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PREFACE

There is a strange but very real mental hurdle that stands between those
who have actually used a computer program to solve problems and those who have
only thought about it. Anyone who has any interest in the present subject,
whether he will use the method himself or intends to let subordinates do it
for him, is urged to code and solve at least a few simple example problems.
Actual trial use is an important step toward understanding the potential range
of application.

It is expected that the beam-column (BMCOL) method described will be
found useful in solving a wide variety of both simple and complex beam-column
problems. Complete instructions for immediate application to practical prob-
lems are therefore given. However, the BMCOL method is also the key to
consideration of many other problems, and the present report is therefore in-
tended to give a complete development of background theory. The theory itself
is quite simple; any difficulties in understanding that may develop are likely
to be those involved in making a transition from usual concepts of structural
analysis to an approach in which finite-element approximations are used.

This report is the first in a series describing methods by which finite-
element representations and computer solutions are used for solving structural
and foundation problems.

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

The continued assistance and advice of the contact representative, Mr.
Larry G. Walker of the Texas Highway Department, has been very much appre-
ciated. The very excellent facilities of the Computation Center of The
Univefsity of Texas and the fine cooperation from its staff have contributed

significantly to the results.
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ABSTRACT

A wide spectrum of beam and beam-column problems can be described and
solved by a single computer method. A finite mechanical analog is employed
to allow very general loading and elastic restraint conditions to be con-
sidered. The resulting system of equations is solved by a rapid and effi-
cient direct elimination process.

Program BMCOL 34 and associated input forms and instructions are
applied to the solution of a series of highway-type example problems. Com-
plete listing of the FORTRAN program is given, plus input and output data

for the examples.
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NOMENCLATURE

Symbol Typical Units Definition
a - Coefficient in stiffness matrix
A - Temporary bar numbering used in derivations
Ai - Continuity Coefficient computed in recursive

solution of equations

b - Coefficient in stiffness matrix
B - Temporary bar numbering used in derivations
Bi - Continuity Coefficient computed in recursive

solution of equations
c - Coefficient in stiffness matrix

C - Continuity Coefficient computed in recursive
solution of equations

d - Coefficient in stiffness matrix

Di - Multiplier used in computing Continuity Coeffi-
cients

e - Coefficient in stiffness matrix

E 1b/in2 Modulus of elasticity

Ei - Mgltiplier used in computing Continuity Coeffi-
clents

f - Coefficient in load matrix

F 1b-in2 Flexural stiffness = EI

h in, Increment length

i - Station number

I in Moment of inertia of the cross section

m - Total number of increments in beam-column

M in-1b Bending moment

P 1b Axial tension (+) or compression (-)

11
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Symbol Typical Units
q 1b/in
Q 1b
Qi 1b
T in-1b/rad/in
R in-1b/rad
s lb/in2
S 1b/in
t in-1b/in
T in-1b
v 1b
w in.
X in.
Z 1b
¥ radians
e radians

Definition
Applied transverse load per unit length
Concentrated applied transverse load
Reaction at Station i from specified conditions
Rotational restraint per unit length
Concentrated rotational restraint
Transverse spring restraint per unit length
Concentrated transverse spring restraint
Applied torque per unit length
Concentrated applied torque
Shear
Transverse deflection
Distance along axis of beam-column

Transverse load used in developing
specified slope equations

Angle change between bars

Slope



CHAPTER 1. INTRODUCTION

Bending and buckling are encountered in a wide variety of problems in
the design of highways and bridges. This report presents a numerical-analysis
generalization of bending of straight structural members. A computer program
written in FORTRAN language is included and its use is explained with example
problems.

It will be shown that one very simple but general mechanical model can
be used to represent a broad range of problems in bending. Many of these
problems are not susceptible to solution by other presently available methods.

To apply the method, the design engineer expresses the actual physical
dimensions and properties of his real problem in numerical terms in the
coding forms. By using only one general program and a natural physical inter-
pretation of problems, the effort of learning methods and procedures is
reduced.

With such an approach, the primary attention of the designer is directed
toward the proper formulation of an engineering description of the problem and
toward evaluation of the computed response of the structure. A minimum of time

is spent in the tedious manual arithmetic of structural analysis.

History of Development of the Beam-Column Solution

Much work has been done in the field of numerical analysis of linearly
elastic beams and beam-columns. Newmark (Ref 1) utilized iterative methods to
achieve rational beam-column solutions. Malter (Ref 2) applied the finite-
difference technique to the solution of the second-order differential equations
of beam behavior. Gleser (Ref 3) suggested a recurring difference-equation
form in the analysis of laterally loaded piles that was utilized and developed
further by Matlock and Reese (Refs 4 and 5).

Murphy (Ref 6) presented a technique of using a variable spring support
and a sustained load to represent nonlinear foundation response.

Matlock and Lytton (Refs 7 and 8) developed a more general recursive
solution for beam-columns. This recursive solution was extended and numerical

examples were developed by Matlock and Ingram (Refs 9, 10 and 11).

13
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The Scope of This Report

The purpose of this report is fourfold: (1) to review conventional beam
theory and corresponding numerical techniques, (2) to present the development
of a more general method for the solution of complex beam and beam-column prob-
lems based on a finite-element model, (3) to describe the associated FORTRAN
computer program and its use, and (4) to demonstrate the versatility of the
method by the solution of example problems that are reasonably typical of
those encountered in highway engineering.

The review of conventional methods as developed in Chapter 2 will not be
used directly in the derivation of the final general method nor in the computer
program. However, key concepts are developed which support basic understanding

of subsequent developments.



CHAPTER 2. CONVENTIONAL AND FINITE-ELEMENT THEORIES FOR BENDING

The usual relations describing the behavior of beams consist of relatively
simple ordinary differential equations. 1In addition to using conventional
methods of solution, such differential equations may be solved by numerical
techniques.

In this chapter the pertinent differential equations of the conventional
mechanics of beams are stated and finite central-difference methods are used
to convert these conventional differential equations to difference forms.

These are compared with the results of an alternate physical-model approxima-

tion.

Conventional Beam Equations

The conventional second-order differential equation that relates curvature

to bending moment M and flexural stiffness EI or F is

2
dx EI (2.1)

The second derivative of beam deflection w with respect to distance x
along the beam is an approximation of beam curvature that is valid only for
small deformations,

The other second-order differential equation of the conventional mechanics
of beams is obtained from the requirement for static equilibrium and relates
the second derivative of bending moment M , with respect to distance x along

the beam, to the load q distributed along the beam:
= q (2.2)

It should be noted that these relations are limited to the usual assump-

tions for pure bending:

(1) Axial and shear deformations are neglected.

(2) Beams are assumed to be of symmetrical cross
section loaded only in the plane of the vertical
axis.

15
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(3) Plane sections are assumed to remain plane both
during and after bending.

(4) Deflections are assumed to be small compared to
original dimensions.

(5) The material of the beam is assumed to behave in
a linearly elastic manner.
If the flexural stiffness F 1is a constant, Eqs 2.1 and 2.2 may be com-

bined into the following fourth-order differential equation:

F_4 = q (2-3)

If instead of maintaining F as a constant it is considered to vary
along the length of the beam, the resulting differentiations and combination

of Eqs 2.1 and 2.2 give:

4 3 2 2
Fd—Z+zg—id‘;+dgd‘2’=q (2.4)
dx dx dx” dx

To solve a problem with either Eq 2.3 or 2.4, four boundary conditions
must be known in order to evaluate the four unknown constants that will appear
during integration. Even with very simple variations of F , Eq 2.4 may be
troublesome to integrate. All terms, including the load q , must vary con-
tinuously within the length of the beam considered. Thus, direct application
of Eqs 2.3 and 2.4 to real structural problems is seldom attempted. Instead,
many different interpretations of the basic equations and a wide variety of
analytical techniques are in common use by structural engineers to solve prob-
lems of bending.

Some relief may be obtained by resorting to finite-difference approxima-
tions and integrating the equations numerically, usually with the aid of a

digital computer.

Conventional Difference Equations for Beams

In App 1, conventional central-difference expressions are developed for
all derivatives through the fourth. Applying the second-derivative form to
Eqs 2.1 and 2.2 gives the following difference equations:

_ .2
+wi-1 - 2w:,L +wi+1 = h Mi/Fi 2.5)
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2
+M - M = hiq (2.6)

In these equations, the increment length chosen between stations along the
beam is h and the stations are designated in order by the subscripts.

For the condition that F is a constant, the algebraic combination of
Eqs 2.5 and 2.6 will yield the same fourth-order difference expression as

would be obtained by writing directly the finite-difference version of Eq 2.3.

+ w,

4
- + + =
i2 4wi_ 6w w h qi/F

1 i T Min i+2 2.7)

If F 1is not constant, but continuously variable with x , Eq 2.4 must be
used as a basis instead of Eq 2.3. Writing each of the derivatives in difference

form and collecting the many terms that result yields the following expression:

F, J2+Fy - Fyf2dw, , + (-6F, + 2F,, v,

+ (-2F, [ +10F, - 2F, )w, + (2F, ; - 6F)w,

1

- 4
+ (-Fi_l/Z + Fi + Fi+1/2)wi+2 h qy 2.8)

It is important to understand that in developing Eq 2.4, derivatives of certain
products were taken that are subject to the limitation of the covering assump-
tion that the functions were smoothly continuous in the interval considered
along the beam., If, instead of using Eq 2.4, the two second-order difference
versions (Eqs 2.5 and 2.6) are combined algebraically, a fourth-order form is

developed that is different from Eq 2.8,

Fy vy o = 2@F; | FFw, |+ (Fy ) F4F; T F 0w,

"
- + =
2(F; +Fiyp)dvieg T Pyl hiq; 2.9)

Equation 2.9 is a somewhat cruder approximation for a beam with varying
flexural stiffness than Eq 2.8 but it has a distinct advantage in that it is
not restricted against abrupt station-by-station changes in any of the input
functions, including flexural stiffness Fi . This point is of key importance
in the subsequent development of the general beam-column method. It will be
demonstrated also by a physical-model or finite-element development for the
conventional beam. If F 1is a constant, both Eqs 2.8 and 2.9 reduce to the

form of Eq 2.7.
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Finite Mechanical Representation of a Conventional Beam

Figure la shows a beam element deformed under the action of pure bending
and subject to the assumptions of conventional beam mechanics as stated earlier.
Assuming linearly elastic stress-strain behavior, the stresses acting on the
beam element are as shown in Fig 1b. These distributed stresses may be re-
placed by concentrated compressive and tensile forces, as in Fig lc. A
mechanical analog of Fig lc is shown in Fig 1d, where the deformed beam element
is replaced by a pair of plates hinged together at the center and restrained
at the top and bottom by linear springs containing the elastic flexural stiff-
ness of the beam element. Thus, a beam could be represented by a series of
such beam element models, as shown in Fig le.

A cruder beam model could be constructed by using wider plates between
hinged joints or replacing the plates by a series of rigid bars hinged at the
ends and having the beam flexural stiffness of each finite beam element concen-
trated in the springs at these hinges. Such a finite-element beam model is
shown in Fig 1f. With some temporary reservations about accuracy, this model

can be accepted intuitively as a satisfactory approximation for a real beam.

Equations Based on the Finite-Element Beam Model

Figure 2 shows a deformed segment of a finite-element beam model similar
to that of Fig 1; i.e., constructed of a series of rigid bars separated by
deformable joints where the beam flexibility is concentrated.

Any distributed load q is lumped for one increment length at the incre-

ment point as a concentrated load

Q; = hq; (2.10)

The change in slope between Bars A and B is

W, 1 - 2w, tw,
¥ = il . i+l (2.11)
The equation may be written in the following form:
W, - 2w, tw,
¥, = h( i-1 5 1+1) (2.12)

h
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(a) (b) 3]

(d) (e)

Fig 1. Finite mechanical representation of a conventional beam.
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Mivg
Deformable joints ‘kﬁf/] ¥i
and rigid bars .
V,B» 1
M; -
A
Mi-1 y
A
-t ,
Va
Deflection: Wi_1 Wi Wit
et h h
Sta i-1 i i+l

Fig 2. Deformed segment of a finite-element beam model.
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Since the term in parentheses is the finite-difference expression for the
second derivative of deflection w , Eq 2.12 may be interpreted as expressing
the angle Wi as the concentration of the beam curvature from one increment
length. Thus the moment~stiffness-curvature relation of Eq 2.1 becomes
. = F.V./h (R 2.13
M, o= FV/ 2.13)
The shears and moments required to keep the segment in equilibrium are

also shown in Fig 2. Summation of the vertical forces acting on the joint

gives

Q +V, -V, = 0 (2.14)

while summing the moments about Bar A gives

M., - M +Vh =0 (2.15)

and summing the moments about Bar B gives

M, - M,

i i1 + VBh = 0 (2.16)

Then Eqs 2.15 and 2.16 may be substituted into Eq 2.14 to eliminate

VA and VB with the following result:

Miog = 2 ¥ My =BG @.17)

Eq 2.13 written for Stations i-1, i, and i+l may be substituted into Eq 2.17

to eliminate bending moments.

2
Fioq¥iop - 2RV +F by, = BOQ, (2.18)

Then, substituting Eq 2.12 into Eq 2.18 three times and combining terms

results in:

i)Wy = 20, #FDw, o+ (Fyy +4F, +F v,

. - 13
2, FFo o T Fodvi h2Q, (2.19)

It should be noted that, except for the concentration of the load as Qi s
Eq 2.19 is exactly the same as Eq 2.9. In the derivation of Eq 2.9 and in the
development of Eq 2.19 from a finite-element beam model, no assumptions were

made about continuity of beam flexural stiffness between increment points;
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therefore, large and abrupt discontinuities of flexural stiffness may be intro-
duced in actual beam representations. Such discontinuities in flexural stiff-
ness may include beam hinges formed by setting the flexural stiffness at a
station or increment point to zero. In effect, setting the beam flexural stiff-
ness to zero at a station removes the springs from the hinged joint and the

resulting simple hinge has no resistance to bending.



CHAPTER 3. SOLUTION OF EQUATIONS

Many different mathematical techniques have been used to solve systems
of simultaneous equations. However, for the large number of equations of the
general form applicable to beam-column solutions, the most efficient approach
appears to be the direct two-pass method described in this chapter and illus-

trated by a simple example problem.

General Fourth-Order Equation for Beams

Any one of the fourth-order difference equations developed in the preced-
ing chapter may be written in the following form:
a.w
i

+ b.w.
i -

+c.w, +d.w, e.w = f
i-1 ii i

i-2 i1 T ei¥im i (3.1)

If the unknown deflections w are in inches and if the equation is arranged so
that fi has the units of pounds, the coefficients a; through e, will be
stiffness constants with units of pounds per inch.

A given beam may be divided into any reasonable number of increments and
one unknown deflection w, may be determined for each station. In the interior
of the beam, the arrangement of equations is as shown in Fig 3. If the unknown
deflections were omitted and all the coefficients in the equations were written
in the same general pattern, the result would be a diagonally banded coefficient
matrix, termed the "stiffness matrix," plus a single-column '"load" matrix com-
posed of the f-terms. The development of the equations used in solving for the

unknown deflections is given in App 2.

Elimination of Unknowns

Solution of the system of equations in Fig 3 is done most easily by a
back-and-forth recursion-equation process. Proceeding from top to bottom on

the first pass, two unknown deflections (wi and w. ; in Eq 3.1) are eliminated

2 i-1
from each equation, resulting in another diagonally banded system of equations

of the form
(3.2)

Vit Bi¥im -t CiMiep T A

23



24

* » *
PO oW_g bW 3 $CaW.p oWy oW * ti2
YO Wiy tbgwg  vCyW g +dyw, YO 1%, * i
to w o +b‘vi_1 o w, +d,v|+1 e, w, o L
LLTFEL PR L TPPL A tCiaMiar YW, T W s =t
+0; 2w +DiaWiar tCiaaWi,e +Oiawi,x 8 owi,s Ty

Fig 3. Arrangement of equations for solution for the deflections along
the beam.
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where
A, = D,(EA, ; +aA ,-£) (3.3)
B, = D,(EC, , +d) | (3.4)
c, = Di(ei) (3.5)
and
D, = -1/(EB, ; +acC, , +ec,) (3.6)
E. = aB, ,+b, 3.7

To complete the solution for all of the unknown deflections w, , a re-

verse pass is made by applying the following version of Eq 3.2 at each station:

= + +
w, Ai Biwi+1 Ciwi+2 (3.8)

By the time the reverse pass is made, the deflections Wi and V.o will be
known. As explained in App 2, for beam and beam-column problems the coeffi-
cients A, , B, , and C, are called "Continuity Coefficients."

The above summary intentionally avoids discussing what is required at each
end of the diagonally banded system to allow the elimination process to start
and then to turn around for the reverse pass. For this purpose, auxiliary fic-
titious stations are employed at the ends, and the prescribed boundary conditions
for the beam provide the necessary equations at those statiomns.

Once the deflections have been determined, any other desired quantities
(slope, moment, shear, or reaction) may be obtained very easily by numerical

differentiation.

Numerical Example of Basic Method

A very simple example has been chosen to illustrate the process of formu-
lating the necessary equations and reaching a solution. As shown at the top of
Fig 4, the beam is simply supported at the ends and is uniformly loaded.

Since the bending stiffness is constant throughout the length, all of the
fourth-order equations developed in Chapter 2 would yield identical results.
The general form is used to produce the third, fourth and fifth equations in
the figure.

The end conditions provide four additional equations that are needed. The
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q:=1.0 Ib/in
F =10 Ib-in? e —
]
i P
« 1 a__23 I | I [, R
—" L—h:I.O'in
STATION -3 -2 -1 0 1 2 3 4 5 6 7
EQUATIONS
Fm—————
1 o+o{ W, 2w+ oW,
I
2 O|+ O + wy+ O + 0
I
3 } w, — 4wy + 6w1—4w?_+w3
[
q Wo ~ w, + 6w2—4w3+ LA
I
5 W~ dwyt 6wy~ dwy t+ wg |
|
6 O+ 0+ w + 0 +=o
I
7 Wy = 2w, t wg | + 0
RECURSION - EQUATION SOLUTION
A 00 00 02 643 133 00 -25——
B, 20 00 0.8 1143 133 0.0 0.0
C, —1 -10 00 -02 -357-467 0.0 00
w, -25 00 25 35 25 00 -25 [+
COMPUTED DEFLECTIONS w, /
--—0 — -
/ 0 L 2 3 4N
/ \
o o

Fig 4.

Simple numerical example of basic method of beam solution.
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second and sixth equations are simply statements that the deflections are zero
at the ends of the beam and consideration of any loads applied at those points
is overridden. Referring to Eq 2.5, it can be seen that the first and seventh
equations in the figure are statements that the bending moments are zero at the
ends of the beam. These equations may be thought of as special forms in the
diagonally banded fourth-order system, in which certain terms are reduced to
zero. The zero terms that are separated by the dashed lines in Fig 4 allow the.
recursion-equation process to get started and then get turned around at the far
end of the beam.

The forward pass of the recursion-equation solution is made by applying
Eqs 3.3 through 3.7 to solve for the Continuity Coefficients Ai , Bi and
Ci . Then Eq 3.8 yields the completed solution for deflections w, on the
reverse pass.

To keep the example very simple the beam is divided into only four incre-
ments. Nevertheless, the computed maximum deflection of 3.5 inches compares
remarkably well with the precise value of 3.33 inches that may be computed
from conventional theory for a uniformly loaded simple beam. Later in this
report the results from a 40-increment solution of the same problem will be

seen to give practically perfect results.
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CHAPTER 4. THE GENERALIZED FINITE-ELEMENT BEAM-COLUMN

The solution of realistic engineering problems often may involve externally
applied effects not easily represented by simple loads. In this chapter, a
variety of external loading and restraint conditions will be considered and
applied to a finite-element beam-column model.

The system of equations has the general form of Eq 3.1 and may be solved

by the same recursive technique discussed in Chapter 3.

Loads and Restraints

Figure 5 shows an interior segment of a beam-column loaded and elastically
restrained in a variety of ways. All forces and restraints are shown acting

in the positive sense, including the bending moment M and the shear V .

Lower-case letters represent loads and restraints distributed in some
manner along the beam-column, while the corresponding capital letters are used
to represent concentrated loads and restraints. The loads Q and q act
normal to the axis of the beam-column, as do the linear springs S and s .
Couples T and t , as well as rotational springs R and r , act on the beam-
column in an angular sense. In addition, a constant or variable axial tension
or compression force P acts parallel to the axis of the beam-column. The
flexural stiffness of the beam, as previously noted, is represented by F .

Considering these desired loading and restraint conditions, numerical
techniques may be applied to produce an approximate mathematical model of the

beam-column,

Development of General Beam-Column Equation

Figure 6 shows a deformed element of some beam that is subject to the
assumptions of conventional beam theory. Only bending deformations are con-
sidered; therefore, the relation between approximate curvature of the element

and the bending moment on the element is that previously given by Eq 2.1:

M = F—% 4.1)
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Writing Eq 4.1 in finite central-difference form about some Station i
gives the relation previously noted as Eq 2.5:
M, = F, "i-1 " 2%t Vi .2)
h2

Figure 7 shows a generalized beam-column element deflected a distance w
and tilted through some angle dw/dx . The various reactions from distributed
loads and elastic restraints similar to those of Fig 5 are shown acting on the
element. Although the distributed rotational effects r and t are intro-
duced for the development of equations, it will be seen that in solving actual
problems only the concentrated versions of these terms are used. Summing

moments about the right end of the element gives the relation

dM - Vdx - tdx - q59§li + swi-%-{li - rdw - Pdw - dP %; = 0 (4.3)
Neglecting the higher order terms, |

% V4 e+ (r+ p)% %.4)
From summation of vertical forces on the element in Fig 7,

%ﬁ =q - sw 4.5

Differentiating Eq 4.4 and eliminating the shear V by means of Eq 4.5 gives

2

Mo 4 dw
) q - sw + e [t + (r + P)de | 4.6)

o

According to Eq 4.6, the second derivative of the bending moment is no
longer simply equal to the applied load q as previously expressed by Eq 2.2
but now is also influenced by all of the other effects that were added to
generalize the beam-column element. Also, it should be noted from Eq 4.4 that
to compute the shear V from the first derivative of the bending moment it
is now necessary to account for the applied couples t and the restraint
couples developed by the r and P terms.

To avoid the limitations that were noted in developing Eq 2.8, all of the
terms in Eq 4.6 must be converted directly to finite-difference form, without

first performing in a conventional manner any of the indicated differentiations
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DEFLECTION w

|
TRANSVERSE LOADING | q Q t T
| b Ib in=lb in-1b
‘ inch inch
BENDING | 4 | T H ‘ eYale e DA
MOMENT
AXIAL M.in-Ib
LOAD P, b —~ C)6>’7 @7 -
SHEAR V, b

ELASTIC RESTRAINTS -] S r R
Ib/in Ib/in in-lb/rad in-b/rad
inch Inch

UNITS SHOWN ARE TYPICAL. ANY CONSISTENT SYSTEM OF
UNITS MAY BE USED.

Fig 5. Lloads and restraints considered in the generalized beam-column
solution. All effects are shown acting in a positive sense in
relation to the x-direction.



Fig 6. Deformed element corresponding to conventional beam theory.

Fig 7. Generalized beam-column element deflected a distance w and tilted
through some angle dw/dx .
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of products. Because of the unwieldy nature of the expressions, each side of

the equation will be developed separately.
Written in central-difference form, the left side of Eq 4.6 is
a’y Mg -2 My
- = @.7)
dx2 h2

Eliminating the bending moments M by applying Eq 4.2 three times results in:

2

a?M 1
LI - +
I, -z FiWig - 2(F; T Fwy o+ (Fy | +4F, +F 0w,
2 Vi F P | (4.8)

Next the right side of Eq 4.6 is converted to central-difference form exactly

as it stands:

-w, tw
i " Vi
+[ti+1 Tt Pi+1)(-2_hl):| ]’ .9

The final equation is obtained by combining Eqs 4.8 and 4.9 and collecting
terms. The following conversions to lumped quantities at each increment point

are also made,

Qi = hqi 4.10)
Si = hsi “4.11)
Ti = hti 4.12)
Ri = hri 4.13)

It is convenient to write the final general beam-column equation in the form

of Eq 3.1, as follows:

- f %.14)

+ b +
a4 v vy Ty e i

ii-2 171-1
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where, in the present case,

a, = F,._; - 0.25h(Ri_1 +hE, ) (4.15)

b; = -2(F, _; + F.) (4.16)
_ 3

¢; = Fy +4F, +F, ., +h's +0.25h(R,_; +hP ;)

+ 0.25h(Ri+1 + hPi+1) G.17)

d; = -2(F; +F.)) _ (4.18)

e, = Fi+1 - 0‘25h(Ri+1 + hPi+1) %.19)

£, = hQ, - 0.5h%(T, . - T...) (4.20)
i i ’ i-1 i+1 :

In combining the finite-difference forms of Eqs 4.1 and 4.6 into Eqs 4.14 -

4.20, no assumptions were made concerning the continuity of the derivatives

over the interval considered and no conventional derivatives of products were
taken. Instead, each term of the equations was expressed in finite-difference
form immediately upon its introduction and any subsequent combinations were

made by algebraic manipulation. Thus, in effect, the above process is only a
more general version of the earlier finite-element development leading to Eq 2.19.
In fact, if the effects of axial tension, applied couples, and rotational and

transverse springs are set to zero in Eqs 4.14 - 4.20 they reduce to Eq 2.19.

Mechanical Model

The representation in Fig 8 is an exact mechanical analog of the beam-
column behavior described by Eqs. 4.14 - 4.20, The figure shows all quantities
related to a typical point, Station i. The flexural stiffness Fi is represented
as concentrated at the increment point in the form of a spring-restrained hinge
between two rigid segments. All load and support values are ultimatély felt by
the beam as transverse forces applied at increment points. This is obvious for

the lateral load Qi and for the couple created by forces Ti/2h . It is also
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Fig 8. Mechanical model corresponding exactly to beam-column equatiomns.
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true for the reaction from the spring Si as well as for two equal but oppo-
site reactions from the angular restraint mechanism which acts as an exact
analog for the combined effect of a rotational spring Ri and the axial ten-

sion (or compression) Pi .

Distributed and Concentrated Effects

The concentrated or lumped quantities of Eqs 4.14 - 4,20 may represent
either effects acting only at the increment pbint or approximations of effects
distributed per increment length h of the beam-column. The length over
which distributed effects may be considered to extend includes a distance h/2
on each side of the increment point or station. Thus, to correctly express an
effect distributed between two stations some distance apart along the beam-
column, half-values of the distributed effect should be put at the end stations
and full values at intermediate stations. The rule applies not only to dis-
tributed values of loads Q and springs S , but also to bending stiffness F
and axial tension P . Rotational restraints R and couples T normally are

needed only as concentrated effects.

Method of Solution for the General Beam-Column System

The general process is particularly convenient for machine computations
since it can be summarized as a set of equations which are solved repeatedly at
station after station along the beam. Figure 9 illustrates the sequence of
computations and summarizes all the equations that are needed.

Figure 9a shows a finite-element model of the beam-column. Any of the
input loads and restraints shown at Station i can also be placed at other
stations. The flexural stiffness F must be stated at every real station.

Equations 4.l4 through 4.20 are reproduced in Fig 9b, which also shows
the quidiagonal stiffness matrix (a matrix with five unknown deflection coef-
ficients) that is produced by applying the equations at every station, including
one fictitious station beyond each end of the real beam-column. The corre-
sponding load matrix is shown in Fig 9c.

The zeroes at the ends of the quidiagonal-band stiffness matrix are created
automatically by the general beam-column equation, provided that no load or
stiffness data exist for the fictitious extensions at the ends of the beam-

column. In the computation of Continuity Coefficients in Fig 4 (by Eqs 3.3
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through 3.7) these zero terms serve to blind the equations to any extraneous
effects that might be thought of as existing further beyond the ends of the

beam-column. They are the means by which the recursion process is enabled to
get underway and then to get turned around at the far end so that deflections

finally may be calculated.

Boundary Conditions and Specified Conditions

The conventional concept of prescribing boundary conditions only at the
ends of some region under consideration is unnecessarily restrictive in re-
lation to the present finite-element approach. While it is true that finite-
difference expressions can be written to represent almost any condition at the
ends, the generality of the available input data in the present method tends to
supplant the need for any special equations.

Since the fictitious stations beyond each end of the model beam-column of
Fig 9 have no flexural stiffness, they act as multiple hinges and thus isolate
the model beam-column and the recursion equations describing its behavior from
consideration of any effects beyond the ends.

Instead of using special boundary equations for end moments and shears,
they can be produced simply by input data in the form of T and Q terms.

In addition to boundary equations that may be automatically created, speci-
fied values of deflection and slope may be enforced at any station on the beam-

column by manipulation of the Continuity Coefficients.

Specified Deflections

Because of the interdependent nature of the Continuity Coefficient equations,
any special manipulation of these coefficients must occur as they are being com-
puted from beginning to end along the beam-column. Thus both physical conti-
nuity and that of the simultaneous equations describing beam-column behavior are
preserved.

The following expression for deflection at any Station i along the beam-

column has been given (as Eq 3.8):

Wi = Ay Biwe ) T 0V 4.21)

If, during the computation of the Continuity Coefficients Ai’ Bi’ and
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Ci along the beam-column, a specified deflection is desired at Statiomn i,

the computational process is interrupted as it reaches Station i, the Con-
tiguity Coefficients Bi and Ci are set equal to zero, and the Continuity
Coefficient Ai is set equal to the desired deflection. The normal process

is then resumed at Station i+l. The effect is that a reaction is produced on
the beam of sufficient magnitude to give the required deflection at the desig-
nated station. The same effect can be approximated by introducing a very large
force Qi and a correspondingly large spring constant Si in such a ratio

that all other effects are overridden and the desired deflection 1s physically

enforced.

Specified Slopes

The slope at any Station i1 along the beam-column may be written in dif-

ference form as
o = —i-l T Vi
i 2h (4.22)

By immediate manipulation of the Continuity Coefficients A, B, and C at
Stations i-1 and i+l, a specified slope may be produced at Station i of the
beam-column. The process is developed in App 3.

In effect, loads of opposite sign but equal magnitude are produced at
Stations i-1 and i+l to tilt the beam to the desired slope at Station i.

Based on the alternate method of physically specifying a deflection with
extremely large values of Q and S , it would seem feasible to use a large
rotational restraint R and a large applied couple T in correct ratio to
physically enforce a specified slope at a particular station. Such is not the
case, however, as the use of extremely large R-values tends to cause a loss of
significant digits in the matrix elimination process. (R-values within the
range of reasonable physical structural characteristics have not been found to
cause any difficulty.)

The form of the equations for specified slope and deflection allows values

of either slope or deflection, or both, to be specified at a particular station.

Errors

The errors in numerical solutions arise because of (1) truncation and
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(2) loss of significant figures in arithmetic operations.

Some degree of truncation is inherent in most finite-difference expressions
of continuous functions. Such errors in the present method are suggested by
the mechanical model in Fig 8. The model represents a finite, lumped-value
approximation of the real beam-column. No further truncation error is intro-
duced in the solution since the equations are an exact representation of the
finite-element model. Truncation errors may be minimized by increasing the
number of increments into which the member is divided, provided that loss of
significant digits does not become a problem. As an example of truncation
errors that may be produced, the maximum deflection of a simply supported beam
with constant cross-section and a concentrated load at the center can be com-
puted to an accuracy of 2.0 per cent with 10 increments and 0.l per cent with
50 increments.

With the long sequences of computation that are employed, the loss of
significant figures may be important. Using a CDC 1604 computer with a word
length of 48 binary bits (about 11 decimal digits), no significant errors have
been encountered in the variety of problems solved to date. However, diffi-
culties have arisen in some solutions on the IBM 7094 which normally uses a
36-bit word length (about 8 decimal digits). The troubles were overcome by
using the double-precision option available in FORTRAN IV.

Based on a study of computation errors, using the variable word length
capability of the IBM 1620 computer, it appears that 10 to 12 decimal digits
are sufficient for good results for the considerable range of engineering prob-
lems that have been studied.

It is strongly recommended that the accuracy of solution for any new
ranges or types of problems be tested by simple-case comparisons between com-
puter and exact solutions. It is also recommended that unreasonably small

increment lengths be avoided.



CHAPTER 5. PROGRAM BMCOL 34

BMCOL 34 is a computer program written to solve problems involving
linearly elastic beam-columns with continuous or freely discontinuous trans-
verse and angular loads and restraints. As discussed in Chapter 4, the
mathematical representation is consistent with a finite-element analog of the
real beam-column. The program logic closely parallels the summary of the
method given in Fig 9,

The number, 34, simply means that this is the 34th significantly distinct
version in the chronological sequence of development. Different purposes are
served by various programs in the series; many are inactive or superseded, and
a few were not carried past an initial idea stage.

Detailed procedures for preparing input data are given at the end of this

chapter. Example problems are considered in Chapter 6.

Program Operations

The general procedures followed by the program are described in the flow
diagram in Fig 10, An identification card at the beginning of each problem con-
trols the start of each solution. Unless an error stop occurs because of
unacceptable data, the program will work any desired number of problems in
sequence, finally stopping when a blank problem-number card is encountered.

Table 1 is comprised of a single data card that includes options to hold
data from a preceding problem, a count of cards added to each table in the
current problem, and an option to obtain automatically plotted curves in addition
to the printed tabulations of results.

Tables 2 and 3 are either held or they are erased completely and recreated
in the current problem. Table 4 provides for the input of all values of all of
the stiffness and load terms considered in the general beam-column method.
Several variations in input are provided by which concentrated or distributed
data are read into storage. All data in Table 4 are algebraically accumulated
and new values therefore may be added regardless of whether such data are held
from the preceding problem. This feature has been found to be a versatile and

convenient device for solving many types of analysis or design problems that

41
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involve progressive changes in loads or in structural characteristics.
Once the data are stored, the program develops the matrix coefficients
and Continuity Coefficients at all stations and proceeds to solve for deflec-

tions.

Computed Results

Once the deflections w have been computed, the first and second deriva-
tives are determined numerically to yield the slope at each station and, by
application of Eq 4.2, the bending moment. The bending moment is also differ-
entiated twice, Each line of the final tabulation gives the station and
distance x along the beam-column, plus the deflection, slope, bending moment,
and the results from differentiating the bending moment.

The second derivative of the bending moment, multiplied by the increment
length h , is equal to the algebraic sum of all forces or reactions, from any
source whatsoever, that acts on the beam-column at any one station.

Specified values of deflection or slope are introduced at any particular
station after all of the regular input data have been applied in the general
fourth-order beam-column equation., Reactions caused by specified conditions
were not included in Eq 4.9 or Eqs 4.14 - 4.20, If such a reaction is denoted by
Qi and added to Eq 4.9 and all data quantities are lumped according to Eqs 4,10 -

4,13, the result can be arranged in the following form.

2
d™M s 1 -
[h dxz:li =~ Q F Q- gy Ty - Ty)

1
- [Si toanz R PR PR hPi+1)] i

1

+ R
4h2 (

1 FhRP) Vo, (5.1)

i+
The output for Program BMCOL 34 is arranged to print at each station the composite
"het reaction" as computed by Eq 5.1.

The second derivative of the bending moment has units of force per unit of
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( ]

Read and print problem identificationj

Read and print Table 1 - program control data,
including options to hold prior data

Read (or hold) and print

A Table 2. Constants

Table 3. Specified deflections and slopes
Table 4. Stiffness and load data

,r— DO for each Station i from -1 to m+1)

Compute matrix coeffs aj; through £;

Compute Continuity Coeffs’ A, , By, C

Specified
deflection or

slope
?
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No |Reset Continuity Coeffs

(
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_______ —{conTINUE )

r—'_‘l DO (in reverse) from i = mtl to -fi)
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|
I
T Compute deflection w;
|
|
\

—————— CONTINUE )

Compute and print at each station:
x w dw/dx M dM/dx h(d?M/dx?)

Optional plot of computed variables versus x

\ J

Fig 10. Summary flow diagram for the beam-column program.
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length of the beam-column. Multiplication by increment length h in Eq 4.9

results in units of force per increment length, With this value and all de-

flections w and all input data terms known, it is possible to use Eq 5.1 to
make any desired separation of reaction effects. Where there are no R, P,

or T terms the process is obviously quite simple.

Any concentrated couple applied externally as a T-value or developed as
the result of a specified slope or a rotational restraint R , must be sensed
by the beam as two equal but opposite forces acting one increment each way from
the station considered. Thus, within the zone influenced by such a pair of
forces, the internal shear V changes in a manner that is different from that
usually considered when structures are idealized as line members and each
couple is assumed to act at a point. However, in an actual structural member
an abrupt discontinuity in shear does not really occur and, depending on the
increment length chosen, it is possible for the beam-columm analog to provide
a more satisfactory approximation of such couples,

Program BMCOL 34 is also arranged to output the first derivative of the
bending moment. No attempt should be made to extract conventional values of
shear V from the ocutput listings closer than two increments from a station
where a couple T is applied or where a rotational restraint R or a specified
slope is placed. Also, due account should be taken of the influence of an axial
load P at the station considered., The proper procedure can be deduced from
Eq 4.4.

All output values are printed for each station, including one auxiliary
station at each end. Each problem may be terminated with the printed tabula-

tions, or a set of five automatically plotted curves may be obtained also,

The FORTRAN Program

A general flow diagram plus detailed diagrams for significant parts of the
program will be found in App 4. A list of the notation used within the program
is given in App 5 and a listing of the program itself is in App 6.

The program is written in FORTRAN-63 language for a Control Data Corpora-
tion 1604 digital computer having a 48-bit word length and operated with a
FORTRAN-63 Monitor system. Compile time is about 80 seconds. Exact storage
requirements are undetermined. Required machine time is variable, depending

upon the problem to be run. Most problems are solved in 15 seconds or less,
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including input and output manipulations.

The FORTRAN coding has not been optimized from the standpoint of machine
operations. Clarity of program logic and ease in understanding have been
given priority in several places. It is felt, however, that a reasonable com-
promise has been obtained.

An attempt has been made to write the program to be reasonably compatible
with the IBM 7090-7094 system. However, at least minor revision will probably
be required, particularly in the input and output formats. Depending on equip-
ment available, it may be necessary to delete the automatic plotting routines.
Because the standard IBM word length is limited to 36 binary bits, the double-

precision option of FORTRAN IV is recommended,

Error Messages

There are four possible error messages that may be encountered in the use

of the program, The program stops when any one of these is encountered.

(1) TOO MUCH DATA FOR AVAILABLE STORAGE (occurs if number
of specified conditions exceeds 20).

(2) STATIONS NOT IN ORDER (occurs if cards of specified
conditions are not in order of station number or if
cards of Table 4 input are not in order of station
within a particular distribution sequence).

(3) NON-ZERO TABLE 4 DATA BEYOND END (prevents retaining
unwanted data at first station beyond end of beam-
column),

(4) UNSPECIFIED ERROR STOP -- PROGRAM TERMINATED (provides
a general-purpose stop for a number of unlikely errors;
check input data carefully).

Guide for Data Input

The following pages consist of a Guide for Data Input. These pages may be
extracted for routine use. It should be expected that revisions of these forms
and instructions may be developed in the future and may supersede the present
versions.

Example problems are discussed in the next chapter. The first two cases
are very simple ones that are intended to aid in learning to use the input
data forms, and the other examples serve to illustrate a variety of coding situa-
tions. Input and output listings for all of the examples are given in App 7 and

App 8 and should be used to check practice coding,
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BMCOL. 34 GUIDE FOR DATA INPUT —- Card forms

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

% 80
|1 80
IDENTIFICATION OF PROBLEM {one alphanumeric card each problem)

PROB Description af problem
1 5 11 80
TABLE 1. PROGRAM CONTROL DATA (one card each problem)

ENTER “1" TO HOLD PRECEDING NUM CARDS ADDED FOR

TABLE 2

ENTER 1,2,0R 3

|l| 4 TABLE 2 3 4 TO PLOT
15 20 25 35 40 45 60
TABLE 2. CONSTANTS (one card, ar none if Table 2 of preceding problem is held)
‘NUM INCRS INCR LENGTH
6 10 21 30
TABLE 3. SPECIFIED DEFLECTIONS AND SLOPES ( number of cards according to Table 1; none if preceding Table 3 is held )
STATION CASE DEFLECTION SLOPE
| | | CASE = 1 for deflection only, 2 for siope only, 3 for both
6 10 16 20 30 40

6%
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TABLE 4. FIXED VALUES OF STIFFNESS AND LOAD ( number of cards according to Table 1). Data added to storage as lumped quantities
per increment length, linearly interpolated between values input at indicated end stations, with 9@-—vo|ues at each end sto-
tion. Concentrated effects are established as full values at single stations by setting final station = initial statian.

ENTER 1
(F CONT'D F Q S T R P
TO ON NEXT FLEXURAL TRANSVERSE SPRING TRANSVERSE ROTATIONAL AXIAL TENSION
STA STA CARD STIFFNESS FORCE SUPPORT COUPLE RESTRAINT OR COMPRESSION
6 10 15 20 30 40 50 60 70 80

STOP CARD (one blank card at end of run)

GENERAL PROGRAM NOTES

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: pounds and inches.
All 5-space words are understood to be right-justified integers or whole decimal numbers . . . .

All 10-space words are floating-point decimal numbers . . . . ¢ ¢ ¢ ¢« & o ¢ ¢ o o o o & F—4. 321 E+4)3|

TABLE 1. PROGRAM-CONTROL DATA

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

For Table 4, the data are accumulated in storage by adding to previously stored data. The number of cards
input is therefore independent of the hold-option.

Card counts in Table 1 should be rechecked carefully after coding of each problem is completed.

The plot option has four possible values. If the plot option is blank or zero, no plots are drawn. If the
plot option is specified as 1, 2, or 3, then each of w , dw/dx , M, dM/dx , and h(d2M/dx2) is
plotted versus station number, with the size of the axes depending on the value of the plot option. If
the plot option is 1, the plots are drawn on 1 X 5-in. axes such that the group of five plots will fit
on an 8-1/2 x 11l-in. page. If the plot option is 2, the plots are drawn on 2 X 10-in. axes such that
the group of five plots will fit on an 11 x 17-in. page. If the plot option is 3, the plots are drawn
on 1 x 15-in. axes such that the group of five plots will fit on an 11 x 17-in. page. b
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TABLE 2. CONSTANTS

Typical units for the value of the increment length are inches.
The maximum number of increments into which the beam-column may be divided is 200.

The length of the beam-column may be changed and data may be held in Tables 3 and 4. The user is cautioned
that when the beam is shortened, non-zero data past the end of the beam may disrupt the solution. An
error message is printed out when this occurs.

TABLE 3. SPECIFIED DEFLECTIONS AND SLOPES

The maximum number of stations at which deflections and slopes may be specified is 20.
Cards must be arranged in order of station numbers.
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 station.

TABLE 4. STIFFNESS AND LOAD DATA

Typical units:
variables: F 9 Q S T R P
values per station: 1bX in 1b 1b / in in X 1b in X 1b / radian 1b

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

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

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

There are no restrictions on the order of cards in Table 4 except that within a distribution sequence the
stations must be in regular order.

129
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CHAPTER 6. EXAMPLE PROBLEMS

Several example problems have been selected to illustrate the beam-column
method of solution and the use of Program BMCOL 34. Input data listings are
given in App 7 and computer output listings are in App 8. Though the examples
are hypothetical, an attempt has been made to select cases that are reasonably

typical of actual highway and bridge-design problems.

Uniformly Loaded Simple Beam

The first two examples are intended to provide the simplest possible
introduction to the use of Program BMCOL 34, including the Guide for Data
Input given in the preceding chapter. Example Problem 1A in Fig 1lla is the
same as that discussed in Chapter 3 and solved by hand in Fig 4, except that
the beam now is divided into 40 increments. In Problem 1B, the flexural stiff-
ness is varied along the length as indicated in Fig 11b.

Figure llc shows the necessary information for these two problems as
entered on a general-purpose 80-column form prior to key punching the data
cards. A listing of the punched cards for these problems appears at the be-
ginning of App 7.

Since both the load Q and the flexural stiffness F are constant for
the full length of the beam in Problem 1A, they are entered together on the one
card in Table 4. The only change in Problem 1B is that the flexural stiffness
is increased. Therefore, options are exercised in Table 1 to hold Tables 2,

3, and 4 from Problem 1A. The increase in F is then distributed to storage
at the various stations by linear interpolation according to the four-card
sequence that is added to Table 4.

The output listings for these two problems are given at the beginning of
App 8. Automatically plotted curves were called for in Table 1 of each problem
but only those for Problem 1A are reproduced in Fig 12. The maximum deflection
for Problem 1A is 3.335 in. which is only .06 percent more than the theoreti-
cally exact value of 3.333 in.

In both of these problems the results labelled dM/dx may be interpreted
as the conventional beam shear since no external couples are applied nor de-

veloped by restraints., At the end stations, the value of dM/dx is one-half

57



58

(a)

STA

F=10 LB-INZ &

Q=01 LB/STA

>

! 2ARE 2AAZARA EA AL
|

4 1l T
|

/@ L _r.i0LB-IN?

0 10 20

——||<—h=0.l IN.

AAAD

aliill

§>_

30 40

d
]

—_—
—]

®) — %
STA 0 10 20 30 40
F=1.5 LB-IN?
(¢)
@) @) @)
4 CHARGE CE051118 CODED 28 JUL G6-HM,Jyr PUNCH 28 JUL 68-TH nuii t Aijs"es]
P ; ; ! , [ttty
X EXAMPLE PROBLEMS - BMCOL 34 FINAL gspoer ; :
1A BIMPI.E BEAM, UNIFORMLY LOADED, CONSTANT EI ‘
. B S
1 o o o 12 1 1 !
2 40 1.000E- 01 ' |
3[ 0 1 0.000E+00 ’ ST
40, { 0.000E+00 : B
4 0 40 O 1.000E+00 4.000E-01 o
. . - ' . . -
18 SIMPLE BEAM, UNIFORMLY LOADED, VARIABLE EI i
. . . . . . i--
1 11 1 6 0 4 1 ;
0 1 0.000E+00
4 10 1 5.000E-01 T
30 1 5.000E-01%
40 0 0.000E+00 T
R
B
Fig 11, Example Problem 1A (40-increment beam) and

Problem 1B (variable bending stiffness).
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the value of shear that would be expected just inside of each end support.
This is a correct numerical approximation 6f the fact that the shear is being
reduced from its full value to zero by the support reaction. Obviously, two
values (zero and the full shear) cannot both appear at the end station; thus,
the computed shear is zero at the station beyond the end, a half-value at the
end station, and a full value at the first interior station. The tabulated
results are consistent with the idea of half-values that must be entered at
the ends of distributions of input data values, as discussed in Chapters &
and 5.

As previously discussed, the net reactions are obtained by taking the
numerical second derivatives of the computed bending moments (multiplied by
increment length h ). 1In the interior of each beam they are seen to agree
with the input loads of +0.1 1lb per station. At each end station, the value of
-1.95 1b represents the algebraic sum of a half-value of load Q (+0.05 1lb per
station) and the support reaction of -2.00 lb. The negative sign represents a

downward force or reaction.

Steel Bent Cap

Figure 13a shows a bent cap similar to some that are currently used in
highway construction. The steel cap carries its own weight plus dead load and
live load transferred from the roadway slab through stringers spaced at five-
foot intervals. The live loading is asymmetric as might occur from some pat-
tern of lane loadings. In accordance with current Texas Highway Department
design practice, the bent cap is assumed to be simply supported; however, rota-
tional restraints from supporting columns could have been included. Cover plates
are added in the vicinity of the center support. For the beam-column solution,
the bent cap was divided into 80 twelve-inch increments.

The resulting deflected shape was plotted from the listing in App 8 and is
shown in Fig 13c. Figure 13d shows the computed bending moment curve for the
bent cap. The maximum positive moment occurred in the more heavily loaded span
and the maximum negative moment occurred at the interior support.

For problems similar to the above, the "hold-data' options in the program
may be used to investigate variations of design parameters with a minimum of
additional input data coding. Such parameters as the size and location of

cover plates, the placement of supports, and the magnitude and location of
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Fig 13. Example Problem 2: steel bent cap.
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applied loads may be varied and their effects analyzed to determine the most

efficient and economical design for the required loadings.

Multiple-Span Bridge

Figure 1l4a illustrates a problem taken from Ref 10 in which settlements
of piers influence the bending and deflection of a bridge girder. The 10 spans
are assumed to be supported near the ends by a rock foundation and in the
middle by a compressible soil. In the- present example, the soil behavior is
represented by simple, independent, linear springs. Repeated solutions, with
intermediate adjustments of the spring stiffnesses, could be applied to solve
for nonlinear soil response or for the effects of the interaction of pressure
bulbs on the settlements of adjacent footings.

Two hinges are shown, and haunches are used across the supports to repre-
sent cover plates on the girder. It is desired (1) to determine the effect of
dead load on the settlement of supports and on the bending moments throughout
the structure and (2) to observe the effects of the dead load and dead-load
settlements combined with a live load whose duration is not enough to produce
any significant additional settlement.

The structure, as modeled in the beam-column solution, is shown in Fig 14b.

It has been divided into 100 increments, each 8 ft in length. In the middle
‘zone, the linear spring at each column represents the soil support, and the
angular restraint provided by the rigidly connected columns is indicated by a
spiral spring. The flexural stiffness variations are shown; also, the two
hinges are modeled by simply setting the flexural stiffness equal to zero at the
proper station.

The solid curve in Fig l4c shows the deflected shape of the structure and
the settlement at each central support caused by the dead load. Zero deflec-
tions were specified for the piers founded on rock. Settlements of approxi-
mately 0.5 inch occurred at each of the five central columns. The solid curve
in Fig 14d shows the corresponding dead-load bending moments. The maximum
negative moment occurred at the first interior support, and a moment of zero
occurred at each of the two hinges.

To study the effects of a temporary live load, the five central supports
were locked at the deflections previously found by the dead-load solution, and

then the live load shown in Fig l4a was added to the dead-load values. The
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resulting deflection and bending moment curves are given as dashed lines. It
would be relatively easy to move the live load and repeat the solution until

the most critical position is found.

Braced Trench

Figure l5a shows‘a braced trench that is 120 inches wide. The trench is
lined with continuous sheet piling, with wales arranged so that the soil pres-
sure on each five-foot length of trench is transferred to timber struts located
at the third points of the trench depth. The applied lateral soil pressure is
assumed to be as shown in Fig 15b, and the restraint provided by the toe of
the sheet piling is simulated by a series of springs whose stiffness varies in
simple proportion to depth. For the beam-column solution, the sheet piling
was divided into 40 twelve-inch increments.

Figure 15c shows the deflected shape resulting from the computer solution.
The maximum deflection occurred in the region of the trench bottom, and the
lower trench brace was also compressed significantly under a reaction of
-57,160 1b. This value may be obtained either as the net reaction of -53,860
1b at Sta 20 corrected for the soil load of +3,300 lb/sta or, otherwise, as
the computed deflection of 0.2141 inch multiplied by the brace stiffness of
267,000 1b/in.

The resulting bending moment diagram is shown in Fig 15d. The maximum
moments occurred near the point of greatest sheet piling deflection and at the
lower trench brace.

As shown in Fig 15c, a large toe deflection has occurred, as well as
excessive deformation and loading of the lower trench brace. This indicates
that the design assumed is unsatisfactory. 1In actual practice, more beam-
column solutions would be made using combinations of stiffer sheet piling,
greater depth of toe embedment, more braces, or different spacing of the
existing braces to effect a more efficient and stable design for final use.
Sets of such solutions can be made with a minimum of additional input data
coding by use of the options to hold data from problem to problem.

Problems of this type with nonlinear soil pressure and restraint charac-

teristics may also be solved in a similar manner (Refs 9 and 1l1).
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Buckling of a Long Pile-Column

To illustrate the use of the general beam-column procedure to solve elas-
tic buckling problems by incremental variation of axial load, the problem shown
in Fig 16 has been selected. Previous methods for determining the effective
length of a column partially embedded in soil have involved various methods of
approximation. Because the degree of end restraint is a critical factor in
determining buckling loads, such approximations may lead to considerable error.

The structure selected is shown in Fig 16a. The pile chosen is one of a
group supporting a bent cap and driven to rock through a soft riverbed deposit.
The beam-column model used in the solution is shown in Fig 16b. The spiral
spring at the pile top represents the angular restraint provided by the bent
cap. The soil characteristics are represented by the series of linear springs.
Just as required by a real column, some eccentricity or applied lateral force
is required to initiate the buckling process. As shown in Fig 16b, an eccen-
tricity of one inch in axial-load application is assumed at the pile top, and
a lateral current force is also applied to the pile.

Figure 16¢c shows a plot of maximum pile deflection (occurring at the pile
top) versus applied axial load. 1In addition, the deflected shape and corre-
sponding bending moments at an intermediate load are shown. When the axial
load is increased progressively to values near the critical buckling load, the
pile deflections increase more and more rapidly. On passing the critical
buckling load, the process is mathematically discontinuous, and the sign of
deflections reverses suddenly as the region of unstable equilibrium is entered.
The reversal in signs of deflections can be seen by comparing the results for
Problems 5J and 5K in App 8.

With this procedure, the complete column is modeled and solved at one
time and no equivalent pinned-end length or point-of-fixity assumptions are
necessary. Nonlinear behavior of both the soil and the pile also may be con-
sidered in the solution of such problems (Ref 12).

The method is not limited to soil-supported elements, but can be applied

to a wide variety of problems of axial-load buckling.

Rigid-Frame Bent

The example in Fig 17 is included to illustrate the applicability of the

BMCOL method to certain aspects of the solution of simple frames. If it can be
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assumed that no translation (sidesway) occurs at the joints, and if the bending
deflections caused by axial-load effects are negligible, the rigid-frame bent
in Fig 17a can be represented for solution as the continuous member shown in
Fig 17b. Axial loads could also be included, but a rigorous treatment would
require repeated solution with new axial-load values being determined after
each trial and applied in the next solution until satisfactory closure is estab-
lished. In the current problem, as in many others, the effects of axial load
on bending are very small and the conventional practice of neglecting them is
entirely appropriate. (Whether or not they are included in the bending
analysis, axial loads normally would still be included in computing stresses

on any given section.)

The example is intended to represent a hypothetical grade-separation
structure where live loads are produced by railway wheel loadings. A slice of
the structure five feet thick is analyzed as the two-dimensional frame shown
and is assumed to carry one set of tracks. Additional transverse loads occur
from the dead weight of the structure and from the adjoining fill. The columns
are assumed to be fixed against rotation at the bottom. They could just as
easily have been represented as partially restrained.

The flexural stiffness variation for the tapered haunches is approximated
by a series of straight-line variations, as indicated in Fig 17b.

The resulting deflections are shown in Fig 17c¢ and the bending-moment dia-
gram is given in Fig 17d. To determine the most critical loading condition, a
series of similar solutions could be performed, with the live load shifted in

position each time.
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CHAPTER 7. USE OF THE BMCOL METHOD

Summary

The beam-column solution which has been described provides for direct
analytical simulation of a wide variety of problems in structural bending or
buckling. The principal features of the approach are summarized as follows:

(1) Equations are derived in such a way that all data for

beam stiffness and for loads and supports may be varied
independently at each increment point along the beam-column.

(2) The expressions provide exact mathematical correspondence
to a mechanical finite-element beam-column model which
may be used as an aid for engineering visualization and
interpretation.

(3) A direct two-pass method is used which achieves maximum
computational efficiency in solution of the equations
for elastic beam-columns.

Use of the method in design tends to promote the application of engineer-
ing judgment and decision while minimizing the time spent in tedious calcula-
tions. Its generality (within stated bounds) allows a reduction in the usual
efforts to adapt conventional special-case solutions in mechanics to complex
problems.

Once the basic data for a problem have been determined and coded, varia-
tions of individual parameters are quite simple to introduce and the effects
of a wide range of variables can be evaluated with a minimum of additional

effort.

Recommendations Pertaining to the Use of BMCOL 34

This report and Program BMCOL 34 are intended to provide a basic version
of the general beam-column method, both for immediate application in design
and to serve as a basis for future developments. Users will no doubt find it
desirable to adapt the program to many specific purposes. Modifications are
therefore to be expected and even encouraged, subject only to correct inter-
pretation and application of the concepts and principles.

The basic method is relatively simple, but it is somewhat different in

approach from conventional techniques. It should be thoroughly understood
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and careful attention should be paid to the detailed rules and instructions
for coding of problems, Sign conventions for all input data quantities are
particularly important,

Those who are interested in using this method to solve their own problems
are urged to practice first with some of the example problems in this report.
Subsequently, the user will find it possible to extend the method to many other
types of problems. In any new area of application, it is important that re-
sults be compared with known correct solutions from generally similar problems.

One particularly interesting area of application appears to be where the
designer wishes to vary significant parameters through reasonable ranges and
thereby optimize his designs. With the convenience and economy of making

multiple computer solutions, such an approach becomes feasible.

Extensions of the Basic Method

The example problems have indicated a wide range of application of the

method. A number of additional uses are suggested below.

(1) Problems involving nonlinear loads and supports may
be solved by the use of techniques in which the non-
linear loads and supports are represented by load-
deformation curves; and multiple trial-and-adjustment
solutions are made until a final, stable solution is
achieved (Refs 9 and 11).

(2) The method described is being used in the development
of a design-oriented computer program to analyze bent
caps under complex highway loading conditions (Ref 13).

(3) The method is being successfully applied as a key
technique in an alternating-direction solution of
generalized grid-beam and slab systems (Ref 14).

(4) It appears to be feasible and expedient to use the
present method as an element in the solution of more
complex structural frames.

(5) Problems in inelastic bending may be handled by ad-
justing the nonlinear flexural stiffness F between
trial solutions in much the same way as nonlinear
loads and supports may be treated (Refsl2 and 15).

(6) The BMCOL method can be used as the key element in
the solution of problems involving time-dependent
response to dynamic loadings (Ref 16). Extensions
to slabs and grids and pavements appear to be quite
feasible.
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APPENDIX 1. CENTRAL-DIFFERENCE APPROXTMATIONS

The methods of analysis in this report are based on a finite-element
mechanical model that approximates real structural members. The most nearly
equivalent approximations of conventional numerical analysis are the central-
difference forms used to express continuous functions and their derivatives.
Central-difference expressions for four orders of derivatives are of interest
in beam-column problems. They are developed and illustrated below. Mathe-
matically rigorous derivations and proofs are available in almost any standard
text on numerical analysis and usually include appropriate consideration of
error terms. However, for present purposes, the validity of the approximations
may be accepted intuitively. For example, it is easy to see from Fig Al.1l
that the slope of the curve at Station i may be closely approximated by a
secant drawn through points on the curve at the two adjacent stations. It is
also obvious that the errors tend to decrease as the increment length is

reduced. The resulting approximation for the first derivative is

ax )i °h (al.1)

( _clv_v) Vi1t Vi

i
For higher derivatives, the process could be repeated by taking simple
differences and dividing by 2h each time. However, to keep the system more
compact, temporary stations j and k are considered with slopes at these points
computed on the basis of half-spaces. The second derivative is then written
as the difference between these slopes, divided by one increment length. The

result is as follows:

- Qv_v) (d_W) (- -
<d2W> o (dx 3t ax ik oo P wg) oy Cvy F Vi)
i

de h h - h

(Wi_1 2Wi + Wi+12/% 2§/h (A1.2)

Proceeding in a similar way, the third derivative is approximated by
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i
- h2 h2
2h
_ 3
= (-wi_2 + 2wi_1 - 2wi_|_1 + wi+2)/2h (Al.3)

and the fourth derivative is

d2w d2w d2w
a* ) A Y A
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Fig Al.1,

Geometric basis for central-difference approximations.
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APPENDIX 2, DERIVATION FOR RECURSIVE SOLUTION OF EQUATIONS

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

may be written in the following form:

+ e £, (A2.1)

a.w W, =
i it+2 i

, + b.w. + c.w, +d.w
i7i-2 ii-1 i'i i

i+l
Definitions of the coefficients a; through fi 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 a, through e, at all stations
has non-zero terms only along the five main diagonals, and the most efficient
method of solution is therefore a direct process that amounts to simple Gaussian
elimination. In 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 substitution.

The necessary recursion equations for the process are derived below.

Assume (temporarily) that L

and wi can be eliminated so that wi

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

general
w, = Ai + Biwi+1 + Ciwi+2 (A2.2)
Writing equations of this form for Vi o and Wooq oo
Mieg T At Bio¥i TGN (A2.3)
¥isg T At Bigv Y CiYing (42.4)
Substituting Eqs A2.3 and A2.4 into Eq A2.1,
a;[Agp + Byy (g + By vy + € qwy ) + Gy ]
Ty (A g+ By gV Vi)
+ LA + d]._w]._+1 + eW. o = fi (A2.5)

Multiplying and collecting terms,
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(@;B1.9B31 + 35050 ¥ 03By v o) Wy

+ @B 01 T P30 T ) i

+ (ei) W, = fi - (aiAi-

+2 2 7 3Biphig FBiA ) (42.6)

Eq A2.6 can be rewritten in the form assumed in Eq A2.2:

w, = Ai + Biwi+1 + Ciwi+2 a2.7)
where

Ai = Di (EiAi-l + aiAi-Z - fi) (A2.7a)

B, = D, (EC,  +4d) (A2.7b)

Ci = Di (ei) (A2.7¢)
and where

Di = = 1/(EiBi—1 + a Ci_2 + cl) (A2.74)

Ei = aiBi-Z + bi (A2.7e)

For beam and beam-column problems, the coefficients Ai s Bi , and Ci
can be thought of as expressing the physical continuity of the system. 1In
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 coef-

ficients have therefore been termed "Continuity Coefficients."
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APPENDIX 3. DERIVATIONS FOR SPECIAL EQUATIONS TO ESTABLISH A SPECIFIED SLOPE

z

B i

T ' 7
| le——h——sle——n—s]

i-1 i l+1

It is desired to manipulate Continuity Coefficients A, B, and C (discussed
in Chapter 3) so that a required slope Gi will be enforced at Station i,
without any net lateral force being created which would tend to cause deflec-
tion at Station i. It is therefore necessary to apply two unknown but equal
and opposite forces Z at Stations i-l1l and i+l. The resulting couple = 2Zh
must be exactly that required to tilt the beam to the desired slope. The
actual value of Z cannot possibly be known until the entire solution is com-
pleted, since it will depend on all loads and restraints that may act on the
beam; fortunately, Z may be eliminated from the equations that are devel-
oped. Nevertheless, it should be clear that the required manipulations of the
regular equations must be done within the regular recursion sequence so that
both physical and mathematical continuity of the fabric of the process will be
maintained.

The following procedure is considered in development of the necessary equa-

tions:
(1) Compute regular Continuity Coefficients Ai 1 Bi 1 Ci 1
(2) Immediately revise by adding the effect of the unknown
force Z to the regular recursion equation (Eq A3.2)
for LI This equation is arranged so that the slope

+ w, / 2h (A3.1)

6, = (-w, 1+1)

i i-1
(3) Obtain an expression for the force Z , plus revised
. . . . ] t t
Continuity Coefficients Ai-l’ Bi-l’ and Ci-l'
(4) Proceed with regular recursion formulas using the revised
Continuity Coefficients from Station i-l1, and compute

usual coefficients at Station i and i+l.
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(5) With the expression for Z previously obtained at
Station i-1, add the effect of an equal but opposite
force at Station i+l and thereby revise the Continuity

Coefficients to A' B'

1
i+1° B g4pr @and C gy

1l
In accordance with the procedure outlined above, the following derivation
is given. In the general recursion equation for W,

b

Wi S A HBw ROV (A3.2)

a lateral load Q 1is introduced at Station i only through the load term fi

as follows:

>
1

D, (EA, ; +aA, ,-£) (A3.3)

where

'—h
H

h3Qi , possibly plus other terms. (A3.4)

Thus, a load equal to -Z may be introduced at Station i-1 by combining

its effect with the regular Ai-l .

3
w = [Ai-l + Di-l ¢(h Z)] + Bi-lwi +C

i1 (43.5)

1-1¥1+1

To achieve the specified slope ei it is required by Eq A3.1 that

V.1 < -2h9i + 0 + Vil (A3.6)
According to the form of Eq A3.2, the finally applicable Continuity
Coefficients therefore must be

1 = . R = 1 =
Ai-l 2h0i, Bi-l 0, Ci-l 1.0 (A3.7)

To find an expression for the force Z , Eqs A3.5 and A3.6 are combined and

W, is eliminated.

i-1
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7 = I:-l/h3Di_1:| [+ (A +200) + (B, Dw, + (€, ;- 1)wi+1:|

(A3.8)

Considering that the load Z has already been applied at Station i-1,
the coefficients at Station i are computed in the regular manner using the
revised Continuity Coefficients at Station i-1 (unless the deflection at
Station i is also specified, in which case the coefficients are reset to
Ai = specified w, Bi =0, Ci = 0).

Upon reaching Station i+l, the regular recursion equations are again
applied to compute temporary values of Continuity Coefficients A
and C,

i+l °
The deflection W, may be eliminated from Eq A3.8 by substituting

i+1, D1
The revised values at Station i-1 are again used.

Eq A3.2. Collecting terms, the expression for the force Z is
z = [-unp | [, +2me, +8, _ a)
i-1 i-1 i i-1 71
BBy G Dy Bi-lciwi+2:| (43.9)

Next, a load equal to +Z 1is applied at Station i+l. The equation

for wi+1 becomes

= 3 ]
Wipr T [Apr m P 0D [ By G (43.10)
Eliminating Z by substituting Eq A3.9 into Eq A3.10, and then rearranging,

Wigp 17 @upy /Dy DBy (B +Cy - D) ]

= |:Ai+1 + (0y4q/D; )4y, + 208, + B, Ai):l
+ |:Bi+1 t (Dgy4q/D59) Bi-lci:| Vito
* |:Ci+1:| Yi43 (A3.11)

Eq A3.11 may be rewritten as

- ' ' '
Virl T A T BiVien F CiiiVias (A3.12)

89
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where the three coefficients are

1 - 1 [

Al DI LAy ¥ ®@ug/D, DA, +288 + B a)]  (a3.12a)
' - ' [

Byt Dl B * @pa/Pyp) 36y ] (43.12b)
! = 1 [

Cit1 Dy [Cern] (a3.12¢)

and where

' = 4+ [ - -

D}, 1/ |1 - @,,/0, ) B, +C - 1] (A3.124)

The Continuity Coefficients A, , B, , and C, , and also the
i-1 i-1 i-1

value used in Eqs A3.12a through A3.12d, are the original non-revised

D,
values. liie Continuity Coefficients Ai s Bi , and Ci used in Eqs A3.12a
through A3.12d are those coefficients computed which considered the effect
of the load at Station i-l.

Thus, Eqs A3.12a through A3.12d give the revised Continuity Coefficients
at Station i+l which are needed to complete the process of establishing the

desired slope at Station i.
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APPENDIX 4.1.

SUMMARY FLOW DIAGRAM FOR THE BEAM-COLUMN PROGRAM

ﬁ 1000

Read and print problem identificationﬁ

Is Yes

prob num
b1M

No

9990

1100 @
Read and print Table 1 - program control dat5>1

including options to hold prior data

1200

Read (or hold) and print
Table 2. Constants
Table 3. Specified deflections and slopes

Table 4. Stiffness and load data ~-See App

6000

- —

DO for each Station i from -1 to m+1>

Compute matrix coeffs a, through £,

Compute Continuity Coeffs Ai , B, , C

i i

[
|
|
|
|
|
|
|
|
|
|
|
l&

Specified
deflection or
slope

Yes
6020

|Reset Continuity Coeffs

DO (in reverse) from i = m+l to -1 )

Compute deflection w;

6100

————— CONTINUE )

Compute and print at each stat%on: 9
x w dw/dx M dM/dx h(d"M/dx")

8300

Optional plot of computed variables versus Tx

)

and App

93

4.2
4.3
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APPENDIX 4.2. PROCEDURE FOR TABLE 4 INPUT

‘ 1408
KR2 =0
—~———- DO for each card in Table 4; N = 1, NCD4 )
KR1 = KR2 Shifts KRl = KR2
Input IN1, IN2, KR2, ZN2..?W If KR2 = 0, data sequence
ends with this card
If KR2 = 1, data sequence
JN = IN1 + 4 continues on next card
= +
12 N2 4 (Z represents F, Q, S, T,

‘ R, or P)
KSW = 1 + KR2 + 2 * KR1

|

P ——— e e e e e e — — e e e P —— e — e ———

GO TO ( ), KSW KSW = 1: Data concenFrated
1 2 3 4 at one station or
constant in the
1409 1410 1415 Y_ interval
PRINT PRINT PRINT N Linearly varying data,
411... 412, .. 413... multiple cards
1420 KSW = 2: First-of-sequence
71 = JN 3: End-of-sequence
4: Interior-of-
1425 1435 sequence
Interpolate
between
Shift all Z1 at Sta J1 y
4.
z1l = 22 b | and /See App 4.3
Z2 at Sta J2
(Z represents F, Q, S, T,
l (1/2 at ends) R, or P)
| A 1470
GO TO ( ), KSw GO TO ( ), KSw
4 3 2 1 4 3 2 1
€O TO 1475 GO TO
9980 [0 =02 9980
1480
———— e — J CONTINUE

1481
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AL, 3
APPENDIX 4.3. TABLE 4 INTERPOLATION AND DISTRIBUTION
}1435 Let Z represent F, Q, 8, T, Ror P
- Procedure interpolates for 2 at
éggci 1 é Sta J, linearly between Zl at
" Sta J1 and Z2 at Sta J2
+ IF -
. ~J2 - JL ™
1440 \ 0/ 1437
DENOM = J2 - J1 PRINT 907
IsW = 1
9990
1450
DENOM = 1.0 - - Avoids division
IsW = 0 by zero
™
( Y 1455
{r-—"-DO for each increment; J = J1, J2, JINCR )
i
| DIFF = J - Jl
I PART = DIFF/DENOM
A |
T Z(J) = Z(J) + (ZN1 + PART * (ZN2 - ZN1)) * ESM| ~ ~ Interpolates
i and adds to
| 1460 storage
{
—————————— CONTIN@
1465
JINCR = J2 - JL - = Reset to reduce
ESM = -0.5 end-station
ISW = 0 values by one-
half

]

S~

/ 9980
PRINT 980

1470 9990

e
<=

=
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----- NOTATION FOR BMCOL 34
AA

AlJ)s ATEMPs AREV
AN1(N)y» AN2(N)

BB

BfJ)s BTEMP, BREV
BM

cC

ClJ)s CTEMP, CREV
Ds DTEMPs DREV
DBM

DD

DENOM

DIFF

DW

DWS( )

E

EE

ESM

FF

FN1s FN2» F(J)

H

HE2

HE3

HT2

I, INl1, IN2y ISTA
ISw

ITEST

Js JIN

Jly J2

JINCR

JS

KASE

KEEP2 THRU KEEP4
KEY{(J)s KEYJ
KPLOT

KR1

KR2

KSW

KSHORT

KSTOP

L

M

MHOLD

MP1ls MP4 THRU MP7
N

NCD2 THRU NCD4
NPROB

[a¥aXaXalalaNalaNaXalaNalaXaNalakalaNaXalaEaNaNalalaNalalakalalalalaNalaYalaalakalaNaNalaNaNaaNaNalaRaNaka XAl

COEFF IN STIFFNESS MATRIX

CONTINUITY COEFFICIENT
IDENTIFICATION AND REMARKS(ALPHA-NUM)
COEFF IN STIFFNESS MATRIX

CONTINUITY COEFFICIENT

BENDING MUMENT AT STA J

COEFF IN STIFFNESS MATRIX

CONTINUITY CUEFFICIENT

MULTIPLIER IN CONTINUITY COEFF EGS
FIRST DERIV OF BENDING MOMENT, DM/DX
COEFF IN STIFFNESS MATRIX
DENOMINATUR

DIFFERENCE

FIRST DERIV OF BMCOL DEFL» DW/DX
VALUE OF SPECIFIED SLOPE DW/DX

TERM IN COUNTINUITY COEFF EQS

COEFF IN STIFFNESS MATRIX

MULTIPLIER FOR HALF VALUES AT END STAS

COEFF IN LOAD MATRIX

FLEXURAL STIFFNESS (EI) (INPUT AND TOTAL)

INCREMENT LENGTH

H SQUARED

H CUBED

H TIMES 2

EXTERNAL STA NUMBER = J = &4
ROUTING SWITCH FOR TABLE 4
PARAMETER TO STOP PROGRAM (5H )
INTERNAL STA NUM = [ + &

INITIAL AND FINAL STATIONS IN SEQUENCE

INCREMENTATION INDEX

STA OF SPeCIFItD DEFLECTION OR SLOPE
CASE NUM FOUR SPECIFIED CONDITIONS

IF = 1» KEEP PRIUR DATA» TABLES> 1-4

ROUTING SWITCH FUR SPECIFI1ED CONDITIONS

OPTION TO PLOT»

IF = 0 DO NOT PLOT

IF =1 PLOT ON 8.5 X 11 PAPER WITH
1 INCH AND 5 INCH AXES

IF = 2 PLOT ON 11 X 17 PAPER WITH
2 INCH AND 10 INCH AXES

IF = 3 PLOT ON 11 X 17 PAPER WITH
1 INCH AND 15 INCH AXES

PRIOR VALUE OF KR2

IF = 1» REFER TO NEXT CARD{MUST = 1 OR 0)

ROUTING SWITCH FOR TABLE 4
IF = 1» PRINT ERROR MESSAGE

ROUTING SWITCH FOR PLOT TAPE TERMINATION

DEFLECTION COMPUTATION INDLEX

TOTAL NUMBER OF INCREMENTS OF BMCOL
M FROM PREVIOUS PROBLEM

M+ 1y M+ 4 THRUM + 7
MISCELLANEOQOUS INDEX

NUM CARDS IN TABLES 2 THRU 4» THIS PROB

PROBLEM NUMBER (PROG STOPS I1F BLANK)

20N04
12JE3
12JE3
01MY6
12JE3
12JE3
23MR4
12JE3
12Jt3
12JE3
07JE3
12JE3
07JE3
12JE3
07JE3
04JE3
12JE3
12JE3
07JE3
120E3
12JE3
12JE3

120E3
12JE3

12JE3
10JE3
275E3
01MY6
12JE3
05JE3
120E3
05JE3
07JE3
24JL3
11JE3
23JE4
23Jk4
23JE4
23JE4
23JE4
23JE4
23JE4
23JE4
27SE3
01MY6
27SE3
01MY6
23JE4
01lMY6
12J€3
01MY6
23MR4
01MY6
24JL3
01MY6

99



100 A5.2

C NS INDEX NUM FOR SPECIFIED CONDITIONS 05Jt3
C PART INTERPOLATION FRACTION 12JE3
C PN1s PN2s P(J) AXIAL TENSION OR CUMPRESSIUN(INPUT, TOTAL)12JE3
C QNls QN2s Q(J) TRANSVERSE FORCE (INPUTs TOTAL ) 24JL3
C REACT NET REACTION ON THE BMCOL AT EACH STA 07JE3
C RNls RN2s R(J) ROTATIONAL RESTRAINT ( INPUTs TOTAL ) 12JE3
C SNls SN2s S(J) SPRING SUPPORT STIFFNESS! INPUT»s TOTAL ) O1lMY6
C TNls TN2s T(J) TRANSVERSE TORQUE ( INPUT, TOTAL ) 12JE3
C WidJ) LATERAL DEFLECTION OF BMCOL AT STA J 12JE3
C WSt ) SPECIFIED VALUE OF DEFL 25JL3
C X DISTANCE ALONG THE BMCOL 30MY3
C 21 DECIMAL VALUE FOR ISTA 25JL3
Cmmmmm NOTATION FOR AUTOMATIC PLOT ROUTINE 01JE4
C HAXIS OUTPUT VALUES OF HEND 23JE4
C HEND VALUE ASSIGNED TO END OF HURIZONTAL-AXIS. 16AP4
C HMAX MAXIMUM ABSOLUTE VALUE OF HPLOT 16AP4
C HNEG LENGTHs IN INCHESs OF THE NEGATIVE H-AXISe14AP4
C HPLOT( ) NAME OF ARRAY TO BE PLOTTED ON H-AXIS QTMY4
C HPLTTMP TEMPORARY VALUE USED TO POSITION PEN FOR 24JL4
C NEXT PLOT 24404
C HPOS LENGTHs IN INCHESs OF THE POSITIVE H-AXIS 14AP4
C HTCKS INCREMENT LENGTH BETWEEN TICK MARKS ON 14AP4
C H-AX1S IN TERMS OF HEND 07TMY4
C INCH NUM OF HOR PLOT INC (01 INCH) TO MOVE PENO6JL4
C INCV NUM OF VER PLOT INC (401 INCH) TO MOVE PENO6JL4
C KAXES INDEX USED TO DESCRIBE MANNER IN WHICH 16AP4
C AXES SHOULD BE PLACED ON PAPER 14AP4
C IF = 0 ORAW AXES WITH H-AXIS HORIXONTAL16AP4
c ON PAPER AND V-AX1S LENGTHWISE 16AP4
C ON PAPER 16AP4
C IF = 1 ROTATE AXES 90 DEGREES TO PLACE 14AP4
C H-AXIS LENGTHWISE ON PAPER 14AP4
C KEXP EXPONENT OF 10 USED WHEN EXPRESSING HMAX 16AP4
C IN SCIENTIFIC NOTATION 23JE4
C KPS CODE FOR PLOT SYMBOL TO BE USED 0TMY4
C 1 DENOTES SMALL PLUS SIGN 14AP4
C 8 DENOTES NO SYMBOL TO BE PLOTTED, BUT 14AP4
C PEN TO BE MOVED 16AP4
C MAXSTA FIXED PT PRINT OUT VALUE OF VEND 07JL4
C NUMPTS NUMBER OF POINTS TO BE PLOTTED 14AP4
C SPACE DISTANCE», IN INCHESs FROM LEFT EDGE OF 14AP4
C PAPER TO END OF NEGATIVE H-AXI> 14AP4
C VAXIS OUTPUT VAL OF MAX DIST PLOTABLE ON V-AXIS 06JL4
C VEND VALUE ASSIGNED TO END OF VERTICAL-AXISe  14AP4
C VINCH DISTANCE BETWEEN AXES UNDEK PLOT OPTION  07JL4
C VNEG LENGTHs IN INCHESs OF THE NEGATIVE V-AXISe14AP4
C VPLOT( ) NAME OF ARRAY TO BE PLOTTED ON V-AXIS 0TMY4
C VPLTTMP TEMPORARY VALUE USED TO POSITION PEN FOR 24JL4
C NEXT PLOT 24JL4
C VPOS LENGTHs IN INCHESs OF THE POSITIVE V-AXIS 14AP4
C VTCKS INCREMENT LENGTH BETWEEN TIGK MARKS ON 14AP4
C V-AX1S IN TERMS OF VEND 16AP4
C ZTMP TEMPORARY STORAGE LOCATION USED WHEN 14AP4
C DETERMINING THE MAX ABS VALUE OF HPLOT 16AP4
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~COOP»CEO51118sMATLOCK»S/25/0/34.

~FTNsLsEsRsN,

BMCOL 34 DECK 2

103

PROGRAM BMCOL 34 20N04
1 FORMAT ( 52H PROGRAM BMCOL 34 - DECK 2 - MATLOCK-HALIBURTON 20NO4
1 28H REVISION DATE = 01 JuL 66 )  ======= *
C===— CARDS THAT ARE EXPECTED TO BE DELETEDs OR MODIFIED FOR SPACING- Q7FE4*
C CONTROLs FOR IBM 7090-94 HAVE AN ASTERISK IN COL 78 23MR4*
DIMENSION AN1(32)s AN2(14}> 0OlDE4 ID

1 F(207)s Q(207)s S(207)s T(207)s R(207)» P1207)>» 20NO4

2 A(207)y B(207)s CL207)s W(207)s KEY(207)> 20N04

3 WS(20)» DWS(20)s DW(20T7)» BMI207)s DBM(207), 25N04

4 REACT{207)» ZI1{(207)s HAXIS(5)s HPLOT(207)>» 20NO4

5 VPLOT(207) 20NO4&4

10 FORMAT ( 5H s 80X»s 10H[-———= TRIM ) O3FE4*ID
11 FORMAT ( 5H1 s 80Xs 10HI--—--- TRIM ) 03FE4*ID
12 FORMAT ( 16A5 ) 03FE4 ID
13 FORMAT ( 5X» 16A5 ) O3FE4*]ID
14 FORMAT ( AS5s 5X»s 14A5 ) O1DE4 ID
15 FORMAT (///10H PROB » /75X» A5s 5X» 14A5 ) O1DE4 ID
16 FORMAT (///17H PROB (CONTD)}s /5X» A5, 5X» 14A5 ) 01DE4 ID
19 FORMAT (///48H RETURN THIS PAGE TO TIME RECORD FILE == HM 26AG3*ID
20 FORMAT ( 5Xs 2(5X» 3I5)» 10X» I5 ) 20NO4

21 FORMAT ( 5X» 155 10X» E10.3 ) 26MR4

31 FORMAT ( 2(5X»s 15)s 2E10e3 ) 23MR4

41 FORMAT ( 5X» 315» 6E1043 ) 23MR4
100 FORMAT (///35H TABLE 1 - PROGRAM—CUNTROL DATA 24JA4%

1 / 66Xy 27H TABLES NUMBER 31MR4

2 / 67Xy 30H 2 3 4 31MR4

3 /7 39H PRIOR-DATA OPTIONS (1 = HOLD)»s 29Xs 315y 31MR4

4 / 38H NUM CARDS INPUT THIS PROBLEM» 30X, 315, 20N04

5 7/ 37H OPTION (IF=1s 2» 3) TO PLOT» 31X, I5 20NO4
200 FORMAT (///24H TABLE 2 - CONSTANTS /) 23MR4*
201 FORMAT ( 28H NUM INCREMENTS s 50Xy 15, 31IMR4*

1 / 28H INCREMENT LENGTH » 45X» E10e3 ) 31MR4
300 FORMAT (///47H TABLE 3 ~ SPECIFIED DEFLECTIONS AND SLOPES 20JA4%*

1 7/ 5Xs 48H STa CASE DEFLECTION SLOPEs /)03FE4
311 FORMAT ( 10X» I3» 7X» 12y 8X»s E10e35 9X»s 4HNONE ) 23MR4*
312 FORMAT | 10X» I3» 7X» I2» 11Xs 4HNONE»s» 8X» E10.3 ) 23MR4*
313 FORMAT ( 10Xs I3s 7Xs 12s 3X» 2(5Xs E10e3) ) 23MR4*
400 FORMAT (///38H TABLE 4 - STIFFNESS AND LOAD DATA 20JA4*

1 /7 51H FROM TO CONTD F Q S O3FE4

2 28H T R P /) 13JE3
411 FORMAT 5X» 2145 I3s 1Xs 6E11.3 ) 23MR4*
412 FORMAT 5Xs T4 4Xs 135 1Xs 6EL1lle3 ) 23MR4*
413 FORMAT ( 9Xs I4s I3s 1X» 6Ell.3 ! 23MR4*
500 FORMAT (// 22H TABLE 5 - RESULTS ) 19MR4
501 FORMAT ( / 48H STA 1 X W Dw/DX 19MR4*

1 36H M DM/DX NET REACT /) 05JE3
511 FORMAT ( 5X» I4s 2X» 6E1243 ) 23MR4*
600 FORMAT ( //51H TABLE 6 == SCALES FOR PLOT OUTPUT ~- VALUES AT 20NV4

1 13H ENDS OF AXES 20NO4

2 // 48H STA 1 X W DW/DX 20N04

3 36H M DM/DX NET REACT 7/ ) 20N0O4
903 FORMAT ( / 25H NONE ) O4FE4*
904 FORMAT (/7 40OH TOO MUCH DATA FOR AVAILABLE STORAGE // ) O4FE4*
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1318

1320

1325
1326

1327

A6.2
FORMAT ( 46H USING DATA FROM THE PREVIOUS PROBLEM ) OS5FE4*
FORMAT ( 51H USING DATA FROM THE PREVIQUS PROBLEM PLUS)O6FE4*
FORMAT ( //40H ERROR STOP —-- STATIONS NOT IN ORDER ) O3FE4*
FORMAT ( //46H ERROR == NON-ZERO TABLE 4 DATA BEYOND END ) Q6FLE4*
FORMAT ( / 51H UNSPECIFIED ERROR STOP -~ PROGRAM TERMINATED)20NVS
START EXECUTION OF PROGRAM - SEE GENERAL FLOW CHART 23MR4
KSTOP = 0O 01DE4
ITEST = 5H OlDE4 ID
PRINT 10 12JL3 ID
CALL TIME 23MR4*
PROGRAM AND PROBLEM IDENTIFICATION o4MY3 1D
READ 12s ( AN1(N)s N = 1s 32 ) O1DE4 1D
READ 14s NPROB»s AN2(N)s N = 1y 14 ) 28AG3 ID
IF ( NPROB - ITEST ) 1020s 9990, 1020 OlDE4 ID
PRINT 11 26AG3 ID
PRINT 1 O1DE4 1D
PRINT 13s ( AN1(N)s N = 1s 32 ) O1DE4 1D
CALL TIME 01MY6
PRINT 15 NRROB, { AN2(N)s N = 1s 14 } 26AG3 1D
INPUT TABLE 1 10JE3
READ 20s KEEP2, KEEP3s KEEP&4s NCD2s NCD3s NCD4s KPLOT 20NO4
PRINT 100s KEEP2s KEEP3s KEEP4s NCD2s NCD3s NCD4s KPLOT 20NO4
INPUT TABLE 2 10JE3
PRINT 200 13JE3
IF ( KEEP2 ) 9980, 1210s 1230 20NO4
READ 21s My H 19MR4
PRINT 2Uls My 18JE3
GO TO 1240 03JE3
PRINT 905 04JE3
COMPUTE CONSTANTS AND INDEXES 10JE3
HT2 = H + H 03JE3
HE2 = H ®* H 30MY3
HE3 = H * HE2 30MY3
MP1 = M + 1 25N04
MP4 = M + &4 30MY3
MP5 = M + 5 30MY3
MP6 = M + 6 10JE3
MP7 = M + 7 30MY3
INPUT TABLE 3 10JE3
PRINT 300 03JE3
IF ( KEEP3 ) 9980, 1310s 1305 20NO4
PRINT 905 Q03JE3
GO TO 1399 04JE3
DO 1315 J = 3. MP5S 23MR4
KEY(J) 03JE3
CONTINUE 03JE3
IF ({ NCD3 9980 1320s 1325 20N0O4
PRINT 9V3 03JE3
GO TO 1399 04JE3
IF { NCD3 - 20 ) 1327s 1327 1326 05JE3
PRINT 904 04JE3
GO TO 9990 01MY6
JS = 03FE4
DO 1350 N 1s NCD3 03Ft4
READ 31s INls KASEs WS(N)s DWSI(N) 03FE4
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1340

1409
1410
1415

1420
1425

IF { IN1 + &4 - JS } 1328, 1328, 1329
PRINT 907
GO TO 9990
JS = IN1 + 4

SET INDEXES FOR FUTURE CONTROL OF SPECIFIED CONDITION ROUTINES

GO TO ( 1330s 1335s 1340 )s KASE

KEY(JS) = 2
PRINT 311s INls KASEs WS(N)
GO TO 1350
KEY{JS=-1) = 3
KEY(JS+1) = 5
PRINT 312s INls KASEs DWS(N)
GO TO 1350
KEY{JS=-1} = 3
KEY{(JS) = &
KEY({JS+1) = 5
PRINT 313s INls KASEs WSIN)s DWSI{N)
CONTINYE
CONTINUE
INPUT TABLE &
PRINT 400
IF{KEEP4)9980+1401,1402
MHOLD1 = 1
DO 1403 J = MHOLD1 » MP7
FiJd)y = V.0
QLY = UOO
S(Jy = V.U
TtJyy = VO
RiJ}Y = U0
PtJy = 0,0
CONTINUE
IF(KEEP4)9980,+1406+1405
PRINT 906
[F { NCD4 ) 9980y 1407s 1408
PRINT 903
GO TO 1481
SEE FLOW CHARTs TABLE SEQUENCING PROCEDURE
KR2 = O
DO 1480 N = 19 NCD4
KR1 = KR2

READ 41s INls IN2s KR2s FN2s QN2s SN2s TN2s RN2s PN2
JN = IN1 + 4
J2 = IN2 + 4
KSW = 1 + KR2 + 2 * KR1
GO TO ( 1409s 1410s 14154 1415 1s KSW
PRINT 411s INls IN2s KR2Zs FNZ2s QGNZs SN2s TNZ2s RN2s PN2

GO TO 1420
PRINT 412s INls KRZs FN2s ONZs SNZ2s TNZ2s RN2s PN2
GO To 1420
PRINT 4134 INZsy KR2s FNZ2s GN2Zs SN2s TN2s RN2s PN2
GO TO 1435
J1 = JN
FN1 = FN2
ON1 = QNZ
SN1 = SN2

O3FE4
03FE4
01MYé6
03FE4
10JE3
05JE3
05JE3
03FE4
03JE3
05JE3
05JE3
03FE4
03JE3
05JE3
05JE3
05JE3
O3FE4
03JE3
04JE3
10JE3
04JE3
olJreé
12MY6
01JL6
30MY3
19MR4
19MR 4
30MY3
30MY3
30MY3
a1lJdLeé
01JL6
01lJLé
0lJLé
alJLé
01JLé
23MR4
01JL6
04JED
28MY3
03FE4
28MY3
28MY3
28MY3
01JLG
01JL6
GatJ3
03Ft4
04aJE3
03FLE4
04JE3
04JE3
04JE3
28MY3
28MY3

105
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2 + H * P(J+1) )

)

ESM
ESM
E SM
ESM
ESM
ESM

* %k %k Xk * ok

+ TI{MP&) +

4859 1499 1485

+ H * P(J-1) )

+ HE3 * S(J) +

)

TNL = TNZ
RN1 = RN2
PN1 = PN2
GO TO ( 1435s 1480y 9980s 1480 ) KSW
(=== SEE FLOW CHARTs TABLE4 INTERPOLATION AND DISTRIBUTION
1435 JINCR = 1
ESM = 1.0
IF ( J2 -~ J1 ) 1437, 1450 1440
1437 PRINT 907
GO TO 9990
1440 DENOM = J2 -~ J1l
ISW = 1
GO TO 1455
1450 DENOM = 1.0
ISW = O
1455 DO 1460 J = Jls J2s JINCR
DIFF = J - Jl
PART = DIFF / DENOM
F{J} = F{Jy + { FN1 + PART #®# ( FN2 - FN1
Q{J} = Q(J) + { QN1 + PART * { QN2 - GN1
S{J) = S(J) + { SN1 + PART * [ SN2 -~ 5Nl
T(J) = T{J) + ( TNl + PART * ( TN2 ~ TNl
R(J) = R{J) + ( RN1 + PART * ( RN2 -~ RNl
P(J) = P(J) + ( PN1 + PART * { PN2 -~ PNl
1460 CONTINUE
IF ( ISW ) 9980s 1470s 1465
1465 JINCR = J2 ~ J1
ESM & .- 005
ISW = O
GO TO 1455
1470 GO TO ( 14809 9980, 1480, 1475 )s KSW
1475 J1 = J2
GO TO 1425
1480 CONTINUE
Cmm— TEST FOR DATA ERRONEOQUSLY STORED BEYOND END STA
1481 IF {(FIMP5) + F(MPs)+ Q{MPS) + S5(MP5) + T(MP5)
1 R{MP5) + R(MP6) + P(MP5) + P(MP6) ) 1
1485 PRINT 9us
GO TO 9990
1499 CONTINUE
Cm— START OF BEAM=COLUMN SOLUTION
6000 NS = 1
Ally = O
Al2) = U
B(1y = O
B{2) = u
c{l) = U
c(2)y = v
DO 6060 J = 3 MPS
Cm=——— COMPUTE MATRIX COEFFS AT EAQH STA J
AA = F(J=1) = 0«25 * 1 *®* ( R{J-1)
BB = = 2.0 * ( F{J-1}) + F{J}) )
CC = FlJ=11 + 40 ®* F{J) + F(J+1)
1 Ue25 ¥ H * { { R{J-1} + H * P({I~1)

+ { R{J+1])

28MY3
28MY3
28BMY3
20N0O4
23MR4
07JE3
07JE3
O3FE4
O3FE4
01MY6
07JE3
07JE3
07JE3
07JE3
07JE3
04JE3
28MY3
28MY3
28MY3
19MR4
19MR4
28MY3
28MY3
28MY3
04JEO
20N0O4
07JE3
07JE3
28MY3
04JE3
20N0O4
04JE3
04JE3
04JE3
23MR4
01JL6
O6FE4
O6FE4
01MY6
04JE3
10JE3
04JE3
01MY6
01MY6
01MY6
01MY6
01MY6
01MYé
O4JE3
10JE3
03JE3
28MY3
04JE3
03JE3
03JE3

Ab.4
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DD = — 2.0 % { F(J) + F(J+1) )
EE = F{J+1) — 025 % H ¥ ( R(J+1) + H * P(JI+1) )
FF = HE3 * Q{J) — 0.6 % HE2 ®* ( T(J~-1) — T(J+1) )
C-———- COMPUTE RECURSION OR CONTINUITY CUEFFS AT £ACH o>TA
E = AA ¥ B(J-2) + BB
DENOM = E * B(J-1) + AA * C(J-2) + CC
IF ( DENOM ) 601uUs 60U5s U1V
C——=--- NOTE 1F DENOM 1S ZEROs BEAM DOES NOT EXISTs D = O SETS LEFL = 0.
6005 D = 0.0
GO TO sUl5
6010 D = -~ 10 / DENOM
6015 C(J) = D * EE
B(J) = D * ( E * C(J=1) + DD }
A{J) = D * ( E * A(J-1) + AA ¥ A(J-2) - FF )
C-——-- CONTROL RESET KUUTINES FUR SPECIFIED CUNDITIONS
KEYJ = KEY(J)
GO TO ( 6060 60209 6U30s 6020s 6050 )» KEYJ
C-=-—— RESET FOR SPECIFIED DEFLECTION
6020 CiJ) = 0.0
Bl{J) = UL
A{J) = WSINS)
IF { KEYJ - 3 ) 60599 6030s 606U
C-———- RESET FOR SPECIFIED SLOPE AT NEXT STA
6030 DTEMP = D
CTEMP = C(J)
BTEMP = B8(J)
ATEMP = A(J)
C(J) = 140
B(J) = U0
AlJ) = — HT2 * DWSINS)
GO TO 6060
C——=-= RESET FOR SPECIFIED SLOPE AT PRECEUDING STATION
6050 DREV = 160 / ( 10 — ( BTEMP % B(J-1) + CTEMP - 140 ) *
1 D / DTEMP )
CREV = DREV * C(J)
BREV = DREV * ( B{(J) + ( BTEMP * C(J-1) ) * D / DTEMP )
AREV = DREV * ( A(J) + ( HT2 * DWS(NS) + ATEMP + BTEMP
1 ) * A(J-1) )} * D / DTEMP )
C{J) = CREV
B(J) = BREV
A(J) = AREV
6059 NS = NS + 1
6060 CONTINUE
C——=-- COMPUTE DEFLECTIONS
W(MPS + 1) = 0
W(MP5 + 2) =0
DO 6100 L = 3s MP5
J=M+ 8 - 1L
W(J) = A(J) + B(J) * W(J+1l) + C(J) * W(J+2)
6100 CONTINUE
PRINT 11
PRINT 1

PRINT 13s ( ANI(N)s N =1, 32 )
PRINT 16> NPROBs ( AN2(N)s N = 1s 14 )
Ce——-- COMPUTE AND PRINT RESULTS

28MY3
30MY3
14JE3
10Jt3
28MY3
28MY3
28MY3
10JE3
28MY3
28BMY3
28MY3
28MY3
28MY3
28MY3
10JE3
04JE3
20JA4
20JA4
05JE3
28MY3
05Jt3
20JA4
17JA4
05JE3
28MY3
28MY 3
28MY3
28MY3
28MY3
05JE3
04JE3
23MR4
05JE3
04JE3
28MY3
28MY3
05JE3
04JE3
28MY3
28MY3
28MY3
20JA4
28MY3
23MR4
01MY6
01MYé6
23MR4
30MY3
30MY3
30MY3
23MR4
U1lMY6
01MY6
28AG3
10JE3
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8150

8415

8420
8425
8430
8435
8440

8445

PRINT s5U0
PRINT 5uU1
W(2) = 24U % W(3) = W(4)
W{M+g) = 2,0 * W(MP5) - W(MP4)
DO 8150 J = 3, MP5
DWiJ)Y = { -W(J=-1) + W{J+1) ) / HT2
BM({J) = F(J) * { W{J-1) = 2.0 * WiJ) + W(J+1)
CONTINUE
BM{2) = 04U
BM{M+6) = 0.0
DO 8200 J = 3 MPS
DBM(J) = ( =BM{J=1) + BM(J+1) } 7/ HT2
REACT(J) = ( BM{J~1) —2.0 * BM{J)] + BM{J+1) )
ISTA = J - 4
21(J) = ISTA
X = 21(J} * H
PRINT 511 ISTAs Xs W{J}s DW{J)s BM({J}s DBM{J)sy REACT(J)}
CONTINUE
BEGIN AUTOMATIC PLOT ROUTINE
PRINT U0
IF { KPLOT ) 9980, 8300, 8310
PRINT 9U3
GO TO 8700
DETERMINE STATION NUMBER AT END OF STATION AXES
KSTOP = 1
IF { M - 200 )} 8320s 8350s 8340
IF { M - 100 ) 8330, B8360s 8350
IF {( M - 50 ) 8370s 8370s 8360
VEND = =500.0
GO TO 8400
VEND = -=200,0
GO TO 8400
GO TO 8400
VEND = -50,0
SET PLOT ARRAY EQUAL TO Ws DW/DXs Ms DM/DXs AND NET REACT
DO 8600 N = 1s 5
GO TO { 8410s 8420, 8430s B44Us 8450 )s N
DO B4l15 J = 4, MP4
HPLOT{(J-3) = W(J)
VPLOT(JU=-3) = =-Z21(J)
CONTINUE
SPACE = 3.0U
GO TO 8465
DO 8425 J = 44 MP4
HPLOT(J=~3) = DWt{(J)
CONTINUE
GO TO 8460
DO 8435 J = 4+ MP4
HPLOT{J~3) = BM({.J)
CONTINUE
GO TO B460
DO 8445 ) = 44 MP4
HPLOT{J-3) = DBM{J]
CONTINUE

}

/

/ HEZ

H

23MR4
23MR4
23MR4
23MR4
24JL4
18MR4
18MR4
24JL4
18MR4
18MR4
18MR4
18MR4
18MR4
03JE3
19FE4
28FE4
20NO4
07JE3
16MR4
20NO4
19JE4
23MR4
23MR4
19JE4
19Jk4
19JE4
25FE4
25FE4
0lJE4
25Ft4
01JE4
25FE4
01JE4
25FE4
0lJES
1HMK4
19JE4
25FE4
01JE4
01JE4
01JES
25FE4
ClJE4
16MR4
ClJES
ClJE4
25FE4
25Fc4
0lJE4
0lJES
25FE4
25FE4
OlJE4
01JES
25FE4

A6.6
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DETERMINE EXPUNENT UF MAX VALUL OF FUNCTION AND SET H-AXIS SCALE

8510

8520

8580
8590

GO TO 8460
DO 8455 J = 4 MP4
HPLOT(J=-3) = REACT{J)
CONTINUE
SPACE = SPACE + 1.5
HMAX = 04U
DETERMINE LARGEST VALUE IN NEXT ARRAY TO BE PLOTTED
DO 8470 J = 49 MPY4
ZTMP = ABSF( HPLOT(J-3) )
HMAX = MAX1F( ZTMPs HMAX
CONTINUE
KEXP = O
IF { HMAX ) 9980 8570 8500
DO 8530 L = 1, 100
IF ( 1.0 - HMAX ) 8505, 8570,
HMAX = HMAX / 10.0
KEXP = KEXP + 1
GO TO 8530
IF ( 0.1 = HMAX )} 8540, 8560,
HMAX = HMAX * 1040
KEXP = KEXP - 1
CONTINUE
GO TO 9980
IF ( 0.2 — HMAX )} 8550, 8580,
IF { 0,5 = HMAX ) 8570y 8590,
HEND = Uel
GO TO 8595
HEND = 1.0
GO TO 8595
HEND = 0.2
GO TO 8595
HEND = 0.5

SET PLOT VARIABLE VALUE AT END OF VARIABLE AXES

HEND * 10.0%%KEXP
HEND

HEND =
HAXIS(N) =

SET REMAINING AXES AND PLOT ARGUMENTS

0.0

5.0 #* KPLOT
HEND

-VEND

MP1

VPOS
VNEG
HTCKS
VTCKS
NUMPTS =
KPS =1
KPLOT -~ 2 )} 8596y 8597,
PLOT FOR KPLOT = 1

IF (
DRAW AXES AND
HPOS 0e5
HNEG Ve5

KAXES = VU
CALL AXES ( HENDs HPOSs HNEG»
VICKSs KAXES )
CALL PLOT ( HPLOTs VPLOT»
SET PEN FOR NEXT PLOT
HPLTTMP = V.0
VPLTTMP = VEND
NUMPTS = 1

NUMPTS»

SPACE

8596
AND 3

VEND»

KPS )

VPOS»

VNEG»

HTCKS»

109

25FE4
01JE4
01JE4
25FE4
23MR4
01JE4
16MR4
01JE4
23JE4
01JE4
25FE4
23Jt4
01JE4
19JE4
25JE4ARB
01JE4
01JE4
01Jk4
18MR4
01JE4
01JE4
01JE4
1 8MR4
19JE4
01JE4
01JE4
01JE4
18MR4
01JE4
18MR4
01JE4
18MR4
01JE4
01JE4
01JE4
19JE4
23JE4
19JE4
19JE4
19JE4
30JE4
19JE4
19JE4
19JE4
23JE4
19JE4
19JE4
19JE4
19JE4
19JE4
19JE4
19JE4
24JL4
24JL4
19JE4
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8700

3980
9990

9992

9395
9999

-EXECU

KPS = 8
CALL PLOT { HPLTTMPs VPLTTMP,s NUMPTSs KPS )
GO TO 8600
DRAW AXES AND PLOT FOR KPLOT = 2
HPOS = 1.0V
HNEG = 140
SPACE = 0475
KAXES = ]
VINCH = 1.0

CALL AXES ( HENDs HPOSs HNEGs SPACLs VENDs VPOSs VNEGs HTCKS,
VTCKSs KAXES )

CALL PLOT ( HPLOTs VYPLOTs NUMPTSs KPS )

SET PEN FOR NEXT PLOT

CALL AXESTERM ( 1

INCH = O
INCV = | =420 + VINCH ) % 10040
KPS = 8
CALL STRPLOT ( INCHs INCVs KPS )
CONTINUE

PRINT PLOT SCALES AND ROLL PAPER FUR NEXT PROBLEM
MAXSTA = =-VERD
VAXIS = -VEND * H
PRINT 511» MAXSTAs VAXISs { HAXIS(N)s N = 1s 5 )
CALL AXESTERM ( 1 )
CONT INUE
CALL TIME
MHOLD1 = MPS5
RETURN FOR NEW PROBLEM
Go To 1010
PRINT 980
CONTINUE
IF { KSTOP ) 9995s 9995, 9992
CALL AXESTERM ( 0 )
CONTINUE
CONTINUE
PRINT 11
PRINT 1
PRINT 13s ( ANI{(NIs N = 1s 32 )
PRINT 19
END
END
FINIS
TE”D’l.

Add data cards here. The first card of data is the first
card described in the Guide for Data Input for BMCOL 34,

When plot capabilities are not available by library tape
routine, a plot subroutine must be properly added. A binary
deck of subroutine PLOT 63 1s to be provided with all BMCOL 34
decks.

19JE4
264JL4
23JE4
23J0t4
19JE4
19JE4
19JE4
19JE6
19JE6
19JE4
O1JE4
01JE4
23JE4
19JE4
06JL4
06JLG
06JLS
06JL4
25FE4
01JE4
01JE4
19JE4
20N04
19JE4
23MR4
27FE4
12MY6
1 6MR4
26AG3
19JE4
19JE4
19JE4
19JE4
19JE4
06MY3
08MY3
01DE4
01DE&
26AG3
04MA3
01JL6

46.8
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LISTING OF INPUT DATA FOR EXAMPLE PROBLEMS
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A7.1

CHARGE CEO5111i8

1A

1B

2

3A

40
0
40
0

80
10
40
70

30

10
15
20
25
30
35
40
45
50
55
60
65
70
75

100

10
20

. 80

90
100

19
29
39
49
59
69

CUDED 28 JUL 66~HMyJIP PUNCH 28 JuUL 66-TH

EXAMPLE PROBLEMS - BMCOL 34 FINAL REPORT
SIMPLE BEAM»s UNIFORMLY LOADED»

0 v U 1 2
1 «UVUUE=-O01
1 04 UVUE+0QU
1 0.00VUE+00O
40 0 1.000E+00 14000€E-C1
SIMPLE BEAM, UNIFORMLY LUADED>»
1 1 1 v v
1 0.V00E+VO
10 1 5.00UE-01
30 1 5.00VUE=-O1
40 0 0400UE+0O0
STEEL BENT CAP
0 0 1 3
1¢20VE+01]
1 0.U00E+00
1 0.00UE+0OO
1 0400VE+00
80 0O 6.087E+11-3.000E+02
5 0] ~54000E+V4
10 0 -1.000E+U5
15 0 ~-14000E+U5
20 0 ~1«100E+Y5
25 0 -14100E+05
30 0 -1.000E+U5
35 0 ~14000E+05
40 0 -5.VU00E+V4
45 0 ~5.000E+0L4
50 0 -4 4000E+U4
55 0 ~3+500E+0U4
60 0 -3.U00E+V4
65 0 ~-24500E+04
70 0 =2 +000E+V4G
75 0 ~1e50VUE+V4
MULTIPLE-SPAN BRIDGE -
v 0 0 1 6
9.60VUE+01
1 0.000E+QO
1 0.V00E+00
1 0.00VUE+00
1 0.00VUE+00
1 0.00UE+00
1 0.000E+00
100 0O 34000E+11-8.000E+03
11 0 3.000E+11
21 U 3,UVUE+11
31 U 3.00VUE+11
41 0 34VUJVE+11
51 0 3.0VUE+11
61 0 3.000E+11
71 0 3.,00VE+11
81 0 3.U00E+11

CONSTANT E1
1 1

VARIABLE EI
4 1

DEAD LOAD ONLY

17 1

113
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38

5A

89
28
72
30
40
50
60
70

100

10
20

50
50
0
25
0

A7.2
91 0 3.000E+11
28 0~34,000E+11
72 0-34,000E+11
30 0 ~2+000E+04 2.000E+05 5.000E+08
40 0 ~2.000E+04 2,000E+05 5.000E+08
50 0 -2 +000E+04 2,000E+05 5.000E+08
60 0 ~2.000E+04 2.,000E+05 5.000E+08
70 o ~2+000E+04 2.000E+05 5,000E+08
MULTIPLE~SPAN BRIDGE ~ LIVE LOAD ADDED AFTER DLAD LOAD SETTLEMENT
0 0 0 1 11 18 1
9«600E+01
1 0+000E+00O
1 O0«00UE+00
1 0.000E+00
1-4+913E-01
1~5+060E~-01
1-4+974E-01
1-5.060E~0]
1-4+913E-01
1 0.000E+00
1 04.00UE+00
1 0.000E+00
100 0 3.000E+11-8.000E+03
45 0 -8.000E+03
11 0 3.000E+11
21 O 3.000E+11
31 0 3.000E+11
41 0 3.,0UUE+11
51 0 3.000E+11
61 0 3.000E+11
71 0 3.000F+11
81 0 3.000E+11
91 0 3.00VE+11
28 0=34000E+11
72 0~34000E+11
30 0 ~24000E+04 2.,000E+05 5.000E+08
40 0 ~2+000E+04 2.000E+05 5.000E+08
50 0 ~2+000E+04 2.000E+05 5.000E+08
60 0 ~2+000E+04 2.000E+05 5.000E+08
70 0 ~2+000E+04 2.,000E+05 5.000E+08
BRACED TRENCH
0 o} 0 1 0 5 1
1«200E+01
1 5+000E+09 0,000E+00
30 1 5.000E+09 4,950E+03 0.000E+00
40 0 54000E+09 4.950E+03 14250E+04
10 0 2+670E+05
20 0 2.670E+05
LONG=-PILE BUCKLINGs AXIAL COMPRESSION = 4.000E+05 LB
Q U 0] 1 1 5 1
2+400E+01
1 0.000E+00
50 0 34700E+10 ~4«000E+05
50 0 2s000E+04
0 0 -44000E+05 3.000E+10
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58

5C

5D

5E

5F

5G

5H

51

5J

5K

6

13

0
0

0
0

0
0

0
0

0
0

0
0

0

0
0

0
0

0
0

110
0
30
80
110
0

LONG-PILE BUCKLING,

1

25 0
1 1
50 0
0 0

1

LONG-PILE BUCKLING»

1

1

1

LONG-PILE BUCKLING,

1

LONG-PILE BUCKLING,

50 0
0 0
1 1

50 0
0 0
1 1

50 0
0 0

1

LONG-PILE BUCKLING»

1

1

1

LONG-PILE BUCKLING,

1

LONG-PILE BUCKLING,

1

LONG-PILE BUCKLING»

1

LONG—-PILE BUCKLING»

1

LONG-PILE BUCKLING»

1

1.900E+00
0.000E+00
0+.000E+00
0.000E+00
0.000E+00
1+440E+06
2490E+06
3950E+06
5e¢9V0E+06
8400E+06

50 0
0 0
1 1
50 0
0 0
1 1
50
0 0
1 1
50 0
0 0
1 1
50 0
0 0
1 1
50 0
0 0
RIGID-FRAME BENT
0 0 0

3

1

1

3

1

6 1

12 1

18 1

24 1

30 1

1.152E+07

6+000E+01
0e000E+00
AXIAL COMPRESSION
0 0 2
AXIAL COMPRESSION
0 0 2
AX1AL COMPRESSION
0 0 2
AX1AL COMPRESSION
0 0 2
AXIAL COMPRESSION
0 0 2
AXIAL COMPRESSION
0 U 2
AXIAL COMPRESSION
0 0 2
AXIAL COMPRESSION
0 0 2
AXIAL COMPRESSION
0 0 2
AXIAL COMPRESSION
0 0 2
1 4 37
0.000E+00
U.,000E+00

5+.000E+05 LB
1

-1.000E+05
6+000E+05 LB
1

~-1.,000E+05
6¢500E+05 LB
1

~54000E+04
6750E+05 LB
1

-2+500E+04
7.000E+05 LB
1

-2+500E+04

7.0250E+05 LB

1

—-24500E+403
7+050E+05 LB
1

-24500E+03
7.075E+05 LB
1

~24500E403
7.100E+05 LB
1
-2+500E+403
7+125E+05 LB
1
-2.500E+03

1

115

-1+000E+05

-1+000E+05

-5.000E+04

~2¢500E+04

-2500E+04

-2+500E+403

-2+500E+03

-2.500E+403

—2¢500E+403

-2+500E+403
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30
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7«720E+06
4+860E+06
2+800E+06
1.440E+06
1.440E+06
2+800E+06
4+860E+06
7.720E+06
1.152E+07
8400E+06
5« 90UE+06
3.950E+06
2.490E+06
1+440E+06

-3.630E+00
~34630E+00

0.000E+0U
-3,000E+00
-1.500E+00
-1.500E+00
-3.000E+00

0.000E+00
-3.630E+00
-3.630E+00
-2.200E+01
~7+000E+U1
~7.000E+01
~7.000E+01
~7.000E+01
~7.000E+01
-7.000E+01

A7.4
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PROGRAM BMCCL 34 — DECK 2 - MATLCCK-HALIBURTON REVISION DATE =
CHARGE CEOS51118 COCED 28 JUL 66-HM,JJP PUNCH 28 JUL 66-TH
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPORT

TIME = 0 MINUTES, 36 ANC 51760 SECONDS (Compile time)

PROB
1A SIMPLE BEAMs, UNIFORMLY LOADEDs CONSTANT EI

TABLE 1 - PROGRAM-CONTRCL DATA

PRICR-CATA OPTIONS (1 = HCLLC)
NUM CARDS INPUT THIS PROBLEWN

CPTICN (IF=1, 2, 3) TC PLQOT

TABLE 2 - CCNSTANTS

NUM INCREMENTS
INCREMENT LENGTH

TABLE 3 - SPECIFIED DEFLECTIONS AND SLOPES

STA CASE DEFLECTICN SLQOPE
0 1 0 NONE
40 1 0 NONE

TABLE 4 - STIFFNESS AND LOAD CATA
FROM TC CONTE F Q ) T R

0 40 C 1.000E 00 1.C0CE-C1 0 0

119

01 JUL 66
RUN 1 AUG 66

TABLES NUMBER

2 3 4

0 0 0

1 2 1
1

40

1.000E-01

P
0 0
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON
CHARGE CEOt1118 COCED 28 JUL €6-HM,JJP
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPORT

REVISICON DATE =
PUNCH 28 JUL 66-~TH

0l JUL 66
RUN 1 AUG 66

PROB (CCNTLC)
1A SIMPLE BEAMs UNIFORMLY LOADEDs CONSTANT EI

TABLE 5 - RESULTS

STA I X W CW/DX M DM/CX NET REACT
-1 -1.000E~01 -~2.665E-01 2.665E CC 0 -1.81SE-09 -3.638E-09
0 0 0 2.665E 00 -3.638E-10 -9.75CE-01 -1.950E 00
1 1.000E-01 2.665E-01 2.655E 00 -1.950E-01 -1.90CE 00 1.000E-01
2 2.000E-01 5.310E-01 2.626E 0C -3.800E-01 -1.80CE 00 1.000E-01
3 3.C000E-01 7.918E-01 2.580E OC -5.550E-01 -~1.70CE 00 1.000E-01
4 4.C00E-01 1.047E 00 2.516E 00 -7.200E-01 -1.60CE 00 1.000E-~01
5 5.000E-01 1.295E 0C 2.436E 00 -8.750E-01 -1.50CE 0O 1.000E~01
6 6.000E-01 1.534E (C 2.341E 00 -1.020E 00 -1.40CE 00 1.000E-01
7 7.000E-01 1.763E 00 2.233E 00 -1.155E 00 -1.30CE 00 1.000E-01
8 8.000E-01 1.981E 00 2.111E 00 -1.280E 00 -1.20CE 00 1.000E-01
9 9.CO00E-01 2.185E 00 1.677E 0C =-1.395E 00 -1.10CE 00 1.000E-01
10 1.C00E Q0 2.376€ QC 1.8326 00 -1.500E 00 ~-1.00CE 00 1.000E-01
11 1.100E 00 2.552E 00 1.678E 00 -1.595€E 00 -9.00CE-O01 1.000E-01
12 1.2CQ0E 00 2.712E 00 1.514E 00 -1.680E 00 -8.00CE-O01 1.000E-01
13 1.300E 00 2.855E 0C 1.342E 00 -1.755E 00 -7.00CE-01 1.000€e-01
14 1.400E 00 2.980E 00 1.163E 00 -1.820E 00 -6.00CE-01 1.000E-01
15 1.500E 00 3.087E 00 9.787E~01 -1.875E 00 -5.00CE-01 1.000E-01
16 1.600€E 00 3.176E Q0 7.890E-01 -1.920E 00 -4.00CE-01 1.000E-01
17 1.7C0E 00 3.245E 00 5.952E~01 -1.955E 00 -3.00CE-0O1 1.000E-01
18 1.800E 00 3.295E 00 3.985E-01 -1.980E 00 -2.00CE-01 1.000E-01
19 1.500E 00 3.325E 00 1.997E-01 -1.995E 00 -1.00CE-O1l 1.000E-01
20 2.000E 00 3.335E Q0 2.270E-08 -2.000E 00 -5.23SE-07 1.000E-01
21 2.100E 00 3.325E 00 -1.997E-01 -1.995E Q0 1.00CE-01 1.000€E-01
22 2.200E 00 3.295E 0C -3.585E-01 -1.980E 00 2.00CE-0Q1 1.000E-01
23 2.300E 00 3.245E 0C -5.952E-01 -1.955E 00 3.00CE-01 1.000E-01
24 2.400E 00 3.176E 00 -7.890E-01 -1.920E 00 4.00CE-01 1.000E-Q1
25 2.500€E 00 3.087E 00 -S.787E-01 -1.875E 00 5.00CE-01 1.000€E-01
26 2.600E QO 2.980E 00 -1.163E 00 -1.820E 00 6.00CE-01 1.000E-01
27 2.700E Q0 2.855E 00 -1.342E 00 -1.755E QO 7.00CE-01 1.000E-01
28 2.800E 00 2.712E 00 -1.514E 00 -1.680E 00 8.00CE-01 1.000E-01
29 2.900E 00 2.552E GO0 -1.678E 00 -1.595E QO 9.00CE-O1 1.000E-01
30 3.000E 00 2.376E 0C -1.832E 00 -1.500E 00 1.00CE 00 1.000E-01
31 3.100E 00 2.185E 00 -1.977E 00 -1.395E QO 1.10CE 00 1.000E-01
32 3.200E 00 1.981E 00 -2.111E 00 -1.28Q0E QO 1.20CE 00 1.000E-01
33 3.300E 00 1.763E 00 -2.233E 00 -1.155E QO 1.30CE 00 1.000E-01
34 3.400E 00 1.534E 0C -2.341E 00 -1.020E QO 1.400E 00 1.000E-01
35 3.500E 00 1.295E 00 -2.436E 00 -8.750E-01 1.50CE 00 1.000E-01
36 3.€00E 00 1.047E 00 -2.516E O0C -7.200E-01 1.60CE 00 1.000E-01
37 3.7CQ0E 00 7.918E-01 -2.580E 00 -5.550E-0C1 1.70CE 00 1.000E-01
38 3.800E 00 5.310E-01 -2.626E 00 -3.800E-01 1.80CE 00 1.000€-01
39 3.900E 00 2.665E-01 -2.655E 00 -1.950E-01 1.90CE Q0 1.000E-01
40 4.000E 00 C -2.665E OC 0 9.75CE-Q01 -1.950E 00
41 4.10CE 00 -2.665E-01 -2.665E Q¢ 0 0 0
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TABLE 6 -- SCALES FOR PLOT CUTPULT -- VALUES AT ENDS CF AXES
STA I X W DW/DX M DM/CX NET REACT
50 5.000E 00 5.000E 00C 5.000E 00 2.000€ 00 2.00CE 00 2.000€ 00

TIME = 1 MINUTES, & ANC 48/60 SECONDS
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Prob 1A. Simple beam, uniformly loaded, constant EI,
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON REVISION DATE = 01 JUL 66
CHARGE CEOS51118 COCED 28 JUL é6-HM,JJP PUNCH 28 JUL 66-TH RUN 1 AUG 66
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPORT

TIME = 1 MINUTES, 4 ANC 54/60 SECONDS

PROB
18 SIMPLE BEAM, UNIFCRMLY LCADED, VARIABLE EI

TABLE 1 - PRCGRAM-CCNTRCL CATA
TABLES NUMBER

2 3 4
PRICR-DATA OPTIONS (1 = HCOLC) 1 1 1
NUM CARCS INPUT THIS PROBLENM 0 0 4
CPTION (IF=1, 2, 3) TC PLOT 1
TABLE 2 - CCNSTANTS
USING CATA FROM THE PREVICLS PROBLEM
TABLE 3 - SPECIFIED CEFLECTIONS AND SLOPES
STA CASE DEFLECTICN SLOPE
USING CATA FROM THE PREVIOLS PROBLEM
TABLE 4 - STIFFNESS ANC LOAD CATA
FROM TC CCNTD F C S T R P
USING DATA FROM THE PREVICUS PROBLEM PLUS
0 1 0 c 0 0 0 0
10 1 5.000E-01 C 0 0 0 0
30 1 5.000E-0C1 C 0 0 0 0
40 ¢ c c 0 0 0 0
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PROGRAM BMCOL 34 - DECK 2 - MATLCCK-HALIBURTON
CHARGE CEOS51118 CODED 28 JUL 66-HM,JJP
EXAMPLE PRCBLEMS - BMCOL 34 FINAL REPORT

REVISICN DATE =
PUNCH 28 JUL 66-TH

0l JUL 66
RUN 1 AUG 66

PROB (CCNTC)

18 SIMPLE BEAM, UNIFORMLY LCADED, VARIABLE EI
TABLE S5 - RESULTS

STA 1 X W DW/DX M DM/CX NET REACT
-1 -1.000E-01 -1.855E-01 1.855E 00 0 0 0
0 0 0 1.855E 00 0 -9.75CE-01 -1.950E 00
1 1.000E-01 1.855€~01 1.845E 00 -1.950E-01 -1.90CE 00 1.000E-01
2 2.000E-01 3.691E-01 1.819€ 00 -3.800E-01 -1.80CE 00 1.000€E-01
3 3.000E-01 $.492E-01 1.777E 00 -5.550E-01 -1.70CE 00 1.000E-01
4 4.000E-01 7.246E-01 1.723E 00 -7.200E-01 -1.60CE 00 1.000E-01
] $.000E-01 8.939E-01 1.658E 00 -8.750E-01 -1.50CE 00 1.000E-01
6 6.000E-01 1.056E 00 1.584E 00 -1.020E 00 -1.40CE 00 1.000€E-01
7 7.C00E-01 1.211E 00 1.502E 00 -1.155E 00 -1.30CE 00 1.000E-01
8 8.000€E-01 1.357€ 0¢C l.414E 00 -1.280E 00 -1.20CE 00 1.000E-01
9 9.000E-01 1.493E 00 1.320E 0C -1.395E 00 -1.10CE 00 1.000€-01
10 1.000E 00 1.621E 00 1.222E 00 -1.500E 00 -1.00CE 00 1.000E-01
11 1.100E 00 1.738E 00 1.118E 00 -1.595E 00 -9.00CE-0O1 1.000€E~-01
12 1.200E 00 1.844E 00 1.009E 00 -1.680E 00 -8.00CE-O1 1.000E-01
13 1.300E 00 1.940E 0C 8.948E-01 ~-1.755E 00 -7.00CE-01 1.000€E-01
14 1.400E 00 2.023E 00 7.757E-01 -1.820E 00 -6.00CE-01 1.000E-01
15 1.500E 00 2.095E 0C 6.525E-01 -1.875E 00 -5.00CE-01 1.000E-01
16 1.600E 00 2.154E 00 $5.260E-01 -1.920E 00 -4.00CE-01 1.000E-01
17 1.700E 00 2.200E OC 2.968E-01 -1.955E 00 -3.00CE-01 1.000E-01
18 1.800E 00 2.233E 00 2.657E-01 -1.980E 00 -2.000E-01 1.000E-01
19 1.900E 00 2.253E 0OC 1.332€-01 -1.995E 00 -1.000E-01 1.000€E-01
20 2.000E 00 2.260€ 00 5.937E-08 -2.000E 00 -6.985E-07 1.000E-01
21 2.100E 00 2.253E 00 -1.332E-01 -1.995E 00 1.00CE-O1 1.000€E-01
22 2.200E 00 2.233E 0C -2.657E-01 -1.980E 00 2.00CE-01 1.000E-01
23 2.300E 00 2.200E 00 -3.968E-01 -1.955E 00 3.00CE-01 1.000€~-01
24 2.400E 00 2.154E 00 -5.260E-01 -1.920E 00 4.00CE-01 1.000E-01
25 2.500E 00 2.095E 00 -6.525E-01 -1.875E 00 5.000E-01 1.000E-01
26 2.600E 00 2.023E 00 -7.757E-01 -1.820E 00 6.00CE-01 1.000€E-01
27 2.700E 00 1.940E 00 -8.948E-01 -1.755E 00 7.000E-01 1.000E-01
28 2.8C0E 00 1.844E 00 -1.009E 00 -1.680E 00 8.00CE-01 1.000E-01
29 2.900E 00 1.738E 00 -1.118E 00 -1.595E 00 9.00CE-01 1.000E-01
30 3.000E 00 1.621E 0C -1.222E 00 -1.500E 00 1.00CE 00 1.000€E-01
31 3.100E 00 1.493E 00 -1.3220E 00 -1.395E 00 1.100E 00 1.000E-01
32 3.200E 00 1.357E 00 ~-1.414E 00 -1.280E 00 1.200E 00 1.000€E-01
33 3.300E OO0 l1.211E 0C -1.502E 0C -1.155E 00 1.30CE 00 1.000E-01
34 3.400E 00 1.056E 0C -1.584E 00 -1.020E 00 1.40CE 00 1.000E-01
35 3.500E 00 8.939E-01 -1.658E 00 -8.750E-01 1.50CE 00 1.000E-01
36 3.6C0E 00 T.246E-01 -1.723E 00 -7.200€E-01 1.60CE 00 1.000E-01
37 3.700E 00 $.492E-01 -1.777E 00 -5.550E-01 1.7¢CE 00 1.000E-01
38 3.800E 00 3.691E-01 -1.819€E 00 -3.800E-01 1.80CE 00 1.000E-01
39 3.900E 00 1.855€-01 -1.845€E 00 -1.950E-01 1.900E 00 1.000E-01
40 4.000E 00 ¢ -1.855E 0C 1.819E-10 9.75CE-01 -1.950E 00
41 4.100E 00 -1.855€-01 ~-1.855E 0C 0 -9.095E-10 1.819€-09
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TABLE 6 -~ SCALES FOR PLOT QUTPUT ~-- VALUES AT ENDS CF AXES
STA 1 X W CW/DX M DM/CX NET REACT
50 5.C00E 00 5.000E 00 2.000€E 00 2.000E 00 2.000E 00 2.000E 00

TIME = 1 MINUTES, 17 ANC 19760 SECONDS
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PROGRAM BMCCL 34 - DECK .2 - MATLCCK-HALIBURTON REVISION DATE = 01 JUL 66
CHARGE CEO51118 COCED 28 JUL 66-HM,JJP PUNCH 28 JUL 66-TH RUN 1 AUG 66
EXAMPLE PRCBLEMS - BMCOL 34 FINAL REPORT

TIME = 1 MINUTES, 17 ANC 25/60 SECONDS

PROB
2 STEEL BENT CAP

TABLE 1 - PROGRAM-CONTRCL DATA
TABLES NUMBER
4

2 3
PRIGR-DATA COPTICONS (1 = HOLLC) 0 0 0
NUM CARCS INPUT THIS PROBLENM 1 3 17
CPTICN (IF=1,y 2, 3) TC PLOT 1

TABLE 2 - CCNSTANTS

NUM INCREMENTS 80
INCREMENT LENGTH 1.200E 01

TABLE 3 -~ SPECIFIED DEFLECTIONS AND SLOPES

STA CASE DEFLECTICN SLOPE
10 1 ¢ NONE
40 1 0 NONE
70 1 0 NONE

TABLE 4 - STIFFNESS ANC LOAD CATA

FRCM TC CONTC F ¢ ) T R P

0 80 ¢ 6.087E 11 -3.000E C2 0 0 0 0
30 50 4 3.202€ 11 -1.02CE C2 0 0 0 0
5 5 0 0 ~-5.000E C4 0 0 0 0
10 10 O 0 -1.000E C5 0 0 0 0
15 15 ¢ C -1.00CE ¢S 0 0 0 0
20 20 ¢ 0 -1.10CE C5 0 0 0 0
25 25 ¢ 0 -1.100E C5 0 0 0 0
30 30 ¢ 0 -1.000E G5 0 0 0 0
35 35 ¢ 0 -1.000E ¢S 0 0 0 0
40 40 O 0 -5.00CE C4 0 0 0 0
45 45 ( 0 -5.000E Q4 0 0 0 0
50 50 ¢ C -4.000E C4 0 0 0 0
55 55 0 -3.50CE C4 0 0 0 0
60 60 ¢ 0 -3.000E 04 0 0 0 0
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A8.10
65 65 ¢ 0 -2.500E C4 0 0 0 0
7 10 ¢ 0 ~2.000E C4 0 0 0 0
7% 15 ¢ 0 -1.500E C4 4] 0 0 0
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON

CHARGE CEO51118

PROB (CCNTC)
STEEL BENT CAP

2

TABLE 5 - RESULTS

STA 1

VOOV WNO -

X
-1.200E

1.200E
2.400E
3.600E
4.800E
6.000E
7.200E
8.400E
9.600E
1.080E
1.200E
1.320E
1.440E
1.560E
1.680E
1.800E
1.520E
2.040E
2.160E
2.280E
2.400E
2.520E
2.640E
2.760E
2.880E
3.0C0E
3.120E
3.240CE
3.360E
3.480E
3.600E
3.720E
3.840E
3.960E
4.080E
4.200E
4.320E
4.440E
4.560E
4.680E
4.800E
4.920E
5.040E
5.160E

COCED 28 JUL é&&-HM,JJP
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPORT

W

3.617E-01
3.291E-01
2.965E-01
2.639E-01
2.313E-01
1.987E-01
1.661E-01
1.335€-01
1.007E-01
6.766E-02
3.413E-02
0
-3.488E-02
-6.990E-02
-1.044E-01
-1.378E-01
-1.695E-01
-1.589E-01
-2.256E-01
-2.492E-01
-2.696E-01
-2.862E-01
-2.989E-01
-3.075E-01
-3.121E-01
-3.127€-01
-3.092E-01
-3.016E-01
-2.903E-01
-2.755E-01
-2.575€-01
-2.366E-01
-2.138E-01
-1.896E-01
-1.645€-01
-1.390E-01
-1.132E-01
-8.777E-02
-6.314E-02
-3.591E-02
-1.867E-02
0
1.553E-02
2.822E-02
3.835E-02

CW/DX

-2.716E-03
-2.716E-03
-2.716E-03
-2.716E-03
-2.716E-03
-2.717€E-C3
-2.717€E-03
-2.724E-03
-2.744E-03
-2.775E-03
~-2.819E-03
-2.876E-03
-2.513E-03
-2.898E-03
-2.831E-03
~2.713E-03
-2.543E-03
-2.334E-03
-2.097€E-03
-1.833€E-03
-1.541E-03
-1.221E-03
-8.873E-04
-5.521E-04
-2.156E-04
1.221E-04
4.609E-04
7.877E-04
1.089E-03
1.366E-C3
1.617E-03
1.821€-03
1.960E-C3
2.051E-03
2.111E-03
2.138E-03
2.133E-03
2.087€E-03
1.594E-03
1.853E-03
1.663E-03
1.425E-03
1.176E-03
S.507E-04
7.502E-04

-1.800E
-7.200E
-1.620E
-Z-BBOE
-4 .500E
-6.648E
-1.288E
-1.915E
-2.546E
-3.180E
-5.553E
2.066E
4.683E
7.297E
9.907E
1.131E
1.272E
1.412E
1.551E
1.690E
1.697E
1.704E
1.710E
1.716E
1.721E
1.594E
1.467E
1.339E
1.211E
1.083E
8.341E
5.849E
3.351E
8.487E
-1.659E
-5.371E
-9.088E
~1.281E
-2.027E
~1.837E
-1.647E
-1.458E

DM/CX

-7.50CE
-9.00CE
-1.20CE
-2.65CE
-5.18CE
-5.21CE
-5.24CE
-5.27CE
8.294E
2.18¢E
2.183E
2.18CE
2.177E
l.674E
1.171E
l1.168E
1.165E
1.162E
6.087E
5.572E
5.272E
4.972E
4.672E
~-5.062E
-1.05SE
-1.062E
-1.06%E
-1.06¢E
-1.572E
-2.075E
-2.07SE
-2.083E
-2.087E
-2.591E
-3.09%E
-3.096E
-3.107E
-7.625E
1.582E
1.578E
1.574E

129

REVISION DATE = 01 JUL 66

PUNCH 28 JUL 66-TH RUN 1 AUG 66

NET REACT

-1.500E 02
-3.000E 02
-3.000E 02
-3.000E 02
-5.030E 04
-3.000E 02
-3.000E 02
-3.000E 02

2.716E 05
~3.000E 02
-3.000E 02
-3.000E 02
-3.000E 02
-1.003E 05
-3.000E 02
-3.000E 02
-3.000E 02
-3.000E 02
-1.103E 05
-3.000E 02
-3.000E 02
-3.000E 02
-3.000E 02
-1.103E 05
-3.000E 02
-3.000E 02
-3.000E 02
-3.,000E 02
~1.004E 0S
-4.020E 02
-4.020E 02
~4.020E 02
-4.020E 02
-1.004E 05
-4.,020E 02
-4.020E 02
-4.020E 02
-4.020E 02

4.694E 05
~4.020E 02
-4.020E 02
-4,020E 02



TABLE 6 -- SCALES FOR PLOT CGUTPUT -- VALUES

STA I

100

5.28CE 02
5.400E 02
5.520E 02
5.€640E 02
5.760E 02
5.880E 02
6.00CE 02
6.120E 02
6.240E 02
6.360E 02
6.480E 02
6.6C0E 02
6.720E 02
6.840E 02
6.960E 02
7.080E 02
7.200E 02
7.220E 02
T.440E 02
7.560E 02
7.680E 02
7.800E 02
7.920E 02
8.040E 02
8.160E 02
8.280E 02
8.400E 02
8.520E 02
8.640E 02
8.760E 02
8.880E 02
9.000E 02
9.120E 02
9.240E 02
9.360E 02
9.480E 02
9.600E 02
9.720E 02

X

1.200E 03

4.622E-02
5.213E~02
5.636E-02
5.911E-02
6.058E-02
6.C97E-02
6.047E-02
5.913E-02
5.692E-02
5.401E-02
5.060E-02
4.685E-02
4.295E~02
3.898E-02
3.502E-02
3.115E-02
2.743E-02
2.395E-02
2.070E-02
1.767E~02
1.484E-02
1.221E-02
9.750€E-03
7.388E-03
5.034E-03
2.600E-03
0
~2.856E-03
-5.916E-03
-9.132E-03
-1.245E-02
-1.583E-02
~-1.922E-02
~2.262E-02
-2.602E-02
-2.942€E-02
-3.283E-02
-3.623E-02

W

5.000E-01

5S.741E-04

4.223E-04

2.909E-04

1.760E-04

7.746E-05
~4.696E-06
-7.659E-05
~1.479E-04
-2.132E-04
-2.634E-04
-2.984E-04
-3.185E-04
~3.277€-04
=3.304E~-04
~3.,266E-04
-3.163E-04
=2.997E-04
-2.803E-04
-2.618E-04
-2.442E-04
~2.276E-04
-2.121E-04
-2.008E-04
-1.965E-04
-1.995E-04
-2.G97E-04
-2.2713E-04
-2.465E-04
-2.615E~-04
~2.724E-04
-2.792E-04
-2.821E-04
-2.828E-04
~2.832E-04
-2.835E-04
-2.836E-04
-2.836E-04
-2.836E-04

CW/DX

5.C00E~-03

-1.269E 07
-1.081E 07
=9.531E 06
-8.259E 06
~6.991E 06
-5.729E 06
~4.471E 06
-3.697E 06
-2.927E 06
-2.160E 06
-1.397E 06
-6.380E 05
-3.022E 05
2.989E 04
3.584E 05
6.B34E 05
1.005E 06
9.624E 05
9.166E 05
8.671E 05
8.140E 05
7.573E 05
3.971E 05
3.321E 04
=3.343E 05
-7.053E 05
-1.080E 06
-8.658E 05
~6.,552E 05
-4.482E 05
~2.448E 05
-4.500E 04
-2.880E 04
-1.620E 04
-7.200E 03
-1.800E 03
5.767E-03
0

AT ENDS OF
M

5.000E 07

= 1 MINUTES, 34 ANC 21760 SECONDS

1.57CE 05
1.31€¢E 05
1.062E 05
1.058E 05
1.054E 05
1.05CE 05
8.46SE 04
6.432E 04
6.403E 04
6.373E 04
6.342E 04
4.563E 04
2.783E 04
2.753E 04
2.7232E 04
2.693E 04
1.163E 04
~3.672E 03
-3.972E 03
-4.272E 03
-4.572E 03
-1.737E 04
-3.017E 04
-3.047E 04
-3.077E 04
-3.107E 04
-6.68€E 03
1.77CE 04
1.74CE 04
1.71CE 04
1.68CE 04
9.00CE 03
1.20CE 03
9.00CE 02
6.00CE 02
3.00C0E 02
7.50CE 01
-2.402E-04

AXES
DM/CX

5.00CE 05

-4,.020E 02
-5.040E 04
-4.020E 02
-4.020E 02
~4.020E 02
-4.020E 02
-4.035E 04
-3.000E 02
-3.000E 02
-3.000E 02
-3.000E 02
-3.530E 04
-3.000E 02
-3.000E 02
-3.000E 02
-3.000E 02
~3.030E 04
-3.000E 02
-3.000E 02
-3.000E 02
-3.000E 02
-2.530E 04
-3.000E 02
~3.000E 02
-3.000E 02
-3.000E 02

4.907E 04
-3.000E 02
-3.000E 02
-3.000E 02
-3.000E 02
-1.530E 04
~3.000E 02
~3.000E 02
-3.000E 02
~3.000E 02
-1.500€ 02

4.806E-04

NET REACT

5.000E 05
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A8.15

PROGRAM BMCCL 34 - DECK 2 - MATLCCK~-HALIBURTON

CHARGE CE®0S111l8

COCED 28 JUL €6~HM,JJP

EXAMPLE PRCBLEMS -~ BMCCL 34 FINAL REPODRT

TINE = 1 MINUTES,

PROB

34 ANC 28760 SECCNDS

3A MULTIPLE-SPAN BRIDGE - CEALC LOAC ONLY

TABLE 1 - PRCGRAM-CCNTRCL CATA

PRICR-DATA OPTICNS (1 = KCLL)
NU¥ CARCS INPUT THIS PRUBLEM

CPTION (IF=1, 2,

TABLE 2 -~ CUANSTANTS

NUF INCREMENTS
INCREMENT LENGTH

3) TC pPLCTY

TABLE 3 - SPECIFIED DEFLECTIONS AND

STaA CASE
¢ 1
10 1
20 1
8¢ 1
90 1
100 1

CEFLECTIC

TABLE 4 ~ STIFFNESS ANLD LOAD CaTs

FRCK TC CCANTD F

0 100 C 3.000€E
9 11 ¢ 3.000E

19 21 ¢ 3.000E
29 21 ¢ 3.000€
39 41 ¢ 3.000€
49 51 ¢ 3.000E
59 61 @ 3.000€
69 171 ¢ 3.000€
79 81 C 3.000E
B9 91 (¢ 3.000€
¢

-3.000E

<

11 -8.C00E ¢3

11
11
11

OO0y

N

COOOOOD

SLOPES
SLCPE

NCAE
NCNE
NONE
NCAE
NDAE
NONE

CO0OOOOOOOOO

REVISION

PUNCH 28 JulL

QOOOO0OOOLOOOO

DATE =
66-TH

01 JUL 66

133

RUN 1 AUG 66

TABLES NUMBER

SO0OLOOOOCOO

2

3 4
0 0
6 17
100
9.600E 01
0

0

0

0

0

0

0

0

o

0

0



-3.000E 11

¢
0
c
Y
¢

-2.000E
-2.000E
-2.COCE
-2 -OOCE
-2.000E

2.000E
2.000E
2.000E
2.00QE
2.0CCE

[eNoNoNoNeNa

5.0C0OE
5.CCOE
5.0C0OE
5.0COE
5.0C0E

A8.16

DODCOO



A8.17 135

REVISION DATE =
PUNCH 28 JUL 66-TH

01 JUL 66
RUN 1 AUG 66

PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON
CHARGE CEO51118 COCED 28 JUL &6-HM,JJP
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPQORT

PROB (CCNTLC)
3A MULTIPLE-SPAN BRIDOGE - CEAD LOAC ONLY
TABLE 5 - RESULTS
STAa I X W CW/DX M DM/CX NET REACT
-1 -9.€00E 01 5.262E-01 ~-5.481E-03 0 1.234E-06 2.46TE-06
0 0 C -5.481E-C3 2.368E-04 1.33¢€E 04 2.6T2E 04
1 9.6CCE 01 ~-5.262E-01 ~5.071E-03 2.565E Cé6 2.272E 04 -8.000E 03
2 1.520E 02 -9.735E-01 -3.962E-C3 4.362E 06 1.472E 04 -8.000E 03
3 2.880E 02 -1.287E 0C -2.402E-C3 5.391E 06 6.717E 03 -8.000E 03
4 3.840E 02 -1.435E 0C =~6.353E-04 5.651E C6 -1.283E 03 -8.000E 03
5 4.800E 02 -1.409E 00 1.092E-03 5.144E 06 -9.283E 03 -8.,000E 03
6 5.760E 02 -1.225E OC 2.534E-03 3.869E 06 ~-1.72¢E 04 -8.000E 03
7 6.720E 02 -9.224E-01 3.445E~03 1.826E 06 -2.52€E 04 -8.000E 03
8 7.680E 02 -5.636E-01 3.580E-03 -9.853E 05 -3.328E 04 -8.000E 03
9 8.640E 02 -2.350E-01 2.935E-03 -4.564E 06 -4.12€E 04 -8.000E 03
10 9.6CCE 02 0 1.7356-03 -8.912E 06 -3.525E 03 8.352E 04
11 1.056E 03 9.816E-02 4.634E-04 —~5.241E 06 3.422E 04 -8.000E 03
12 1.152E 03 8.898E-02 -4.698E-04 -2.339E 06 2.623E 04 -8.000E 03
13 1.248E 03 7.950E-03 -8.768E-04 -2.045E 05 1.822E 04 -8.000E 03
14 1.344E 03 -T7.936E-02 ~-7.236E-04 1.162E 06 1.022E 04 -8.000E 03
15 1.440E 03 -1.310E-01 -2.561E-04 1.760E 06 2.232E 03 -8.000E 03
16 1.536E 03 -1.285E-01 2.800E-04 1.591E 06 -5.767E 03 ~-8.000E 03
17 1.632E 03 -7.722E-02 €.390E~C4 6.529E 05 -1.3717E 04 -8.000E 03
18 1.728E 03 -5.849E-03 £.750E-04 -1.,053E 06 -2.177E 04 -8.000E 03
19 1.824E 03 3.318E-02 3.046E-05 -3.526E 06 -2.977E 04 -8.000E 03
20 1.520E 03 C -B.871E-04 -6.768E 06 1.522E 03 7.058E 04
21 2.016E 03 -1.371E-01 =-1.774E-03 -3.234E 06 3.281E 04 -8.000E 03
22 2.112E 03 -3,405E-01 -2.193E-03 -4.680E 05 2.481E 04 -8.000E 03
23 2.208E 03 -5.583E-01 -2.C23E-03 1.530E 06 1.681E 04 -8.000E 03
24 2.304E 03 -7.290E-01 ~-1.337E-03 2.T60E C6 8.81ZE 03 -8.000E 03
25 2.4CCE 03 -8.150E-01 -3.799E-04 3.222E 06 8.124E 02 -8.000E 03
26 2.496E 03 -8.019E-01 €.022E~-04 2.916E 06 -T7.18€E 03 -8.000E 03
27 2.592E 03 -6.993E-01 1.364E-03 1.842E 06 -1.51SE 04 -8.000E 03
28 2.688E 03 -~-5.401E-01 1.C96E-03 0 -2.319E 04 -8.000E 03
29 2.784E 03 -4.890E-01 2.545E-04 -2.610E 06 -3.18€E 04 -9.336E 03
30 2.880E 03 -4.913E-01 -~5.132E-04 -6.116E 06 -1.3S7E 03 7.025E 04
31 2.57¢6E 03 -5.875E-01 -~1.309E-03 -2.878E 06 3.04CE 04 -6.664E 03
32 3.072E 03 -T7.427E-01 ~-1.661E-03 -2.797E 05 2.307E 04 -8.000E 03
33 3.168E 03 -9.065E-01 -1.458E-03 1.551E €6 1.507E 04 -8.000E 03
34 3.264E 03 -1.C23E 0C =~-7.917E-04 2.613E 06 7.067E 03 -8.000E 03
35 3.36CE 03 -1.058E 0C 9.167E-C5 2.908E 06 ~-9.328E 02 -8.000E 03
36 3.456E 03 -1.005E 00 9.463E-04 2.434E 06 -8.932E 03 -8.000E 03
37 3.552E 03 -8.768E-01 1.527E-03 1.193E 06 -1.6S3E 04 -8.000E 03
38 3.648E 03 -7.119E-01 1.587E-03 -8.170E 05 -2.492E 04 -8.000E 03
39 3.744E 03 -5.721E-01 1.073E-03 -3.S595E 06 ~-3.27€E 04 -T7.687E 03
40 3.840E 03 -5.060E-01 1.203E-04 -7.110E 06 —2.16CE 01 7.320E 04
41 3.636E 03 -5.490E-01 -8.324E-04 -3.599E 06 3.242E 04 -8.313E 03
42 4.C32E 03 -6.658E-01 -1.358E-03 -8.855E 05 2.42¢E 04 -8.000E 03
43 4.128E 03 -8.C98E-01 ~-1.330E-03 1.060E 06 1.62¢E 04 -8.000E 03



4.224E
4.320E
4.41€E
4.512E
4.€08E
4.704E
4.800E
4.896E
4.592E
5.C88E
5.184E
5.28CE
5.37¢E
5.472E
5.568E
5.6€4E
5.76CE
5.856E
5.952E
6.C48E
6.144E
6.240E

«336E
6.432E
6.528E
6.€24E
6.720E
6.816E
6.912E
7.COEE
T.104E
7.2CCE
T.2S¢€E
T.392E
7.488E
7.584E
T.6£80E
T.T76E
T.872E
T.5€8E
8.0€4E
8.160E
B.25¢€E
B«352E
8.448E
8.544E
8.€640E
8.7T36E
8.832E
8.528E
9.024E
9.120E
9.216E
9.312E
9.408E
9.504E
9.E00E
9.€96E

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

03
03
03
03
03
03
03
03
03

03
03
03
03
03
03
03
03
03
03
c3

-9.212E-01
-9.638E-01
-9.252E-01
-8.163E-01
-6.718€E-01
~5.498E-01
-4.574E-01
-5.498E-01
-6.718E-01
-8.163E-01
-9.252E-01
-9.638E-01
~9.212E-01
-8.C98E-01
-6.658E-01
-5.490E-01
-5.C60E-01
-5.721E-01
-7.119E-01
-8.768E-01
-1.CO5E 00
-1.058¢ CO
-1.023E 0¢
-9.065€E-01
=T7.427E-01
-5.875E-01
=4.913E-01
-4.890E-01
-5.401E-01
~-6.993E-01
-8.C19E-01
-8.150E-01
-7.290E-01
~5.583E-01
-3.405€E-01
-1.371€-01
C
3.318E~-02
-5.849E-03
-T.722E-02
-1.285E-01
-1.310E-01
-7.936E-02
7.950E-032
8.898E-02
9.816E-02
G
~2.350E-01
-5.636E-01
~9.224E-01
~-1.225E 00
~1.4G9E 0C
-1.435E 00
-1.287t 0C
-9.735E-01
-5.262E-01
0
5.262€-01

-8.025E-G4
-2.120E-05
T.682E-04
1.320E-03
1.388E-02
5.CB5E-C4
1.571E-12
~5.085E-04
-1.388E-03
-1.320E-03
-7.€682E-C4
2.120E-C5
8.C25E-04
1.330E-03
1.358E-03
€.324E-04
~1.203E-04
-1.073E-0Q3
-1.587E-03
-1.527E-03
-9.463E-C4
-5.167E-05
7.S517E-04
1.458E-03
1.661E-03
1.309E-03
5.132E-04
-2.545E-04
-1.096E-03
-1.364E-03
-€.022E-0C4
3.799E-04
1.337E-03
2.C23E-03
2.193E-03
1.774E-03
£.8T7T1E~-04
-3-C46'E-C5
-5.750E-04
-€.390E-0C4
-2.800E-04
2.561E~-04
1.236E-04
8.768E-04
4.698E-04
~4.634E-04
-1.735€-03
-2.935E-03
-3.580E-03
-3.445E-03
-2.534E-03
-1.092E~03
€.353E-04
2.402E-03
3.562E-C3
5.071E~03
5.481E~-03
S.481E-03

2.237E
2.646E
2.288E
1.161E
-7.339E
=3.397E
-6.827TE
-3.397E
~T7.339E
1.161E
2.288E
2.646E
2.237E
1.060E
-8.855E
-3.599E
-7.110E
~3.595E
-8.170E
1.193E
2.434E
2.908E
2.613E
1.551E
-2.797E
-2.878E
-6.116E
-2.610E

1.842E
2.916E
3.222E
2.760E
1.530E
-4.680E
=3.234E
-6.768E
-3.526E
-1.053E
6.529E
1.591E
1.760E
1.162E
~2.339E
~5.241E
-8.912E
-4.564E
-9.853E
1.826E
3.869E
5.144E
5.651E
5.391E
4.362E
2.565E

Q6
06
Q6
c6
05

cé

06
cé6
06
0
0

8.262E 03
2.631E 02
-7.737E 03
-1.574E 04
-2.374E 04
-3.174E 04
-1.4G4E-05
3.174E 04
2.374E 04
1.574E 04
7.737E 03
=2.631E 02
—-8.263E 03
-1.62¢€E 04
—2.42¢€E 04
—3.242E 04
2.16CE 01
3.27€E 04
2.492E 04
1.692E 04
8.933E 03
9.32€E 02
-7.067E 03
~1.507E 04
-2.307E 04
-3.04CE 04
1.397E 03
3.18¢E 04
2.31SE 04
1.516E 04
7.18€E 03
-8.124E 02
-8.812E 03
-1.681E 04
-2.481E 04
-3.281E 04
-1.522E 03
2.9717E 04
2.177E 04
1.377E 04
5.767E 03
-2.232E 03
-1.023E 04
-1.823E 04
-2.6232E 04
-3.422E 04
3.525E 03
4.128E 04
3.32¢€E 04
2.52EE 04
1.728E 04
9.283E 03
1.2832E 03
-6.717E 03
-1.472E 04
=2.,272E 04
-1.33¢E 04
0

-8.000€
-8.000E
-8.000E
-8.000E
-8.000E
-8.000E

T.147E
-8.000E
-8.000E
~-8.000E
-8.000E
-8.000E
-8.000E
-8.000E
-8.000E
-8.313E

T.320E
~-7.687E
~-8.000E
-8.000E
~8.000E
-8.000E
-8.000E
-8.000E
-8.000E
=6.664E

7.025E
-9.336E
-8.000E
-8.000E
-8.000E
-8.000E
-8.000E
-8.000E
-8.000E
-8.,000E

7.058E
-8.000E
-8 .000E
-8.000E
-8.000E
-8.000E
-8.000€
-8.000E
-8.000E
-8.000E

8.352E
-8.000E
-8.000E
-8.000E
-8.000E
-8.000E
-8.000E
-8.000E
-8.000E
-8.000E

2.6T2E
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TABLE & ~- SCALES FOR PLCT OUTPUT -- VALUES AT ENDS OF AXES
STA 1 X W CwW/Dx M OM/LX NET REACT
100 3.6C0E 03 2.000€E 0OC 1.C00E~-C2 1.000E 07 5.00CE 04 1.000E 05

TIME = 1 MINUTES, 54 ANL 17/60 SECONDS



138

h (d?M/dx?)

dM/dx

dw/dx

A8.20
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Prob 3A,

Multiple-span bridge - dead load only.
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PROGRAM BMCCL 34 - DECK 2 ~ MATLCCK~HALIBURTON REVISION DATE = 01 JUL 66
CHARGE CEOS51118 CODED 28 JUL &6-HM, JJP PUNCH 28 JUL 66-TH RUN 1 AUG 66
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPORT

TIME = 1 MINUTES, 54 ANLC 24/60 SECONDS

PROB
38 MULTIPLE-SPAN BRIDGE ~ LIVE LOAC ADDED AFTER DEAD LCAC SETTLEMENT

TABLE 1 - PRCGRAM-COCNTRCL CATA
TABLES NUMBER

2 3 4
PRICR~CATA OPTICNS (1 = FOLE) 0 0 0
NUM CARCS INPUT THIS PROBLEN 1 11 18
CPTICN (IF=1y 2, 3) TC PLCT 1
TABLE 2 - CCNSTANTS
NUM INCREMENTS 100
INCRENENT LENGTH 9.600E 01
TABLE 3 - SPECIFIED DEFLECTIONS AND SLOPES
STA CASE DEFLECTICN SLOPE
c 1 0 NONE
10 1 0 NONE
20 1 0 NCNE
30 1 ~4.913E~01 NONE
40 1 ~5.0&60E~Cl NOKNE
50 1 ~4.974E~-C1 NONE
60 1 ~5.060E~C1 NONE
70 1 -4,913E~-Cl NCNE
80 1 C NCANE
96 1 C NONE
100 1 a NCNE
TABLE 4 - STIFFNESS ANC LOAD CaATaA
FRCH# TC CONTC F Q 5 T R P
0 100 ¢ 3.000F 11 -8.000E C3 o 0 0 0
20 45 @ 0 -8.00CE €3 0 Q 0 0
s 11 ¢ 3.000E€ 11 g Y 0 0 0
19 21 € 3.000E 11 ¢ Y 0 c 0
2¢ 31 ¢ 3.000E 11 c 0 0 0 0
3 41 C 3.000€ 11 ¢ 0 0 0 c



[=NaNeNeoNeoNoNaNoNoNeNe Nl

3.000E
3.000E
3.000E
3.000E
3.000E
-3.000E
-3.000E

C -2.C0CE

2.000E
2.0CCE
2.0CCE
2.00CE
2.00CE

[eNeloNoNeNeNoNoNeeNo o

5.0COE
5.0C0E
5.0C0E
5.0C0E
5.0COE

A8.22

[eNeNeNolNoNaNoNoNoNeNoNo]
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON REVISION DATE = 01 JUL 66
CHARGE CEQOS51118 COCED 28 JUL €é-HM,JJP PUNCH 28 JUL 66-TH RUN 1 AUG 66
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPCRT

PROB (CCNTLC)
38 MULTIPLE-SPAN BRIDGE - LIVE LOAC ADDEC AFTER DEAD LCAC SETTLEMENT

TABLE 5 - RESLULTS

STA 1 X W Cw/DX M DM/CX NET REACT
-1 -9.€6C0E 01 5.7T47E~01 -£.586E~-C3 0 0] 0]
8} 0] C -S5.G686E-C3 0 1.387E 04 2.773E 04
1 9.€00E 01 -5.747E-01 -5.560E-03 2.662E 06 2.373E 04 -8.000E 03
2 1.520E 02 -1.C68E 0C -4.405E~-03 4.557TE 06 1.572E 04 -8.000E 03
3 2.880E 02 -1.420E 0C -2.767E-C3 5.683E 06 7.732E 03 -8.000E 03
4 3.840E 02 -1.599E 0C -€E.S10E-04 6.041E 06 -2.678E 02 -8.000E 03
S 4.BCCE 02 -1.592E 00 S.766E-04 S.631E 06 -B8.26EE 03 -8.000E 03
6 S«T60E 02 ~1.411E OC 2.590E-03 4.,454E C6 ~-1.627E 04 -8.000E 03
7 6.720E 02 -1.094E 0C 2.704E-03 2.508E 06 -2.427E 04 -8.000E 03
8 7.68CE 02 -7.C01E-01 4.C73E-03 -2.057E 05 -3,227E 04 -8.000E 03
9 B.€40E 02 -3.123E-01 3.646E-03 -3,687E 06 -4,027E 04 -8.000E 03
10 9.600E 02 C 2.618E-03 -7.937E 06 -5.331E 03 7.787E 04
11 1.056E 03 1.504E-01 1.,481E-03 -4.711E 06 2.961E 04 -8.000E 03
12 1.152E 03 2.843E-01 €.176E-04 -2.253E 06 2.161E 04 -8.000E 03
13 1.248E 03 3.090E-01 1.672E-C4 -5.625E 05 1.361E 04 -8.000E 03
14 1.344E 03 3.164E-01 1.347E-04 3.597E 05 S.60¢E 03 -8.000E 03
15 1.440E 03 3.348E-01 2.745E-04 5.139E 05 -2.394E 03 -8.000E 03
16 1.53¢€E 03 3.€691E-01 3.,408E-04 -9,986E C4 -1.03SE 04 -8.000E 03
17 1.632E 03 4.003E-01 8.774E-05 -1.482E 06 -1.83SE 04 -8.000E 03
18 1.728E 03 3.859E-01 -7.304E-04 -3.631E 06 -2.63SE 04 -8.000E 03
19 1.824E 03 2.600E-01 -2.C10E-03 -6.549E 06 -3.43SE 04 -8.000E 03
20 1.520E 03 C -3.527E-03 -1.024E 07 1.547E 04 1.077E 05
21 2.C16E 03 =-4.172E-01 -4.728E-03 -3.580E Q6 6.132E 04 -1.600E 04
22 2.112E 03 -9.078E-01 -4.863E-C3 1.540E 06 4.532E 04 -1.600E 04
23 2.208E 03 -1.351E 0C -~3.797E-03 5.123E 06 2.932E 04 -1.600E 04
24 2.304E 03 -1.€637E 00 -1.830E-03 7.170E 06 1.332E 04 -1.600E 04
25 2.40CE 03 -1.702E 0OC 5.459E-04 7.682E 06 -2.6732E 03 -1.600E 04
26 2.496E 03 -1.532E ©OC 2.840€E-03 6.65TE 06 -1.867E 04 =-1.600E 04
27 2.562E 03 -1.157E 0C 4.561E-C3 4,097E 06 -3.467E 04 ~1.600E 04
28 2.688E 03 -6.564E-01 3.338E-02 0 -5.067E 04 -1.600E 04
29 2.784E 03 -5,162E-01 8.599E-04 -5.633E 06 =~€.76SE 04 -1.803E 04
30 2.88CE 03 -4.913E-01 -7.806E-04 -1.300E 07 =~3.517€ 03 1.464E 05
31 2.576E 03 -6.661E-01 =-2.493E-03 -6.308E 06 6.26G6E 04 -1.397E 04
32 3.072E 03 -9.700E-01 ~2.320E-03 -9.602E 05 4.77CE 04 -~1.600E 04
33 3.168E 03 -1.303E 00 ~-3.017E-03 2.851E 06 3.17CE 04 -1.600E 04
34 3.264E 03 -1.549E 0C -1.740E-03 5.127E 06 1.57CE 04 -1.600E 04
35 3.260E 03 -1.638E 0C 1.853E-05 5.867TE 06 -2.951E 02 ~-1.600E 04
36 3.456E 03 -1.546E OC 1.768E-03 5.070E 06 —-1.63CE 04 -1.600E 04
37 3.552E 03 -1.298E 00 2.018E-03 2.738E 06 =-3.23CE 04 -1.600E 04
38 3.€48E 03 -9.663E-01 3.275E-03 -1,130E 06 -~4.83CE 04 -1.600E 04
39 3.744E 03 -6.692E-01 2.397E-03 ~-6.535E 06 -6.347E 04 -1.435E 04
40 3.840E 03 -5,060E-C1 €.350E-C4 -1.332E 07 -6.481E 02 1.400E 05
41 3.636E 03 ~5.473E-01 -1.141E-03 -6.659E 06 6.052E 04 -1.765E 04
42 4.032E 03 -7.250E-01 -2.122E-03 ~1.697E 06 4.36SE 04 -1.600E 04

43 4.128E 03 -9.548E-01 -~-2.117E-C3 1.730E 06 2.766E 04 -1.600E 04



4.224E
4.22CE
4.41¢€E
4.512E
4.€08E
4.704E
4.80CE
4.89¢E
4.992E
5.088E
5.184E
5.28CE
5.376E
5.472E
5.568E
5.€€4E
5.T€0E
5.856E
5.552E
6.C48E
6.144E
6.24CE
6.336E
6.432E
6.528¢
6.€24E
6.72CE
6.81¢€E
6.512E
7.CO8E
T.104E
7.200E
T+2S€EE
T.392E
7.488E
T.584E
7T.68CE
T.T76E
T.872E
T.968E
8.C64E
8.160E
8.256E
8.352E
8.448E
B8.544E
8.€4CE
8.736E
8.832E
8.G628E
9.G24E
9.120¢E
9.216E
9.312E
9.4J8E
9.504¢
9.€C0E
S.6S¢EE

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

03
03
03
03
03
03
03
03
03
03
03
N3
03
03
03
03
03
03
03
03
03

-1.131E co©
-1.197€ 0C
-1.140E OC
-5.86CE-01
-7.822E-01
~6.CC7E-C1
-4.574E-C1
~5.105E-01
-6.043E-C]
-7.349E-01
-8.414E-01
-8.866E-C1
-8.568E-01
-7.620E-C1
-64359E-C1
=-5.354E-01
-5.C60E-0C1
-5.829E-01
-7.307E-GC1
-8.599E-01
-1.C3Q0& 0OC
-1.082¢ ©C
-1.C43E GC
=9.224E-C1
-1.534E-01
-5.528E-01
-4,513E-01
-4.,840E-C1
-5.302€-01
-6.S10E-C1
-7.651£-C1
-8.C97E-01
-7.251€-01
-5.556E-01
-3.389E-01
~1.364E-01
Q
3.261E-02
-6.850E-03
-T7.844E-02
-1.298E-01
~-1.322£-0C1
-8.C38E-02
7.181E-03
8.848E-02
S.793E-02
¢
-2.348E-01
-5.€32E-0C1
=-G.219E-0C1
-1.225E 0OC
-1.408t CC
~1.434F OC
-1.287t CC
-9.733E-01
-5.260E~01
c
5.260E-C1

-1.261€E-C3
-4.580E-05
1.CS8E-C3
1.865E-C3
2.C07E-C3
1.484E-03
4.656E-04
-5.570E-C4
-1.169E-C3
-1.235E-0C3
-1.898E-04
-8.C14E-CE
€.486E~-04
1.151E-03
1.180E-03
€. T64E-C4
~Z2+4713E-04
-1.170E-03
-1.651€E-03
~1.556E-C3
~G.4T4E-C4
-€.S85E-05
8.306E-C4
1.508E-C3
1.717E-03
1.365E-C3
5.664E-C4
-2.C26E-04
-1.C78E-C3
-1.380E-03
-€.181E-04
3.€645E-04
1.323E-03
2.C11E-C3
2.183E-03
1.765E-C3
8.804E-04
-2.568E-C5
-5.7184E-04
-€.404E-Q4
-2.799E-04
2.5T5E-C4
71.258E-04
B.,795E-04
4.726E-04
-4.6C8E-C4
-1.733E-C3
-24933E-03
-3.579€E-C3
-3.445E-03
-2.534E-C3
-1.C92E-C3
€.346E-04
2.401E-C3
2.561E-C3
£.069E-03
5.48CE-G3
$.480E-C3

3.620E C6
3.975E 06
3.177E C6
1.611E 06
-7.221E 05
-3.824E 06
~-7.576E C6
-3.943E 06
-1.195E 06
T.843E €5
1.996E 06
2.439E C6
2.115E G6
1.023E Gé
-8.378E 05
-3.466E C6
~6.924E 06
-3.459E 06
-6.997E 05
1.292E 06
2.515E 06
2.370E 06
2.657E 06
1.577E 06
-2.720E 05
-2.889E 06
-6.132E C6
-2.611E C6
0

1.843E 06
2.918E 06
3.225E 06
2.T64E 06
1.536E Cé6
-4.613E G5
-3.226E C6
-6.759E €6
-3.519E C6
-1.046E 06
6.584E 05
1.595E 06
1.763E Cé
l.164E C6
-2.036E G5
-2.339E 06
~5.243E 06
-8.914E 06
-4.56TE C6
~-9.873E 05
1.824E (6
3.868E Cé6
5.143E Cé6
5.650E Gé
5.390E 06
4.361E Gé6
2.565E Cé6
2.368E-C4
0

1.16SE 04
-2.3CEE 03
-1.231E 04
-2.031E 04
-2.831E 04
-3.57CE 04
~6.2CEE 02

3.322E 04

2.462E 04

l.662E 04

B.621E 03

6.20€E 02
-7.37SE 03
-1.53€E 04
-2.33€E 04
-3.17CE 04

3.75¢E 01

3.242E 04

2.474E 04

1l.67T4E 04

8.742E 03

T+42€E 02
-7.257E 03
-1.52€E D4
—2.32€E D4
-3.052E 04

l.44€E 03

3.194E 04

2.32CE 04

1.52CE 04

7.1SSE 03
-8.006E 02
-8.801E 03
-2.48CE 04
-3.28CE 04
-1.522E 03

2.97¢E 04

2.17€¢€E 04

1.37€E 04

5.75%E D3
-2.245E 03
-1.024E 04
-1.824E 04
—-2.624E 04
—-3.424E 04

3.52CE 03

4.12GE 04

3.32SE 04

2.52SE 04

1.72¢E 04

S.28€E 03

1.28¢€E 03
-6.714E 03
-1l.471E 04
-2.271E 04
~1.33¢€E 04
-1-234E'06

-1.600E 04
-1.200E 04
-8.000E 03
-8,000E 03
-8.000E 03
-6.777E 03

T.693E 04
=9.223E 03
-8.000E 03
-8.000E 03
-8.000E 03
-8.000E 03
-8.000E 03
-8.000E 03
-8.000E 03
-8.644E 03

T.212E 04
-7.356E 03
~8.000E 03
-8.000E 03
-8.000E 03
-8.000E 03
-8.000E 03
-8.000E 03
~-8.000E 03
-6.525E 03

7.046E 04
-9.475E 03
-8.000E 03
-8.000E 03
-8.000E 03
-8.000E 03
-8.000E 03
-8.000E 03
-8.000E 03
-8.000E 03

7.056E 04
-8.000E 03
-8.000E 03
~8.000E 03
-8.000E 03
-8.000E 03
~-8.000E 03
~8.000E 03
-8.000E 03
~8.000E 03

8.353E 04
-8.000E 03
-8.000E 03
-8.000E 03
~8.000E 03
-8.000E 03
-8.000E 03
-8.000E 03
-8.000E 03
-8.000E 03

2.671E 04

2.467E-06
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TABLE 6 -- SCALES FOR PLOT QUTPLT -- VALUES AT ENDS OF AXES
STA 1 X L] CW/DX M DM/LCX NET REACT
100 9.6C0E 03 2.000E 00 1.000E-02 2.000E 07 1.00CE 05 2.000E 05

TIME = 2 MINUTES, 14 ANC 1/60 SECONDS
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Prob 3B, Multiple-span bridge - live load added after
dead load settlement.
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON REVISION DATE = 01 JUL 66
CHARGE CEO51118 COCED 28 JUL €6-HM,JJP PUNCH 28 JUL 66-TH RUN 1 AUG 66
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPORT

TIME = 2 MINUTES, 14 ANC 8/60 SECONDS

PROB
4 BRACED TRENCH

TABLE ) - PRCGRAM-CCNTRCL CATA
TABLES NUMBER

2 3 4
PRICR-DATA QPTIONS (1 = HOLC) 0 0 0
NUM CARCS INPUT THIS PRORLEM 1 0 5
OPTION (IF=1, 2, 3) TC PLOT 1
TABLE 2 - CCNSTANTS
NUM INCREMENTS 40
INCREMENT LENGTH 1.200E 01
TABLE 3 - SPECIFIED DEFLECTIONS AND SLOPES
STA CASE DEFLECTICN SLCPE
NONE
TABLE 4 - STIFFNESS AND LOAD CATA
FROM TC CCNTLC F G S T R P
o] 1 5.000E 09 c ¢] o] 0 0
30 1 5.000E 09 4.95CE C3 0 0 0 0
40 € 5.000E 09 4.,95CE (C3 1.250E 04 o] 0] 0
10 10 ¢ C C 2.67C0E 05 0 0 0
20 20 € a C 2.670E 05 0 0 0
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PROGRAM BMCCL 34 — DECK 2 - MATLCCK-HALIBURTON
CHARGE CEO51118 COCED 28 JUL €6~HM,JJP
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPCRT

REVISIGN DATE =
PUNCH 28 JUL 66-TH

0l JUL 66
RUN 1 AUG 66

PROB (CCNTLC)

4 BRACED TRENCH

TABLE 5 - RESULTS

NET REACT

STA 1 X W Cw/DX M DM/CX

-1 -1.200E 01 6.312E-01 -4.767E-03 0 -2.105E-05 -4.211E-05
0 0 5.740E-01 -4.767E-03 -5.053E-04 -4.211E-05 2.368E-15

1 1.200E 01 5.168E-01 -4.767E-03 -1.011E-03 8.25CE 01 1.650E 02
2 2.400E 01 4.596E-01 -4.7€5E-03 1.980E 03 3.30CE 02 3.300E 02

3 3.600E 01 4.024E~-01 -4.753E-03 7.920E 03 T.42E5E 02 4.950E 02
4 4.800E 01 3.455E-01 -4.720E-03 1.980E 04 1.32CE 03 6.600E 02

5 6.C00E 01 2.892E-01 -4.648E-03 3.960E 04 2.06ZE 03 8.250E 02
6 7.200E 01 2.340E-01 -4.518E-03 6.930E 04 2.97CE 03 3.900E 02
1 8.400E 01 1.808E-01 -4.301E-03 1.109E 05 4.042E 03 1.155E 03

8 3.600E 01 1.307E-01 -32.969E-03 1.663E 05 5.28CE 03 1.320E 03
S 1.080E Q2 8.551E-02 ~-3.484E-03 2.376E 05 6.68ZE 03 1.485E 03
10 1.200E 02 4.713E-02 -2.807E-03 3.267E 05 1.956E 03 -1.093E 04
11 1.3220E 02 1.815E-02 -2.073E-03 2.846E 05 -2.60CE 03 1.815E 03
12 1.440E 02 =~2.633E-03 -1.415E-G3 2.643E 05 -17.02%E 02 1.980E 03
13 1.560E 02 -1.580E-02 ~-7.761E-Q4 2.678E 05 1.36CE 03 2.145E 03
14 1.680E 02 -2.126E-02 -S.847E-05 2.969E 05 3.58€E 03 2.310E 03
15 1.800E 02 -1.816E-02 €.825E-0Q4 3.539E 05 5.98CE 03 2.475E 03
16 1.520E 02 -4.880E-03 1.636E-03 4.405E 05 8.538E 03 2.640E 03
17 2.040E 02 2.109E-02 2.835E-03 5.588E 05 1.12¢€E 04 2.805E 03
18 2.160E 02 6.315E-C2 4.358E-03 7.107E Q5 1.41%E 04 2.970E 03
19 2.280E 02 1.257€-01 €.289E-03 8.983E 05 1.72CE 04 3.135E 03
20 2.400E 02 2.141E-01 8.715€E-03 1.124E Q06 -8.163E 03 -5.386E 04
21 2.520E 02 3.348E-01 1.091E-Q2 7.024E 05 -3.33¢E 04 3.465E 03
22 2.€640E 02 4.758E-C1 1.214E-Q2 3.228E 05 -2.981E Q4 3.630E 03
23 2.T1€0E 02 6.261E-0Q1 1.251E-02 -1.315E 04 -2.61CE 04 3.795E G3
24 2.880E 02 71.760E-01 1.213E-02 =-3.036E 05 =-2.222E 04 3.960E 03
25 3.C00E 02 9.172E-Q1 1.111E-02 ~-5.465E 05 -1.8l€E 04 4.125E 03
26 3.12CE 02 1.043E GC S.564E-C3 ~-7.399E 05 -1.397E 04 4.290E 03
27 3.240E 02 1.147€ OC 7.618E-03 -8.819E 05 =9.601E 03 4.455E 03
28 3.360€ 02 1.225€ 00 5.395E-03 -9.704E 05 =5.064E 03 4.620E 03
29 3.480E 02 1.276E 0OC 3.027E-03 ~1.003E 06 -3.612E 02 4.785E 03
30 3.600E 02 1.298E Q0 €.477E~-04 -9.790E 05 4.50¢E 03 4.950E 03
31 3.720E 02 1.292E 00 -1.€01E-03 -8.953E 05 8.64SE 03 3.335E 03
32 3.840E 02 1.260E CO -2.€02E-03 -7.715E 05 1.122E 04 1.801E 03
33 3.96CE 02 1.205E 0C -5.279E-03 -6.260E 05 1.232E 04 4.301E 02
34 4.080E 02 1.133E 00 =-6.600E-03 -4.755E 05 1.216E 04 ~-7.148E 02
35 4.2Q00E 02 1.047E 0C -7.571E-03 -3.335E 05 1.104E 04 -1.593E 03
36 4.320€ 02 9.513E-01 -8.224E-03 -2.106E 05 S.147E 03 -2.184E 03
37 4.440E 02 8.495E-01 -E8.&13E-03 -1.139E 05 6.814E 03 -2.483E 03
38 4.560E 02 7.445E-01 -8.807E-03 -4.708E 04 4.324E 03 -2.495E 03
39 4.680E 02 6.382E-01 -8.875E-03 -1.016E 04 1.962E 03 -2.229E 03
40 4.8CCE 02 5.315E-01 -8.888E-03 -1.263E-04 4.235E 02 -8.470E 02
41 4.920E 02 4.249E-01 -8.888E-C3 0 5.262E-06 -1.053E-05
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TABLE 6 -- SCALES FOR PLOT CUTPLT -- VALUES AT ENDS CF AXES
STA 1 X W CwW/DX M DM/CX NET REACT
50 6.000E 02 2.000E OC 2.C00E-C2 2.000E 06 5.00CE 04 1.000E 05

TIME = 2 MINUTES, 26 ANLC 34/60 SECCNDS
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Prob 4, Braced trench,
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON REVISION DATE = 01 JUL 66
CHARGE CEO51118 CODED 28 JUL &6-HM,JJP PUNCH 28 JUL 66~TH RUN 1 AUG 66
EXAMPLE PRGBLEMS - BMCOL 34 FINAL REPORT

TIME = 2 MINUTES, 26 ANC 41760 SECONDS

PROB
5A LCNG-PILE BUCKLING, AXIAL COMPRESSION = 4.000E+(05 LE

TABLE 1 - PRCGRAM—CONTRCL CATA
TABLES NUMBER

2 3 4
PRIOR-DATA OPTIONS (1 = KCLC) 0 0 0
NUM CARCS INPUT THIS PROBLENM . 1 1 5
CPTICN (IF=1, 2, 3) TC PLCT 1
TABLE 2 - CCNSTANTS
NUM INCREMENTS 50
INCREMENT LENGTH 2.400E 01
TABLE 3 - SPECIFIED DEFLECTIONS AND SLOPES
STA CASE DEFLECTICN SLOPE
50 1 0 NCNE
TABLE 4 - STIFFNESS ANEC LOAD CATA
FROM TC CONTC F Q S T R P
0 50 ¢ 3.700€E 10 ¢ 0 0 0 -4.000E 05
25 50 C 0 0 2.000E 04 0 0 0
0 0 ¢ 0 C 0 -4.,000E 05 3.0C0€E 10 0
13 1 0 6.000E C1 0 0 0 0
25 € 0 0 0 0 0 0
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON
CHARGE CEO51118 CCCED 28 JUL €€-HM,JJP

REVISION DATE =
PUNCH 28 JUL 66-TH

0l JuL 66

A8.32

RUN 1 AUG 66

EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPORT

PROB (CCNTC)

SA LCNG-PILE BUCKLING,

TABLE 5 ~ RESULTS

AXTAL COMPRESSION = 4.000E+Q5 LE

STA 1 X W CW/DX M DM/CX
-1 -2.400E 01 2.602E-01 2.459E-C5 0 -7.607E
0 0 2.€610E-01 1.C90E-05 -3.651E 04 -1.51¢E
1 2.400E 01 2.607E-01 -3.641E-05 =~7.285E C4 -7.451E
2 4.,800E 01 2.593E-C1 -8.348E-C5 -7.228E 04 3.334E
3 7.200E 01 2.567E-01 =-1.300E-04 ~-7.125E Q4 5.193E
4 9.€00E 01 2.530E-01 -1.75BE-04 -6.978E C4 7.02CE
5 1.20CE 02 2.483E-01 ~-2.204E-04 -6.788E G4 8.8C2E
6 1.440E 02 2.424E-01 -~2.€37E-04 -6.556E 04 1.053E
7 1.680E 02 2.356E-01 -3.C53E-04 -6.283E 04 1.216E
8 1.920E 02 2.278E-C1 -3.451E-C4 -5.970E C4 1.37¢€E
9 2.160E 02 2.190E-01 -3.827E-04 -5.621E 04 1.528E
10 2.4CCE 02 2.094E-01 -4.179E~-04 -5.237E 04 1.66SE
11 2.640E 02 1.690E-C1 -4.505E-04 -4.820E C4 1.7SSE
12 2.88C0E 02 1.878E~C1 -4.803E-04 -4.373E 04 1.91€E
13 3.12CE 02 1.759E-01 -E.C71E-C4 -3.899E 04 2.175E
14 3.36CE 02 1.634E-01 -5.306E-04 -3.329E 04 2.6913E
15 3.6CCE 02 1.504E-C1 ~£.498E-04 -2.607E C4 3.294E
16 3.840E 02 1.370E-01 -5.,640E-C4 -1.748E 04 3.82%E
17 4.C80E 02 1.234E-01 -5.721E-C4 -7.706E C3 4.282ZE
18 4.32CE 02 1.096E-01 -5.736E-04 3.073E 03 4.662E
19 4.560E 02 9.584E-02 -E5.679E-C4 1.467E 04 4.964E
20 4.8C0E 02 8.233E-02 -5.544E-C4 2.690E C4 5.18%E
21 5.C40E 02 6.523E-02 -5.328E-G4 3.956E C4 5.3232E
22 5.28CE 02 S.€75E-02 -~5.030E-C4 5.245E 04 5.37SE
23 5.520E 02 4.509E-02 -4.€48E-C4 6.538E 04 5.351E
24 5.760E 02 3.444E-02 -4.182E-C4 7.813E 04 5.24CE
25 6.C00E Q2 2.501€-02 -32.635E-04 9.053E C4 3.75€E
26 6.24CE 02 1.€6€G9E-C2 -3.029E-C4 9.636E 04 6.102E
27 6.48CE 02 1.047E-D02 -2.414E-04 9.346E 04 -2.37FEE
28 6.720E 02 5.406E-03 -1.835E-C4 8.495E 04 -—4.194E
29 6.56CE 02 1.663E-C2 -1.322E-C4 7.333E 04 -5.1GEE
30 7.2C0E 02 -9.382E-04 -E.879E-05 6.045E 04 -5.351E
31 T.440E 02 -2.599E-G3 -5.373E-C5 4.764E C4 -~5.137E
32 7.€80E 02 -3.517E-C3 -Z.668E~C5 3.579E C4 -4.635E
33 T.520E 02 -3.879E-0C3 -¢€.€33E-0C¢ 2.540E 04 -3.97¢E
34 8.160C N2 ~3.845E-03 €.821E-C¢ 1.670E 04 -3.25SE
35 8.4CCE 02 -3.552E-012 1.543E-C5 S.753E €3 -2.55¢%E
36 8.64CE 02 -3.,106E-03 2.CN1E-C5 4.442E C3 -1.9CEE
37 8.88CE 02 -2.591E-C3 2.164E-C5 5.932E G2 -1.34¢E
38 9.120E 02 -2.067E-93 2.118E-05 -2.018E 903 -8.78SE
33 9.3€CE 02 -~1.575E-03 1.635E-C5 -2.625E 03 -5.07SE
40 9.6CCE 02 -1.139E-G2 1.673E-05 -4.456E 03 -2.26%E
41 9.840E 02 -7.720E-04 1.375E-CE  =-4.713E 03 -2.385¢
42 1.008E 03 -4.787E-04 1.074E-05 -4.570E 03 1.13CE
43 1.C32E 03 -2.564E-C4 7.907E-C€& -4.170E 02 1.97¢E

02
03
02
ol
01
01
01
02
02
02
02
02

NET REACT

-1.521E
7.282E
1.538E
1.872E
1.846E
1.808E
1.759E
1.698E
1.628E
1.547E
1.456E
1.357E
1.249E
1.133E
4.005E
6.354E
5.667E
4.,946E
4.193E
3.415E
2.615E
1.799E
9.721E
1.389E

-6.952E

~1.525E

-2.732E

~-3.643E

-2.333E

-1.300E

-5.221E
3.076E
3.955€
6.097E
7.088E
7.246E
6.840E
6.087E
5.159E
4.181E
3.239E
2.389E
1.664E
1.074E
6.201E



A8.33

44
45
46
47
48
49
50
51

TABLE
STA 1

50

1.C56E 03
1.08CE 03
1.104E 03
1.128E 03
1.152€ 03
l.176E 03
1.2C0E 03
1.224E 03

X

1.200E 03

~9.913E-05
1.8C09E-06
5.601E-05
7.339E-05
6.368BE~05
3.622E-05
C
=3.634E-CE

W

5.000E-01

£.380E~-C6
3.232E-06
lo"qlE-06
1.598E~C7
-1.744E-07
-1.327E-0Q6
-1.512E-06
-1.514E-0¢

6 —— SCALES FOR PLCT QUTPUT =-- VALUES

Cw/DX

1.CO00E-03

-3.621E
~3.002E
~2.365E
-1.740E
-1.140E
-3.628E

AT ENDS
M

1.000€

= 2 MINUTES, 40 ANC 11/60 SECONDS

OF

05

2.434E 01
2.617E 01
2.628E 01
2.552E 01
2.452E 01
2.367E 01
1.173E 01
7.558E-02

AXES

DM/CX

2.00CE 03

151

2.917E 00

7.416E-01
-5.058E-01
-1.015E 00
-9.763E-01
-1.282E-01
-2.316E 01
-1.512€E-01

NET REACT

2.000€ 03
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h(dZM/dxz)

dM/dx

dw/dx
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON REVISION DATE = 01 JUL 66
CHARGE CECGEllle CCDED 28 JUL €&-HM,JJP PUNCH 28 JUL 66-Tk RUN 1 AUG 66
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPCRT

TIME = 2 MINUTES, 4C ANC 17/60 SECCNDES

PROB
58 LCNG-PILE BUCKLING, AXIAL CCMPRESSICN = 5,000E+C5 LE

TABLE 1 - PRCGRAM—CCNTRCL CATA
TABLES NUMBER
4

2 3
PRICR-CATA OPTICNS (1 = FCLLC} 1 1 1
NUM CARLCS INPUT TRIS FRGELEN 0 0 2
CPTICN (IF=1, 2,4 3) TC PLCT 1

TABLE 2 - CCANSTANTS

LSING CATA FROM TKFE PREVICLS PRCBLEWM

TABLE 32 -~ SPECIFIED CEFLECTIONS ANC SLOPES

STa CASE CEFLECTICN SLCFE

USING CATA FROM THE PREVICLS PRORLEM

TABLE 4 - STIFFNESS ANC LGAC CATA

FROVM TC CCNTC F € S T R P
USING CATA FROM THE PREVICLS PRGRLEM PLUS
0 5¢ C G < 0 (o] 0 -1.C00E 05
0 t C v c 0 -1.000E 05 0 ¢
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBLRTON REVISION DATE = 01 JUL 66
CHARGE CEOf1118 COCED 28 JUL €&6-HM,JJP PUNCH 28 JUL 66-TH RUN 1 AUG 66
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPCRT

PROB (CCNTC)
58 LCNG~PILE BUCKLING, AXIAL COMPRESSICN = S5.Q00E+05 LE

TABLE 5 - RESULTS

STA 1 X W Cw/0X M DM/CX NET REACT
-1 -2.400€ 01 3.776E-01 4.988E-05 0 -1.18SE 03 =-2.377E 03
0 0 3.788E-01 1.287E-05 -5.706E C4 -2.37CE 03 1.526E 01
1 2.40CE 01 3.782E~01 -¢€é.104E-05 -1.137E 05 ~-1.157E 03 2.411E 03
2 4.8C0E 01 3.759E-01 -1.344E-04 -1.126E 05 6.70SE 01 3.644E 01
3 7.200E 01 3.718E-01 -2.068E-04 -1.105E Q5 1.032E 02 3.578E 01
4 9.6CCE 01 3.659E-01 -2.775E-04 -1.076E Q5 1.38SE 02 3.484E Q1
S 1.200E 02 3.584E-01 -2.461E-04 -1.039E 05 1.727E 02 3.363E Q1
6 1.440E 02 3.493E-01 -4.120E~-04 -9.933E 04 2.05€E 02 3.215€E 01
1 1.680E 02 3.387E-01 -4.748E-04 -9.401E 04 2.36SE 02 3.043E 01
8 1.520E 02 3.265E-01 -5.338E~-04 -8.796E 04 2.664E 02 2.847E 01
S 2.160E 02 3.130E-01 -5.886E-04 -8,122E 04 2.937E 02 2.629E 01
10 2.400E 02 2.G583E-01 -6.389E-04 -7.386E 04 3.18EE 02 2.391E 01
11 2.64CE Q2 2.824E-01 -€.843E-04 -6.592E 04 3.415E 02 2.134E 01
12 2.880E 02 2.654E-01 ~-7.243E~Q04 -~5.747E 04 3.614E 02 1.860E 01
13 3.120E 02 2.4T6E-Q1 -T7.587E-04 -4.857E 04 3.93¢E 02 4.566E 01
14 3.360E 02 2.290E-01 -7.86SE-04 -3.858E 04 4.501E 02 6.738E 01
15 3.600E Q2 2.068E-01 -B8.082E-04 -~2.6S7TE 04 5.131E 02 5.863E 01
16 3.840E 02 1.902E-01 -8,215E-04 -1.395E Q04 S.671E 02 4.943E 01
17 4.C80E 02 1.704E-01 -@.259E-04 2.565E Q2 6.11EE 02 3.984E 01
18 4.320E 02 1.506E-01 -8.208E-04 1.542E 04 6.467TE 02 2.994E 01
19 4.56CE 02 1.310E-01 -8.C57E-04 3.130E 04 6.715E 02 1.981E 01
20 4.800E 02 1.119E-01 -7.801E-04 4.7T65E 04 6.862E 02 9.527E 00
21 5.040E 02 9.355E-02 ~-7.438E-04 6.423E 04 6.905E 02 -8.307E-01
22 5.280E 02 T.620E-02 -€.967E-04 8.080E Q4 6.845E 02 -1.118E 01
23 5.520E 02 6.,011E~-02 =-6.391E-04% 9.709E 04 6.682E 02 -2.145E 01
24 S.7T60E 02 4.553E-02 -5.710E-04 1.129E Q05 6.417E 02 -3.155E 01
25 6.C00E 02 3.270E-02 ~4.929E-04 1.279E 05 4.421E 02 -3.,678E 02
26 6.240E 02 2.187E-02 -4.079E-04 1.341E 05 1.822E 01 -4.799E 02
27 6.480E 02 1.312E-02 -3.226E~-C4 1.288E 05 -3.73EE 02 -3.036E 02
28 6.720E 02 6.380E~-03 -2.432E-04 1.162E 05 -6.07EE 02 ~-1.650E 02
29 6.960E 02 1.447E-03 -1.732E-04 9.959E 04 -7.20SE 02 -6.113E 01
30 7.200E 02 -1.935E-03 -1.145E-04 8.156E 04 -7.453E 02 1.222E 01
31 T.440E 02 -4.048E-03 -6.733E-05 6.382E 04 -7.091E 02 6.014E 01
32 T.680E 02 -5.167€-03 -3.122E-05 4.752E 04 -6.35ZE 02 8.776E 01
33 7.520E 02 -5.547E-03 -5.001E-06 3.333E 04 -5.412E 02 9.993E 01
34 8.160FE 02 -5.407E~-03 1.279E-05 2.154E 04 <-4.40SE 02 1.010E 02
35 8.400E 02 ~-4.932E-03 2.373E-Q5 1.217E 04 =-3.431E 02 9.452E 01
36 8.640E 02 -4.268E-03 2.932E-05 5.067E €3 -2.541E 02 8.356E 01
37 8.880E 02 -3.525E-03 3.095E-05 =-2.873E 01 -1.771E 02 7.038E 01
38 9.120E 02 -2.783E-03 2.583E-05 -3.,436E 03 ~1.13¢6E 02 5.666E 01
39 9.360E 02 -2.094E-03 2.693E-05 -5.483E 03 -6.352E 01 4.356E 01
40 9.600E 02 -1.490E-03 2.305E-05 -6.484E 03 ~-2.582E 01 3.184E 01
41 9.840E 02 -9.870E-04 1.877E~05 -6.722E 03 1.042E 00 2.188E 01
42 1.008E 03 -5.888E-04 1.450E-05 -6.434E Q3 1.89CE 01 1.384E 01

43 1.032E 03 -2.908E-04 1.053E-05 -5.815E 03 2.96¢E 01 1.687E 00



TABLE

STA 1

50

= 2 MINUTES,

1.C5¢E 03 -8.333E-05 7.020E-06
1.08CE 03 4.614E-05 4.C56E-06
1.104EF 03 1.114E-04 1.668E-06
1.128E 03 1.262E-04 ~1.499E-07
1.152E 03 1.042E-04 -1.421E-06
1.176E 03 5.802E-05 -2.170E-06
1.2QCE 03 C -2.422E-06
1.224E 03 ~5,824E-05 -2.427E-06
6 -— SCALES FCR PLAT CUTPLT -- VALUES
X W CW/0X
1.2CCE 03 5.C0Q0E-0C1 1.C00E-03

-5.011E
-4.128E
~3.235E
-2.370E
-1.548E
~T7.629E
~T.266E

AT ENDS
M

2.000E

53 ANC 3¢/60 SECONDS

CF

G5

3.515E 01
3.70CE 01
3.662E 01
3.515E 01
3.34GE 01
3.20SE 01
1.585E 01
1.514E-01

AXES

DM/CX

5.0CCE 03

155

3.285E 00

4.,151E-01
-1.176E 00
-1.752E 00
-1.578E 00
-1.213E 00
-3.118E 01
-3.028E-01

NET REACT

5.000E 03
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h(a%M/dx?)

dM/dx

dw/dx
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Prob 5B, Long-pile buckling, axial compression = 5,000E+05 1b.
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PROGRAM BMCCL 34 -~ LCECK 2 - MATLCCK-HALIBURTON REVISION DATE = 01 JUL 66
CHARGE CEnEll18 CCCED 28 JUL 66-HM,JJP PUNCH 28 JUL 66-TH RUN 1 AUG 66
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPCRT

TIME = 2 MINUTES, 53 ANC 43/60 SECONDS

PROB
5C LCNG-PILE BUCKLING, AXIAL COMPRESSION = 6.000E+05 LE

TABLE 1 - PRCGRAM-CCNTRCL CATA
TABLES NUMBER
2 3 4

PRICR-CATA OPTIONS (1 = KECLC) 1 1 1
NUM CARLCS INPUT THIS PROBLENM (] 0 2

CPTION (IF=1, 2, 3) TC PLCT 1

TABLE 2 - CCNSTANTS

USING CATA FROM THE PREVIGUS PROBLEM

TABLE 3 - SPECIFIED DEFLECTIONS AND SLOPES
STA CASE DEFLECTICN SLOPE

USING DATA FROM THE PREVIOLS PROBLEM

TABLE 4 - STIFFNESS ANC LOAD CATA
FROM TC CONTC F C ) T R P
USING CATA FROM THE PREVICLS PROBLEM PLUS

0 50 ¢ o o 0 o 0 -1.000E 05
o ¢ G o] Y 0 -1.000E 05 0 0
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PROGRAM BMCCL 34 — DECK 2 - MATLCCK-HALIBURTON

CHARGE CEO51118

PRGB
5C

{CCNTLC)

COCED 28 JUL €6-HM,JJP
EXAMPLE PRCBLEMS - BMCOL 34 FINAL REPORT

LCNG-PILE BUCKLING,

TABLE 5 - RESULTS

STA 1

-1
0
1
2
3
4
5
6
7
8

X
-2.400E

2.40CE
4.800E
T.200E
9.€600E
1.20CE
l.440E
1.€8GE
1.920E
2.160E
2.400E
2.640E
2.88CE
3.120E
3.360E
3.€0CE
3.840E
4.C80E
4.320E
4.560E
4.800E
5.C40E
5.280E
5.520E
5.760E
6.C00E
6.240E
6.480E
6.720E
6.56CE
T.200E
T.440E
T.680E
T.520E
8.160QE
8.400E
8.€4CE
8.88CE
9.12CE
9.360E
9.€00E
9.840E
1.008E
1.C32E

02
02
02
02
02
03
03

W

7.C50E~01
7.C71E-01
7.056E-01
7.C05E-C1
6.919E-01
6.799E~-01
6.646E-01
6.461E-01
6.246E-01
6.C03E-01
5.734E-01
5.442E-01
5.129E-01
4.798E-01
4.453E-01
4.C97€E-01
3.732E-01
3.364E-01
2.995E-01
2.630E-01
2.273E-01
1.928E-C1
1.600E-01
1.293E-01
1.011E-01
1.572E-C2
5.362E-02
3.511E-02
2.031E-02
9.006E-03
8.415E-04

-4.658E-03

-7.593E~03

-9.651E-C3
-1.007E-02
-9.643E-03
-8.674E-03

-T.415E-03
-6.051E-03

-4.716E-03

~3.494E~-03
~2.436E-03

-1.566E~03
~8.844E-04

-3.820E-04

CW/DX

€.686E-05

1.234E-05
-1.364E-04
~2.838E-04
~4,285E-04
~5.693E~-04
-7.C48E-04
-8.337E-04
-9.548E-04

~1.067€E~-03
-1.169E-03

-1.261E-03

-1.340E-03

-1.407€E-03
~1.462E-03
-1.502E-03
-1.527€-03
-1.536E-03
~1.529E-03
-1.504E-03
-1.462E-03
-1.401E~03
-1.323E-03
-1.228E-C3
-1.116E-03
-9.885E-04

-8.459E-04

-6.541E-04

-5.439E-04
~4.C55E-04

-2.847E-04
-1.841E-04

-1.C40E-04

-4.334E-Q5
1.725E-07
2.916E-05
4.642E-05
S«464E~-05
5.623E-05
5.328E-05
4.748E-05
4.G17E-05
3.233E-C5
2.466E-(Q5
1.761E-05

~1.149E
-2.288E
-2.257E
-2.206E
-2.134E
-2.043E
-1.932E
-1.803E
-1.657E
-1.496E
-1.321E
~1.134E
~9.363E
-T7.298E
-5.092E
-2.707E
-1.779E
2.461E
5.173E
7.920E
1.067E
1.337E
1.600E
1.852E
2.088E
2.307E
2.376E
2.254E
2.014E
1. 712E
1.390E
1.078E
T.935E
5.480E
3.458E
1.864E
6.690E
~1.774E
-7.324E
-1.055E
-1.200E
-1.217E
-1.148E
-1.026E

0
05
05
05
05
Cc5
05
05
05
05
05
05
05
04
04
04
04
03

REVISION DATE
PUNCH 28 JUL 66-TH

AXTAL CCMPRESSICN = 6.000E+05 LE®

DM/CX

-2.392E
~4.T6¢€E
1.69SE
2.56°5E
3.40¢8E
4.21SE
4.99CE
5.715E
6.387E
6.99SE
T«54¢E
8.022E
8.425E
8.89¢EE
9.5612E
1.024E
1.077E
1.115E
1.137E
1.144E
1.13¢E
l1.111E
1.072E
1.017E
9.484E
5.981E
-1.107E
-T7.53%E
-1.12SE
-1.296GE
-1.243E
-1.102E
-9.327E
-T7.534E
-44254E
-2.92CE
-1.828E
-9.741E
1.078E
3.97SE
5.664E

A8.40

01 JUL 66

03

RUN 1 AUG 66

NET REACT

-4.786E 03
4.091E 01
4.871E 03
8.765E 01
8.566E 01
8.287E 01
7.931E 01
7.501E 01
7.001E 01
6.435E 01
5.810E 01
5.131E 01
4.404E 01
3.636E 01
5.827E 01
T«.464E 01
6.040E 01
4.,559E 01
3.035E 01
1.483E 01

~-8.235E-01

=1.647E 01

=3.197€ 01

-4.716E 01

-6.192E 01

~7.610E 01

-6.245E 02

-T7.929E 02

=4.927E 02

-2.579E 02

-8.326E 01
3.897E 01
1.177E 02
1.618E 02
1.797E 02
1.790E 02
1.658E 02
1.454E 02
1.214E 02
9.694E 01
7.381E 01
5.327E 01
3.597E 01
2.211E 01
l.161E 01



AB.41

44
45
46
47
48
49
50
51

TABLE 6 -- SCALES FOR PLOT QUTPLTY -- VALUES

STa 1

50

TIME

1.C5¢E 03
1.C8CE 03
1.1C4E 03
1.128E€ 03
1.152E 03
1.176E 03
1.2C0E 03
1.224E 03

X

1.200€E 03

= 3 MINUTES,

-3.938E~05

1.668E-04
2.614E~04
2.692E~04
2.137E~C4
1.170e~04

¢

-1.175E-04

W

1.000€ 00

7 ANC

1.143E~C5
£.267E~06
2.133E~C6
~G.552E~C7
~2.172E~C¢
~4.451E-06
~4.885E~-06
~4.896E~Q¢€

Cw/DX

2.000E~03

’8.?65E
-7+ 166E
~5.580F
"“ltO&?E
-2.645E
~1.300E
-10?58E

AT ENDS

M

5.000E

4/60 SECONDS

CF

05

6.454E 01
t.63€E 01
6.457E 01
6.114E 01
5.762E 01
5.472E 01
2.705E 01
3.662E-01

AXES

DM/CX

5.0CCE 03

159

4.189E 00
-5.460E-01
~-3.,050E 00
-3.7T93E 00
~3.236E 00
~2.558E 00
-5.272E 01
~7.327€-01

NET REACT

5.000E 03
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h(a®M/dx?)
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Prob 5C. Long-pile buckling, axial compression = 6,000E+05 1b.
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161

PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON REVISION DATE = 01 JUL 66

CHARGE CEOQOS51118 COCED 28 JUL €6-HM,JJP PUNCH 28 JUL 66-~TH
EXAMPLE PRCBLEMS = BMCOL 34 FINAL REPORT
TIME = 3 MINUTES, 7 ANC 10/60 SECONDS
PROB
50D LCNG-PILE BUCKLING, AXIAL COMPRESSION = 6.500E+05 LB

TABLE 1 - PRCGRAM-CCNTRCL CATA

PRICR-DATA OPTIONS (1 = KFOLC)
NUM CARCS INPUT THIS PROBLEM

CPTICN (IF=1, 2y 3) TC PLCT

TABLE 2 - CCNSTANTS

USING CATA FROM THE PREVICLS PROBLEM

TABLE 3 -~ SPECIFIED DEFLECTIONS AND SLOPES

STA CASE DEFLECTICN SLOPE

USING CATA FROM THE PREVICLS PROBLEM

TABLE 4 - STIFFNESS ANC LOAD CATA

FROM TC CCNTC F C S T R
USING CATA FROM THE PREVICLS PROBLEM PLUS
0 50 ¢ e e 0 o]
0 ¢ C e C 0 -5.000E 04

RUN 1 AUG 66

TABLES NUMBER

2

1
0

3 4
1 1

0 2
p

0 -5.000E 04

0

0
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON

CHARGE CEO51118

COCED 28 JUL ¢€6-HM,JJP
EXAMPLE PRCBLEMS - BMCGL 34 FINAL REPORT

PROB (CCNTC)
5D LCNG-PILE BUCKLING,
TABLE 5 - RESULTS
STA I X W
-1 -2.400E 01 1.264E 00
0 0 1.268E 0C
1 2.4C00E 01 1.265E €C
2 4.8C0E 01 1.255€E 00
3 7.200E 01 1.239E 00
4 9.¢00E 01 1.216E OC
5 1.200E 02 1.187E 0Q
6 1.440E 02 1.152E 00
1 1.680E 02 1.112€ O¢C
8 1.520E 02 1.067E 00
9 2.160E 02 1.017E 0Q
10 2.400E 02 9.630E~-01
11 2.640E 02 9.053E-01
12 2.880E 02 8.447E-01
13 3.120E 02 T.816E-01
14 3.360E 02 7T.168E-01
15 3.€600E 02 6.509E-01
16 3.84QE 02 5.846E-01
17 4.080E Q2 5.186E-01
18 4.320E 02 4.537€E-01
19 4.560E 02 3.9C6E-01
20 4.B00E 02 3.300E-01
21 5.C40€ 02 2.726E~-01
22 5.280E 02 2.192E-01
23 5.520E 02 1.704E~-01
24 5.760E Q2 1.268E~-01
25 6.C00E 02 8.899E-02
26 6.240E 02 5.7T49E-02
27 6.480E 02 3.243E-02
28 6.720E 02 1.343E-02
29 6.960E 02 -1.965E-04
30 T.200E 02 -9.269E-03
31 T.440E 02 -1.466E-02
32 7.680E 02 -1.723E-02
33 7.920E 02 -~1.772E-02
34 8.160E 02 ~1.679E-02
35 8.4C0E 02 -1.499E-02
36 8.640E 02 -1.272E-02
37 8.880E 02 -1.C31E-02
38 9.120E 02 -7.973€-03
39 9.360E 02 -~5.853E-03
40 9.600E 02 ~4.030E-03
41 9.84CE 02 ~2.540E-03
42 1.C08E 03 -1.382E-C2
43 1.032E 03 -5.349E-04

CW/DX

1.463E-C4

7.391E-0¢
-2.698E-04
-5.442E-04
-8.131E-04
-1.074E-03
-1.324E-03
~-1.560E-03
-1.781€E-03
-1.584E~03
-2.167E-03
-2.327E-C3
-2.465E-03
-2.57T7E-03
-2.664E-03
~24123E-03
-2.154E-C3
-2.156E~-C3
-2.127€-03
-2.668E-03
-2.578E-03
-2.457E-03
-2.308€E-03
-2.130E-03
-1.525E-03
-1.696E-Q3
-1.444E-03
-1.178E-03
-9.1B1E-04
-€.T797E-04
-4,728E-04
-3.Cl4E-04
-1.658E-04
-6.362E-05

S.C56E-0¢

5S.691E-Q5

8.481E-05

9.742E-05

G.892E-05

9.286E-05

8.215E-05

€.503E~-C5

5.518E-05

4.176E-05

2.552E-05

-2.142E
-4.262E
-4.199E
-4.093E
~3.946E
-3.759E
-3.534E
-3.273E
-2.980E
-2.656E
~-2.305E
-10931E
~1.538E
-1.129E
-7.020E
-2.543E
2.078E
6.78TE
1.152E
1.623E
2.084E
2.530E
2.955E
3.354E
3.722€
4.053E
4.131E
3.891E
3.457E
2.923E
2.361E
1.820E
1.331E
9.101E
5.653E
2.951E
9.376E
-4.764E
'103925
~1.912E
-2.132E
-2.138E
-2.000E
-1.7T76E

0
05
05
05
05
05
05
05
05
a5
05
a5
a5
a5
a5
04
04
04
04
05
a5
05
05
a5
05
05
05
05
05
05
05
05
05
05
04
04
04

04
04
04

REVISION DATE
PUNCH 28 JUL 66-TH

AXTAL COMPRESSION = 6.500E+05 LB

DM/CX

—4.462E
~8.88CE
—4.28¢E
3.52¢8E
5.272E
6.96ZE
8.582E
1.012E
1.158E
1.28¢E
1.405E
1.50SE
1.59&E
1.671E
1.742E
1.822E
1.895E
1.968E
1.967E
1.941E
1.89CE
1.81%E
1.718E
1.5917E
l.45¢E
8.512E
-3.381€
-1.404E
-2.01¢€E
-2.282E
-2.29SE
~2.14FEE
-1.89¢E
-1.281E
-G.822E
~T.141E
-4.853E
-2.99CE
~1.542E
-4,7017E
2.T745E
T.52¢E
1.0232E

01 JUL 66
RUN 1 AUG 66

03
03
03
02
02
02
02
03
03
03
03
03
03
03
03
03
03
03
03
03
03

02

A8.44

NET REACT

-8.924E
8.T67E
9.100E
1.766E
1.721E
1.659E
1.581E
1.486E
1.377E
1.253E
1.117E
9.695E
8.123E
6.469E
T.T42E
8.438E
6.057E
3.615E
1.136E

-1.355E

-3.832E

~6.270E

-8.645E

-1.093E

-1.311E

-1.515E

-1.058E

-1.321E

-8.106E

-4.132E

-1.190E
8.559€
2.160€
2.87T7E
3.152E
3.112€
2.866E
2.498E
2.077E
1.649E
1.248E
8.937E
5.965E
3.597E
1.814E



TABLE 6 ==~ SCALES FCR PLOT QUTPLT -- VALUES

STA 1
50

1.C56E
1.080E
1.104E
1.128E
1.152€
1.176E
1.200€
1.224€E

X

1.200E

TIME =

03

03

3 MINUTES,

3.520E~05
3.704E~04
5.144E~-04
5.1025'0“
3.981E-04
2.162E-04
0
~2.173E-04

L)

2.000E 0C

1.886E~05
9.984E~Q6
2.911E—06
-2.423E-0¢
~&+.124E-06
-8.285E-0¢
-5.032E-06
-G.055E-06

CwW/DX

5.000E-03

-1.509E
-1.228E
-9.526E
~6.921E
~4.490E
~3.523E

AT ENDS
M

5.000E

20 ANC 31760 SECONDS

04
03
03

03
03

GF

05

163

l.142E 02 5.644E 00
1.159E 02 ~2.225E 00
1.117E 02 ~6.256E 00
1.04SE 02 ~7.267E 00
$.82¢6E 01 ~6.054E 00
9.281E 01 ~4.847€ 00
4.593E 01 ~8.892E 01
7.336E-01 -1.468E 00
AXES
DM/DX NET REACT
1.00CE 04 1.000E 04
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h(dznldxz)

dM/dx

dw/dx

A8.46
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Prob 5D. Long-pile buckling, axial compression = 6,5300E+05 1b,
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PROGRAM BMCCOL 34 - DECK 2 - MATLCCK-HALIBLRTON REVISION DATE = 01 JUL 66
CHARGE CEO51118 CODED 28 JUL €6-HM,JJP PUNCH 28 JUL 66-TH RUN 1 AUG 66
EXAMPLE PRCBLEMS - BMCCOL 34 FINAL REPORT

TIME = 3 MINUTES, 20 ANC 37/60 SECONDS

PROB
SE LCNG-PILE BUCKLING, AXIAL COMPRESSICON = 6.750E+0S LB

TABLE 1 - PRCGRAM-CCNTRCL CATA
TABLES NUMBER
2 3 4

PRICR-CATA OPTIONS (1 = HOLC) 1 1 1
NUM CARCS INPUT THIS PROBLEP 0 0 2

CPTICN (IF=1, 2, 3) TC PLOT 1

TABLE 2 - CCNSTANTS

USING CATA FROM THE PREVICUS PROBLEM

TABLE 3 - SPECIFIED DEFLECTIONS ANC SLOPES
STA CASE DEFLECTICN SLOPE

USING CATA FROM THE PREVICLS PROBLEM

TABLE 4 - STIFFNESS ANLC LOAC CATA
FRCM TC CONTC F C S T R P
USING CATA FROM THE PREVICUS PROBLEM PLUS

0 50 ¢ 0 ¢ 0 0 0 -2.500E 04
0 0 ¢ ¢ C 0 -2.500E 04 0 0
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON REVISION DATE = 01 JUL 66
CHARGE CEO51118 CCDED 28 JUL €6-HM,JJP PUNCH 28 JUL 66-TH RUN 1 AUG 66
EXAMPLE PRCBLEMS - BMCOL 34 FINAL REPORT

PROB {(CCNTLC)
5E LCNG-PILE BUCKLING, AXIAL COMPRESSION = 6.750E+05 LE

TABLE 5 - RESULTS

STA 1 X W CwW/DX M DM/CX NET REACT
-1 -2.400E 01 2.110E 0C 2.346E-04 0 =-7.593E 03 -1.519E 04
0 0 2.116E OC -1.800E-0& =-3.645E 05 -1.511E 04 1.598E 02
1 2.4CCE 01 2.110E 00 -4.734E-04 -7.251E 05 -7.275E 03 1.550E 04
2 4.800E 01 2.093E 0C -S.400E-04 -7.137E 05 6.32S8E 02 3.117E 02
3 7.200E 01 2.065E 0C -1.397E-03 -6.948E 05 9.404E 02 3.034E 02
4 9.60CE 01 2.026E 0OC -1.839E-03 -6.685E 05 1.23€EE 03 2.919E 02
5 1.2C0E 02 1.977E 00 ~2.262E-03 -6.353E 05 1.522E 03 2.774E 02
6 1.440E Q2 1.917E 0C -2.€661E-03 -5.955E 05 1.791E 03 2.600E 02
7 1.680E 02 1.849E 0C =-3.G32E-03 -5.493E 05 2.041E 03 2.399E 02
8 1.920E 02 1.772E 0C -3.372E-03 -4.975E 05 2.27CE 03 2.172E 02
9 2.160E 02 1.687E 0C -3.€76E-C3 -4.404E 05 2.475E 03 1.923E 02
10 2.400E 02 1.595E 0C -3.S42E-C3 -3.787E 05 2.654E 03 1.654E 02
11 2.64CE 02 1.4988 0C -4.166E-C3 -3.130E 05 2.80ZE 03 1.367E 02
12 2.88CE 02 1.395E 00 -4.347E-03 -2.441E 05 2.92€E 03 1.066E 02
13 3.120E 02 1.289E 00 -4.482E-03 -1.725E C5 3.032E 03 1.053E 02
14 3.36CE 02 1.180E 0C -4.570E~C3 -9.851E 04 3.134E 03 9.787E 01
15 3.600E 02 1.070E 00 -4.609E-G3 -2.212E 04 3.212E 03 5.953E 01
16 3.840E 02 9.591E-01 -4.598E-03 5.569E 04 3.253E 03 2.056E 01
17 4.080E 02 8.492E-01 -4.536E-03 1.340E 05 3.252E 03 -1.862E 01
18 4.320E 02 T«413E-01 -4.424E-03 2.119E 05 3.215E 03 -5.761E 01
19 4.560E 02 6.368E-01 -4.262E-03 2.883E 05 3.13SE 03 =-9.599E 01
20 4.800E 02 5.368E-01 -4.C51E-03 3.625E 05 3.024E 03 =-1.334E 02
21 5.C40E 02 4.424E~-01 -3.793E-03 4.335E 05 2.872E 03 -~1.694E 02
22 5.280E 02 3.547E-C1 =-3.490E-03 5.004E C5 2.68€E 03 -2.036E 02
23 5.520E 02 2.748E-01 -3.145E-03 5.624E 05 2.46€E 03 -2.356E 02
24 5.760E 02 2.037E-01 -2.762E-03 6.188E 05 2.21€6E 03 -2.652E 02
25 6.GCCCE 02 1.423E-01 -2.344E-03 6.688E 05 1.22€E 03 ~-1.711E 03
26 6.240E 02 9.,120E-02 -1.S08E-03 6.777E 05 -6.851E 02 -2.115E 03
217 6.480E 02 5.069E-02 -1.4B82E-03 6.359E C5 -2.387E 03 -1.289E 03
28 6.72CE 02 2.008E-02 ~1.C93E-03 5¢631E 05 -3.355E 03 -6.464E 02
29 6.9€60E 02 -1.766E-03 -7.562E-04 4.749E 05 -3.764E 03 -1.721E 02
30 7.200E 02 -1.622E-02 -4.781E-04 3.825E 05 -3.77ZE 03 1.565E 02
31 7.44CE 02 -2.472E-02 -2.588E-04 2.938E 05 -3.511E 03 3.647E 02
32 7.680E 02 -2.864E-02 -9.408E-05 2.139E 05 -3.09CE 03 4.778E 02
33 7.920E 02 =2.923E-02 2.250E-05 1.455E 05 -~2.591E 03 5.195E 02
34 8.160E 02 -2.756E-02 S.874E-05 8.956E C4 -2.07¢E 03 5.106E 02
35 8.400E 02 -2.449E-02 1.427E-04 4.585E 04 -1.587E 03 4.685E 02
36 8.640E 02 -2.071E-02 1.€19E-04 1.340E 04 -1.14SE 03 4.073E 02
37 8.880E 02 ~—-1.€72E-02 1.632E~04 ~9.284E G3 -7.762E 02 3.376E 02
38 9.120E 02 -1.288E-02 1.525E-04 ~2.386E 04 -4.738E 02 2.673E Q2
39 9.360E 02 ~9.404E-03 1.343E-04 -3.,203E 04 =2.394E 02 2.016€ 02
40 9.600E 02 -6.429E-03 1.125E-04 -3.535E 04 -6€.67€¢E 01 1.437E 02
41 9.840E 02 -4.005E-03 8.95BE-05 =3.523E C4 5.272€E 01 9.52BE 01
42 1.C08E 03 -2.130E-03 6.751E-05 -3.282E 04 1.28€E 02 5.681E 01

43 1.032E 03 -7.649E-04 4.744E-05 -2.905E 04 1.711E 02 2.794E 01



TABLE

STA 1

50

1.C56E 03 1.475E-04 32.004E-05
1.C80E 03 6.769E~-04 1.558E-05
1.104E 03 8.951E-04 4.08lE-06
1.128E 03 8.727E-04 -4.572E-06
1.152€ 03 6.757E~04 =-1.057E-C5
1.176E 03 3.656E-04 -1.408E~05
1.200E 03 0 -1.527E-05
1.224E 03 -3.675E-04 -1.531E-05
6 -- SCALES FOR PLOT QUTPUT -~ VALUES
X W CwW/DX
1.2CCE 03 5.000E OC 5.C00E-C3

TIME =

~2.46lE
~1.998E
~1.546E
-1.121E
-7.265E
-3.564E
-6.186E

AT ENDS
M

1.000E

3 MINUTES, 33 ANC 57/60 SECONDS

CF

06

1.89CE
1.90¢CE
1.82¢E
1.70€E
1.594E
1.501E
7.425E
1.28S€E

AXES
DM/CX

2.00CE

02
02
02
02
02
02
01
00

04

7.804E 00
~4,777€ 00
-1.110€ 01
-1.251E 01
-1.031€E 01
-8.300E 00
-1.433E 02
-2.577€ 00

NET REACT

2.000E 04
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h(d?M/dx%)
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Prob 5E. Long-pile buckling, axial compression = 6,750E+05 1b.
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON REVISION DATE = 01 JUL 66
CHARGE CEO51118 COCED 28 JUL €6~HM,JJP PUNCH 28 JUL 66-TH RUN 1 AUG 66
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPORT

TIME = 3 MINUTES, 34 ANC 4/60 SECONDS

PROB
5F LCNG~-PILE BUCKLING, AXIAL COMPRESSICN = 7.COOE+05 LB

TABLE 1 - PRCGRAM-CCONTRCL CATA
TABLES NUMBER
2 3 4

PRIOR-CATA OPTICNS (1 = HOLC) 1 1 1
NUM CARCS INPUT THIS PROBLEN 0 0 2

CPTIGCN (IF=1y, 2, 3) TC PLOT 1

TABLE 2 - CCNSTANTS

USING CATA FROM THE PREVICLS PROBLEM

TABLE 3 - SPECIFIED CEFLECTIONS ANC SLOPES
STA CASE DEFLECTICN SLOPE

USING CATA FROM THE PREVICLS PROBLEM

TABLE 4 - STIFFNESS AND LOAD CATA
FROM TC CONTC F C S T R P
USING CATA FROM THE PREVIOLS PROBLEM PLUS

0 50 ¢ 0 C 0 0 0 -2.500E 04
0 0 ¢ 0 c 0 -2.500FE 04 0 0
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON

CHARGE CEOS51118

PROB (CCNTE)
5F

TABLE 5 - RESULTS
STA 1 X

-1 ~2.400E O1
0 0
1 2.400E 01
2 4.800E Q1
3 7.200E 01
4 9.600E Q1
5 1.2C0E 02
6 1.440E Q2
7 1.680E Q2
8 1.520€ Q2
9 2.160E 02
10 2.400E 02
11 2.640F 02
12 2.880E 02
13 3.120E Q2
14 3.36CE Q2
15 3.60CE 02
16 3.840E Q2
17 4.C80E Q2
18 4.320€ 02
19 4,560k Q2
20 4.800E 02
21 5.040E 02
22 5.280E 02
23 5.520E 02
24 5.760€ 02
25 6.00CE Q2
26 64.240E Q2
27 6.480E 02
28 6.7120E Q2
29 6.960E 02
30 7.200E 02
31 T.440E 02
32 T.680E 02
33 7.920E Q2
34 8.16CE 02
35 8.400E 02
36 8.640F 02
37 8.88CE 02
38 9.120E 02
a9 9.360E 02
40 9.€600E Q2
41 9.84CE 02
42 1.C08Et 03
43 1.032E 03

CODED 28 JUL €£6-HM,JJP
EXAMPLE PRCBLEMS - BMCGL 34 FINAL REPORT

LENG~PILE BUCKLIANG,

W

6.454E
€.470E
6.451E
6.397E
6.308E
6.186E
6.031E
5.846E
5.632E
5.391E
5.127E
4.843E
4.540E
4,223k
3.895¢E
3.560E
3.220E
2.881E
2.546E
2.217¢
1.900E
1.598E
1.313E 0¢C
1.C50E 0OC
8.108E-C1
5.985€e~01
4o156E‘01
2.641E~01
5.418E~02
~9.831€E~-03
-5.187€E-02
~7.627E-02
-8+.T17E~02
-8.828E-02
-8.,2718£-02
-7.324E-02
~6.,168E~02
-4.,960E-Q2
~3.802E-02
~-2+761E~-Q2
~1.873E-02
~1.152E~02
~5.965E-03
~1.944E~-03

o¢
oc¢
g¢
gc
gcC
410
¢
¢
0C
Q¢
ag
acC
ac
¢
o¢
oC
e
Gc
a0
00
00
00

CwW/DX

6.852E~Q4
-5.250E-05
-1.524E-03
-2.978E-03
-4,401E-03
~5.775E-03
~-7.087E-03
-8.322E-03
-9.466E-03
-1.051E-0Q2
-1.143E-Q2
-1.224€E-Q2
-1.291E-02
=-1.344E-Q2
-1.382E-02
-1.405€E-02
-1.413E-Q2
-1.406E-C2
-1.383€E-G2
~1.344E-02
~-1.291E-Q2
~1.223E-02
-1.141E-02
-1.047E-02
-5.405€E-03
-8.233E-03
-6.966E-C3
-5.651E-03
~4.373E-03
~-3.,212E-03
-2.209E-03
-1.384E-03
~T+354E-04
~2.502E-0C4

S.159€E-0S

2.134E-04

4.,394E-04

4.925E-04

4.929E-04

4.581E-04

4.019E-Q4

3.352E-04

2.660E-04

1.995E-04

1.393E-04

~1.137E
-2.262E
~2.224E
-2.162E
~2.076E
-1.968E
-1.839€
-1.689E
-1.522E
~14337E
-1013gE
~9.273E
-7.060E
-4.770E
-2.421E
-3.309E
2.367TE
4.753E
7.097E
9.371E
1.155E
1.361E
1.553E
1,728E
1.885E
2.021E
2.036E
1.902€
1.679E
1.411E
1.133E
8.6T4E
6.287E
4.250E
2.589E
1.296E
3.397€
-3.251E
-70490E
-9.827E
-1.063E
-9.858E
~B.694E

o
gé
0é
g6
06
g6
g6
(+1.]
ge
gsé
cé
06
g5
Cc5
as
a5
03
05
05
05
05
g6

AXIAL CUMPRESSION = 7,000E+05 LE

DM/EX

-2+36SE
-4.712¢€
‘202645
2.07SE
3.07<E
4.032E
4.947E
5.80%E
6.60¢EE
T«335E
7.983E
B.542E
9.011E
9.381E
9.662E
9.86%E
9.9717E
9.971E
9.852E
9.621E
9.281E
8.83EE
8.287E
T.645E
6.91E5E
6.104E
3.15CE
~2.4T4E
~T«43SE
-1.022E
-1.137E
-1.1332E
-1.051E
-9.21¢E
-7.705E
~6.154E
~4,.68¢E
-3.37¢€E
‘2:268E
~1+37CE
‘6.?61E
~1e6T4E
1.821E
4.034E
5.243E

04
G4

REVISION DATE = 01 JUL 66
PUNCH 28 JUL 66-TH

A8.52

RUN 1 AUG 66

NET REACT

~4.738E
5.333E
4.843E
1.007E
S.789E
S.402E
8.913E
8.327E
T.650E
6 .890E
6.056E
5.155E
4.199E
3.197€
2.459E
1.645E
5«136E
~6.,233E
~1+753E
~2.864E
~3.944E
~4.981E
~5.964E
~6.882E
~T+T26E
‘G-QGSE
~5.060E
"6.190E
=3.740E
"1.841E
-4.430E
5.215E
1.129E
1.454E
1.568E
1.534E
1.402E
1.215E
1.004E
7.923E
5.952E
4,222E
2.7T9E
1.636E
T.8Bl4E



A8.53

44
45
46
47
48
49
50
51

TABLE 6 -- SCALES FOR PLOT CUTPLT -- VALUES

STA |

50

1.056E
1.080QE
1.10Q4¢E
1.128E
1.152€
1.176E
1.2CCE
1.224E

X

03

1.200E 03

TIME =

3 MINUTES,

T.236E-04
24.248E~03
2.847€~013
2.T32E-0G3
2.099E-03
1.131E~03
¢
~1.138E~03

W
1.000¢ 01

8.733E-05
4.424E~05
1.007E-G5
~-1.559E-05
-3.334E-05
~4.,373E-C5
~4,727E-05
~4,140E~05

CW/DX

2.000E-02

~T+342¢E
-4.590E
-3.323E
-1.985€E

AT ENDS
M

S.C00E

47 ANLC 24/60 SECONDS

CF

06

5.728E
5.T3ZE
5.462E
5.0885E

4.727E

4.437E
2.195E
4.13€E
AXES
DM/CX

5.0C0CE

04

1.88lE 01
~1.792E 01
~3.600E 01
-3.944E 01
-3.213E Ol
~2.602E 01
~4.,224E 02
-8.272€ 00

NET REACT

5.000E 04



172 A8.54
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Prob S5F. Long-pile buckling, axial compression = 7,000E+05 1b.



A8.55

PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTCN REVISION DATE =
CHARGE CEG51118 COCED 28 JUL €6-HM,JJP PUNCH 28 JUL 66-TH
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPORT

TIME = 3 MINUTES,; 47 ANC 31760 SECCNDS

PROB
56 LCNG-PILE BUCKLING, AXIAL COMPRESSICN = 7.0250E+05 LB

TABLE 1 - PRCGRAM-CCNTRCL CATA

PRICR-CATA OPTICNS (1 = HOLC)
NUM CARDS INPUT THIS PROBLEM

CPTICN (IF=1, 2, 3) TC PLOT

TABLE 2 - CCNSTANTS

USING CATA FROM THE PREVIGOLS PROBLEM

TABLE 3 - SPECIFIED DEFLECTIONS AND SLOPES
STA CASE DEFLECTICN SLOPE

USING CATA FROM THE PREVIOULS PROBLEM

TABLE 4 - STIFFNESS ANC LOAC CATA
FRCM TC CCNTC F G S T R
USING CATA FROM THE PREVICLS PROBLEM PLUS

0 50 ¢ 0 G 0 0
0 0 ¢ 0 (¢ 0 -2.500E 03

173

01 JUL 66

RUN 1 AUG 66

TABLES NUMBER

0
0

2

3 4
1 1
0 2

p
-2.500E 03
0



174 A8.56

PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON
CHARGE CEQS51118 CGCED 28 JUL &6-HM,JJP
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPORT

REVISION DATE =
PUNCH 28 JUL 66-TH

01 JuL 66
RUN 1 AUG 66

PROB (CCNTEL)

56 LCNG-PILE BUCKLING, AXIAL COMPRESSION = 7.0250E+05 LB

TABLE 5 - RESULTS

STA I X W CW/DX M DM/LCX NET REACTY
-1 ~2.40CE 01 8.134E 0OC 8.592E-04 0 =2.952E 04 =-5.984E 04
0 0 8.155E 00 -7.235E-05 ~-1.436E 06 -5.95CE 04 6.,780E 02
1 2.400E 01 8.131E 0C -1.930E-03 -2.856E 06 -2.85EE 04 6.116E 04
2 4.800E 01 8.,062E 0C ~-3.767E-03 -2,808E 06 2.63SE 03 1.276E 03
3 7.2C0E 01 7.950E 0C -5.563E-03 -2,729E 06 3.897E 03 1.240E 03
4 9.600E 01 7.795E OC -7.298E-03 -2.621E 06 5.112E 03 1.191€E 03
5 1.200E 02 7.600E 0C -B.954E-03 -2.484E 06 6.272E 03 1.129€E 03
6 1.440E 02 7.365E 0C =-1.051E-02 =2.320E 06 7.36%E 03 1.054E 03
7 1.680E 02 7.095€ 0C -~1.196E-02 -2.130E 06 8.37¢E 03 9.682E 02
8 1.920E 02 6.792E 0C -1.327E-02 ~-1.918E 06 9.29¢€E 03 8.715E 02
9 2.160E 02 6.458E 00 -1.444E-02 -1.684E 06 1.011E 04 7.654E 02
10 2.400E 02 6.099E 00 -1.545E-02 -1.432E 06 1.08¢E 04 6.509E 02
11 2.640E 02 5.717E 00 -1.629E-02 -1.165E 06 1.141E 04 5.293E 02
12 2.880E 02 5.317E 0C -1.695E-02 -8.846E 05 1.188E 04 4,020E 02
13 3.120E 02 4.9C03E 00 ~1.743E-02 =-5.947E 05 1.222E 04 3.002E 02
14 3.360E 02 4,480E OC -1.7T72E-02 -2.976E 0S5 1.247E 04 1.901E 02
15 3.600E 02 4,052E 00 -1.782E-02 4.095E 03 1.25SE 04 4.800E 01
16 3.84CE 02 3.625E 0C -1.772E-02 3.069E 05 1.257E 04 -9.459E 01
17 4.C8CE 02 3.202E 0C -1.742E-02 6.075E 05 1.,24CE 04 -2.362E 02
18 4.320E 02 2.788E 0C =-1.693E-02 9.023E 05 1.21CE 04 -3.751E 02
19 4.560E 02 2.389E 0C -1.625E-02 1.188E 06 l.16¢E 04 -5.100E 02
20 4.800E 02 2.008E 0C -1.539E-02 1.462E 06 1.106E 04 -6.394E 02
21 5.040E 02 1.650E 00 -1.436E-02 1.720E 06 1.036E 04 -7.617E€ 02
22 5.280E 02 1.3198 00 -1.317E-02 1.960E 06 9.562E 03 -B.758E 02
23 5.520E 02 1.0186 0C ~-1.183E-02 2.179E 06 8.634E 03 ~9.803E 02
24 5.760E 02 7.512E-01 -1.G35E-02 2.375E 06 7.607E 03 -1.074E 03
25 6.C00E 02 5.213E-01 -8.7154E-03 2.544E 06 3.8932E 03 -6.355E 03
26 6.240E 02 3.310E-01 -7.C98E-03 2.56lE 06 -3.161E 03 ~7.765E 03
27 6.480E 02 1.805E-01 ~-E£.492E-03 2.392E 06 -9.3G4E 03 -4.688E 03
28 6.720E 02 6.7376-02 -4.031E-03 2.111E 06 ~1.28SE 04 -2.303€ 03
29 6.560E 02 -1.2956E~-062 -2.771E-03 1.774E 06 -1.431E 04 -5.476E 02
30 7.2C0E 02 -6.566E~-02 ~-1.735E-03 1.423E 06 ~1.42¢€E 04 6.628E 02
31 7.440E 02 -9.621E-02 -9.197E-04 1.089E 06 -1.321E 04 1.424E 03
32 7.680E 02 -1.098E-01 -3.105E-04 7.892E 05 -1.15SE 04 1.832E 03
33 7.520E 02 -1.111€-01 1.183E-04 5.331E 05 -9.683E 03 1.974E 03
34 8.160€ 02 -1.041E-01 3.964E-04 3.244E 05 -7.731€ 03 1.929E 03
35 8.400E 02 -9.209E-02 5.542E-04 1.620E 05 -5.885E 03 1.763E 03
36 8.€40E 02 -7.753E-02 €.203E-04 4,192E 04 -4.,24CE 03 1.527E 03
37 8.880E 02 -6.232E-02 €.204E-04 -4,150E 04 -2.845E 03 1.262€ 03
38 9.,120E 02 -4.775E-02 S.763E-04 -9.463E 04 -1.71€E 03 9.954E 02
39 9.360E 02 -3.465E-02 5.054E-04 -1.239E 05 -8.45CE 02 T.475E 02
40 9.600E 02 =-2.349E-02 4.214E-04 -1.352E 05 -2.062E 02 5.299E 02
41 9.840E 02 -1.443E-02 2.,342E-04 -1.338E 05 2.32SE 02 3.485E 02
42 1.008E 03 -7.448E-03 2.506E-04 -1.240E 0S 5.09¢€E 02 2.049E 02
43 1.022E 03 =-2.400E-03 1.749E-04 -1.093E 05 6.60SE 02 9.754E 01



TABLE 6 —- SCALES FOR PLOY CUTPLTY -~ VALUES

STA 1
50

1.C056E
1.C80E
1.104E
1.128E
1.152E
1.176E
1.2CCE
1.224E

X
1.200E

TIME =

03 S.464E~C4
03 2.856E~03
03 3.602E-03
03 3.450E-03
03 2+4649E-03
03 1.428E~03
03 C
03 ~-1.435E~02

W

03 1.C00E 01

1.CS5E-04
5.533E~05
1.239E-05
‘1.985E-05
~4.214E-05
~5.519€E-05
~5.964E-05
~5.5681E-05

CW/DX

2.C00E-02

~9.229E
-5.767E
-4.174E
-2.700E
~1.323E
-2.514E

AT ENDS
]

5.000E

4 MINUTES, O ANC 5C/60 SECCNDS

04
04
Q4

04
04
02

OF

cs

1.212E
T.212E
6.86SE
6.391E
5.93%E
5.57¢E
2.75¢€E
5.2317E

AXES
DM/CX

1.00CE

05

2.306E 01
-2.301E 01
~4.563E 01
-4,.,985€E 01
~-4.057€ 01
~-3.288E 01
-5.303E 02
-1.047E 01

NET REACT

1.000€ 05
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h(a*M/dx?)

dM/dx

dw/dx

A8.58
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Prob 5G. Long-pile buckling, axial compression = 7.025E+05 1b,
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON REVISION DATE = 01 JUL 66
CHARGE CEQS51118 COCED 28 JUL €6-HM,JJP PUNCH 28 JUL 66-TH RUN 1 AUG 66
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPORT

TIME = 4 MINUTES, O ANC 57/60 SECONDS

PROB
5H LCNG-PILE BUCKLING, AXIAL COMPRESSION = T7.050E+05 LE

TABLE 1 - PRCGRAM-CCNTRCL CATA
TABLES NUMBER
2 3 4

PRIGR-DATA OPTIGNS (1 = HOLC) 1 1 1
NUM CARCS INPUT THIS PROBLEV 0 0 2

CPTICN (IF=1, 2, 3) TC PLCY 1

TABLE 2 - CCNSTANTS

USING CATA FROM THE PREVICLS PROBLEM

TABLE 3 ~ SPECIFIED DEFLECTIONS ANGC SLOPES
STA CASE DEFLECTICN SLOPE

USING CATA FROM THE PREVICLS PROBLEM

TABLE 4 ~ STIFFNESS ANC LOAD CATA
FRCM TC CONTD F (4 S T R P
USING CATA FROM THE PREVICLS PROBLEM PLUS

0 50 ¢ C c 0 0 0 -2.500€ 03
0 0 ¢ 0 C 0 -2.500€E 03 0 0
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON

CHARGE CEO51118
EXAMPLE PRCBLEMS -

PROB
5H

{CCNTLC)

CCCED 28 JUL €66-HM,JJP

LCNG-PILE BUCKLING,

TABLE 5 - RESULTS

STA 1

VONOONDWN-~O -~

X
-2.40CE 01

2.4C0E 01
4.80CE 01
7.2CCE 01
9.€6C0E 01
1.2CCE 02
1.440E 02
1.68CE 02
1.G2CE 02
2.1€6CE 02
2.4CCE 02
2.64CE 02
2.88CE 02
3.12CE 02
3.360E 02
3.6C0E 02
3.84CE 02
4.080E 02
4.22CE 02
4.56CE 02
4.8CCE 02
5.C40E 02
5.280E 02
5.52CE 02
5.760£ 02
6.000E 02
6.240E 02
6.480E 02
6.,720E 02
6.960E 02
7.2CCE 02
T.440E 02
T.680E 02
7.520E 02
8.160E 02
8.400E 02
8.640E 02
B.B80E 02
9.120E 02
9.3260E 02
9.6CCE 02
9.840E 02
1.C08E 03
1.032E 03

W

1.100E 01
1.103E 01
1.100E 01
1.090E 01
1.075E 01
1.054E 01
1.C27E 01
9.557E 0OC
9.551E 00C
9.180E 0OC
8.728E 0C
8.241E 00
T.724E 0C
7.182E ¢C
6.622E CC
6.C49E 0OC
5.471E 0OC
4.893E CC
4.321E 0OC
3.762E OC
3.223€ ofC
2.708E 0OC
2.225E 00
1.777€ 0C
1.372E 0C
1.012€ 0C
7.015E~01
4.450E-01
2.423E-01
8.986E-G2
-1.827€-02
-8.918€E-C2
-1.302€-01

-1.484E-01

-1.501E-01
-1.4065E-01
~1+242E-01
-1.046E-01
-8.400E-02
-6.433E-02
-4,666E-02
-3.160E-02
-1.938E~-02
-9.977E-03
-3.177E-03

BMCCL 34 FINAL REPORT

Cw/DX

1.156E-C3
-1.063E-04
-2.624E-03
-5.113€E~-03
~-71.546E-03
~-6.856E-C3
-1.214E-02
~1.425E-02
~-1.620E-02
-1.798E-02
-1.956E-02
-2.C92E-02
-Z.206E-02
-2.295E-02
~2.360E-C2
-2.,398E-02
~2.410E-02
-2.396E-02
-2+.355E~C2
-2.288E-02
-2.196E-C2
-2.079E-02
-1.%39E-02
~1.777€E-02
-1.596E-02

-1.396E-02
-1.180E-02

~G.567E~-03
-7.399E-03
-5.429E-03
-3.730E-03
-2.332E-03
~1.234E-03
-4.135E-04
1.639E-04
£.380E-04
T.499E-04
8.384E-04
8.379E-04
T1.T79E-04
€.819E-04
5.683E-04
4.505E-04
3.376E-04
2.355€E-04

-1.946E
-3.870E
-3.805E
-3.697E
-3.550E
-3.363E
-3.140E
-2.883E
-2.593E
-2.276E
-1.934E
-1.570E
-1.189E
-7.953E
-3.921E
1.676E
4.266E
8.329E
1.231E
1.616E
1.985E
2.332E
2.655E
2.948E
3.210E
3.436E
3.457E
3.228E
2.847E
2.391E
1.919E
1.468E
1.063E
T.174E
4.361E
2.172E
5.549E
-5.682E
-1.283E
-l.676E
-1.B27E
-1.BO7E
-1.674E
-1.475E

0
06
06
06
Cé
cé6
06
06
06
06
06
06

REVISICON DATE
PUNCH 28 JUL 66-TH

AXTAL COMPRESSICN = 7.050E+05 LE

DM/TX

-4.054E
-8.06ZE
-3.87ZE
3.59¢%E
5.30%E
€.95€E
8.534E
1.002E
1.13SE
1.264E
1.37SE
1.471E
1.551E
1.614E
1.66CE
1.6SZE
1.70¢&E
1.7CCE
l.67¢E
1.63ZE
1.571E
1.491E
1.39%E
1.283E
1.157E
1.017E
5.15SE
-4.34SE
-1.272E
-1.742E
-1.933E
-1.924E
-1.783E
-1.30¢€E
-1.042E
-T.926E
-5.71CE
-3.82S5E
-2.307E
-1.132E
-2.72¢E
3.187E
6.90¢8E
8.93€E

0l JUL 66
RUN 1 AUG 66

04
04
04
03
03
03
03
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04

04
03
03
04
04

04
04
04
04
04
03
03
03
03
03
02
02
02
02

A8.60

NET REACT

-8.109E
9.249E
8.289E
1.735E
1.686E
1.619E
1.534E
1.432E
1.315E
1.183E
1.038E
8.818E
T.159E
5.423E
3.926E
2.337E
4.222E

-1.497E

~3.399E

~5.265E

-7.072E

~B8.B03E

-1.044E

-1.196E

-1.335E

-1.459E

'B .563E

-1 +045E

-6.305E

'3 .090E

~T7.261E
9.038E
1.928E
2.476E
2.666E
2.604E
2.379E
2.060E
1.701E
1.342E
1.007E
7.136E
4 .690E
2.753E
1.306E



44 1.05€¢E 03 1.226€E-03 1.473E-04 -1.245E
45 1.08CE 03 3.892E-03 1.423E-C5 -1.007E
46 1.1C4E 03 4.889E-03 1.634E-05 ~-1.175E
41 1.128E 03 4.676E-03 -2.712E-05 -5.625E
48 1.152¢8 03 3.588E-02 -~£.716E-05 -3.638E
49 1.17¢E 03 1.933E-02 -7.474E-05 -1.783E
50 1.2CCE€ 03 Q0 -8.075E-05 -3.416E
51 1.224E 03 -1.643E-03 -8.097E-05

TABLE 6 ~-- SCALES FCR PLOT CUTPLT -- VALUES AT ENDS

STA I X W CwW/DX M
50 1.200E 03 2.C00E 01 5.CC0E-02 5.000E

TIME = 4 MINUTES, 14 ANLC 17/60 SECONDS

CF

06

S.743E
S.73¢E
9.261E
8.61GE
8.00¢E
1.50¢€E
3.714E
7.11¢E

AXES

DM/LCX

1.0CCE

02
02
02
02
02
02
02
00

05

3.032E 01
-3.169E 01
-6.206E Q1
-6.762E 01
-5.497E 01
~4.457E 01
-71.143E 02
-1.423E 01

NET REACT

1.000€E 05



180 A8.62
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Prob 5H. Long-pile buckling, axial compression = 7.050E+05 1b.



A8.63

PROGRAFM BMCCL 34 — DECK 2 - MATLCCK-HALIBURTCN REVISION DATE

CHARGE CEOS5111848 COCED 28 JUL ¢€6-HM,JJP PUNCH 28 JUL 66-TH
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPORT
TIME = 4 MINUTES, 14 ANC 24/60 SECONDS
PROB
51 LCNG-PILE BUCKLING, AXIAL COMPRESSION = 7.075E+05 LE

TABLE 1 - PRCGRAM-CCNTRCL CATA

PRICR-DATA CPTIGONS (1 = HOLC)
NUM CARDS INPUT THIS PROBLEM

CPTICN (IF=1, 2, 3) TC PLOT

TABLE 2 - CCNSTANTS

USING CATA FROM THE PREVIOLS PROBLEM

TABLE 3 - SPECIFIED DEFLECTIONS AND SLOPES

STA CASE DEFLECTICN SLGPE

USING DATA FROM THE PREVICLS PROBLEM

TABLE 4 - STIFFNESS ANC LGAD CATA

FRCM TC CCNTC F C S T R
USING CATA FROM THE PREVICLS PROBLEM PLUS
0 50 ¢ (4] C (4] o
0 ¢ ¢ 0 G 0 -2.500E 03

181

01 JUL 66

RUN 1 AUG 66

TABLES NUMBER

Q
o

2 3 4
1 1
0 o 2

-2.500E 03
0



182 AB.64

PROGRAM BMCCL 34 -~ DECK 2 - MATLCCK-HALIBURTON REVISION DATE = 01 JUL 66
CHARGE CEOS51118 CODED 28 JUL €6~HM,JJP PUNCH 28 JUL 66-TH RUN 1 AUG 66
EXAMPLE PRUBLENMS - BMCCL 34 FINAL REPORT

PROB (CCNTC)
51 LCNG-PILE BUCKLING, AXIAL COMPRESSION = 7.075E+05 L@

TABLE 5 - RESULTS
STA 1 X W CW/DX M DM/CX NET REACT

-1 -2.4CCE 01 1.699E 01 1.776E-03 0 -6.274E 04 -1.255E 0S5
o 0 1.703E 01 ~1.772E-04 -3.012E 06 ~1.24EE 05 1.441E Q2
1 2.400E 01 1.698E 01 -4,073E-03 -5.988E 06 -5.95CE 04 1.283E 05
2 4.80CE 01 1.684E 01 ~-7.924E-03 -5.887E C6 5.591E 03 2.694E (3
3 7.200E 01 1.660E 01 ~-1.,169E-02 -5.720E 06 8.247E 03 2.618E 03
4 9.600E 01 1.627E 01 ~1.532E-02 -5.491E 06 1.081E 04 2.513E 032
5 1.2CCE 02 1.586E 01 ~1.879E-02 ~5.201E 06 1.32¢E 04 2.380E 03
& 1.440E 02 1.537E 01 -2.205E-02 -4.854E 06 1.55€E 04 2.222E 03
7 1.680E Q2 1.481E Q01 ~2.507E-02 -—4.454E 06 1.76%E 04 2.039E 03
8 1.920E 02 1.417E 01 ~2.782E-02 -4.005E 06 1.962E 04 1.833E 03

9 2.16QE 02 1.3476 01 ~-2.025E-02 ~3.512E 06 2.135E 04 1.607E 03
10 2.400E 02 1.272E 01 -2.236E-02 -2.98lt 06 2.282E 04 1.364E 03
11 2.640E 02 1.192E 01 <-3.411E-02 -2.416E 06 2.407E Q4 1.106E 03
12 2.880E 02 1.108E 01 -2.549E-02 ~-1.825E 06 2.504E 04 8.354E 02
13 3.120E 02 1.021E 01 -3.647E-02 ~1.214E 06 2.5T5E 04 5.857E 02
14 3.360E Q2 9.329E 0C ~3.706E-02 -5.895E 05 2.62CE C4 3.246E 02
15 3.600E 02 8.435E 00 ~-32.723E~-02 4.326E Q4 2.63EE 04 3.006E 01
16 3.840E 02 7.542E 0C -2.700E-02 6.767E 05 2.62€E 04 ~-2.648E 02
17 4.C80E 02 6.659E 00 -3.636E-02 1.304E 06 2.585€ 04 ~5.568E 02
18 4.320E 02 5.797E 0C -3.531E-02 1.918E 06 2.515E 04 ~B.427E 02
19 4.56Q0E 02 4.964FE 0C -2.388E-02 2.511E Q6 2.417E 04 ~1.119E 03
20 4.800E 02 4.170E 00 -3.206E~-02 3.078E 06 2.292E 04 ~-1.384E 03
21 5.040E 02 3.425E QC -2.989E-02 3.611E 06 2.141E 04 ~1.633E 03
22 5.280E 02 2.736E OC -2.739E-02 4.106E 06 1.96¢E 04 ~1.864E 03
23 5.520E 02 2.110E 0C -2.458E-0Q2 4.555E 06 1l.76%E 04 -2.075E 03
24 S.7160E 02 1.556E 00 -2.150E-02 4.955E 06 1.552E 04 =~2.263E 03
25 6.C00E 02 1.C78E 00 -1.817E-02 5.300E Q6 7.8C5E 03 ~1.318E 04
26 6.240E 02 6.833E-01 -1.472E-02 5.330FE 06 -6.817E 03 ~1.607E 04
27 6.480E 02 3.714E-01 ~1.138E-02 4.973E 06 ~1.96SE 04 =-9.8683F 03
28 6.720E 02 1.369E-01 ~8.349E~02 4.384E 06 -2.69CE 04 -4.736E 03
29 6.,9€60FE 02 -2.939E~-02 -5.733E-03 3.682E 06 ~2.98ZE 04 ~1.099E 03
30 7.200E 02 -1.383E-01 -~3.581E-03 2.953E 06 —2.96¢€E 04 1.407E 03
31 T+440E 02 -2.013E-01 -1.891E-Q3 2.258E 06 ~2.747E Q4 2.981E 03
32 T.680E 02 ~2.291E-Q1 ~6.285E~04 1.634E 06 ~2.4C7E 04 3.821E 03
33 T.920E 02 ~2.314E-01 2.592E~-04 1.103E 06 ~2.01CE €4 4.1128 03
34 8.160E 02 -2.166E-01 €.339E-04 6.694E 05 ~1.604E 04 4.015E 03
35 8.400E 02 -1.914E-Q1 1.159€-03 3.326E 05 ~1.22(E 04 3.666E 03
36 8.640E 02 ~1.610E-01 1.294E-03 8.382E 04 ~8.781E 03 3.173€ 023
37 8.880E 02 -1.293E-01 1.292E~-02 ~8.884E 04 ~5.884F 03 2.620E 03
38 9,120 02 ~-9.898E-02 1.199E-03 -1.986E 05 ~3.542€ (03 2.065E 03
39 9.360E 02 ~7.175E-0Q2 1.051E-03 ~2.589E 05 ~1.73%E 03 1.550E 03
40 9.600E 02 ~-4.855E-02 8.753E-C04 -2.819E 05 ~4.11¢E 02 1.097€ 03
41 9.840F 02 ~2.974E~-Q2 6.935E-04 ~2.78B6E 05 4.978E 02 T.206E 02
42 1.008E 03 ~1.526E-02 5.195E~04 ~2.580F 05 1.065E 03 4.225E 02

43 1.032E 03 ~4.802E-03 3.621E~04 ~2.273E 05 1.38CE 03 1.998E Q2



A8.65

44
45
46
47
48
49
50
51

TABLE 6 -- SCALES FOR PLOT CUTPLY -- VALUES

STA 1

50

1.056E
1.080E
1.104E
1.128E
1.152E
1.176E
1.200E
1.224E

X
1.2C0E

TIME =

03 2.120€E-03
03 6.057E-03
03 7.579€E-~03
03 7.238E-03
03 5.549E-03
03 2.988E-03
03 Q
03 -3.004E-03

W

03 2.000E 01

2.262E-04%
1.137E-04
2.460E-05
-4.230E-05
~8.854E-C5
-1.156E-04
-1.248E-04
-1.252E-04

CwW/DX

5.G00E~02

-1.917E
-1.551E
-1.197E
~B.658E
~5.599E
~2.743E
-5.299E

AT ENDS
M

1.000E

4 MINUTES, 27 ANC 43760 SECONDS

CF

07

1.5C2E
1.501E
1.428E
1.327E
1.232E
1.155E
S.7T15E
1.1C4E

AXES
DM/CX

2.00CE

05

4.547E 01
-4.,982E 01
-9.639E 01
-1.047E 02
~B8.504E 01
-6.900E 01
-1.099€E 03
-2.208E 01

NET REACT

2.000E 0S5
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A8.
h(d2M/dx>) .
1
dM/dx
dw/dx
a4
Ty X
w o . - .
CTe L X
p e

Prob 5I. Long-pile buckling, axial compression =

66

7.075E+05 1b.
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON

CHARGE CEDS51118 COCED 28 JUL 66-HM,JJP PUNCH 28 JUL 66-TH
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPORT
TIME = 4 MINUTES, 27 ANC 50/60 SECONDS
PROB
5J LCNG~PILE BUCKLING, AXIAL COMPRESSICN = 7.100E+05 LE

TABLE 1 - PRCGRAM—CCNTRGCL CATA

PRICR-DATA OPTICONS (1 = HCLC)
NUM CARCS INPUT THIS PROBLENM

CPTION (IF=1, 2, 3) TC PLOT

TABLE 2 - CCNSTANTS

USING CATA FROM THE PREVICUS PROBLENM

TABLE 3 - SPECIFIED DEFLECTIONS ANC SLOPES
STA CASE DEFLECTICN SLOPE

USING CATA FROM THE PREVICUS PROBLEM

TABLE 4 - STIFFNESS AND LOAD CATA
FRCM TC CCANTC F C S

USING CATA FROM THE PREVICLS PROBLEM PLUS
0 50 ¢ ¢ 0 0

0

(¢ g ¢ (¢ Q 0 -2.500E 03

185

REVISION DATE = 01 JUL 66

RUN 1 AUG 66

TABLES NUMBER

2 3 4
1 1 1
0 0 2
1

P

0 -2.500E 03
0 0
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PROGRAM BMCCL 34 — DECK 2 - MATLCCK~-HALIBURTON

CHARGE CEOS1118

PROB
5J

(CCNTLC)

COCED 28 JUL €6-HM,JJP
EXAMPLE PRCBLEMS - BMCCL 34 FINAL REPORT

LCNG-PILE BUCKLING,

TABLE 5 - RESULTS

STA I

X
-2.400E

2.4C0OE
4.8CCE
1.2C0OE
9.6COE
1.200E
1.440E
1.€680E
1.520E
2.160E
2.400E
2.640E
2.880E
3.120E
3.360E
3.60CE
3.840E
4.08CE
4.320E
4.560E
4.800E
5.C40E
5.28CE
5.520E
5.760E
6.CCOE
6.24CE
6.480E
6.720E
6.560E
7.200E
T.440E
1.680E
1.920E
8.160E
8.4COE
8.€40E
8.880E
9.120E
9.360E
9.600E
9.840E
1.CO8E
1.032E

W

3.733E
3.742E
3.731E
3.€699E
3.647E
3.575E
3.485E
3.376E
3.252E
3.112E
2.958E
2.792E
2.616E
2.432E
2.241E
2.C47E
1.850E
1.654E
1.460E
1.271E
1.088E
9.137E
1.501E
5.990E
4.€19E
3.403E
2.357E 0OC
1.492E 00
8.096€-01
2.965E-01
-6.715E-02
-3.052E-01
~4.426E-01
-5.030E-01
-5.078E-01

01
01
01
01
01
01
0l
01l
01
ol
01
01
0l
01
ol
01
01
01
Cl
0l
01
0c¢
(o]
00
00
oC

~4,751E-01

-4.196E-01
-3.528£-01
-2.832E-01
-2.167€-01
-1.570E-01
-1.061E-01
~-6.491E-02
-3.321¢€-02
-1.032E-02

AXIAL COMPRESSION =

CwW/DX

3.882E-03

~4.185E-04
-8.995E~-03
-1.747E-Q2
=2.576E-Q2
-3.376E-02
-4.139E-02
~4.,856E-Q2
-5.520E-02
-€.123E-02
-€.€659E-Q2
-7.121E-02
-1.504E-02
~7.805E-02
-8.020E-02
~8.147E-02
-8.183E-02
-8.129E-02
-7.586E-02
-7.754E-02
~7.436E-02
-7.035E-02
~€.557E-02
-6.,006E-02
-£.388E-02
-4.,711E-0Q2
-3,.G681E-02
-3.224€E-02
-2.492€-02
-1.827E-02
-1.253E-Q2
~7.822E-03
-4.,122E-03
-1.359E-C3

£.827E-04
1.839E-03
2.548E-03
2.841E-03
2.836E-03
2.630E-03
2.303E-03
1.918E-03
1.519E-03
1.137E-03
1.922E-04

REVISICN DATE

PUNCH 28 JUL 66-TH

-6.630E
-1.318E
-1.296E
-1.259E
-1.208E
-1l.144E
-1.068E
-9.792E
-8.800E
-7.711E
-60537E
-5.291E
-3.986E
-2.638E
-1.260E
1.334E
1.526E
2.904E
4.250E
5.550E
6.790E
1.956E
9.034E
1.001E
1.088E
1.163E
1.169E
1.090E
9.6017E
8.065E
6.466E
4.942E
3.576E
2.411E
1.462E
T.246E
1.801E
-1.976E
-4.375E
-5.689E
-60189E
-6.112E
~5.658E
-4.982E

o]
06
07
07
07
07
07
Q7
06
06
06
g6
g6
06
06
Gé6
05
06
cé
g6

7.100E+05 LE

DM/LCX

-1.381E
=2.7417E
-1.31¢EE
1.237E
1.824E
2.39CE
2.931E
3.436E
3.906E
4.33%E
4.715E
5.042ZE
5.312E
5.52¢€E
5.68CE
S.TT4E
5.8CSE
Se7T72E
S.6T4E
5.514E
5.29ZE
5.011E
4.675E
4.28¢E
3.85CE
3.371E
1.67SE
-1.52CE
-4.,335E
-SOQOGE
-6.542E
-6.50¢E
~6.022E
~5.274E
-4.404E
-3.512E
-2.671E
-1.921E
~1.287€
-7.735E
-3.77EE
-B8.81EE
1.10¢€E
2.355E
3.032E

AB.68

01 JUL 66

05
05

02
03
03
03

RUN 1 AUG 66

NET REACT

-2.763E
3.193E
2.825E
5.951E
5.782E
5.549E
5.255E
4.903E
4.497E
4.042E
3,541E
3.002E
2.430E
1.831E
1.241E
6.335E

-1.140E

-6.562E

~1.294E

-1.917E

-2.519E

-3.094E

=3.634E

-40134E

-4 .589E

-4 .993E

-2.885E

-30514E

~2.115E

-1.033E

-2.365E
3.117E
6.558E
8.391E
9.021E
8.804E
8.035E
6.953E
5.739E
4.522E
3.392E
2.401E
1.575E
9.222E
4.346E



1.C56E
1.C8GE
1.104E
1.128E
1.152E
1.176E
1.200€
1.224E

03 4.816E-03
03 1.341€E-02
03 1.671E-02
03 1.594E-02
03 1.221E-02
03 6.572E-Q2
03 C
03 -6.608E-03

4.544E-04 -4.202E

2.47T3E-04 -3.3S8E

5.264E-05 -2.622E
-5.387E-05 ~1.8S96E
-1.951E-04 ~1.226E
-2.543E-04 -6.005E
-2.746E-04 -1.170E
-2.753E-04

TABLE 6 -- SCALES FOR PLOT CUTPLT -- VALUES AT ENDS

STA |

50

X

1.20CE

TIME =

W

03 S.000E 01

CW/DX M

1.000E-01 2.000E

4 MINUTES, 41 ANC G760 SECONDS

CF

07

3.296E
3.292E
3.13CE
2.90¢8E
2.6GSE
2.52SE
1.251E
2.437E

AXES
DM/CX

5.00CE

03
03
03
03
03
03
03
0l

05

9.691E 01
-1.114E 02
-2.130€ 02
-2.308E 02
-1.872E 02
~1.520E 02
-2.405E 03
-4.874E 01

NET REACT

5.000E 05
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h(@M/dx2)

dM/dx

dw/dx

A8.70
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Prob 5J. Long-pile buckling, axial compression = 7.100E+05 1b.
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON REVISION DATE = 01 JUL 66
CHARGE CEO51118 COCED 28 JUuL €6-HM,JJP PUNCH 28 JUL 66-TH RUN 1 AUG 66
EXAMPLE PRCBLEMS - BMCGL 34 FINAL REPDORT

TIME = 4 MINUTES, 41 ANC 16/60 SECDONDS

PROB
5K LCNG-PILE BUCKLING, AXIAL COMPRESSION = T7.125E+05 LB

TABLE 1 - PRCGRAM-CONTRCL CATA
TABLES NUMBER
2 3 4

PRICR~DATA OPTICNS (1 = HOLL) 1 1 1
NUM CARCS INPUT THIS PROBLEF 0 0 2

CPTION (IF=1, 2, 3) TC PLOT 1

TABLE 2 - CCNSTANTS

USING CATA FROM THE PREVICUS PROBLEM

TABLE 3 - SPECIFIED DEFLECTIONS AND SLOPES
STA CASE DEFLECTICN SLCPE

USING CATA FROM THE PREVICLS PROBLEM

TABLE 4 — STIFFNESS ANC LCAC CATA
FRCM TC CONTC F Q S T R P
USING CATA FROM THE PREVICUS PROBLEM PLUS

0 50 4@ o} 0 0 0 0 -2.500E 03
Y c C Q C 0 -2.500E 03 0 0
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTQN

CHARGE CEOS1118

PROB
5K

{CCNTLC)

LCNG-PILE

TABLE 5 - RESULTS

STA I

NV ONOWVMSWN=O =

X
-2.400E

2.400E
4.800E
7.200E
9.6C0E
1.200E
1.44CE
1.680E
1.520E
2.160E
2.400E
2.640E
2.880E
3.120E
3.360E
3.600E
3.840E
4.C8CE
4.320E
4.560E
4.800E
5.C4CE
5.280E
5.520E
S.7€GE
6.CCOE
6.240E
6.48CE
6.720E
6.960E
7.200E
7.440E
7.68CE
7.920E
8.16CE
8.4COE
8.640E
8.880E
9.120E
9.36CE
9.€6CCE
9.840E
1.C08E
1.032E

CCCED 28 JUL €€é-HM,JJP
EXAMPLE PRCELEMS - BMCCL 34 FINAL REPORT

BUCKLING,

W

-1.886E 02
-1.890E 02
-1.884E 02
-1.868E 02
-1.842E 02
-1.806E 02
-1.760E 02
-1.705E 02
-1.642E 02
=-1.571E 02
-1.493E 02
-1.409E 02
~1.320E 02
-1.227€E 02
-1.131E 02
-1.032E 02
-9.331E 01
-8.339E 01
~-7.360E 01
~6.404E 01
~5.481E 01
=4.602E 01
-3.777E 01
-3.015¢t 01
-2.324E 01
-1.712E 01
-1.185E 01
-7.495E 0C
-4.,058€ 0C
-1.476E OC
3.522E-01
1.548€E CC
2.238E 00
2.540E 0OC
2.562E 0C
2.395E 00
2.114E OC
1.777E 0¢
1.426E 0C
1.090E 0C
7.895E-01
5333E-01
3.257E-01
1.661E-01
5.096E-02

AXTAL CCMPRESSION =

CwW/DX

-1.951E-02
2.262E-03
4.567E-02
8.858E-02
1.305E-01
1.710E-01
2.096E~-01
2.459€E-01
2.794E-01
3.099E-01
3.369E-01
3.603E-01
3.796E-01
31.547E-01
4.C55€E-01
4.118E-01
4.135E-01
4.106E-01
4.032E-01
3.914E-01
3.752€E-01
3.549E-01
3.207E-01
2.028E-C1
2.716E-01
2.373E-C1
2.G05E-C1
1.623E-01
1.254E-01
S.188E-02
6.301E-02
3.628E-02
2.065E-02
€.7153E-03

~-3.C10E-03

~5$.,321E-C3

-1.288E-02

=1.434E-02

-1.430E-Q2

-1.326E-02

-1.161E-02

-5.£62E-03

~T.€49E-C3

~5.724E-C3

-3.584E-03

REVISION DATE

PUNCH 28 JUL 66~TH

3.356E
6.673E
6.558E
6.371E
6.113E
S.788E
5.398E
4.949E
4.445E
3.892E
3.296E
2.663E
2.001E
1.317E
6.186E
-8.681E
-7.911E
-1.487E
-2.165E
-2.820E
=3.444E
-4.029E
-4.570E
-5.060E
-5.495E
-5.868E
-5.893E
=5.494E
-4.840E
-4,062E
-3.255E
-2.487E
-1.799E
-1.212E
-T7.340E
~3.628E
-8.887E
1.010E
2.216E
2.874E
3.124E
3.083E
2.852E
2.511E

7.125E+05 L@

DM/CX

6.992E
1.36CE
6.6T1E
~6.294E
-9.273E
-1.215E
-1.48SE
-1.7417E
-2.202E
=2+394E
-2.56CE
=-2.6917E
-2.80%E
-2.92°E
-2.9317E
-2.91¢E
-2.861E
-2.T1SE
-2.663E
-2.51SE
-2.34¢E
-2.148E
-1.92¢E
-1.683E
-8.30CE
7.793E
2.194E
2.984E
3.301E
3.28CE
3.03SE
2.651E
2.21€E
1.76EE
1.344E
9.664E
6.461E
3.884E
1.892E
4.345E
-5.651E
-1.162ZE
-1.532E

01 JUL 66

A8.,72

RUN 1 AUG 66

NET REACT
05 1.398E 06
06 =-1.627E 04
05 =-1.430E 06
04 -3.023E 04
04 =-2.936E 04
05 =-2.817E 04
05 =2.667E 04
05 -2.488E 04
05 <-2.281lE 04
05 -2.049E 04
05 =~1.794E 04
05 -1.519€ 04
05 <~1.228E 04
05 -9.224E 03
05 -6.041E 03
05 <2.796E 03
05 4.500€ 02
05 3.691E 03
05 6.891E 03
05 1.001E 04
05 1.303E 04
05 1.590E 04
05 1.859E 04
05 2.108E 04
05 2.333E 04
05 2.533E 04
04 1.452E 05
04 1.766E 05
05 1.063E 05
05 5.175E 04
05 1.169E 04
05 -1.588E 04
05 -3.316E 04
05 -4.236E 04
05 -4.551E 04
05 -4.439E 04
05 -4.050E 04
04 -3.503E 04
04 -2.890E 04
04 <=2.277E 04
04 -1.707E 04
03 -1.208E 04
03 -7.917€E 03
04 -4.628E 03
04 -2.173E 03



A8.73

44
45
46
47
48
49
50
51

1.056E
1.080E
1.104E
1.128E
1.152E
1.17¢6E
1.200E
1.224E

03
03
03
03
03
03
03
03

-2.513E-02
~6.826E-02
-8.4T4E-02
~-8.068E-02
-6.176E-02
-3.323E-02
0
3.342E~02

-2.484E-03
-1.242E-03
-2.588E-04
4,T78SE-04
9.885E-04
1.287E-03
1.388E-03
1.392E-03

2.117E
1.712E
1.320E
S.545E
6.170E
3.022E
5.936E

TABLE 6 -- SCALES FOR PLOT CUTPLT -- VALUES AT ENDS

STA 1

50

X

1.200E

TIME =

03

4 MINUTES,

W

2.000E 02

Cw/DX

5.000E-01

M

1.000E

54 ANC 36/60 SECGNDS

06
06
06
05
05
05
03

0

CF

08

-1.66%5E
-1.66CE
-1.571E
-1.465E
-1.356E
-1.273E
~6.29¢€E
~1.237E

AXES
DM/CX

2.00CE

06

-4.745E 02
5.725E 02
1.082E 03
1.169E 03
9.4T4E 02
T.695E 02
1.210E 04
2.473E 02

NET REACT

2.000E 06



192 A8.74

h(d2M/dx>)
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Prob 5K. Long-pile buckling, axial compression = 7.125E+05 1b.
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON REVISION DATE = 01 JUL 66
CHARGE CEO51118 CODED 28 JUL €6-HM,JJP PUNCH 28 JUL 66-TH RUN 1 AUG 66
EXAMPLE PRCEBLEMS - BMCCL 34 FINAL REPORT

TIME = 4 MINUTES, 54 ANLC 43/60 SECONDS

PROB
6 RIGID-FRAME BENT

TABLE 1 - PRCGRAM-CCNTRCL CATA
TABLES NUMBER

2 3 4
PRIOR~-DATA OPTIONS (1 = KOLLC) 0 0 0
NUM CARCS INPUT THIS PROBLEN 1 4 37
CPTICN (IF=1, 24 3) TC PLOCT 1
TABLE 2 - CCNSTANTS
NUM TNCREMENTS 110
INCREMENT LENGTH 1.000E 00
TABLE 3 -~ SPECIFIED DEFLECTIONS AND SLOPES
STA CASE DEFLECTICN SLOPE
0 3 0 0
30 1 0 NONE
80 1 0 NONE
110 3 0 0
TABLE 4 - STIFFNESS ANC LOAD CATA
FRCM TC CONTC F Q S T R P
0 1 1.440E 06 Q 0 0 0 0
6 1 2.490E 06 c 0 0 0 0
12 1 3.950E 06 C 0 0 0 0
18 1 5.900E 06 0 0 0 0 0
24 1 8.400E 06 c 0 0 0 0
30 1 1.152E 07 0 0 0 0 0
s 1 T.720E 06 C 0 0 0 0
40 1 4.860E 06 0 0 0 0 0
45 1 2.800E 06 0 0 0 0 0
50 1 1.440E 06 C 0 0 0 0
60 1 1.440E 06 ( 0 0 0 0
65 1 2.800E 06 c 0 0 0 0
70 1 4.860E 06 C 0 0 0 0
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PROGRAM BMCCL 34 - DECK 2 - MATLCCK-HALIBURTON

CHARGE CEOQ€1118

PROB (CCNTLC)

COCED 28 JUL 66-HM,JJP
EXAMPLE PRCBLEMS - BMCGCL 34 FINAL REPORT

6 RIGID-FRAME BENT

TABLE 5 - RESULTS

REVISION DATE
PUNCH 28 JUL 66-TH

STA I X W CW/DX M OM/LCX
-1 -1.COCE 00 1.854E~04 -1.854E-04 0 1.335E
0 0 0 0 2.6T0E 02 2.375E
1 1.C00E 00 1.854E-04 3.325E~04 4.750E 02 T.272E
2 2.CCOE 00 6.649E-04 5.G4TE-04 4.124E 02 -6.44CE
3 3.000E 00 1.375E-03 1.980E-04 3.462E 02 -6.8B03E
4 4.C00E 00 2.261E-03 9.507E-04 2.764E 02 -T.l6¢EE
5 5.000E 00 3.276E-03 1.C59E-03 2.029E 02 ~7.52SE
6 6.CO00E 00 4.379E-02 1.128E-03 1.258E C2 ~T.892E
7 7.C00E 00 5.533E-03 1.162E-C3 4.506E 01 -8.25EE
8 8.0C0E 00 6.703E-03 1.163E-03 -3.931E 01 -B.61¢EE
9 9.CO00E 00 7.859E-03 1.137E-03 -1.273E 02 -8.981E
10 1.000E 01 8.977E-03 1.086E~03 =-2.189E 02 -—9.344E
11 1.100E 01 1.003E-02 1.012E-03 -3,142E 02 -9.696GE
12 1.2C0E 01 1.100E-02 S.169E-C4 -4.129E 02 -1.004E
13 1.3CCE 01 1.186E-02 8.C45E-04 -5.149E 02 ~1.03¢E
14 1.4C0E 01 1.261E-02 €. T68E~04 =-6.201E 02 -1.06¢E
15 1.5CCE 0l 1.322E-02 5.355E-04 ~7.282E 02 -1.09°¢E
16 1.60CE 01 1.368E~02 2.817E-04 -8.391E 02 -1.122E
17 1.7C0E 01 1.398E-02 2.163E-04 -9.527E 02 -1.14EE
18 1.80CE 01 1.411E-02 4.027E-05 -1.069E 03 -~-1.17¢E
19 1.500E 01 1.406E-02 -1.443E-04 -1.187E 03 -1.194E
20 2.000E 01 1.382E~02 ~2.353E-C4 -1.308E 03 -1.215E
21 2.10CE 01 1.339€-02 ~-5.324E-04 -1.430E 03 -1.234E
22 2.20CE 01 1.276E-02 -7.352E-04 -1.554E 03 -1.251E
23 2.3C0E 01 1.192E-02 -S.431E-04 -1.680E 03 ~1.2617E
24 2.4C0E 01 1.087E-02 -1.156E~03 -1.808E 03 -1.281E
25 2.50CE 01 9.€609E~03 -1.372E-03 -1.937E 03 -1.293E
26 2.€C0E 01 8.128E-03 -1.590E-03 -2.066E 03 ~1.304E
27 2.T00E 01 6.429E-03 ~-1.810E-03 -2.197E 03 -1.312E
28 2.800E Ol 4.509E-03 -2.031E-02 -2.329E 03 ~-1.321E
29 2.500E 01 2.366E~03 -2.254E-0G3 ~2.461E 03 -1.32¢E
30 3.C00E 01 0 =-2.479E-03 -2.594E 03 4.63SE
31 3.100E 01 ~2.591E-03 =-2.701E-03 -2.369E 03 2.241E
32 3.20CE 01 -5.403E-03 -2.919E-03 -2.146E 03 2.211E
33 3.3C0FE 01 -8.429E-03 -3.130E-03 -1.926E 03 2.183E
34 3.400E 01 -1.166E-02 -3.,335E-03 -1.709E 03 2.15¢E
35 3.500E 01 ~1.510E-02 -3.533E-03 ~1.495E 03 2.01SE
36 3.€600E 01 ~-1.873E-02 -32.721E-03 -1.306E 03 1.883E
37 3.7C0E 01 -2.254E-02 -3.898E-03 -1.119E 03 1.85€E
38 3.800E 01 -2.652E-02 -4.C60E-03 -9.339E 02 1.834E
39 3.500E 01 ~3.066E-02 =-4.,207E-03 -7.517E 02 1.81CE
40 4.,0C0E 01 =3.494E-02 ~4.335E-03 -5.T19E 02 1.7817E
41 4.,100E 01 -3.933E-02 =-4.439E-C2 -3.943€ 02 1. 765E
42 4.,200E 01 -4.382E-02 -4.510E-C3 -2.188E 02 1l.744E
43 4.3CCE 01 ~4.835E-02 -4.543E-03 -4.550E C1 1.7232E
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01 JUL 66

RUN 1 AUG 66

NET REACT

2.670E
-5.896E
-2.706E
-3.630E
-3.630E
-3.630E
-3.630E
-3.630E
-3.630E
-3.630E
-3,630E
-3.630E
~3.465E
-3.300E
-3.135E
-2.970E
-2.805E
~2.640E
-2.475E
~2.310E
-2.145E
"1.980E
-1.815E
-1 .650E
-1.485E
-1.320E
-1.155E
-9.900E-01
-8.250E-01
-6.600E-01
-4,950E-01

3.585E 02
-3.090E 00
-2.850E 00
~2.775E 00
-2.700E 00
-2.462E 01
-20550E
-2.475E
-2.‘000E
-20325E
-2.250E
-2.175E
-2.100E
~2.025¢

02
01l
02
Q0
00



4.400E
4.500E
4.E600E
4.700E
4.800E
4.S00E
5.000E
5.100E
5.200E
5.300E
5.400E
5.500E
5.600E
5.T00E
5.800E
5.S00E
6.000E
6.100E
6.200E
6.300E
6.400E
6.500E
6.€600E
6.700E
6.800E
6.S500E
7.000E
7.100E
7.200E
7.3COE
7.400E
7.500E
7.600E
7.700E
7.800E
7.900E
8.000E
8.100E
8.200E
8.3COE
8.400E
8.500E
8.600E
8.700E
8.800E
8.900E
9.000E
9.100E
9.200E
9.300E
9.400E
9.500E
9.600E
9.700E
9.800E
9.900E
1.000E
1.010E
1.020E
1.030E

0ol
01
0ol
0ol
0ol
01
ol
0ol
0ol
0ol
) |
0l

-5.290E-02
-6.182E-02
~6.607E-02
-7.010E-02
-7.384E-02
-7.7T19E-02
-8.000E-02
~8.222E-02
~8.384E-02
-8.484E-02
-8.521E-02
~8.494E-02
-8.403E-02
~8.247TE-02
-8.030E-02
~T7.756E-02
-7.430E-02
-6.667E-C2
-6.246E-02
-5.809E-02
=5.362E-02
-4.911E-02
-4.462E-02
-4.,016E-02
-3.578E-02
-3.149E-02
-2.733E-02
-2.329E-02
-1.940E-02
-1.567€E-02
-1.213E-02
-8.782E-03
-5.638E-03
~2.708E-03
0
2.474E-03
4.715€E-03
6.725E-03
8.505E-03
1.006E~-02
1.138E-02
1.248€E-02
1.236E-02
1.403E-02
1.449E-02
l.474E-02
1.480E-02
1.467E-02
1.436E-02
1.388E-02
1.324E-02
1.247E-02
1.156E-02
1.055E-02
9.444E-03
8.273E-03
T.059E-03
5.830E-03

-4.530E-03
-4.458E-03
-4.,327E-03
~4.141E-03
-3.887E-02
-3.543E-03
~3.080E-03
~2.517E-03
-1.918E-03
-1.306E-03
~6.842E-04
~5.230E-05
5.883E-04
1.236E-03
1.867E-03
2.454E-03
2.998E-03
3.458E-03
3.814E-03
4,091E-03
4.293E-03
4.421E-03
4.487E-03
4.502E~03
4.477E-03
4.419€E-03
4.333E-03
4.,226E-03
4.102E-03
3.964E-03
3.809E-03
3.635E-C3
3.446E-03
3.246E-03
3.037E-03
2.819E-03
2.591E-03
2.358E-03
2.125E-03
1.895E-03
l.666E-C3
1.439E-03
1.213E-03
9.909E-04
7.738E-04
5.620E-04
3.559E-C4
1.560E-04
-3.726E-05
~2.218E-04
~3.953E-04
=5.569E-04
-7.056E-Q4
~-8.400E-04
-9.588E-04
-1.059E-03
-1.138E-03
-1.193E-03
-1.222E-03
-1.221E-03

1.258E
2.952E
3.927E
4,.,884E
5.823E
6.T46E
T.654E
8.546E
8.723E
8.886E
9.033E
9.166E
9.283E
9.385E
8.773E
8.145E
7.502E
6.845E
6.171E
5.482E
4.074E
2.649E
1.2C5E
~2.579E
—10742E
-3.246E
-40773E
-6.321E
-9.490E
-1.181E
-1.416E
-10653E
-1.893E
-2.136E
-2.381E
-2.700E
=2.562E
~2.426E
-2.289E
~2.154E
-2.019E
-1.886E
-1.754E
=1.624E
-1.495E
-1.368E
-1.243E
-1.120E
-9.991E
-8.810E
~T.655E
-6.528E
-5.431E
~4.365E
-3.332E
=2.334E
-1.372E
-40470E
4.422E

02

02

01

1.702E
1.334E
9.656E
9.483E
9.314E
9.153E
8.99SE
5.34SE
1.69SE
1.54SE
1.396E
1.24SE
1.09SE
-ZQSSIE
-60201E
-60351E
-60501E
-6.655E
—6.81¢€E
-1.04EE
-1l.434E
'10‘05‘0E
~1.473E
"1049‘0E
—1.515E
-1.56CE
-1.584E
-1.958E
=24334E
-2.356E
—-2.38¢E
-2+413E
-Zol’l’ZE
-2.821E
-9.062E
1.372E
1.36¢€E
1.356E
1.35CE
1.33SE
1.32¢€E
1.312E
1.297E
1.27SE
1.26CE
1.24CE
1.218E
1.194E
1.16¢€E
l.141E
1.112E
1.081E
1.04SE
1.015E
9.80CE
9.437E
9.074E
8.711E

02
02
0l
01
0l
01
01
01
0l
ol
0l
0l
0l
ol
0l
ol
01
ol
01
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
ol
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
01
ol
0l
ol

-1.950E 00
-1.800E 00
-1.725E 00
-1.650E 00
-1.575E 00
-1.500E 00
-T.150E 01
-1.500E 00
-1.500E 00
-1.500E 00
-1.500E 00
-1.500E 00
-7.150E 01
-1.500E 00
-1.500E 00
-1.500E 00
-1.575E 00
-1.650E QO
-7.173E 01
-1.800E 00
-1.875E 00
-1.950E 00
-2.025E 00
-2.100E 00
-2.175€E 00
-2,250E 00
-2.325E 00
-2.400E 00
~7.248E 01
-2.550E 00
-2.625E 00
-2.700E 00
-2.775E 00
-2.850E 00
-T7.309E 01
4.561E 02
-4.950E-01
-6.600E-01
-8.250E-01
-9.900E-01
-1.155E 00
-1.320E 0O
-1.485E 00
-1.650E 00
-1.815E 00
-1.980E 00
-2.145E 00
-2.310E 00
=2.475E 00
-2.640E 00
-2.805E 00
-2.970E 00
-3.135E 00
-3.300E 00
-3.465E 00
-3.630E 00
-3.630E 00
-3.630E Q0
-3.630E 00
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104 1.040E 02 4.,617TE~03 ~1.187E-03 1.295E
105 1.050E 02 3.456E-03 -1.115E-03 2.112E
106 1.C6CE 02 2.387E-03 -1.C02E-03 2.892E
107 1.C70E 02 1.452E-03 -8.419E-04 3.636E
108 1.080E 02 7T.029E-04 -¢.281E-04 4.344E
109 1.090E Q2 1.962E-04 -3.515E-04 5.015E
110 1.100E 02 C -1.776E-15 2.825E
111 1.11CE 02 1.562E-04 1.962E-C4

TABLE 6 —-- SCALES FOR PLOT CUTPLT -- VALUES AT ENDS

STA 1 X W CW/DX M
200 2.000E 02 1.C00E-01 5.C00E-Q3 5.000E

TIME =

5 MINUTES, 15 ANLC 27/60 SECCNDS

oF

03

8.348E
T.985E
T.622E
T.25SE
6.89¢E
-T.593E
-2.50¢€E
-1.413E

AXES
DM/CX

5.00CE

01
01
01
01
01
01
02
02

02

-3.630E 00
-3.630E 00
-3.630E 00
~3.630E 00
-3.630E Q0
-2.861E 02
-6.351E 01

2.825E 02

NET REACT

5.000E 02
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h (d2M/dx>)

dM/dx

dw/dx
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Prob 6.

Rigid-frame bent.
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