8615 Ctyy = R ¢ EF

g(\p = e (E * C{j=1} « DO}
(JY = D & ( F % £(Jel) o AB ® A(U=2} =« FF
CommawmCDNTRAL nesgr ROUTINES FnR SPECIFIED CONDITIONS
KEYy = XEY ()
IF t k = 3 3 6016 60194 018

6018 TF ¢ 1netdy (NE. 1 ) 60 TH 6008
NS = AS + )
G 10 &née
6018 GO TO ¢ 60A0. 6020 6030, 6020y #0050 1+ KEYJ
Cmwna==RESET FOR SOECIFTEC CEFLECTION
6020 Ctdl 2 8.0
BiJr & 8.0

a{g) = WSINS)
TF L KEYy = 7 ) €059, 4030 6060
Cmema=RESET FOR SpPCIFTED SLOPE AT NEXD STa
6030 rTFVP = D
CTFMP & C(J)
RYEMD = BIJ)
ATEMP 3 AtJ}

ciY) & 1,0
R4y = 0,0
AfY) = w RT2 ® nucing)
GO TO 6060
CrwwanenESET FOR SPECIFYED SLOPF 4T PRAECEOING STATION
60%¢0 DRFV B 1,0 7 L }s0 = ( BTEMP * Bl =10 « CTENwP = {,0 ) *
1 n o/ OTEMP 3

CRfy = DREY » ()
BREV & NREV # { aty) « ( AYEMP # clg=yy ) = D 7/ DTEMD )
AREV * NREV # ¢ A(g] « [ WY2 % pWSINS) ¢ aTfmp « aTFwvP
1 # Alj=1} J D / DTEMD )
Cly) = CREV
BlJ) = AapREvY
Aty AREV
5089 NS = h%»l
6060 CONTIRUF
CommmeCiWPUTE OFFLECTIMNS
CO 6100 U m 3¢ vPH
L eV » 8=
wuk (L) = wWil)
wwil) = Wil KK}

DICJ=1} « DI(JY 3 7 KT ) # wig=]1,kK=2) « | =¢C « 2.¢100C0

looco

«lance
DIGJely 3 7 WT ) ® wiJgepekK=2) » { =EF « 2.0 ® CT(usl0OnCoO
1) 7/ HY ) ® wi{ge2 RK=2) ¢ HED * [ = Q1 () ¢ alM2iu)12)ae)

0%%EQ
885E0
O8SED
0%sED
088E0
055E0
0SSED
O0%SED
055E0
1314
05SEQ
08SE0
O55E0
1onco
1onco
100CQ
1ngco
05SEQ
0%SEQ
0=sEp
05SEQ
05s%£0
O05%ED
oeLep
23134
O%SEQ
(33444
ORSEQ
085K
o%sta
0s%€0
055E0
085F 0
055E0
0SSED
05580
08%EQ
085K 0
0s6EQ
0sSE0
0% &E O
0SSED
08sE0
08SE0
0%SE0
0835EQ
0%SED
1348}
Jonke

WlLekK) = BLLY o BLLY & wl{slexn} ¢ C(L)} & (L *2sx%: OESEQ

$100 CORTINUE 0sSEQ

WiPekN] = 2,0 ® W{Bexw) « WlgtKx) 0ssEq

WiHAEgxK) B 2,0 @ WIMPHIKK) = W (MPayKx) OR5F g

Commmmt AULT NUMRER OF STATIONS EXCEERING MaXIMuM ALLOWABLE DEFLECTIONS  ZaREg

Cwwews AND MUMBFR ¢F STATICAS NOT CLOSED 2apEo

KCAY{NTY) = O 15FE)

KMAX ® & 2RDFO

1F € NCv@ LFR, 0 3 6N TG &n0d 28NEQ

CO BIGD o x 4y MP& 28nko

IF { wMAY « 2BStwiJexK)) § 6155, 6160 Sl6n 2RCFOQ

615% KMaX % wMAXK ¢ ) EADED

61¢€¢ IF € 10CKT &Y. o ) GO TO 150 165F ]

IF & ABSHIwi KK} = WWiJ) ) = RTOL } €150s 6150, #1865 186F )

6165 KCARTIRTIT) » KONTINITY » 1 0% ;a1

61%0 CONT INUE ZRDEQ

IF LK 4Te 75 G0 TN 4§54 214P1

IF ¢ NDCT o6, 1 ) 6O YD 4581 21891
Cmme=w=TEST TO SEF IF THERE 15 4 SUP $TA WwHERE THE DEFLECTIoN S 0SCILLATING

CommenBURING THE ITERATION PROCESS 21aP1

00 6540 NN o 1s ANC 08aP]

J w ISTA(MN) LT U

IF § ABSI{W{JoKK}) = Www{Jd) } »GT, 1«0E=“0B | GO T0 6540 21amy

16 € ABSINIJerkKI] JLEs ¥TnL T GO TO 6540 21a°}

IF  ABSIWIsKKS = wwijr) JLE, wrol )} GO TO 6560 214aP)

NURDC (J) = NUMOCESY » ] 21491

IF ( NUMCC(Jy = 2 ) 65604 K1tds 6164 0£49]

6164 NITS & RIT o ) 21aP})

6540 CONTY INUF 0s2P1

IF { NITS (LT, 2 3 GO 10 6941 Z14P}

Cmm=meGFTTING SwITCK INnSwiyd FOR LOAC ITERATION METHOD NEXT TIERATICN  21aP)

LC 4542 Ku = 1t ANC 21469

Jo» 18Ta(NN 214P)

108wiy) = 1 214P)

wWUROL (Y » 0 2120

6542 CONTINUE 2147y

6541 IF ¢ I0CKT LFG. 0 7 6O TN #15) 18FE}

Cm—meeTEST T3 SEF IF TRE D6F ECTIONS COMPUTED FROM Twg Inprial SPRINGS $2)aP)

CmemefTERATION LFADS ARE WITHIN THF 2DJUSTED RaNGE AF TwE Oaw CuRve 2189

DO 6152 A = Js NNC 16FE]

J om ISTalN} 18FE ]

IF € IFuS(H) (EQ, 0 ) GO Tn 5182 18FE]

IF ( KSYMIIN) EQe 1 ) GO Tn 8149 18FE]

1F L KSYRJIN) LEG. 0 ) 6D 1O £249 26011

1F ( Wi{JiKK=1) ofEe. N0 3} 0O TO 6152 261

GO TD 6149 FL N |

£248 IF  WIJ"K=1) «GE. QeQ ) 60 TO 6152 260111

6149 1TF ¢ whY(haly b E18D, §591, 6154 15FF)

41513 IF { WlgeMK) ,GT, wilsykke=1} } 6O 10 6152 18571

WOJPKK) = W{_sKK=]) o 120Ew0é 1sFE)

GO TN 6152 15FE]

6154 1F € Wi WKE) LT, wil)exKe)1} J 6O TO 6162 1%FEL

N(JeKKS = Wi eKK=1} = 1+0E=08 18+F 1

8152 CONTINUE 18FF ]

L61



6151 IF ( ONT WFO, O ) 60O YO 4174
ComwawmSET UF MONITCR DaTa
1P 0 ITreE p(, 1 3} 60 To w178
KMOAT (01T = KCANTINTTY
co #1780 r = Yy YONI
GM oz JINSIN) e &
WHRIToN) & W{JMyxK)

6170 CONT (NUF
GO TN 6174

BITR COG 6179 & = 14 CN]

UM E JIMTIN] e 4

WUHLRTT o) = w(MexK)
6179 CONTINUS
CoramaTFETY CLOSURANCE
6174 TF L oxMAX WL, 0 ) GO T ORS00

IF ¢ KOFFU(8TYY JEGe 0 v 60 To 6274

IF ( ITCSR .FB. 6 ) PRINT 6984y NITe KEM3
IF ( TTCSR LFG, 1 ) PRINT 9994 N1Ty KM3

PRINT 99A5
G IN <989
6274 IF { KEATINIT) «NE, 0 ) 60 T 6173
1F ¢ 10CAT 6T, ¢y 6O Yo €178
IF ¢ 1TCSE ,FG. 0 1 50 To 8230

Commae=TFST TO SEE IF TRE DEFLECTIONS COMPUTED FROM THE NEW 8CV. G=w LV
C~=wm=pRE CLOSED RACK AN THE QLD CY OR NOT. IF YESs USING THE GREATEST
fomewnSTIFFNESS & 1TESATION LOAD AF THE NEw Qew CV aND RECONPUTE TwE CEFZ2e, U1

DO &235 A = 14 ANC
J o= ISTa(N)

1F t 1US{J] L,EGe 0 ) Gn Tn &235
NPET = ARTTSING

IF ¢ I1SwiJ) LEG« 0 } 60 To 6236

£5¢ = 0,5

GO 10 6237
6236 FSw = 1,0
62137 IF « wPTiks1) ) €240¢ 9991+ 6244
6240 IF ( KSYrJINY LEGe 1 } 6N TO 6241

1F ¢ ¥Syvyuttn LEC. © 3 60 TO 6241

50 10 623%
6pa] IF € WlJsKK] LGE, wW{JsxKkep) } GO 1D 523%

Co 6250 AP x js APCT

IF ( WiJeKKa]) «EQ, WPTINGAPI ) GO TO 6260
52590 CONTINUF

GO TO 6235
LYY IF ¢ KSYPUINY JEC. 1 ) 60 TQ 6245

TF ¢ KSYvJ(N) LEG. =1 ) 6n 10 6248

GC TO 623%
6245 IF ( WlJyKK) LLE, w(jyxkkwy) 1 &0 TO 6235

(0 €255 NP o= 1t APCTY

e . PR T Cmean a1 As
TF L wWidathmi) «88e »FTINRTL 1 58

6255 CONTINUF
G0 TO 623%
6260 §S1J) = §R1J) » SLOPFIN®)) ® ESM
alty) = QTLJ) * QT(Jel) » £5M ®

Lman
LelSy

C UPT(NONP) v 5LQP€!§O!’
2 wpPT{NGNPY

15rEY
25,81
10FEY
15FE}
28pE0
28pE¢
260€E0
Z8DED
10FE}
1o0FE}
10FE)
loFEl
1eFey
2ento
28DE0
18F€)
155K}
15FEL
152121
154P1
FLNEN
1sFE}
IRFE)
214P}
264u1

18FE]
15FE)
1sFE]
15FE)
1SFE]
1sFEY
1sFE)
18FE]
1sFe}
s Jul
284Ut
264U
26 Ju)
18FE}
15FE)
isre]
1%5FE]
1558
26JU1
1SFEL
1SFE}
18FE]
sro
18FEY
I8FE]
214P]
21aP]
2y1aP)

IOCKY ® JOCNT « 1} i1%rEd

e233 CONTINUE 1SFEL
IF C IOCNT ,EQ, @ ) GO TD $175% 1R148)

G0 YO %08 18721

6238 ITCS = ¢ 18PES
4473 IF (O ITCS LEG, %) GO TO miTé 28JAL
IF € K LYy 3 ) GO TO 6178 15FEL
CowmwwINITIALIZING FOR SYARYING THE SECOND CYCLE OF ITERATIONS 214p8
DO 5177 N 3 1, NNC 184py

J w ISTA(N) 18Py

IOBW(J) w 2 184P1

NUMOC(J) = 2 1L 14 31

(3824 CONTINUE 2841
NITT = NIT 1eres

NITS = 21aRy

MOCD = @ 184P1

GO TO A9 R 10FE}

6174 IF ( K ,GE, 3 ) GO YO 60020 2aptEe
IF { MONI (EQ, ? ) GO TO 3992 21APY

IF ( NIY ,GFE. 2 ) GD TO 5999 15res

PRINT 916, KM3 280¢E2
PRINT 923, { JIMS(N)}, N & {, MONI ) 28DEQ

€999 PRINT 924, NIT, NCNT(NIT) 28p¢€2
PRINT 928, ( WM(NIT,N}, N ® 1, MONI ) 2epee

5998 IF { KCNT(NIY) ,EQ, & } GO TO 617% 18F01
(Y214 CONTINUE 28pf0
IF (K LT, 3 ) GD TD 4899 2044

IF C NOCI EQ, 1 ) GO TO 8899 1aAPL

IF ( NCVE (EG, 8 ) 40 TO  4%99 13802
ConwwwmSINCE TANGENT MODULUS METHOD DID WNDY CLOSE, GO BACN USE LOAD IV, MD,dP1
NOCT = 8 184ipy

NITS = 154P)

DO 6624 N ® 1, NNC 184P)

J s I8Ta(N) 18ip1

I0BW(J) & 1 1%4P1

NUMDC(JY = 2 184PL

(1 1.1 CONTINUE 184p1
GO TD 6912 184p1

6599 1P L ITCSR LEG, 1) G0 TO B894 184p¢
NITT & NIT ehipt

05%4 IF ( IT8W ) 6%59%, &%98, 6598 2713
4895 IF ( NCVS  NE, 2 ) GD Y0 a6@2 2WDEC
PRINT 997¢ 290ED

GO YO 9969 290KP

6598 IF ( NCVA ,EG, @ J GO TO 6178 290EQ
PRINT 9978 290¢0

GC T8 9999 29DER
Loc=scBPY SUTTLONEE FAD MATLTILS TWE WDEAD uEAEINE OF uAY CLOMEN WITHIN  RIAPY
CO-—--TRE SPECIPIZO NUN!ER of IT!ﬂATIONI 21APY
6608 IF ( ITCSR LEG, O ) KCLOBE(!) = 1§ QeAp:
IF ¢ ITCSR Z0, 1 ) KCLOBEL(R) » i BeApi
CowownCALCULATE S{ OPES,SHEARS OF THE BARE AND MOMENTS, SUP REACTIONS AT ISPEY
CumwowaTHE JOINTS FOUR TME PREVIOUS TIME 3TA 1SPEY
4178 IF X LLT. 3 ) GO YO B9y 18r2¢
Do 8228 J s 3, MPS [.11141]

861



800¢

#8000

810%

B10s

VR I R R

Riny

8108
B120

[ L W

H121

8122

D OD TN S A -

bW~

1F

gyl =
BRH{JY =

i K -2
AMiL) o=

CONT INUF

e
iF

GO

1F
6o
GO

1¥

RM (2} =

AM{VPAY
rRIGN U =
{ K = 3

DRV U} =

T4 ain?
ORW (Y =

KE\‘J z
K JFGe
[ EoL- 2 V) I
10 R 4n
TH { P40,

REAC

(K« 3}
REACT Uy

™ fa160
REACT (Y

PEACT (Y

{ mwliw)akKnl) *» Wi ,KK=]l) } 7 ¥ 05SEQ

Fidy & ¢ wigmTeRK=1) = 240 ® wiJokkmw]) o 0sSED
ywideleKhwiy § 7 HER 05SEQ
OG0 BORDe BO0E 21491
BM{JY ¢ DI(U) ® ( = Wi wlekKm2) ¢ 2,0 ® a(JokK=212]aP]
v WiIJelpKEnD) o W=l oK) = 2,0 & W ywK) o 212P)
WIJsleMK}) ¥ £ [ MEZ * 2,0 % »7 ) 21aP)
O%%ED

0.0 055E¢
x 0,0 08SEQ
3¢ wPE 0%SES
8105, B105. R196 085EQ
t o ~BMIg™1) & BMIJY ) 7 M e T()) e | «8(Ja) kK= T)0858ED
¢ oRlJekXaly ) /W 0%8EQ
985E0

C=BMiJ=1) » BM(J) ) / M = | 0% & L TT(Js1y + 106CH
TTEge2) ) o+ T(J) )} & ( =M {J=]yKKw)) 1g0cCo

¢ wlJekKell ) / H = DltJal) & (wwije2tKKad) » 1d0ce
2.0 ® WiJw] ¢KK=2) = W{J1KK=2) » wi jw2sXN} = 20 100C0
® Wlg=]oKK) & W(JeKK} ) / § ME3 & NT ® 2.0 ) 160C0
¢ DIGJY & ( wWlj=lonK=2) ¢ 2,0 ® wiJewke2) » Wi 180CO
JelaKKa2) ¢ WidelyKR) = 2.0 & w{JeKK} & wiia)doXKK10QCH

1)/ U HE3 & KT & 2.0} 1g0C0

EY () A8SED
) 60 To aloA 214P1

NE., 1 ) G0 TO 8108 2189
21am)

A120, R140, 2120, BING 1y XEYy 21471

( RMIJm]] = 2,0 * BM{J) « Buljel) } 7 ™ BESED

- QtJ) e Cplys1} = CPlyel) 3 7 ( 2.0 ¢ & 1 QaJA)
o ( Aiy=1) & WilJ=29KK=1} = RtJa]) ® Wijskk=l] OSCEQ
- QlJo1) & wijerrel} ¢ RiJjol) & wi( ®2+xkX~1} } O55EQ
7t be0 % WEZ } o= L TLH) % wlJ=1.KK®1} = T(J) OSSEQ
& Wl JexKwl) ® Tijsl) ® wlyskK=13 o TiJely & ORSEQD

wW(JolyrKe) } / W 08SEQ
R121s 8121, A122 DESEQ
« REAC 0%sEQ
Q5SEQ

® KEAC = § NTlJel) & OT{3e2) 1+ % g8 ¥ RuDI} ® 100C0
Eowl oK) = 2.0 % Wi eXKNe1) & W IKK) 1/ 1o00C0
HIEZ2 & DE(J) % { =w{J1KK=2) o wlJgeXuw} ) 7 { 2,100C0

® pHYre ( NPldwl) 8 [ ~w{Jod,KKap) ¢ 240 @ 1n0Co
Wlg=loaKK=Pt = wi jsKKaZ] * W{J"2)KK) = 2,0 * lorco
Wldm] tkK) ¢ W{JsKK) ) = 240 * DI(JY ¥ ¢ leoco
wW i m] (KKe2) & 2.8 & N{JeKKeZ! = wiwe]l Xx=2) ¢1p0C0O
M el ekK} = 2,0 ® M{JeKK) o W{ ) KK} ) 190C0
Clidely o ¢ wwitdyxKe2) » 2,0 * wmigebske=2) = 100C0
WEJHZaRKwPY * W KK = 240 % Wl e)1eNK) o 100C0
WiJepekKy ) 1 7 { HEX # WY # 2,0 ) 100C0

2 BEACTIU) = { Qa5 ® [ TYLIJel) + TTi,e2) ) @ 100C0
wijelexNal] = 0.5 % { TTEJe)l o TT(Ue2) 1 & 100C0
wiJoekKaly = 0,8 & { TT(Jelyi) o TTiJel 2 ) # )100CYH
WigakKal) o 0,5 o 1 TV ele]) o TT{ 01 2) 1 * 100CYH
WiJ*]erKml) P /M loocCo

GO TN A19D
814 BESCT LYY = » KSKMY(J) ® wldewKel) ¢ QS
&g CONT ThUF
Cowmew=SavF DEFLECYIONS FOR PLOTS AL ONG THE TIME AXIS
81y [S-3 0]
Or F1R0 J =2 4y ¥Ry
NFOR &

L8T8 = § = 4
IF { NCTS 3 9989, 180, 61AS
6195 TF (K = 2 ) R317y 61904 6190
8190 DO £19% ANC9 & 14 nCTY
IF { XAXTSUINFQ) ,nE. TESYT § GO To 619%
1F ( YAXISU{NeS) JAE, TESTH )Y GO TO 619%
IF ( TYSw(rCa) ohE, (STa 3y GO TO 8195
NPT = NoT ¢ ]
KSAVINPT) & | §TA
KEYP(NPY) ® ]
MR (RPT) & MPS{NCQ)
KYS{NPTY) = )
IF { K L,FGs MTPA ) GO TO #1965
¥ILPTaKMYY » Wi JexK)
NEQR # AFRR + )
619% CONTINUE
IF ( NFoe ,LF, 1 } GO 10 A180
PPINT 996K, RFRR, LS§TH
GO TN 9999
6180 CONTINUE
Cmmwmw§AVE MCMENTS FOR PLOTE A( OkG THE TIsf AXIS
DO 6780 o % A MRy
NERR ® p
LETA & 3 = &
1F ( NCTY Y G9A80. 6280, &£285
625% 0O 6290 ATG = 1y WCTS
1F { XAXISINPG} (hE. TESYY ) GO TO 6290
TF ( YAXISENTY) hEe TESTM ) GO 70 8290
IF U TrswiNCaY L&E, 1572 3 60 TO 629¢
MEYT = ADT e
KSaviAPT) ® (T3
KFYB (NPT} »
MPEIABYy 3 RESIRCGE
XYS(NET) & 2
K (LT« %) g0 Tn é2an
YENBT kw2 = BM{J;
NERE = AFRK » 1
67910 CORTINUE
IF ¢ NEBA (LFe 1 ) 6D T0 #4280
PRINT 9995, rFRR, L5728
GO TO $89%
CFLE CONTINUE
Cow===GaVE REFLECTICRS FOR PLOTS ALONG THE REAM AXIS
1F { NCTS 3 Q9R0. 62nv, #205

1F

6205 IF (K = 33 86200, 67164 8215
8218 NPR = KDY
6215 NEGR = A

08SED
214Py
0es£g
18FE)
2RANED
23nEg
15FE]
29DEC
29DED
0640
290F 0
29DEQ
15FEL
290ED
28pE0
2900
29DED
2%nE0
16FEY
185§ 1
10FEL
10FE}
290E0
18FEL
28DEn
Z9nE0
29nko
15FE L
18FE]
15FE)
18FEL
18FE]
15FE1
18FE}
1SFEL
18FE1
15FE)
ISFEL
15FE]
15FEY
10fFE1
1%FEL
10FE])
18FE1
131331
1SFEL
1%FEL
18FE1
1%FFY
1%FE]
2enEg
29nEs
290ED
2enfo

661



0O 6220 NCO =
TIF ( XAXISI(NFY
IF { YAXIS(NES
TF ( 1YSwiNCe)
NPR = NPB
KSAVINPR)
KEYP (NPR)
MPO (NPR)
KYS (NPR)
00 6225 NPR =
NPR2 & &P
Y (NRRs NP
6225 CONTINUE
NEPR = rF
6220 CONTINUE
IF ( NERR LLF,
PRINT 99944 NERR,
GO TD 9955
C=+w===SAVE MOMENTS ALONG
6295 NERR ®
CO 63rh KCS m

1, NCTO

) JAEe TESTR ) GO TO 6220
) JNEe TESTD ) GO TO 6220
«hE, kM3 ) (0 TO 6220
<1

= kM3

= 2
= MPS(NCS)
=1

1. nP3
P e ?
P) = W(NPPZ, KK)

RR * 1

1) 60 10 4295
KM3

THE BEAM AXIS FOR PLOTS

14 NCTQ

IF ( XAXIS(NCYY (NEs TESTA ) GO TO 6300
TF ( YAXIS(NES) JKRE. TESTM ) GO 1O 6300

IF € 1YSw(NCq)

NEo KMa ) GO TO 6300

NPRT = NPRT & ]
KSAVT(NPBT) ® KMo
KFYRT (NPAT) = 2
MPOT(NPRY) & MPS(NCO!

KYST(NPRT

) s 2

CO 6305 NPP = 1, MP3
NPP1 = nPP s ?
YT(MNPRTNPP)} = RM(NPPI}

6305 CONTINUF

NERF = NERR ¢ 1

6300 CONTINUE
IF { NERR .LF.
PRTNT 9996+ AFRR,
GO TO 9999
6200 IF [ K LT, 2
1F ¢ IPS ) A0
C=====pRINT RESULTS
8102 IF ( K ,GT, 7
PPINT 902
GO TO A20°
8200 IF (K JCGTe 4
PRINT 915
820) PRINT 916, KN4
8205 PRINT 901
1F ( IPS 1 H3D
8300 IF K JLEe &
IF ( kPC ,EQ,
IF ( MONS ,fC,
CeweemPRINT MONITOR STAT
NO P3ep U =1

1) 60 10 6200
KM4g

) 6C To Ald17
2+ 832%, A102

)y 6C 1o A20n0

) GC To 8201

0s ¥325s Hir/D

) GC Tn BR320

XPgs ) GO Tn 8320
06 ) GN YO A32S
TONS RFSULTS

s+ MCNS

29DE0
29Dk
10FE1
1eFE
1SFEL
2$nEn
29NnE0
29DE0
10FEY
29DE0
29DE0
18FEL
290E0
29DE0
29DE0
18FE1
29NnE0
18F €
15FE)
1SFE)
1SFE)
18FE)
18FE)
18pF}
18FE)
isrEy
18FE)
18FE)
IsFEY
15FE)
18FE)
15FE)
18FE]
18FE)
18FE)
18FE)
1SFE)
18FE)
064P}
15FE)
08SEQ
290F0
29nE0
0%5SE0Q
08SEQ
0R¢F o
05SE0
05SEQ
2snts
05SEQ
05SEQ
064P]1
0SSEQ
05SE¢

JSTA = UPS(y) ¢ &
Z1 = JPRiU)
X = 21 & K

PRINT 922, CwiJSTAYy CAM(JUSTA)

PRINT 8214 JUPS(J)s Xy W{JSTAWKK=1)y AMISTA) s REACT(,8TA)

8340 CORTTNUE
GO TN B3zt
C=====PRINT COMPLETE RFSULTS
8320 JSTA = al
71 » JSTA

x s 21 »
PRINT 821, JUSTAy Xs w(s¥Ko}), RM(3), REACT(I)
CO B210 J = &wMPE
JSTA B = &
Z1 = JSTA
X a 71 & ~
PRINT 922, DWlJ)e DBM(Y)
PRINT 921y JSTA, Xo w(JsXKal)y HM(J), REACT(J)

8210 CORT INUE

KPC » &
8325 IF ( 1TSw ) 8326, R31S, BI?6
£326 IF (K LEQ, »TP4 ) GN TO R3S

IF ( MONT oEM, 0 ) GO TO A317
C==-==PRIAT JTERATION wON[TOR DATA
PRINT 916, KM3
PRINT 923y ( JIME{A)y N ® v MON] )
DO PI1& KT a 1+ KRITY
PRIRT 9244y %11 KMCAT(NT}
PRINT 925¢ ( WMIKRTsN)e N ® 14 MONT 1}
BI1s CONTINUE
1F ( [TeSR JFQe 0 ) GO TO A317
PRINT 9977
FC A330 Ml = 1, NIT
PRINT 924 Nle¢ KONTIAD)
PRINT 925, ( WU(NTWN)Is N ® 14 MONI )
8330 CORTINUE

4317 IF ( KCLOSF (1) «FGs h JAND. KCLOSE(2) .EQ. 0 ) GO TO 8alA

1F ( KCLOSF(1) +EC, 1 ) PRINT 59A6
1F ( KCLOSE(?) +EG. 1 ) PRINT 9987

PRINT Q98¢
GO TO qgge
LD L] IF ( x (LTe 7 ) ¢C To 7000
Coma=eRESFT WwiJsl) = W(JeKK=1)} AND w(Jt2) = W(JsKkK) AND KK = 4
8315 O R218 U ® 14 MFT

wigel) m wigexK=1)
W(le2) 3 W(JeKK)
B215 CONTINUF

IF { #PRT LEA, 0 } GN T0 AS00

00 PhoA K = 1. MPART
KSAvINPRONT 2 KSAVT (N}
KFYP (APaeh] = KFYPT(N)

0KSEQ
0sSFOQ
05SE0
ORSEQ
0SSEO
085E0
290E0
08SEQ
O0XSEQ
0ksEQ
08SED
08SEO
05SEQ
05SEQ
08SEQ
0ESEQ
05SED
0SSEQ
05SEQ
05SEQ
29NE0
06Ja1
2EUAl
06Ja)
06041
06041
10FF1
15F"

29NED
29DE0
10FE]
10FF1
10FF1
16FEL
10FEL
10FE}
064P]
064P)
0eaP]
154P])
154P)
064P1
055F0
loncCo
0SSEQ
05SE0
05SE0Q
0SSEo0
0&SFa
0&SEQ
1SFEL
18FF1
1SFE]
1&FE]

00¢



MPO (RPRNT = MPOT (N} 12r€1 1F U kP§ LEG, ) ) 1Ssi2) = SK DVT 26,41

XK¥YSINPRsN} & KYST (N} I18FE] 1F ¢ XP8 LFG, 2 ) I15%ip) = Sk MVY 26211

DO BREH NN x 19 MP3I 18F€) FNCOPE ¢ 30y 4+ IDITY ¥ ISS 26.4U1
YEAPRON,NKT w YT (NgNNY I8FE] 1079 1Az ¢ 18 / 2 17SE0Q

B605 CONT INUE IsFgy 11 &« 2 @« lADRZ 17s€0
8600 CONTINUE 15FE] TF ¢ 1A ,FG. IV ) GO TP 7078 17SE0
NPR = KPR ¢ APBT 1%FE ] 18 = 18 ¢ 1 178€Ea

8500 1F € KMaX LEq, 0 ) GO 10 RS0} 29NEQ 108 = 1 17SE8
PRIKT G883 KMAX, KM3 I1s8FEL JS118) & 8Bn 17s5EQ
PRINT 9985 290DE0 TolR 142 = Y8 4 15FE]

GC 10 9659 28hE0 DO 7676 N = 1s 142 178E¢

esnl IF ¢ PR ) Ps@2y 6509, B5a2 18FE] NPP 3 N ¢ P 178€0
8503 PRINT B70 1%FEY NN 2 2 o o= 1 17860
RE 02 IF ¢ NCTH ) %920, 1010, 7050 : 0%SEQ 18<i1r = IS(KN} 178E0
1050 IF § WOP ) B7]12s P3lar A3 175€9 158171 3 IStaNeT) 17568
8312 oRIKRT ST} 178E¢ IF (N JAEs 1AZ 1 GO Tn 7577 178€9
6C 10 7040 17$E0 1F  1GS «FQ, 1 } GO To 70R1 178€0

8214 PRINT 973 178Ep 7077 FRCCEE ¢ 18y Se IDINP2) ) IS8 178E0
GG 10 7040 17¢€0 GO TN Tate 178E0

B313 PRINT 972 178€¢ 7081 ENCOTE ¢ 104 6y IDINE?Y 5 [SS 17SEp
To4p ¥YM({1) = D.D 18K} 107h CONTINUE 1150
YMIZ) = 3.0 1%FE] 1as = g 17s€0

NAC = O [L354] MC ® t 1A2 ¢ 2 1 & 16 178€0

NA 2 1 O%gED LowewmGaVE THE VERTICAl VALLES OF THE ACCUMULATED PLOTS TN an ONE=DIMENSIONAL

168 = ¢ 083ED ComwwmpRRAY OF YP 21aP1

00 7068 kP = 1¢ APB O%SED T28% Co 71060 Al x 1v MAX] 18FE]

NAEC = NaC » ] 0ssE¢ YR I RTan 1) & YINPWND) ORsEQ

IF ¢ NAC +EQ, 1 ) UNY = D e8ual 1060 CONTINUE 08s€p

1F ¢ kEypiapy LEOL 1 ) GO TC 705} 17sEQ IF L MPO(NP) LFEQ, 1 ¥ GO Ta 7890 08SEQ

IF { KEYPINPY JEC, 2 ) IDK(NAC) = MP3 0SSEQ 1F  POIrPY oAEL 0 ) GO TO 9990 O8SEQ

KES = 2 ¢ KYS(NP) 10FEL 1F ¢ MOP ) T0S3e T054s T0857% 1718E¢
KGINACY w KSAV (NP, 0%SE Cmwew=SFY SCALE FOR THIS FRAME OF ACCUMULATED PLNTS RY MICROFILM OF BALL=POINT

GO YO TrEP 08%8E0 Coemn=PAPER PLOTTING MFTHOD €1aP)

7051 INY(~&CY = ¥Tp2 L 7053 NPP = naC ® Maxy 18FE1
XSINACY = KSAy (NP} G8SED DO 7260 * = 1s: nEP 18FE1

KPS = Kv§ (NP} 10FE) [F { ¥YM()) ,rTs YRPINY } YM(1D & YR{N) 18F€}

1052 Max] = JOX{AACH [4.114.] 1F 4 Y%{2) L1 Te YPIN) ) YW(2) = YRR} 1%FE1
IF ¢ MOP ) 7280e 7255y Y250 1sFf1 1260 CONT INULE 188

1280 1F [ NP JNE, WA ) GO To 7288 18FE} XMy = w1, 18FE]
Comwne8ayE TIME OR RE&w STAS FAR TITLES ON THE PLOT 1%FE] XM{Z) = MAX] « 2 1SFE)
7158 18 ® N& = NP » ] 178E0 1RALL = ] 1SFE1
1S(IA)Y = XSaviNal 175€¢ LOPT = (0P 18F€)

IF ( #FO{NAY LEQ, 0 ¥ gD To 715§ 17%€0 Lo = -y 15FE)

NA = N& ¢ ] 178€p CALL 20T 1 (¢ XM, YMy 24 10} 18FE

60 Th 7158 17%€g LOP = | nPT 1%FE)

115% NE = Na 4+ ) 178F¢ o0 1aRR = 1 Maxl 17S€0
15841} = AMPRCH 26Ul XF{.) x J = 2 0%8E0

1F ( KEYPIND) LEQ. 1 } 60 10 7059 17s€0 Tos8 CONTINUE 08SEQ

D2} = YOMTIME STA = 17880 XFIMAXKT)) = XMi3y 18FE]

IF ( KPS +EG, 3 ) [S&(2) = Sb DvR 260U% XF(MAXTs2) = XM{&)} 15FF)

IF { KPS LF0, & ) T1SS127) = Sk wyg 2801 CremmePlLOT THIS FDAME oF BCCUMULATER PLOTS AY MICROF LM OR BaLL=ROINT P2PER

FNEOEE 10w 4y IDTYY 3 1SS 26JU1 CmwmnmPLOTTING METROD 214°P)

GO TO TR0 178€0 00 72865 K ox ls NAC 18FEL

1659 ID¢2) = JoMBEA™ 574 « 175€0 NN ' [ r = 11 ® MaXY 15FE1

10¢



7270

1278

T2¢%

00 7276 NI m Y MAKT
¥YP(AT) m YP(ANSNT)
CONT INUE
YM1) = YP(MAXIsY)
YM(2) = YP(MAXI®D)
YP{MAXT«}) = YM(3)
YP(MAXT+2) W YM{4)
IRDLL & MPO(AP = NaC + M)
1F NP hE, NPB ) GD YO 7275
TF I N JEGs wAC 1 IRNLL = =1
CALL Z0T 1 t XFs YPe MaXT, 1D 1
YP(MEXT#1) = YM{1)
YR (vAXT21 = YMI2)
CONT IHNUE

GO 140 TheS

Cmmnw=Pl 0T THIS FRAME 0F ACCUMULATED PLGTS 8Y PRINTER PLOTTING METHOD

7054
ToRO

7004
Te8s

7090
7085

9990
¥99)

9980
9999

00 7080 J m le MAXT
Xyl = J =2
CONTINUE
PRINT 11
PRINTY 1
PRINY 13¢ [ 4N1IN)s b = 14 32 )
PRINT 160 NPROBy { ANZINYs N & 19 14 )

IF { PSS LEQ, 1 ) PRINY 911

IF { KPS +EQ, 2 )} PRTNT 919

IF { KPS €0, 3 ) PRINT 929

IF ¢ XP5 LEQ, 4 ) PRINT 939

IF { NAC «LE, S } GO To To84
PRINT 9976

60 70 9999

00 70BS K@ = 1e AAC
PRINT 9124 KIv SYMBIKI}v KS{KI}
CONYINUE
PRINT 913
CaLL SPLOT & { NAC» YPe I0Xs TX )
NAC = O
60 10 7065
UNL & UND ¢ IDXINAC)
CONTINUE
PRINT 1}
PRINT lée NPROB, [ ARZ(N1s N w 1v 14 )
call TIC To¢ (&)
6o 10 1410
PRINT @998
GO TO $699
PRINT $wR]
GO TN 9999
PRINT 9RO
CONTINUF
END OF DRCS
END

0



SURROUTINE INTERPA [ MPT, NCTs UNle INPs wRZs ZNs I ([ SMe KSW ) 233 2]
OIMENSTON UNI{1001s UN2l1nol, KO2U10n), 2M63003s 202073, x5W(100) 10FF6

995 FORMAT ([ /740N ERROR STAp «w STATIANS NBT IN ORDER ) TeMYS
FAB FORMAT { /743y UNPRESTANATFD FPRROO «Top IN SUBROUTINE ) 1AMy S
959 FORMAT ( ,ss46H ERROR —w snNu7ERD naTa AFYOND END nF AFaM 1AMy
00 1403 J = 1, MPT SN

{J1 s 0,0 F6M05

1643 CONT INUE 26uRs
ASM x| Sm 12825

ASM = ASM /7 2, CTLE

Moz MPT W 7 ~8grg

KH1 & 0 12085

LFt NCT = 1 3 1676016049 1604 2BSFY

1606 DC 14575 NC s 19 NCT ELET
IF ¢ xR1 4 1698, 1606, 1e07 10F8p

1685 NC1 = NC 128
JY ® JNYLINCI) o ¢ SM 12408

IF ¢ KR2INC) } 1898, 1607, 1570 10FF6

1647 IF ¢ UNZINC) = M ] 1608 180%¢ 1413 24FES
16-% J52 = JUNZNC) 16FFS
INS » ZN(NC) PIFES

G0 Yo 1619 YOFFS

1611 JSZ = M ) 10FES
ZNS 3 ININCIS + { ZnNINCY = PNENCYIS 1 ® { JS2 = JV & LSM )10mRg

F o JNZINCY o« UV o L5M ) 10%R%
KASS = KgW{NC) 21RE66
GO To (1613, 1615y 1617, 1617 ), K&SS 21Sr66

1613 IF ¢ UNIEINCY = M ) 1819, 1619 1474 10FF6
1678 IF ¢ UNTINCIY = M 1 1619, 1619 1670 19F€8
1617 IF © KSWINCY: » 2 1 1A18, 1615, 1638 s9uns
1618 IF ¢ UNZINCY) « M ) 1419, 1819, 1670 (LU
1679 JI WUV o« 4 14FES’
J2 m g2 o+ & 10Fps

DENOM = 32 » J1 o+ oM 12405

JINCR = } 12,485

ESM = 1,0 12585

IS% a2 1 12088

IF « DENOM T 1695, 1620, 1677 120559

1600 DENOM = 1,0 12048
IS¥ = 0 1288

IF £ J2 = JI ) 1651y 1434 1630 VT

160 00 1650 J w Jle J2v JINCE 1285
Fw J n9apg

F1 = J1 094PS

DIFF ® F w F1 & #%u nQsog

PART = OTFF 7 NENOM . 12J8%

ZUJ) m Zrgy 4t ZNINCLY * PART & @ 7NS = ININCYIY 1) * ESMIOFEE

16%0 CONTINUE 12345
1651 IF { (5M ) 1608 1683, 1ss0 n@BuRa
1642 [F ¢ ISW ) 1698y 188D, 1455 A94ps
165 JINCR = 32 « 1 12 345
ESM = =0,% 12,188

ISW w 0 1285

GO TO 1630 12588

1660
1685
1670

l16+8
169é

IF ¢

CunTy
LowTy

KR2I6CT ) 1698 16TR, 1465
J¥ = JN2 NG e ) gw

xhi o= wPaNey

NC] = NC

NUE

NUE

MPS x MPT = >
MPE = MPT - ]

ComuwnTELT Fon DATA ERUGNEQUSLY STAREN BEYANND FuNS OF RFAL Arpaw

1675
1655

15738

1608
1109

IF 1
RETURL:
PRINT qng

60 TO
PRINT gan

GU O
PRINT Qg%

CONTT
ENn

ZER = 2UY) v ZEZY e TUNY s T(MPG) + 2{MP&] + 7 (MPT)
PRy 1669, 187K, 1409

1799

17199

NUE

1288
12805
17085
VARG
12185
Z18Fpk
n58FD
B-13:44
CRMIR
~Serd
S GuyS
1emys
14&MYS
~S.a67
14MYg
TRIAT
1 AMYT
58 IAAT
1 2Jag

£0¢



SURRQUTINE TIC TOC (U “ANCEE
Cemm=we T1C 10C (1) = COMPILE TIWF nBung
c T1C TAC (2} 3 ELAPSED CPy TiMe FRYER
C TIC THC (2) a YIME FOR THIS PRORLEM nRMRA
C T1C TOC (4) a TIME FOR TWwIS PRNALEM anD FLAPSED cPU TIuE ~RUBR

10 FORMAT (//,30019MELAPSED £oll TIME = Is,eM WINUTESFGLa,aM SECONDS ) »54F66
§3 FOQMAT{//7730R15HCOMPILE TIME 5 4 15sBw INUTESFS,30R4 SEONNDS ) 255F&6
12 FORMAT(//7730%24HTIME FOR THI® PONBLEV = (1SsRH MINUTES F9, 2 755F66
1 A% SECONDS ) >S5F66
1. -2 PENCEE

IFe T=1 1 &0,3a0,20 ?ScF8é

s Fi* =z F 2585r66
a0 CoLL SECONME (F) 255F66
111 = F 258F 66

1t s I1Y s BT *SSFeb

FI2 & F = {1%&n ?55F66

IF 1 ) SnsTn.k0 255Fe6

g PRINT 11+ [1¢Fl2 >55F66
&0 TH 390 255£66

&0 FI3 = F - Fis 755€66
12 = FI13 s &0 ?55€£66

FI3 = F11 o 12%kn 28SF68

PRINT y2r I2* FI23 Fa- A8 2.1.3
IFt I} } 990.990s70 s85F46

To PRINT 10e IleFlz 25568
990 CONTINUE 255g66
RETURN 258566

ENA ?58E66

®0¢



000000 0A0000 00000000

SURROUTINE SPLDT 9 ( NPLT, X, INnYe Ix 3

® & & THE LATEST REVISION NaTa FOR THIS SOUTINE 1S = = 11 JUN 70

COMMON s SPLOT , WIDTH, SMAL|, BTG, Syud
DIMENSTON TIOX(]), X(1)9 IX(7)s SPACF(a2)s SYMRI]Q!
INTEGER WIDTH

DATA SPACE / 6281W / o SYMA , IHT / « RLANK / 1H 7
Cossnsstn THIS ROQUTINE SUPERIMPASES UP TO 1 PLOTS PER FRamr

I

atine

THE FIRST PLOT SHNULND RE THF LONREST (MOST POINTS)
THE PAPER SHOULD BE PNSITIONFD PROSER; y aND ALL
HEADINGS PHINTED BEFNPE rALLING.
INPUT =NP_ T, THE WNUMRER nF PLOTS FnR THIS FRAME
IDKy, ARRAY CONTAINING LENGTH nF THE RESPECTIVE PLGTS
IDX(1) = NUMRER OF ®O0rNTS IN FIRST P 0T, FTC,
Xy STARTING ANnARESS OF TuwE FIRST PLOT
- NATE « THF PLATS mMUST RE STOREDN CONTTGNUSLY
IXy INDEPENDENT yARTABLF ( TWPEXING )
WIDTHy WIDTH OF PLAT( LESS THAN 43 )
SMALLs LOWER LIMIT OF VALUFS Tn BE CONSIDERFD
391G, UPPER LIMIT OF VALUFS Tn RE CONSIDERED
OUTPUT= NO ACTUAL vaLUFS ARE RFTURNER TN THE
CALLING ROUTINF = THE vA| UES ARE PRINTED
AND PLOTTEN vERTICALLY,
THE VALUES PRINTEN ARF TWOSF OF THF FIRST PLOT,.
IF WIDTH IS GREATER THAN O THE X=aAXIS (eese) IS PLOTTED
WITH THE APPROPRTIATFE apJ ISTMENTS [N SCALE MADEY [F NECCESARY
IF WIDTH IS LFSS THAN 0 THE Y=aXTS IS NOT PLOTTED and THE
ROUTINE FUNCTTONS JUST IKE SPLOT §
FRANK L ENDRES - Pax 1R92 b 1]

12 FORMAT ( 4x+14s3x El0,3¢2x 6PA) )

30

50

€3

NENO = 0
MMAX = g
IMSK = 1
DO 30 I = 1y NPT
IF ( MMAX LT, 1DX(I) ) MMAX = TDX(T)
NEND 3 NEND « INx (I,
CONTINUE
IF ( NEND,LE.0 ) 60 TO a9h
IWIDE = WIDTH
1AX = 0
IF ( twIDEWLT,0 TAx = )
IF ( IWIDEeLT,0 ) IWINE = «1WInE
10TA = IWIDE 7/ 2
DMEGA = Xx(1)
THETA = X (1)
IF ( NEND,EQ.) ) 60 TO &%
DO 50 I = 2, NEND
IF { OMEGAWLT, X({1) AMFGA = (1)
IF ( THETACGT,x(1) ) THETA = (1)
CONT INUE
IF [ SMALL.GE,RIG ) R0 TO0 g3
IF ( OMEGAGT,RIG ) NMEGA ® RIG
IF ¢ THETACLT,SMALL ) THFTA = SMAL(
IF ( TaX.@,1 60 TO &s
IF ( THETA.GT,0« ) THFTA = n,

11J50
REVISEN
11JF0
11JF0
RN ]
11.IF0
N&JF O
nS5JF0
100c9
10nc9
"4 E0
néJFO
néJFn
r&JEQ
néyEQ
11UE0
14nce
11JE0
11UF0
160C9
10009
100c9
NS JEQ
"&JFO
néJE0
neJFO
naJFO
11JF0
1100
LWL
n&JFQ
110
n4Jg0
LI NI
LENT ]
n&JFO
11809
né FQ
neJEO
~r4JE0
n&JUFo
11J€E0
100C9
100c9
11809
100¢9
100C9
100c9
11 g0
A N1]
nBJEQ
nBJED
11JF0
n& JFQ

55

A0

&5

0

a5
a8

90
140
990

IF ( O%EGa.LT,06 1} OMFRA = 0,

IF ( OMELALEQ,THETA ) GNH TO &0
SIGMA = ( IWIDE = 1 ) / ( AMFGA = THETA

IF ( 18X.FQ,)1 ,OR, NENN,FO,1 ) GN TO &0
RETA = 1, = SIGMa # THETA
1074 = RETA

IF ( (8ETa = 10Ta) .6F, .5 ) 10ta = 1072 &

ISKX = TATA
IMSK = 1SKX
0o 100 [ = 1, MMaXx
IF { OMEGA,NE,THETA ) 60 TO &5
IMSK = InTa
SPACE(IOTA) = SYUA(E)
84

G0 TO
11Xk = 0
IF ¢ IAX.€Q.1 ) 60 TA  7n
SPACE(ISxX) = SYMA
DO 85 NP 3 1, NPT
IF { NP.GTe] ) 11X% = Ty (NP=1) o IIXX
IF  T1.GT(IDX(NP) ) 0 TO 8%
IF ¢ x(Tellxx) LT, THFTA , GO Tn AS
IF { x(1e11XX) .GT,OMFRA ) GO Tn RS
BETA % StaMA ® ( X{relTXX) « THETA ) o 1,
1CTA = BFTA
IF ( (BETA = 10TA).6F,n,5 ) 10TA = INTa o 1
IF 1 10TA,GT4IMSK ) I{MSK = TNTA
SPACE(10TA) & Syus(nf)
CONT INUE

PRINT 124 IX(TYs X{I}s ( SPArE(L)e La],IMSK )
Do %90 U = 1. 62
SPACE (J) = RLANK
CONTINUE
RETURN
END SPLOT @
END

1

rg IFQ
11809
ndJED
11JE0
11JE0
néJFo
LWL
11JF0
11yg0
110
11JF0
11JF0
11JF0
1140
11JFo
11JEQ
11,0
néJED
n&JEp
LENT 41}
11180
11JE0
né g0
100¢c9
100C9
11 4F0
11JE0
neJEQ
11J50
11uF0
11.0F0
1once
100c9
10JE0

s0¢



OO0 OONO0 OGO

100

SUARQUTINE 20T 1 ¢

® o THF LATEST HEVISION naTa FO®R THI® POUTINE IS
COMMON / 20T / LOPs MCy TYROLL s+ MOP
DIMENSTON
DATA INCe

DATA 1Tl
XF

YF
NP
LoP

o

IROLL

MOP

XFy YFs mPy 1D )

XF{lye YF(lls N1
XLs ¥ie A0y YO 7/ 1412200900 9998.40,9%00 7
1T2 / =je-g

10y X4 vy

- ARRAY CON

= 0,

= VARIABLE OR ARRaY CONTATNING TITLE OF PLAT

’
TATNING THE X = CNNDROINATES
- ARRAY CONTATNING THF ¥ = rOORNINATES
=  NUMBER OF POTNTS Tn BE PLATTFD

= LINE OR POINT pnT nPTinN

LINE o207
® =J ¢ POINY pIAT AT EVFRyY J«TH POINT
® ¢J 4 LINE PLAT WITH A4 PAINT PLOT AT EVERy JuT PT,

11 JUN 70

« NUMBER NF CHARACTESS IN TYTLE ( 0 IF NO TITLY ]
« OPTION TO MOVF TN a NEW FPAME = AFTER THYS PLOT
& 1 4 SAME FRawr

£0vaL

To

0 « NEW FRAME

LESS THAN 0 « TPRMINATE

HICROF LM nR PapgR BL0T goTyoN

x| o PAPER pLOTS
MICROFTILM

x =] ¥

FRANK L ENDRES

NG = MO

1T o2 111 &

ITIeNESO
MOPeEGL 1 )
MOP L EQ, )
NCeNELD )
Ne = do

10 = 10M

CONTINUE
- « POSTTION ORIGIN

1F
iF

¢
(

1120404
IT2.€0.)

- « SCALE x = aXI%
CALL SCALE { XFs XL NPy INr
- = SCALE ¥ ~ AX1s§
CALL SCALE ( YF, YL, NP, INC
- =« SET Up X=zX18
Yo% = YE(NBel] 7 yrR(NPeD)

{ Xs tHMelM ¢ =]e XL» XO
- e SET UP Yesxis
XM % = Xp(NPeyl) 7 XFiNPe2)

C XMe Yo LR 3 1+ YLo YOu Yr(npelie YFINPe?) )
- - PRINT TITLE

CALL AXIS

CALL AXIS

CALL SYMAOL { «1» =+5»

)

= = PLOT THE FUNCTION

CALL LINE

1F
1F
1¥
1F
IF

¢

(
(
{
(

t XFy ¥
IT24EQ.) 1
TROLLSEQ, A
IROLL.LT,0
IROLLYGT,0
1ROLLALT.O

L

Pay 1892 200

a0 Tn 20
calL AGNPLT

CaLL RGNPLT ¢ aLFILMPL

GO Tn %n

CALL PLT {lans 1.5e =3

a0 Ta 100

» Xpinpells

s1ar 1De XOs wC 3}

NPy s LOF, EH

1IT?7 = 0
calL PLT
coLl ENNPLTY
172 = 1

Tl s =1

sty

ahy

999 )

XFiNPS?Y )

110F0 RETURN Gurs
REVTISEN END ~g.JEp
11E0
n9Jro
~QJED
r9JFQ
n9JEd
AGIED
19JEG
RN
LN 2
N
NeJrY
nYIry
re g
“gJrl
ASJEO
ngJED
A9ur0
LN
49JE0
A9JED
LWL N4
nRJEg
N9Jr0
fQJr0
LL N 14
69 IR0
AQJIFO
09JE0
A9JE0
a9Jrgy
AQJrY
fHUrs
49 g0
69UFG
- N 44
AN 1]
b N4
agJrg
n9g0
69rd
SSUED
AYJEQ
ngr0
PRUED
c9Jeog

90¢



APPENDIX G

LISTING OF DATA FOR EXAMPLE PROBLEMS
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EXAMPLE PRORLEVS FOR DRCs mRUGRAM FYOJAUK Crfv ARRY AT a Tw3 0236000 1
DYNAMTC AEAMaCOLUPN FROGRAY USING S=1-8 i#PLICTT nPeRATO- 9 1=2, 6626600 1
1 INELASTICALLY SUPPPRTEN MaSS UNDFR FREF vIRRaTTAN 10 1 0. 2
0 d 0 r n [ n 0 Z bl 1 1 - 3 3 1 0 19 0 1,0R0FenS 120Uk ne
1 1+000Es00 800 H,2RIF(3 U -1 r 1 1 3 THREE=SD AN ARAMY AN SASHN STANDAEN 2-b TAUFK #0VIAS wlim an RQp
S0 1.00nE=0]1 1,000F=n6 [ n Al n " L] o n 1 2 “ ? A Ty
1 1 g le0anvsu? 40 £,000Fen1 RO S KALFmy? F] n -l
1 1 0 1.900F 00 0 1 6,0n0F«n0d I3
1 1 i 4] wB, U00FenleBagynEer =8 nogteq] &0 1 0,n00F+00 2
1 1 8 HOQD -} URBE+OZ=1a00 b ePlm] [ ARALSD2 2 “1 LEETS-LEIR B!
1 1 gen B0 R, 0n0Esnleonutenl=g nontsol 10 30 A& ,R00F 1]
1 1 nel,0n0E+n0 1,1nnFwl] 5 1 1,00UFanp 1,000t 00 10 1o o 2.n00E+05
20 s &b 129 170 30 30 a 2,0UCE*5
? 4 & 20 1au 0 4N o 5,964F+00
TIME OFFL 1 [:] 10 35 i wZ ARG D
1a FREE VIRRATInN OF #ARS RY SPECIFYING 1nITIap 0750 aCEMpRTS 1 1 1 1 el i66Een3mFe1adEer ImF 100 €0
L] o a 4 o 0 P} ] Z 1 " 1 n b 2 3 3 ? > 2 «3,133E003=3.133 2132, 13306
1 140006400 E00 6,2RF =y o -} o i 3 k] 3 k1 3 «V U19E»33=3:pn17E«nT=g, 519020
50 1,0006E+01 1,000E-06 o 1 k] 3 w7 b4 Een3mT 44 {EapdmT 461t 201
1 1 3,000FE«n0 i Y 4 4 4 ~3.80BEe n3=26803E 43", 20FE 2D
1 1 g 1,000F« 00 1 2 “ 4 -, 445E 0 03=T445EenInT 648020
1 1 0=1,C00Ee0p T,0nnF=Ul 5 1 3,000F=02 1,0n0F«00 % i3 5 g =1,022Ee0343,022E 2033, 022007
20 36 60 120 120 2 3 5 s 2T 4BTEepA=TeuBTESn =T, 4RTES 0
2 4 8 20 100 6 & & 6 =1, 030E+n3=3anIgtend=1, 030k v
TTNE DEFL 1 ] 3 o & 6 =7,391E¢g3=T7,391Eenl=7,319 L2013
2=1 LATERAL VIBRATION OF & SIwPLY SUPPURTED HEAM wyTW aXla; COMMRESSION F, 7 7 7 7 w7 F1TE«93~24G1 TEsNw Q1 TL 0
0 n 0 n 0 h] 0 1 11 1 1 a 0 0 2 4 5 7 7 =7, 4G E+gIrT 49 Een3=T, 401 %07
10 1,200E+01 200 3,752F=04 0 0 i 1 L} 8 a ] e LIRES3=3423¢E 0 p3w3, 2360 40
0 1 60,0006E~0D 2 5 L ” 8 k4N TE+pI=6as0TEnwh 4070
t 1=1,221F+00 1 9 ° 9 9 ~1,0aTEvp3=3eneThen3=3, naTto0
2 1=2,374E200 1 [ k4 9 9 T JUQFESHI=T00TESDI=T, 409800
3 1-3,197E+00 1 10 19 10 ] =1,U5BE+03=3an50L N3 nG6Le0
4 1«3, 7SBE» 00 1 L4 8 10 10 =6 BROEenImb RODE 0Tk AADECD
5 1~73,9%2E+00 1 11 1 1t 11 “ 1T E+03=3,17)1Een3=T, 1T+ 0
[ 1=3,75BE 00 i 8 a 11 11 —7.686EsndnT ebsEenImT ARRLE0N
7 1+3,197E+n0 1 12 12 12 12 1, 160F¢03=3,163E9r3=3,1600¢07
8 1=2.,324F 200 1 9 16 17 12 -7 E2BE+n3w T RZBEAn3=T ,RPRL+0]
9 1=1,221F*00 1 13 13 11 13 b, ladfegdwiy14sF eIl , 144020
10 1 0,080F+00 2 10 11 v 1) =7 33TEepI=TeS3TEr =T, B3TES(
[ 11 ¢ 1,0R0F+09 -3, T00F s 0% 14 14 14 14 «? Ba4E s Inp s RebkEendwp AL4aT 0
o 10 3 1,886F=0] 11 12 1% 14 wT *24Eep3mT 420k ond=T 4Paben
TIME OFFL 5 o 1% 15 18 18 wPe3p4EendnPa128Eend=n, 3040
TivE MOMT 4 4 1213 15 1% w7, 894F 03T AGLE4p3mT , AG4L0Y
2=2 LATERAL VIBRATION NF A AFa™ UN ELASTIC FOURDATION 16 18 1# 16 =P ¥RRE I Im2GBIE A3 wn, 049090
o 0 g 1 G n a 1 1 1 o . v a " 13 14 1% 16 w7 T28E 43T T2RE 27 738007
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0 1 0, 2 1% 15 17 17 ~T lp0Eend=T 100 +a3~7, 109000
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27 72 w2, TTIE e Sw2 7T enI>p 77300y} 0 41 A 7 w],BG0E s ndw s 6SGLeNZ=1,7002002
22 »°g “?.5TTEe )3=14n?TEen3=T RITL oL [ 7 8 =12 TgoEe gt 700k 27,7500 (P
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41 3.750E400 400 5,000E=04 [ o 1 - 1 11 2Rp 291
[T ¥ 8 1 C.0 LIY:] -4,750Ee02 1 11 295 29%
0 A1 1 ? 4 T50Ee0Zmi  750E 4026, 000E-H2 1n 301 310
[ Y 2 3 =6, A00E402hs 00E+02wR, S00Fs02 111 31 19
0 41 3 . ~8,800E+02=A¢500E+02-8,250F02 11 I=1.000E%00
0 4] & s wB250F e 020, 250F+ 027, ,%500E.02
0 &1 5 6 T BOOE«02uT,500E4026,250F¢02
/] At [ T wb IEOF 2wt , 250640205 150E+02 13 1=1,000E00
[ I} 4 8 =5, 150E402«%,1%0E«02«3,854£402
[ S} 8 9 «3 AB0Ee02-3,n50E002=2,TS0E02
0 4 9 10 2, 7T50E002+2, 7506+ 02=),600€+02 16 1<1,000E%00
0 ‘1 10 11 «1,600Ee02=),600E¢02-7,000E001
[} 11 12 w7y N00E0]=T,000E«0] 0,0
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[] 0 0 4 0 T 2 [} 32 12 10

3l .sooc.ox ‘on :.oooc-oz [} -1 [ 1 1

50 2,000E+01 1,000E=08 TIME DEFL 10
1 1 0 1,000F¢07 2.190E<10 TINE OEFL 21

31 N ° 1,000K+20 TIME MOMT 10
[ -} 0 2,877E11 TINE MONT 21
1 1 =22 ,600F«04 BEAM DEFL &0

11 0 ~1,000E+04 BEAN [:13 4N 160
1 1 *1e220E404 BEAM oErL 230
n ¢ . b (924F 04 BEAM DEFL 289
1 8 3.210E+00 1,9180+08 BEAM MOMT 80
[ e ° 3.210E001 BEAM NowT 20
1 n 110 «3,090£.02 0» «3,0908443 L3 THREE=SPAN BEAM WITH
1 n 10 20 «3,090E40% 0o -6,1868403 [ [ [ [] [ [
111 20 30 6, 18003 Do «8,988E403 30 44800E401 &0
1 11 30 40 «B,968E403 0. =], 118004 4 a 15
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1 1 1.223E01 1.223E00) 1,223€40)
2 2 2.417E401 2,417ED1 2,417€401
3 3 3.550E401 3,%50E401 3,580E40)
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[ a ToaNTECO] Toa37E¢01 7,437E401
9 9 To724Ee01 7.724E001 7,724E001
10 10 TAZ0E+01 7.820Ee01 7,820F40)
1 n TLT24E201 7,724E001 T,724E00)
12 12 Tod3TECO] TLA3TE+0] 7,4378e0]
12 13 6,9480401 &4.94BEe0] &, 968E+0]
16 14 6.327Ee0) 64327801 6,327Le01
1s 1% Se830Ee0] 5.8308001 5,830Pe0}
18 1s 4,997E40) 4.897Ee0] 4,597€e0)
ir 7 3,850E401 3.580F«01 3,330fs0]
18 18 2,417Ee01 2,417E401 2,4170.0)
19 19 1,223E601 13836401 1,2238401
0 1,0006+00~1,000E~02 [ 0 1.000F<03 1,000E¢00
100 100 [ 0
1000 % G=1000
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PROARAM NBLS = MASTER ~ JACK CHan = MATLOCY - nECKLI=REVISIIM naTE = 26 v 71 FRrROu TO RONTOH LLab] nt DE

EXAMPLE PRUH(.FMS FOR NACS PoNGRAY RY Jack Cwan APRIL 1971
UYNAMIC UEAM=¢NL MN PANARAM SINA €=leg TMPLICTT APFRATNR 1 1 0 1.,0UJE+30 -0, -0,
AROR TABIE & « TIMF NEPENDENT AXTAL THOUST
1 ONE MaSS SUPPARTED AY 5 ~ONL TNEAR GPRING YUNDER FRFF VvIRRATION
BEAM STa TIMF STa
FROW TO FROM TN Ty Tr2 TT3
TABLE I - PRNGRAM=CONIQNL NATA
TAS| F NUMBER onNGINE D
? 3 4 5 A 7 A 9
HOLN FROM PRECEQDING PROALEM (lwHNl n) o ] o 0 o 0 4] 0
NUM CARDS INPUT THIS PRNALEM 7 o 1 1 o 3 3 1 TABLE 7 - TIME DEPENDENT LOADING
BEAM STa TIMF STA
FROM TO FROM T0O oty ate RT3
TABLE 2 = CONSTANTS
1 1 n 0 “5.NN0FE+0! =5,000F«+01 -%,000E+01]
NUM OF BEAM LNCREMENTS 1 11 800 ~1.000E%02 ~1.000F*0? ~1.n00E*02
BEAM INCREMENT LENRTH 1.000E%Qn 1 1 800 800 «5,N00F«01 =5,000F+401 -5,000£+01
NUM OF TIME INCREMFNTS aoe
TlMe INCREMENT LENATH 6.283€-03
OPTTONAL PRINTING SWITCH a
NUM OF 4ONITOR STa ( PRINTING ) =0 TABLE B - NONLINEAR SUPPORT CURVES
ITERATION SWITCH (O={ {NEAR) -l
NUM OF MONTTOR STA { ITERATION ) 0 FRoM Tn CONTU Q=MULTIPLIER WaMULTIPLTER 0AYNTS SYM OPT W=T0i FRANCE Q=TOLFRANCF
PLOTTING MeTHOD(=IzMIC.+0aPRINTER,JSPARFR) 1 .
LINg OR POINTS PLOT OPTINN 1 1 1 1) =1.000F*00 1,000F=01 L 1 1.000F=D2 l,00nFs0nN
Q 20 3 w0 120 120
w~=e=ITERATION DATA FOR NONLINFAR €uP, CVicau== w z & 8 20 100
MAXTMUM ITERATION NUMBER S0
MAXIMUM ALLOWABLE DEFLECTTION 1.000E+01
DEFLECTION CLUSURE TOLERANCE 1.000g=-0x
MONTTOR STATIUNS(ITERATION) TABLE ® - PLATTIANG SWITrHES
1 r 4 S
STA J -0 HOR]ZONTAL VEARTICAL 8EA% NR Trup wmLTTPLE P OT
AXIS AX]S STaTINN cwITCM (1F=]1+SUPERTMPNSE WITH NEXT
TF=0+PLAT &Ly SAVED PLOTS
TIME NEFL 1 0
TABLE 3 = SPECIFIEU OEF| ECTTONS aANm S_NPES
STa CasE NEFLECTION S| 0PF 10PS (1Fal,INITIAL
1Fr=ps PERMANENT)
SNONE®

TABLE & = STIFFNESS anp FIXED=LNAN NATA
FROwW TO CONTD F QrF S T R cP

1 1 0 =0, 1,000F+02 =0, -, =0, =0,

TABLE 5 « MASS AND QAMPINGS DATa

$T1¢



PROSRAM NBLS = MASTER « JACK CHan o MATLOCK - NECKI-REVISION DATE = 26 JUN
EXANPLE PROHLEMS FNT nRCK POAGRAWV RY JACK Cwam apRIL 1971
DYNAMIC DEAM~rALIMN PIOGRAM HSINA Kalwuh IMPLICIT NPFRATOR

PROR {CONTL]
ONE 1433 SUPPARTED Ry A DN TNEAD <PRINGS UNDER FRFE VIRRATION

TABLE 10~ CALCULATED RESULTS
JRBEAM AXISe KSTIME Ax1S
SPRINTING RESULTS IS NOT REQUESTFNRS

#STANDARN 12 INCH BALLPAINT PAPFR DI DT IS RENUFSTEDE

71

PROA (CONTD)
ONE MASS SUPPARTED BRY & »ONi INEAR SPRING UNDER FRFE VIARATINN

Ty#E Fok THIG PRORLFM = 4 MINUTEe 64841 SETaNDS

ELAPSEN cpy TTME = n MINUTES 31,984 SECONDS

91¢



PROGRAM NBCS =~ MASTER = JaCK CHAN « MaTLOCK « QECKI=REVISIAN naTE = 26 Jliv 71 n ¢ 0 -0, -0, -n, =N.
EXAMPLE PRORLFMS FOR PRAnRAW DHCS AY JACK CHAn JUNE 1971 36 0 2,400E«10 -0, -n, -1,
DYNAMIC BEAM=COLUMN PRNAEAM ( S5=1-5 TuoLIrIT NPERATAR
TABLE S5 = MASS aAND DAMPINGS DATa
PROR
6 THREE=SFAN BEAM wITH NNFawAY AND SYMMETRTC NONL IMFao SUP LOADED ay T.P FROW TO ~ONTD RAG o7 DE
0 30 0 5,184E=-01 -0, -0,
TABLE 1| = PROGRAM~CONTROL NATA
- TaBLF NUMRER
> a3 5 & 4 [} 9 TABLE & - TIME DEPENDENT AxTAL THRNST
HOLp FROM PRECEDING PROALEM (l=HOLn) [ n [} 0 [ 0 [ BEAM STA TIME STA
NUM CARDS INPUT TH1S PRORLEM 3 2 1 ] 5 9 10 FROM Tn FROM 1A Ty
SNONE®
TABLE 2 = CONSTANTS
NUM DF REAM INCREMENTS 30
BEAM INCREMENT LENGTH 4+800E+01} TABLE 7 = TIME DEPENDENT L0aDING
NUM OF TIMg INCREMENTS 40
TIME INCREMENT LENGTH 4.000E=02 BEAM STA TINF STA
OPTTONAL PRINTING SwITCH -1 FROM To FROM TO oty
NUM OF MONITOR STA ( PRINTING ) 4 ,
ITERATION SWITCH (Da INEA®) =1 17 17 0 4 0,
NUM OF MONITOR STA { JTERATTIOM ) 4 17 17 . ] =1.000E*04
PLOTTING METHUD(=1=MIC,s02PRINTER12PAPFR) l 17 17 A 12 l.000€+03
LINE OR POINTS PLOT OPTION -f lr 17 12 1s =1,N0NE+04
17 17 16 20 l.nfnEs03

=-ea=COMPLETE PRINTING TIME INTERVAL aND MNNTTOR STATIONS FNR PRINTING---=-

TIME STa INTERVAL OF COMPLETE PRINT
MONTTOR STATIONS (PRINTING)
1 2 3 4 5 s 7 ]
STA J 8 15 16 17
e-=a=]T 2ATION DATA FOR NONLINEAR SUP, CVimmaes
MAXTMUM [TERATION NUMRER
MAXTMUM ALLOWABLE DEFLECTION
DEFLECTION CLOSURE TOLERANCE
MONITOR STATIONS(ITERATION)
1 2 3 4 5
STA J 8

15 16 17

TaBLE 3 - SPECIFIEU DEFLECTIONS ANn SLOPES

sTA CASE DEFLECTTON S) ORF

0 1 0. NONF

30 1 Oe NONE
TABLE &4 = STIFFNESS ANA FIXEN-LNan naTa
FROuw YO CONTD F oF 3

10

.
5a
4,000FE+00
1,000p=0g
TOPS (TFaleINITIAL o
TF=2+ PERMANENT)

2

2

] cP

TABLE 6 -« NONLINEAR SUPPNRT CURVFS

FRNAM
8 8 0 =1+00nF+37 1,100F=01 ?
Q ~40 -4y -39 =35 -20 "
" -*0 -3u -20 -10 . <5 n
15 1 «1,000F+02 1,r00F<01 4
q [1] ) 0 0
[ 3 10 20 40
17 4] =1+000E+02 1,000£=01 4
Q 30 bt 136 138
w lu 20 40

TABLE 9 = PLOTTING SWITCHES

HORIZONTAL VERTICAL BEAM QR TIMF WMULTTPLE P OT

AX1S axts STaTION
TIME NEFL 8
TIME DEFL 17
TIME oM T 8
TIME “oMT 17

SwiTCu t

O —o -

I,NN0F+10 «Q,

000F 05 =0, =0,

Tr2 TT3

Qr2 nT3

0. «1,000E+04
«1,000F*04 1,n00E*0I
1,000F¢03 «1,000E+04
«1,000£404 1,000E+03
1,000F+03 ~1,000E+04

TAa CONTD G=MULTIPLIER W=MU_LTIPLTER PNINTS SYM OPT wWeTn ERANCE Q=TOLFRANCF

-0 1.000F=02  1,00nFe0n
0
40

1 1,000F.04 1,00nes0n

1 1.000F=06  1.000¢¢00

1F®)sSUPERIMPNSE WITH NEXT
IF=0+PLOT AL SAVED PLOTS)

L1z



BEAM VUEFL 4 i PROGRAM ~BLS = MASTEN = JACK CHaM « MaTLOCK . BECKI-REVISI N NATE = 26 Jux 71
BEAM DEFL Y H EXAMPLE PROBLFMS FOR PRnapay O8ES ay JALK CAy HINE 1971

BE AM DEFL 20 4 OYNAMIC HEAM=rDLiMN BR30R0aM ¢ Setes TMRLICTT OPERATAR

BEAM MOMT 12 1

BEAM MDMT 16 1

BEAM HOMT 30 0

PROR (CONTL) .
[ THREE=SPAN BEAM WITH NNFwwdY AND SYMMETRIC NON|TIFae SUP LOADED gy T,8

TABLE 10« CALCULATED RESULTS
JRBram pulgy K3TIME ax1S

TIME ST8 w = -

MONTTAR STATIONS
4= £l 1% 1% 17

FOR 1 ITERATION, THERE ARE 0 STATIANG NNT CLOSED
“1,313F=16 =1,128E~1% ~1,236€-15 =1,317F-15

TiwE ST4 » = -y

MONITAR STATIONS
4= 8 1% 14 17

FOR 1 TTERATION, THERE aRE ¢ STATIANS NAT CLOSED
1 313E=1h o1,i256~15 ~1.236E~15 =1.3176-1%

oeoa® STaTIC RESULTS seans

§Ta J OIST nEFL G 0PF MOM SHE AR SUP REa&CT
-1 8, HO0E0]l  S,n01E~1A n, 0.
“1.F4PF"1? 1.,123F=12
" [ 0, %, 300E~11 ~ el.189Ee12
1, {147-19 =5,651F~14
y 44800E+01  S,346F~18 5 0trE~11 . 0.
2, 711r-1% -1,189F=17?
> 9:600E+01 1e581E~17 -7,938F=12 0.
1,0%8F=19 -1,189F=12
k] le440Eonc 2.491F~17 ok SAkF=11 0.
&,192F =20 =1,199F=17
'y 14920Ee02 2.798Fw17 ~1,2%F=10 . 0.
-l HERF=1T ~1,1R9F=12
L 2.4n0E.02 1.920g=17 =1, 738E=10 . [N
«B, A19F=19 ~1,189¢F»12
% 2.880€402 ~6,n)10f-18 -2,341F=10 0,
»1,810r18 ~1,189F=12
’ 3o IR0E+02 5%, 529F =17 -2, BA3E=1D o,
wl GH3F-18 “«l 1AGFw12
) 3e840E+02 ~1.3136w18 «3,3586=10 ~ 2.625E~12
-9, G418 1,436F=12
9 4.320E602 w2,305p~16 w2, 5A0F=10 [N

-, 766F=18 1.836Fa)?

81z



26
27
2R
29
3n

k3

FOR

4,800Ee02
5.2R0E«02
5.760E¢02
6.240€02
64720E+02
7.200E+02
T+.680€+02
8+150Ee02
B.640E+02
Fe120E4n2
9.600g02
1.008E+03
1.056E403
14104E+03
14152E+03
1.200E+03
le248Ee03
1:296E+01
leZ44E«03
1a302E+403
lea4NE+D3

l.448E403

J =

-3,7722F-16
~5.217E=-14
~64798E-16
~3,384F =16
~9,A894E=16
~1.125g-15
~14236E=15
~1.317g~1%
=143463F=15
-1,378F =15
-1.36lg=~1%
=1.315=15%
=1.242€~=15
=la144E=15
=1,023E=15
=B.RIGE~18
-74271E=~16
=5.873r =16
=3.772E-18

=1.903€=-16

0.
1,003g-168
TIME
8

1 1TERATION, THERE a
“B.b0IF~1? =

®eees DYNAMIC RESULTS ®eeee

STA J

D1sT

TImME

PEFL

=3,71eF-18
-1,794F=18
~3,104F18
-7,745F-18
-2,r18g-18
-2,176F-18
-l,s74F=18
-9,730Fa19
~2,0637-19
3,496F=19
9,584p-19
1,624F=-18
2,042Fa18
2.607F=18
2.9l3g-18
3,75AF-18
2,539F-18
3.751F-18
3,794F-18
3,065Fa18

3,965Fa18

STaA v =

MONTTNAR
1=

-1,73R€<10
=R, 99ar=11
-5 ,26TF=12
7,959F=11
1,6%F=10
2,460F=10
3. 261F-11
3,5055210
3,384F=10
3,279¢-10
3,044F=10
2.8%0c-10
?.5A8F-10
2,3?2e-10
2,033F«10
1,72%€-10
1,401E°10
1,042¢=1C
7,179F=11
3,5A7F=11
n

0

1.476F=1 3
1,436F<1?
1,436F-12
1.436F-12
1,636F-12
1,476F.12
3,417F-11
«3,507F-13
=3,507F-)3
«3,807F.13
=3,507¢.13
=3,507F-12
©3,507F<13
~3,507F=13
«3,507F«13
-3,5077-13
~31,507F=13
©3,507F=13
-3,5076-13
-3,507F~13

0,

STATTONS

14

17

of 0 STATINNG MNOT CLOSED

lel04E=1%

STA « =

SLORF

=14223F-15

MM

=1.310F=-1%8

SHEAR

0.
~1,094E~12
~3eF24E=]]

0,

[
0.
0.
0.
3.,507€~13

O

SUP REACY

18
19
2n
21
22
21
24
25
26
27
2R

29

«4eBONEO1L
0.
4eBM0E+01
9.600E401
1.44NFen2
1.920F«02
244N0E€02
2¢BRJIE+02
3.3n0Ee02
3.840E402
4.320E+02
4.800E+02
Se2RAOE+02
S.760E+02
6.240Ee02
64 720€002
Te200€E+02
Te6R1E« 02
B.160E+cC2
BebagE+02
9.120E+02
9+6n0E+02
1.008E+ 03
1e088E+03
1e104F+03
le162E«03
1+200E«03
le24RE+03
1e296E+03
le3a4E+03

1e3a2€+03

7,379F=1R
0,
7.A35¢ =18
2,432e~17
4.P86F=17
5,4R1Fe17
5,950c=17
4,430g-17
4,63lE=1R
-6.,601F=17
~1,740F=16
=3, 1N4E=-16
4, h62E=16
-6,373F=1%
=7.,997F~18
“9.597E~16
=1.104g=18
~1.223€=15
=1.310E-15
“l.361E-1S
“1,379€=-18
=1.7345E=-15
=1.3”71€=15
=1,749F=1%
=l1,161F=1%
~1.030E~15
~3,A98F-16
=T.324£-18
“Senlég=16
~3.AnlE=16

-1.918E=14

-1,827F-1%
1,532r219
3, 435F=19
1,062F=19
?2,005F.19
S, 806F-20

.3, 10619

=R, 264F=19

=1,472F=18

«?,250F~18

-2,A42F=18

=3,745r-18

-3,460¢F.18

-3,489r_18

-1,3133.18

~?,998F=18

«2.407Fa18

-1,p07F=18n

-1, nT7F-18

-3, 739F=19
?,049r-19
9,733-19
1,606F=18
2,037-18
2,512ral8
?.92718
a,778r-18
3,=63k18
1, 77AF-18
3,023r-118

1,096r-18

n

7.898F=-11
9,01aE=11
2.117g«11
-4, TATF=11
-1,172F=10
-1,863€-10
-?,549F=10
«3,226F=10
=1,A91€-10
-?,9%58F~10
«2,01R8E~10
-1,077€~10
=1,428F-11
7.779€-11
1.679¢~10
2,5%5€~10
3,399€-10
3,450E=10
3.514F"10
3, 344E-10
1. 142F-10
2.912¢-10
2,655E-10
2.375F=110
2,075E=10
1.76€=10
1,423€-10
1.078F=110
T.237F~11

1,6%E=-11

1,6645F=12
2,4R8F =11
=1,390F=1?
=1,404ra12
“l.alsF=1?
“1,874Fa12
~1,460F212
~1,494F=)?
-1,532Fa1?
1471RF=1?
14676E=12
1.635F=12
1.6008212
1.569F-12
1,544rF212
1,525F=12
1,511F=12
3,414F-13
~3,906F=13
=3.919F=~13
=3,908F=13
-3,Ra0F-13
-3,R41E=11
=3,796F=12
=3,743FA01
=3,705F.12
~3,664F=11
~3,6295a13
-3,602F-11
-3,584F-11

=3.,574F=)1

0.
-1.397g=17
a,

.

0,

O,

0,

0,

0,
2,6u0E+ 17

0,

0.
~l,181€=12

~7.,2T4E=113

61¢



30 1eAa0Ee03 0. -4,100E=24
1,006F=18 ° HaS60F w34
N 1s6RAEDI 1e9lRE=16 a,
TIME STA » = 1
MOMTYOR STATIONS
J o= 8 15 16 17

FOR 1 TYERATION, TWERE anE 29 SYATIANS NAT CLOSED

- 0, 665F=00 =1,190E-AT ~1,V47F=-01
FOR 2 TTERATION, THERE ARF

~1+8626=0]

A STATINNS NOT CLOSED

“5,665€001 =1,190E=A1 ~14V4TE=01 =1,462F=31
TIME §T& » = '
ST U s34 24 nEFL sLObs MaM SHE&R
1, 2T5F =04 ~1.3825402
8 34840402 =6,.665E=0) =3,57RE¢04
-3, TYBF=04 2.847F°p2
1% T4200E02 w1.190Ew0] 2.514E+04
-3, 275E=04 3.618Fe02
14 TebR0ECIZ  ~1,347E=01 4,40RE 04
2,304 04 1,123Fe03
1y BelgOEeD2 «1,a82¢=01 9.312¢404
TIME $TA ¥ = ?
ﬁON[YOQ STYATIONS
Jos 8 i 18 17
FOR 1 TTERATIONs THERE ARE 29 §TATIANS NOY CLOSED
~1,690F=02 =1,120E~61 «31,637F=0] =3,880F~A]
FOR 2 TTERATION, THERE APE 59 STATInwS NoT CLOSED
“l,613Fa02 =2,99RE~0] ~3.404£«01 <=I,TAsF-0]
FOR 3 ITERATION, THERE ARF  § STATIANS NAT CLOSED
“1e61IF=02 =2.998E=AT "N A04E~01 ~IT744F=n)
TIME $TA ¥ = »
S§Ta J prsr nEFL cLOPF Mos SHEAR
=3, 4a4E 04 -3,629F 2
A 3.840E%02 =1.513E-02 -9, 898E %04
-G, 15104 4,050Fen2
1s 7:200E+02 =2,99BE~01 4,394F 04 .
-0,472F .04 4,451Fen2
14 TeHADESOZ  =3,404E~01 B 6,989E+ 04
w7 PRapaU4 2,323r403
17 Bel6NEED2 =3,744£-01 1,803Fe0%
TINE STA ¥ = 1

DsSTEE=13

0.

SUP REACT

Tebb8E003
Ue
6, 735E02

7.3098402

SUP REACT

§,4526°02
e,
1.662€03

1,798E403

NaMT YN STAYTIONS
J o= A 1= 14 1!

FOR 1 TTERAT[ON, YHERE ARF »a $TAYIOw& NAY CLOSED
=2a9GIEw)D AR ARTIE D] mh,4HAF=01 T4 1A0F=n]

FOR 2 1TERATION, TYHERE ARF A STATIONG NOY CLOSEN
=2.991E=02 =5.66TE=A1 ~A 46RE=01 =T, 181F=n)

TIME STa ¥ = 1
SYA J o1st NEFL sLNeF MM SHEA®
-k, 001F=04 L LRy ¥4
8 3:840E002 “2.991E=02 =1 JRIPE*0S
=1+ TARE =03 5.185F *a2
is Te200Ee02 ~5,.66TE=01 %,990Es N4 .
wl agar.03 4,878ren?
1 T<6R0Ee08 =~6,4nBF~0] 9, 1AgEs "4
«1,485F=03 3,46180s03
17 Bs180Ee02 =7,140£-01 2,72TE0%
TIME STa « = s
MONTTAR STATIONS
Jo® 8 1% 1¢ 17

FOR 1 ITERATION, TWERE ARE 29 STATIONS NnT CLOSED
4 ,6TIFu0? =R.AGIE=AT =1.019€°00 =~1.137€+g0

FOR 2 ITERATIONy THERE ARE 39 STATINNG NOT CLOSED
=4, 3IEF=02 ~A,3G0E=A1 =G,a]14F-01 ~1.078E+p0

FOR 3 1TERATION, THWERE ARE 29 STATIANG NAT CLOSED
“4 BTHE=OP B hRAE-NT =0,067F=01 ~l.111F+a9
FOR & [TERATION, TMEQE ARE & STATINNG NNT CLASED
“4.576F=02 <=A,4RAE-01 =9.957F=01 =1.111Fefn0

TIME STa x = &
STA J DIST NEFL sLOOF oM SHEAR
-1 wdeBONED] 5.388E-03 f,

-1,122F=04 1e210Fsnl
1 0, 9 i 5,80AE %04 ]
14200F04 1.811%s07
1 QQBOOEOOI 8, T59E=03 A, ,617E«04 i
DRIP4 ~1.028Fen3
2 S.6N0EL01 1.7R7F=02 1.,SA1E=04
2.ANEERTR =1,027F»03
1 1e#40E202 3, 148502 . «3,508F004
2,13%5F.04 «1,0258403
- 195920E02 &4,173E~02 =R, 526Fe04
4, P8RF=05 =1,0823¢s03
1 2,500E+92 4, 379E=02 «1,346E¢05
«2,763F.04 -1.0205.083
ry 2.8A0F.02 3,7293cw02 «1 ,BP4renis

“G,u12pula ~1,017Fen

SUP REaACY

1 #196E%03
[N
2,887E+03

3,172€+03

SUP REACT
0.
~1.,028E+03
LB
LS
S,
LB
G,

Oy

0Z¢



2a
29
30

3

34360E402 4,549F=03 =7, 294E+05
=1,M4AaF=02 ~1,016F+03
J4840E+D2 =4 ,5T4Ea02 -2,772F+085
-1,892F-03 8,142F 407
443206402 =1,222g=01 «2,254F#05
«2,083Fa03 8,105Fe¢02
4.8N10E402 =?,203g-01 =1,747F+05
-2,197F-03 8,032F402
5.220E402 =3,353€=01 al,28TF+05
“?.450F<03 7.923F402
5,760E+02 -4,425£=01 ~7,592E404
.?2,202F-03 T.786E402
6.240E402 «%5,970F=01 -2,510g08
-2,A52€-03 Tb28F002
6e720E402 =7,339g=01 7,521F+N4
-2,a02F-03 T 459F402
Te?200E402 =8,4R4g~01 T,444E+ 04
«2,£53Fa.03 T.2R3F+n2
Te6ROE402 =9,957¢=01 1,2227F+05
-?,60A8F203 4,873F403
Belh0E+02 =1,111ge00 1,652g+05 .
«1,47RF=03 =2.547F402
B.640E+02 =1,192¢+00 3,6410¢e05 )
-9,2460F-04 “2,793geN02
9.120£402 =1,238£400 1,5225405 A
«2,616F=04 =3,073F402
Qe6N0Es02 =1,250F400 3,387£+408 R
4,257¢-0s ~3,375€402
1s008E+03 «=1,229F400 3, 204E+ 05 ~
1,06T7F=03 =3.684F+02
1.056E403 =1,178F+00 2,976E405 R
1,462F=03 =3,982F+02
14174E403 «1,098£+00 2,705F 05
2.703F=03 -8 ,258FeN2
1el%52Ee03 =9,027g=01 2.,395FE405
2.+82F=03 -4 ,500F402
1.2N0E+03 «8,p40F=01 2,0%0E+78
3,092F=03 -4,704FeN2
14248€E403 -7,155g=01 1,674 +05 R
1,427F=01 -4,R55F¢02
14296E+403 =5,510g=01 1,278E405
3,483Fa01 -4,988F402
1,344E403 »3,743g-01 5,621ge04 R
3,955F.03 -5,062¢.02
1,392€403 -1,a02g-01 4,341F6 04
1,942¢.03 -5,101g402
1,440g,03 o, n,
3.042F-03 o,
1,408€4 03 1,r92¢.01 n,
TINE ST « = [
MONTTOR STATINNS
J = 8 15 16 17

FOR | ITERATIONs THERE ARE
~4,6006-02 =8,

FOR 2 ITERATION, THERE ARF
“4.6006-02 =12,
® USED ANPJUSTED LOaG-HFFL ¢

29 STATIANS NOT CLOSED i
STRE=A1  =9.930E=01 =1.125F+00

A STATIANG NOT CLOSED
578E~n1 =9.934F-~01 =1.125F+09
URVE TA CA calLATE DEFLECTIONS @

0.
1,830£+03
0,
0.
0.
0,
0,
0.
0,
4,283€403
4.578€403
0,
0,
04
0.
0,

0,

5,101gs02

0,

§Ta J

FOR

FOR

Fomr

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

TTERATION, THERE
~+s6TAF=0?

1TERATION, TWERF
=4, 4TOF-02

ITERATION, THERE
~u,b78F-92
ITERATION, THERE
~64,470F-02
ITERATION, THERE
=%+, T3RF-02

ITERATION, THERE
=4, TR5F=02

ITERATIONs THERE
~8,798F=02

1TERATION, THERE
=6,801f=-02

tTERATION, THERE
~4,802€-02

1TERATION, THERE
~4,802F=02

ITERATION, THERE
~4,802E-02

ITERATION, TWERE
~+,802E-02

ITERATION, THERE
=3.474F=02

ARF 29 STATIANR NAT FLOSED
=R_KALFent  =1,A04F*00 ~1s135Fenp

ARE 29 STATIAN® NOT £LOSEN
=2,407E=01 =0Q.745F=01 =1.10&F+nn

ARE 29 STATIANS NOT CLNSED
=, ka4Ewn)  =1,n04F+00 =1,135F+09
ARE 79 STATInNS NAT CLOSEN
=8, 402F~p1 =9,745F=01 =~1,106F+na
ARE 29 STATIAN® NAT CLOSED
-a,A51F~n] =~1.A24E+400 =1415RF+n)
AQE 28 STATIANS NOT CLOSED
=A,93aF=n]  =1.033E+400 =1.157F+n0

ARS 29 STATINNS NOT CLOSED 7
“A,98)1E~At =]1,035F400 =1,170F¢nn

ARE 39 STATIANS NOT CLOSED
“R,A66F=N] =1,735F400 =1,171F+00

ARE 27 STATIANS NDT CLOSED )
-A,98RE~NT =1,836F+00 =1,171€+00

ARE 26 STATIANe NOT CLOSED
=A,96AF~91 =1.n34F+00 =~1,171F+qe
ARE 20 STATIANS NOT CLOSED
=8.96AF<0]1 =1,038F¢00 <~1,171F+n0
ARF 75 STATIANG NOT CLOSED
=R, 96RE~01 =1.n3SE+400 =14171F+n0

(114 A STATIANG NNT CLOSED
=7.21AF~A1 =R, ®34E=01 =9,930F-0)

TIME STA x = L]

QISsT nEFL

JeBA0ESQ2
T«200€402
T4BADES 02

B.160g402

1

=3.4TAE=02
=7,216E=01
~4,534£-01

«9,930p-01

sL0oF HOM SHE&R
«7,733g402
. «2.115F+0%
“2,413F=03 =2.,7TRE*02
-6,705F+04
-2,767F<03 =-5,472F+02
=R 012F+04
~2,907r.03

=A,206r-04

8,529F+073
1,992F+"5

TIME STA & 2 .

J = A

ITERATION., THERE
“1.698F=02

MONTTOR STATIONS
15 16 17

ARE »9 STATINNS NAT FLOSED
-5.00nE=n1  =8,9R7F=01 =7.008F-01

SUP REACT

1,390€+03
0,
7,175£+03

3,838£403

Tce



24
2%
2n
27
2a
EL
an

3

1e
1.
N
1.
1.
1.
1.
Te
For 1
FOR 2
® USEY
FOR 1
FOR 2
FOoR 3
FOR &
FoR 5
FOR o
FOR 7
FOR &
FOR &

sTA U

152E03 44 V4BEw0] w?, 1TAF « 1S
-t ,9NPF 04 1.790F 02
200E+03  4,015pw01 2, 0RRAE+NS
-l 105603 4,004r.02
240E403  3,4R5F=01 -1,R13F05
wl 48 TE~03 5,885F02
296E.03 2,781g-01 wl 460FE«NS i
wl 760F=03 T.381F 02
44603 1,936E«01 wl, 0R2F s 06
«l,964F=03 B,ATRE 02
392E403  9,032E402 ) -6, 26F 604 A
- -2, 069F-03 8,892F+02
440Fe03 0, ) wh GPEFmOT _
w2, DEIF w03 9,637Fa11
ABBE+03  «9,032E«02 0,
TIME STA « = L]
HONT TOR STATIONS
Jo- 8 15 16 17
TTERATION, THERE ARE 0 STATInne NnT CLOSED
“1.559F«02  B.SRAF=EP  1.039Fe0]  1.686F5]
ITERATION, THERE ARE  § STATIANG NAT CLOSED
1 559E=02  5,8584E=02  1,739E=01  1.656fF«g}

ADJUSTED LOAD=nEFL CURVE TN CALCHLATE NEFLECTIONS o

EL] qT&TInug NOT CLOSED
127 2E=01 14896Fwh]

29 STATIONS NOT CLOSED .
1.150F=01  1.764E-A1

ITERATION; THERE ASf 3
~1a430E=02 T.T10E~02

1TERATION, THESE ARE
1379602 6.6aPE=n2

YTERATION, THERE &RE »9 STATIANS NNT CLOSED
-1,830€02  7,7{9E=0?  1,273Fw0]  1.896E€=4]
ITERATION, THERE ARE 39 STATIowS wnT CLOSED
“1,878E-02  6,542E=HP  1.7150€-01  1.784F-f1
ITERATION, TMERE ARE 9 STATIANG WNT CLOSED
~1,490F=02  #,T19E=07  1,142f-01 1.783F=0)
ITERATLION, THERF ARE 28 STATIANS NOT CLOSED
“1.485E=02  6,798E=07  1,171E«01  1.792E«A1
ITERATION, THERE &8¢ a¢ STATIAne MaT CLOSED
=1,485E=02  4.797F=0%  1.17AF«01 1e791F 1
ITERATION, THERE ARE 16 STATIANS NAT CLOSED
=1 ,4B5F=02  6.701F=02  1.770F-01 1.791Fwh1
JTERATIONs THERE 40€ 4 STATIANS T CLOSED
=1,485F=02 4,791E=n2 1.170F=01 1,791F=n1
TIME ST2 » = ]
DIsT nEFL sLner “4om SHEAR
T A80F=0D ~5,310F00

0,
~8,892E+02

Oe

SUP REACT

is

17

FOR

FOR

STA U

i
1s

ir

STa o

FOR

FOR

FOR

FaBbAE 242
T.200E.02
TabAOE. 02

8,180E.02

J o=

1 ITERATION, THERE ARE
~1.738F=02

2 IYERATION, THERE AR}

=1 4RGE=0P .5,371EeN3
T 71 2F =04 3,071Fen2
6.791E-02 1,259€+05
1,72%.03 3, 004psn?
1,170p-01 1,354p 08
1,794r.03 5,001Fe02
1.791g-01 1,574F 08
TIME §Ta w = 1a
HONTTAR STATIONS
8 1R 1% 17

29 §TATINNG NOT CLOSED
"1 ,R4E=01 =1.IT70F=D]  =2.008F=n]

A STATIANS NPT CLOSED

=1, T3RE02 =1,Ra4F=n1 =1,9TAF=01 =2.008F=h1
TIME STA « = 1n
o1sT nEFL € 0pF oM SHEAR
-?,132F 08 .2 TAUE AR
3+840E%02 =1+738E=02 ~£TTIE*0S
~3,877F=04 3.84TF%n2
T+200E602 «1,Ra4£=01 £, TABELNA
«?2,820r 04 A, 858002
Te680Ee02 <1,570p-01 9,100r404 .
~T.,881F.08 1.945F+03
8.140€402 «2,008¢-01 1.B4RF+ S
TIME STA x = 11
MONT TOR STATIONS
J 8 1= 16 17
3} ITERATION, THERE ARE 29 STATINNS NNT CLOSED
=2, 115602 =6,4%7€=01 =T.590F=01 =B, 668F-n]
2 ITERATION, THERE ARE 29 STATIANG NOT CLOSED )
“2,0360.02 ~5,332E=07 =T,484F=01 =8,540F~01
3 ITERATION, THERE ARE A STATIANS NOT CLOSED
w2, 036F =02 =4,337€a0] =T7,464F=01 «B8,540F-01
TIME STA » = n
DTST neFL € gor MY SHEAR
kP TF0& ~T,132Fen2
3.840E4p2 “2.038E-02 «1.82RE+nS
=2, 169F=03 6.,882F*n2
T+200Ee02 =6,332F=01 6,249F+ 0]
~2,157r.03 8,2723ren2
T«b6RANES02 =7 ,4K4F=0] 5.,703€+04
=?,%33¢.03 3,448Fe 0
8y I00E+02 =~8,540pw01 2,333+ 05

5,940E.02
4
«7.508E.02

w1, 0076403

SUP REACT

6+952E%02
G,

B,198E« 02
8,928E+02

SUP REACT

Be144E 202
0.
3.285E+03

3, 716E«D3

X4



29
21
22
21
24
25
24
27
2n
2q

30

9.500E402
L.00RE+03
l4056E+03 =1,736E+00
le1nages03
141526403 -1,546F+00
1.200E403
1.248£403 <«1,160p400
1,296E+403 =9,06lg=01
14344E403  =6,217p=01
1e392E¢03 =3,162=-01
la4408403 0,

1.498E+03

FOR 1

ForR 2

* USED
FOR ]

FOR 2

FOR 3

FOR &

FOR 5

FOR b

FOR 7

-1,491F=03 1.018Fen%

“]leT19FeNN 3 4,RQ91FenS
-7.°30Fa04 7.210Fen?2
-1.753F«00 &,P271Fe1S
1,612F-04 4,002Fen2
S5,846F ¢05 N
1,440F-03 6,144F001
“1,56TE+00 5, 407E+05

=2, R45FeN2
G, 149EeNS N

-6,237Fen2
4,679F405

-9,405F,02
4,012FeNS .

=1,219F+03
3,1736405

=1,443F.03
?,1a7g405

-1,600p.03
1.1723ge+05
~,5R9F=03 ~1,681Fen3

-9,252E-09

?.522F-03

1,852Fa03
=1.375€400

4,4R7F-03

5,290g-03

5,925¢-03

6,164F-03

6,5R9F-03 1.927F=11

3.162g~01 0,

TIME STA ¥ = 114

MONTTOR STATIONS
J . 8 1= 1% 17

ITERATION, THERE ARE
-5.080F=02

79 STATIANS NAT CLOSED
=9,677E=01 =1,130F¢00 =1,2954F+00

TTERATION, THERE ARE A STATIANG NOT CLOSEN
=5,080F-02 =9,5TTF=0l =1,130Ee0n =~1,294€+40

ADJUSTED LOAD-DEFL CURVE TN CALCILATE DEFLECTIONS @«

ITERATION, THERE APE »q STaTInns NAT CLASED
=5.499F=02 =1,037¢00 ~1+205F¢00 =1e374Fs00

TTERATION, THERF ARF 29 STATIANSG NAT CLOSEN
=5,080F=02 =~9,677E~0T <1,130Fe00 =1,296F+00

TTERATION, THERE ARF 29 STATIONS NAT CLOSED )
~S5.499F~02 =1,037E+0n =1,205E¢00 <1,374Fen0

TTERATION, THERE ARE
=5,395(=02 =],n2rEs0n

29 STATIANS NAT CLOSED
=1, 1RAFe0r =1,354Fenn

ITERATION, THERE ARF 29 STATIANc NAT CLOSED
=5.403F-02 =1.n21E¢nn =1,1RAFs00 =)1,356Fenn

TTERATION, THERE ARE »8 STATIANG NOT CLOSED
~5,404FE-02 =1,021EeQA ~],]R8Fe0n =],356Fenn

ITERATION, THERE ARF 17 STATIANG NOT GLOSED
“5,404F=N2 =1.0P1Fenn =1,18REe00 =~1,356Fen0

1TERATION, THERE ARF A STATIAMG NAT CLOSEN
~3,996F~02 =~A,319E-0% =9,819F-01 =1,165F¢nN

l.681p+01

c.

STa J

For

FOR

FOR

STA

FOR

FOR

FOR

STA U

TIME STa v =

nist DFFL <1 0PF
-9, RATF=04
3.840F%02 =3.996E-02
«3,n5ar.03
Te200E¢02 =R8,339E-N1
=1,290FN3
Te6RIESD2 =9,Q19F-01
«3,607€=03
8.160Ee02 =1,145€+00
TIME STA v =
MANMTTOR
J = a 1=
1 ITERATION, THERE APF 2Q gTAT
=3,344F=02 =5,ATAF=0]

2 ITERATION, THERE ARE 2q S§TAT
=3,422E-02 ~5,R4NE=N1

3 tTERATION, THERE ARE

A STAT

*3,422F=02 <-S,P4nE-01

D1ST

3e84pEe02
7.2n0E+02
7+6R0E+02

Belo0EL02

J =

1 ITERATION, THERE ARF
=1.039F~02

2 1TERATION, THERE ARF

TIME STa » 2

REFL eLOPF

«?,716Fa04
~36422E-02

=1,RBRF~03
~S,R40F-01

-1,R04F.03
=6,706f~-01

«1,648g-03
=7.497E=01

TIME ST& x =

MOAMTTOR
8 1%

29 STAT
=1.44RE=n}

29 STAT

=1,095F=02 ~1,430€=m

3 ITERATION, THERF ARS

A STAT

=1.095F-02 =1,439E=n1

OTST

TIME STA k =

nEFL sLopr

=6.521F=01

=4,706E=01

“haTO6F=01

=1.185F=-01

=1,37AFE-01

1a

MAM SHE AR

~8,892F+n?

-2,4313F *n5
=T.246Fen?

=1,183F+"5
=1,198Fen3

~1,581Fe05
6,156Fen3

I.SATFtﬂﬁ

14
STATTIAONS
16 17

Inane NAT CLOSED
=7,297F=n]

IONS NOT CLOSED
=7,497F=q1

1ANS NOT CLOSED
=7.497F=n1

14

HOM SHEAR

~7.239c+02
=] ,AP8F ¢n5

4,914F*n2

4,275Fens .
5,635Fe0?

T.T796F ¢ N4
2,83RFen3

2,221F+05

1s
STATIONS
15 17

InNS NAT CLOSED
=1.102F=n1

1nANS NOT CLOSED
~1.096F=n1

I0NS NOT CLOSED 7
=1.378F=01 =1.096F=n1

18

MM SHE AR

SUP RFACT

1+598E*n2
N
7.T44E 603

4o 359E+03

SUP REACT

1e369E+03
Ne
2.210E+03

2.159E+03

SUP RgACT



For

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

P P TAE =04 “2.756F«n2
J4BADESDZ  ~1,095€.02 -5,322F+04
el nklEw04 1,235Fef3
T+200E+02 ~1,439gw01 1,55aF+ NS
1.566F=04 1,585F+03
T+680Es02 =1,378g-01 2,313F.08
5 AAZF 04 ~4,396F»02
BolpNEeDZ =1,006E~01 2,0748905
TINE §T2 » » 1%
MONTTOR STATIONS
v - 8 1% 15 17

10

11

14

18

FTERAT ION, THERE
be53eF=04

ITERATION, THERE
2, 174E=-02

TYERATION, THERE
5,534F~04

ITERATION, THERE
=2, 174E-02

TTERATION, THERE
Te266F=04

TTERATIONS THERE
2.095F=03

ITERAYION, THERE
3,214F-03

ITERATIONs THERE
4. 107F=03

ITERATLION, THERE
4.8]19€=03

ITERATION, THERE
5,387£~03

ITERATION, THERE
5,839F=03

ITERATION, THERE
6+200F=03

tTFRATION. THERF
b,4BTF=03

ITERATION, THERE
A T16F=013

ITERATION: THERE
b.89RFE~03

1TERATION, THERE

ARE 29 sTATTAne waY CLOSEN )
1. 18AF=0] P AG0E~01 3,191F=n1

ARF 29 STATInN® NOT cLOSEA
1ohBaF=61  2,351F-01 3. 164F=n1

aRE 29 STATINNS NOT CLOSED
1o T6RE~N] ?.399€=01 3,191F=a}

ARE 29 STATIANQ NAT CLDSED ‘
146ARE=O] ?,351F=01 Je164Fan]

ARE 29 ﬁfATlnus NOT CLOSEN
1.79AE=1  2.432F«01 3, 224F=f]

4RE 29 STATINNG NOT CLOSED
1.923E=01  2.875F=0]  2.372Fwal

ARE 29 STATIANS NAT CLOSEDR ~
1,931E=-01 2.5R3F =01 3,379Fafl

ARE 29 STATIANG NOT CLOSED
1.936E~01  ?.888E=01  3,3R0F~h)

ARE 29 QIATIGN: AT CLOSED
1,937E~-01 ?.587F=01 3,381Fen)

ARE 29 STATINANG NAT CLOSED
1.939E-01  ?,&88E=0]  3.3A2F=nl

aRF 29 STATINNG NAT £LOSEN
1,96HE~01 ?,RBIFD) 3,382%wn1

ARE 29 STATIONS NDT CLOSED
1.941E~01 24690F=0) 3.380Fen?

ARF 29 STAYINNG NOT CLOSED
1.942E~01  2,®G0E=01  3.383F=n]

ARF 2% STATIAN® NAT CLOSED
1.949F~07  2.8591F=01  3.3R3F=01

ARE 29 STATIAN® NNnT CLOSED
1. 964E=n1 2.691F=01 3,384F=n1

ARF 59 STAT[ANg NAT CLDSED

4,378E+02

i

«1.435F+0]

-4,011E02

Fom

FOR

FGR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

Fou

FOR

FOR

FOR

FOR

FOR

FOR

Fow

17

1%

20

21

22

23

24

25

26

27

28

29

0

3}

32

33

k2

35

k1

T 0hbreny

TTERATION, THWERE
TelbpF=n1

TTERATION, YWERE
T4252F=~03

ITERATION, THERQE
T.326F-01

IYERATION, THERE
7.385F-03

TTERATION, THERE
Te432£-023
ITERATION, YHERE
7 463F w03
ITERATION, THRERE
T«499F =02

ITERATION, THERE
7.522£-02

TTERaTION, THERE
7.541F=02

TTERaTION, THERE
T.586F~03

TYERATION, THERE
T.86AF~02
ITERATION, THERE
Te578F-03
ITERATION, THERE
7.585F=~03
ITERATION. THERE
1.592F-01

ITERATION, THERE
74596F~01

ITERATION, THERE
T.600F=073

ITERATION, THERE
T,603F=03

ITERATION, THERE
T<606F=03

ITERATION, THERE
T.609F =03

TTERATION, THERE
Tv609F=07

1e%4sEant B,E6Dr LY 3,384Fwny

ans 29 STATIAME NaT 1LASEN
1aOs4bmn? FARGIF=(] 343R4F =0

ARE 58 STATIANG NNT CLNSED
1+94REmn R RG2Fef) 3.384F=n]

ARE 28 STATINWG NOT CLOSED .
1. 948E=0) P RIZF DY 3,384F =01

ARE an STATINNE NOT CLOSEN
1,945E=07  3,.%92E=01  3.3R&F=61

ARE 27 SYQTIAMS NOT CLOSED
1,94RF=01  2,R92F=01  3.384F=-n!

ARE 27 SYATIAN® NNT CLOSED
1. 94AE=NY 2,89%F=01 3,3R84F=n1

ARE 27 SYATIaANG NOT CLOSED
1.GAAE=0] 2,893 =01 3,384F-A1

ARF 28 STATINNS NAT CLOSED
1e984E=01 2,593 =01 I, IR4F~n]

ARE 33 STATIANS NOT CLOSEN
1 e94mE=a1 2.893E=01 3.384F A1

ARE 22 STATIONS NOT CLOSED .
1.944F=01 2.,893F=0] 3.384€=051

ARF 2 STATINNG NOT CLOSER
1,945E=n1 PLEFIF=01 3. 3R4F=5]

ARE 76 STATIANS NAT CLOSED
1.944E=01  2.$93E=01  3,384F=p)

ARE 15 STATINNG NAT CLOSEN
1.946F=01  2.593E=01  3,385Fa01

ARE 14 STATIANG NAT CLOSEN
1.948E=0Y 2(ROIF-0] 3,388F=n)

ARF 164 STATINNS NAT CLOSEN
1,944E~0) 2,59%€=01 3, 3A5Fw0Y

aRE T2 ﬁtATIﬁNﬁ NOT ¢t OSEN
1.946F=1] 2,59 =01 3,385F~01

aq@F 72 STATIANG NAT CLOSED
1.944F=01  2,59%F=01  3,385Fw=nl

ARF 11 STATIANG NAT CLOSED
1294AF=n1 2.,593F=01  3.385Fw0])

ARE 9 STATINNS NOT CLOSED
1e94sEenty 2. REVF-0Y 3.085F-01

ARE 7 STATIAN® NAT CLOSED
1:944F=01 2893 w01 3.385F -]

%7¢¢



57a J

-1

FOR 37 [TERATION,

FOR 38 1TERATION,

DIST
=448N0Ee0]
[0
4.,800Fs01
9,600E01
1,440F+02
1,920E+02
2,400Es 02
2.880E+02
3,360E402
3.840£.02
4,320E.02
4,800Ee02
S.2A0Fe02
5.760E+02
6,240EeN2
64 720E0 02
T+200E+02
7+6R0E«02
B.160E402
Be640EeD2
9.120E.02
9.6N0E402
1.008E+03
i.086FEe03
lalNafe03

1.152E403

TLERE aRF
T4611F=03

THERE &RF
Te612E-073

1.944F=n

1e94cE=-M

TIME STA w =

NEF L
-5,778E~04
0,
-5.642g=04
=1,703€=~03
=2.899g~03
=3, 645€-03
~3,451-023
~1,R40F-03
1,671Ea03
7.612e-03
1.,660F=02
2,942g-02
4,707g-02
7.080g=02
1,021g=01
1,428g=01
1,946£=01
2,593¢g~-01
3,3R5F.01
4,248F=01
5,092F=01
5.A33g=01
6,398g=01
6,728g~01
b,7R«F=01

6,545F=01

SLOPF

14700E=05
-1,175F=05
-2,3173-05
-?,492F=05
-1,5545-08
4,N81g406
1,3156F=05
7.216£05
1,73a5.04
1.a73£a04
?.471E=04
3, ATEF-04
4,944.04
£,529F=04
R,aTPr.04
1,779¢-03
1,748fF-03
1,649F=03
1,799F-03
1,759F.03
1,r48F-03
1,176F.03
6,A85F-04
1,764F<04

-4,991F-04

2.6893F =01

?4593F~01

1a

MOM
0.
-5,6R8F *93
=5,9ARE* N3
-5.9755.02
4.6R9F «N
9,799E+03
1,476E+04
1,9R0F+04
2.530E+04
3,17RE+04
3,9R8E404
§.,072TE N4
6,341E 04
T.924E+ N4
9. TISE N4
1,189 N8
1,342€408
1,509F+ 0%
T ATAE 04
=]1,994E¢04
=1.0TKF+0S
=1 e83KF 05
=2,440F+ NS
=2.859£+05
«3,079F 05

-3,095£¢05

5 STAT1inne NAT CLOSED

3,385F«n]

A STATIAN®E NOT CLOSED

3,385F=n]

SHE &R

=1+185Fen2
~7,430Fe A0
1,100p.02
1,075Fe 02
1,Na7Fe 02
1,039Fe02
1,084£.02
1,21aF+02
1,474F402
1,874F402
2,433F. 02
3,104F402
3, T9aFs0?
4,3827e02
4, 763602
A,BB7FeN2
4,828F+ 02
~1,422F¢n3
“1,793Fs 03
“1,651Fen3
~1,429Fen3
«1,140F+03
=8,047Fen2
~4,450F0N2

~8,370Fen1

SUP REACT
0.
1.111E%02

0.

0.
«l,603E.03
~2,193E+03

0,

S

0,

0,

0,

0,

ﬂl

«1.11RF.03 2,592Fen2

25 1:200E+03 6,008F=01 -?,917F 05
-1,701g-03 5,670Fe02
24 1.24RFE«03 Se192F=01 «?,56%F+0%
-2,7214F=03 8,266F+0?
27 1.286E+03 4,129F«01 a2, 0A0F NS
=P A26F=03 1,029F+07
2R 11344E003 24R68E=01 =1,440F 05
-?,914F=03 1,166F 03
29 1+392Fe03 1.470E=-01 - . “T,4N4E+04
sV, NH2F=01 1,236Fe03
3n 14440E+03 0, -4 ,626E=09 N
3, NK2F=03 9., 737F=1)
3y 1.4RBE+03 =1,470E-01 n,
TIME $Ta x = 17
MONTTOR STATINONS
J o= a 1= 14 17
FOR 1 TTERATION, THERE ARf 29 STATIANS NNT CLOSED
=1.726F=02 3.957E=n2 £.T1TF=02 1,005F=01
FGR 2 ITERATION, THERE ARE 29 STATINNS NOT CLOSED
-6,020F«03 4,338E=n? 6,96RF =07 1.019F=n1
FOR 3 ITERATION, THERE aRF 6 STATIONS NOT CLOSED
=6,020F«03 4,338RE-0? A,Q6RE=02 1.019F=n1
® USED AOJUSTED LOAD=DEFL CURVE TN CALCHLATE NEFLECTIONS @
FOR 1 TTERATION, THERE ARE 29 STATINNS NOT CLOSED )
=3,977F=03 7.7)0E=07 1.,064F=01 1,398F«n1
FOR 2 tTERATION, THERF ARF A STATINNE NOT CLOSED
=3,977F-03 7.709E=02 1.064F=01 1,398F-n1
TIME STA w = 17
57a J DIST NFFL S_OPF MM SHEAR
2, k54F =06 1,015Fen2
[} JeB4pE®02 <~3.977E-03 _ 1.,227E %04
5, 14TF=04 ~1,5A4F¢01
g T.200€.02 T.709¢-02 _ 4, 810Fs08
a, 11004 -7.083Fen1
15 Ts+6RNELD2 1,06é4g=01 4,)TTE+NS
h,088Fals 1,579Fe 03
17 8s 1A0NEs02 1.39Rg-0! 1,143F005
TIME STa v = 18
MOMTTOR STATIONS
J = 8 15 14 17
FOR 1 ITERATION, THERE ARE 79 STATIANS NOT CLOSED
=3,739F=02 =3,R99E=A] =4,811F=01 =5,06°F=0]
FCR 2 ITERATION, THERE ARF 29 STATINNG NNT CLOSED

~3.483F-02 =1 654F=0] =44243F=0) =4.R02F=0l

0.

a,

0,

O

1Y
-1.236E003

Oa

SUP REACT

14591E°02

A-

=R, JRSFe 02

=1,200F+03

o
[



sta o

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FoR

Te2n0Es 02 1+4R9F 0] -k, 1INFe 03
3,A4TF04 R A81FeA2
Te6ROE402  1,wT73E-01 3, 4RTEe NG
a,malpals %,9330.02
B.160Ee02 L,aglg-01 S, AKAF 404
TIME STA x = 2n
MANTTOR STATIANS
= 8 1r 1A 1?7
I TTERATION, THEQE ARE 29 STATIANS WAT CLOSED )
1,290F=02  3.64RE=-01 4,c4AFm01 5, 723Fwn)
2 ITERATION, THERE LRF 29 STATIANS NAT CLOSED .
B,861F=01  3,633F=n1  4.839F=01  5,718F-ni
3 ITERATION, THERE a9F a1 STATIANR NAT CLOSED i
H.561F+03  3,A13E=01 6.839F=0)  5.718€-n]
TIME €75 x = 21
8ISt AFFL SLOPF MM SHEAP
POFEL L 18 1.771F082
3.840Es02  B.8861F=-03 1.A1RF+05
1,517F=03 14620€%43
7.200E402 3,4336-01 1,B64F 08 )
1,nR6E=03 2.294Een3
Te6R0E002 4,%39Fa01 ?,8455F ¢ 05
2,4%7E=03 ~2,083F+03
B841H0Ee02  5.T1AF=01 1,74TE«05
TIME STA w0 = 24
MONITOR STATIONS
g 8 15 14 17
1 ITERATION, THERE ARF > STATIANg NOT CLOSED .
~1s015€=04 1s16nE=a1 129436=01 2.a81E~01
2 TTERATION, THERE 2RE 29 STATIANg wAT CULnSED
1.965F=03 1e187€=01 1«QaRF=01 2.983F-41
3 JTERATION, THERE ARE 29 STATIANS NAT CLOSEN
“l.015F=06 1o 1SAF=01 12063 =01 2.081F=n1
4 ITERAVION, THERE 849F 6 STATIANE wNAT CLOSEN
L.9hSF=nl 1.187F =N 1.QbAFe0] 2.983F-A1
§ 1TERATICN. THERE ARF 39 STATInM& NoT CLOSED
9,829¢.07  1,PRAE=DT  2,878Fw01  3,111F-01
& 1TERATIONs THERE aRf 59 STATIANG NAT CLOSED
9,571F=013 1,188F =01 1,082F =01 3,011€wn!
7 {TERATIONs THERE ARE 29 STATIane unT cLASED
F.664F=03 15195E=A1 1.879E=01 3.008F =41

n
Ta

~1.,235€+03

-1,506E+03

SuP REACT

Qs
0o
=2.381E+02

«¥,127E03

FOR

FOR

FOR

FowR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FQoR

For

FOR

FOR

15

1t

20

21

22

23

2%

25

26

27

* USEY

FOR

TTERAT[ON, THERE
#x TATE~0

TTERATION, THWERE
FaT98F =0
TTERATINN, THERE
FeB4lF-03

TYERATION, T=ESE
$.87BF=03

ITERATION, THERE
PeF0TF0]
ITERATION, THERE
Po931Fw03

ITTERATION, THEQF
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