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PREFACE

This report presents an analytical tool for the salution of plane-frame
structures. The computer program developed for the solution is intended to
be well suited for solving complex structures with a minimum of hand calcula-
tions.

The solution techniques developed rely on the linearly elastic behavior
that many plane frames exhibit under design loads. This linearity allows the
user to solve a structure for many loading cases and combinations of loading
caseg at a cost only slightly greater than that of a single solution.

This is the twenty-first in a series of reports that describe work under
Research Project No. 3-5-63-56, '"Development of Methods for Computer Simula-
tion of Beam-Columns and Grid-Beam and Slab Systems'. Reports No. 56-1, 56-3,
56-4, 56-7, and 56-14 provide background information for this report. -

Duplicate copies of the program deck and test data cards for the example
problems in this repor: may be obtained from the Center for Highway Research,
The University of Texas at Austin.

Thanks are due to the members of the staff of the Center for Highway

Research for their assistance in producing this report.

Clifford 0. Hays, Jr.
Hudson Matlock

October 1970
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ABSTRACT

A linearly elastic solution for the computer-aided analysis of plane
frames is presented. The computer program which is developed features input
formats which greatly reduce the manual preparation of data.

The solution uses a variation of the basic discrete-element beam-column
model for the evaluation of member stiffness and fixed-end-force properties.
The new discrete-element model allows flexural and axial rigidity as well as
lateral, axial, and rotational values of loading and elastic restraint to vary
randomly along the length of the member. Input is not restricted to values
lumped at certain discrete stations but may be input in normal engineering
values at any point on the member. In addition, options provided do not re-
quire the transferring of loads and dimensions from one axis to another by
the user. -

Frame displacements are obtained by standard matrix techniques modified
to utilize the time and storage reductions possible for linearly elastic plane
frames. The frame geometry may vary randomly and still be input in a simple
and straightforward manner.

Options are provided to permit the analysis of a structure for several
loading cases and combinations of cases with a minimum of new input and

computer time.

KEY WORDS: structural engineering, frame analysis, plane frames, computer

program, discrete element, soil-structure interaction, matrix analysis.
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SUMMARY

A computer program for the direct linearly elastic analysis of complex
bridge bents and other highway structures has been developed and is reported
herein. Rigid frames, trusses, continuous beams, and other planar structures
may be analyzed using the program,

The beam-column model previously reported has been modified so that loads
and restraints may act both normal and parallel to the members of the frame.
This allows the designer to consider vertical or inclined piles as an integral
part of the frame, even if the pile is supported by lateral and axial soil
restraints.

The description of loads, cross-sectional properties, and soill supports
is completely general as in previous beam-column models. In addition, the
loads and changes in cross-sectional properties and soil supports may be
specified at any point along the member.

The geometry of the frame and the directions of the loads may be input
in a manner both natural and convenient to the designer.

Options are provided that permit the designer to analyze structures for
the multitude of loading cases required by the AASHO code. These options allow

the designer to consider a large number of loading conditions economically.
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IMPLEMENTATION STATEMENT

An extremely useful tool for the analysis of highway bridge structures
has been developed in this study. The computer program described in the
report is capable of handling large, skewed, randomly loaded plane-frame
structures, and smaller and more regular structures may be input quickly for
an economical solution. Rigid frames, beams, and trusses are analyzed by
the same program.,

In developing the program, emphasis was placed on maintaining complete
generality of input. A skewed bridge bent with piles on lateral and axial
soil supports can be easily input. At the same time, it was recognized
that many frames are more regular and have simpler support conditions. These
simpler problems can also be solved efficiently by the designer using the _
program.

One outstanding design-oriented feature of the program is its ability
to superimpose the effects of a large number of loading conditions. A de-
signer may consecutively run a dead-load analysis, a live-load analysis, a
wind-load analysis, etc.; a program option then allows him to ask for any
linear combination of these loadings he desires. Designers who have manually
checked all the group loadings required by the AASHO specifications at their
various unit stresses will appreciate this feature.

Further research in the area of linear analysis of planar structures
does not appear warranted at this time. Future areas of research will be in
nonlinear analysis and extensions to three-dimensional structures.

It is recommended that designers who have need for this program code
some simple example problems in order to become familiar with its use. 1In
addition, informal training sessions conducted by the research personnel
would be extremely useful in implementing this work for immediate use by the

Texas Highway Department.
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NOMENCLATURE

Symbol Typical Units Definition
A in2 Cross-sectional area of member
AE 1b Axial rigidity of continuous element

at any point

AE 1b Axial rigidity of continuous element
i at midpoint, used for discrete-
element i

AE 1b Effective value of AE and values of
AE over partial lengths of elements

o -- Cosine of angle between the x' and
X-axes .

B -- Cosine of angle between the x! and
y-axes

c inches Distance from nearest station to left
of concentrated load to the load

c inches Distance on element over which AE, ,
AE2 s EI1 , and EI2 are acting

C -- Constants of integration
E 1b/in2 Modulus of elasticity

EI 1b-in2 Flexural rigidity of continuous
element at any point

E1 1b-in2 Flexural rigidity of continuous
element i at midpoint, used for
discrete~element 1

1’ EI2 1b-in2 Effective values of EI and values
of EI over partial lengths of
element

EI, EI

€ inches Diameter of circle which contains
loads which are being astatically
equivalenced

xvii



xviii

Symbol Typical Units Definition
€ inches and radians Error term which: represents the

difference in displacements for a
member composed of discrete-elements
versus continuous-line elements

e* inches and radians Error term which represents the
difference in displacements for one
discrete element versus ome continuous

element
{f}i 1b and lb-in (6 x 1) matrix of end-forces on
element 1
{F}k 1b and 1lb-in (6 x 1) matrix of member-end-forces
for member k measured in member
coordinates
{Fi}k, {Fj}k 1b and 1b-in (3 x 1) matrix of member-end-forces

at joint i , j for member k
measgsured in member coordinates

L ?, F 1b and 1b-in Member-end-forces at joint 1 , j

L 1 measured in member coordinates (x’-
F1 F2 F3 ferce, y'-force, and moment about
3773 73 z ' -axis, respectively)

{Fi}k 1b and lb-in (3 x 1) matrix of member-end-forces
at joint i for member k measured
in structure coordinates

%} 1b and lb-in (3N x 1) matrix of frame joint loads
measured in structure coordinates

{?i} 1b and lb-in (3 x 1) matrix of frame joint loads
for joint i measured in structure
coordinates

{FF}k 1b and 1lb-in (6 x 1) matrix of member fixed-end-
forces measured in member coordinates

{FFi}k, {FFj}k 1b and 1lb-in (3 x 1) matrix of member fixed-end-

forces at joint 1 , j for member k
measured in member coordinates

1b and 1lb-in (3 X 1) matrix of member fixed-end-
forces at joint i for member k
measured in structure coordinates

i}k

h inches Distance between concentrated springs
in discrete-element model, one-half
of element's length



Symbol

(k]

[y oy )ids0
[k

i,i-1"1°
[ki’i]i

k
Pq

(k]

Pq

ii“k

ki 1,1-1010

Typical Units

1b/in

1b/in

1b/in

1b/in

1b/in

1b/in

1b/in

and

and

and

and

and

and

and

1b-in/rad

1b-in/rad

1b-in/rad

1b-in/rad

1b-in/rad

1b-in/rad

1b-in/rad

xix

Definition

Integer index

Moment of inertia of cross-section
4 .
about member's z'-axis

Integer index
Integer index

(6 X 6) element stiffness matrix for
element i of member
(3 x 3) submatrices of [k]i which

relate forces at station of first inner
subscript to displacements at station
of second inner subscript

Element of stiffness matrix [k]i

which represents the force corresponding

to the pth displacement due to a

unit value of the qth

displacement
(6 X 6) member stiffness matrix for
member k measured in member coor-
dinates

Element of stiffness matrix '[K]k
which represents the force correspond-
ing to the pth displacement due to

a unit value of the qth displacement

(3 x 3) member stiffness matrix for
member k measured in member coor-
dinates which represents forces at

i , 3 due to unit displacements at

1,3

(3 X 3) member stiffness matrix for
member k measured in structure
coordinates which represents forces
at i due to unit displacement at i



XX

Symbol

[xiij, [Kji]

[X

k

Typical Units
1b/in and 1b-in/rad

1b/in and 1b-in/rad

1b/in and 1b-in/rad

1b/in and 1b-in/rad

1b/in and 1b-in/rad

1/in

inches

1b~-in

1b~in

1b and 1b-in

Definition

(3 x 3) member stiffness matrix for
member k measured in member coor-
dinates which represents the forces
at 1 , 3 due to unit displacements
at j , 1

(3 X 3) member stiffness matrix for
member k measured in structure

coordinates which represents the forces
at 1 due to unit displacements at j

(3§ X 3N) structure stiffness matrix
measured in structure coordinates

(3 x 3) diagonal submatrix of [K]

which represents the forces at 1
due to the loads at i measured in
structure coordinates

(3 x 3) off-diagonal submatrix of [K]
which represents the forces at i
due to the loads at j measured in
structure coordinates

Slope of EI 1line divided by EIi

Length of member

Number of discrete-elements in frame
menmber

Number of members intersecting at a
joint

Bending moment at any point in contin-
uous element

Bending moments at location of first
and second rotational springs in
discrete-element model

Number of joints in frame

Integer index

(3 x 1) matrix of forces acting at

station i on member measured in
member coordinates



Symbol Typical Units
~l ~2 3 ,
pi, pi, pi 1b and 1lb-in
{?i} 1b and 1lb-in
'i‘i, 'i‘i, ’?‘2 1b and 1lb-in
Yl’ Yz radians
q - -
q 1b/in and 1b-in/in
ab

Qa 1b and 1b-in
RM, RO -
. 2
§ 1, 8 1, 8 1 1b/in“ and 1lb/rad
X y z
232,33 1b/in and lb-in/rad
i i i

xx1

Definition

Concentrated forces acting at gtation
i on a member, measured in member
coordinates (x’-force, y’-force, and
moment about z’-axis, respectively)

(3 x 1) matrix of applied forces at
joint i measured in structure
coordinates

Applied forces at joint i measured
in structure coordinates (x-force,
y~force, and moment about z-axis,
respectively)

Concentrated curvature (discrete angle
changes) at first and second rotational
springs in discrete-element model

Integer index -

Distributed load in the direction of
the a-axis with its intensity per unit
of length referenced to the b-axis,

as ? 2 ¢ 7 r r ?
e 7g? > qy x 9747 2 9xx

qyxf ’ qux' s qu 3 qyx » and

?
g 7% ?

bl

Concentrated load in the direction of
the a-axis, as Qx s Qx' s Qy s

Qy' , and Qz , and Qz'

Recursion multipliers used in recursion-
inversion solution of simultaneous
equations

Distributed elastic spring restraints
parallel to members x'-axis, y'-axis,
and acting about z’-axis

Concentrated elastic spring restraints
at station i on a member, measured
in member coordinate (x’-restraint,
y’-restraint, and rotational restraint
about z'-axis, respectively)



xxii

Symbol

E
1 1 1

SMMT

(1]

(1],

v},
(%)

Wi oo Wi ¥y

Typical Units

1b/in and 1b-in/rad

inches

inches

inches

inches

inches

inches

1b

1b

1b

and

and

and

and

and

and

1b/in and lb~-in/rad

radians

radians

radians

radians

radians

radians

Definition

Concentrated elastic spring restraints
acting at frame joint i expressed

in structure coordinates (x-restraint,
y-restraint, and rotational restraint
about the z-axis, respectively)

(13 x 1) storage matrix used by pro-
gram to store 13 constants needed to
generate [K]k

(3 x 3) coordinate transformation
matrix for member k

(3 x 3) matrix which is the transpose
of [T]k

Value of thrust at any point in
continuous element -

Axial thrust in discrete-element i

Shear forces at locations of first and
second rotational springs in discrete=-
element model

(6 X 1) matrix of end displacements
for element i

(3 x 1) matrix of element displacements
at station 1 measured in member
coordinates

Displacements of station 1i measured
1n member coordinates (distances along
x’ , vy’ , and rotation about z’ ,
respectively)

(6 X 1) matrix of member-end-displace-
ments for member k measured in mem-
ber coordinates

(3 x 1) matrix of member-end-displace-
ments at joint i , § for member k
measured in member coordinates

Member-~end displacements at joint 1 ,
j measured in member coordinates
(distances along x!, y' , and
rotation about z’-axis, respectively)



X

Symbol

Typical

Units

inches and

radians

w3
WL w, W
i i i
x, y, Z
X,y
xl’ yl’ zI
7
X
xll’ yll, xll
s X5 V.

17 Vi ¥y Y5

inches and radians

inches and radians

inches and radians

inches

inches

inches

inches

inches

inches

inches

xxiii

Definition

(3 x 1) matrix of member-end-displace-
ments at joint i for member k
measured in structure coordinates

(3N x 1) matrix of frame joint displace-
ment measured in structure coordinates

(3 x 1) matrix of frame joint displace-
ments at joint i measured in struc-
ture coordinates

Displacements of joint 1 measured
in structure coordinates (distance
along x and y , and rotation about
z-axis, respectively)

Cartesian coordinate axes for frame
structure coordinates

Distance along structure coordinate
axes to change in loading or stiffness
(referenced from members 'From" joint)

Cartesian coordinate axes for member

Distance along member coordinate axis
to change in loading or stiffness

Cartesian coordinate axes for element

Structural coordinates of joints
i, ]

x , y offset of joint j from joint
i , projection of line going from
joint i to joint j on the struc-
ture x-axis , y-axis



CHAPTER 1. INTRODUCTION

Statement of Problem

Many highway structures such as bridge bents and freeway overpasses are
designed as plane frames. These structures may be composed of nonprismatic
elastically restrained members and may be subjected to several complicated
loading conditions. A thorough elastic analysis is economically feasible only
with the aid of a digital computer program that is both versatile and conven-
ient.

Most existing frame analysis programs are difficult or impossible to use
for such real problems. Three frame solutions (Refs 2, 5, and 7) which in-
corporate the versatility of the discrete-element beam-column model (Refs 8
and 9) have been reported previously. References 5 and 7 use an alternating-
direction iterative solution for the simultaneous equations which occur in
the analysis. Recent developments in the direct solution of simultaneous
equations (Ref 3) have made ADI solutions relatively less attractive on the
present generation of computers. In addition, the solutions found in Refs 5
and 7 are restricted to rectangular frames.

Reference 2 gives a direct solution for linearly elastic frames and also
permits an iterative investigation of the interaction of axial loads and
lateral displacements. This solution while more versatile than previous ones
still does not provide the designer with the convenience needed for a routine
linear analysis, i.e., it allows members of the frame to be at any angle rela-
tive to the frame coordinate system, but it requires an orthogonal grid with

intersections at all joints.

Purpose of Study

The primary purpose of this study is to develop a computer solution for
plane frames that has the maximum convenience for the user consistent with
generality of member arrangement and loading. The program is intended for

routine use in a design office and has the following distinguishable features:



(1) Input of both regular and irregular frame geometries is simple and
quick.

(2) Members may be either rigidly connected or pinned to joints.

(3) Loads and elastic restraints may act both normal and parallel to
members and may be input in the most convenient coordirate system.

(4) Member stiffness properties and loadings may be input in normal

engineering terms rather than as concentrated values at discrete
stations.

(5) Solutions of dead, live, wind, and other loads may be multiplied by

appropriate load factors and superimposed to satisfy code loading
requirements.

A secondary purpose of this report is to develop a solution of the frame
members by the direct stiffness method (Ref 6) using a modification of the

discrete-element model previously reported.

Assumptions and Limitations of the Proposed Solution

The solution developed is for the linearly elastic analysis of plane
frames subjected to static inplane loads and displacements and has the fol-
lowing restrictions of conventional plane frame analysis:

(1) Members are represented as straight-line elements intersecting at

joints of infinitesimal size and are either rigidly connected or
pinned to the joints.

(2) Members are made of a linearly elastic material.

(3) Displacements and deformations are small enough that the equilibrium
equations can be formulated on the undeformed structure. Thus, the
interaction of axial loads and lateral displacements is neglected.

(4) Shearing deformations are neglected.

Outline of Report

The conventional theory of the direct stiffness method is presented in
Chapter 2, and the method is applied to develop the joint equilibrium equa-
tions for the frame solution. Chapter 3 develops the equilibrium equations
for the frame members by the direct stiffness method and discusses how they
are used to obtain the member properties required for the frame solution and
the member results. In Chapter 4 the equations needed to internally trans-
form the engineering data into discretized station values are given.

The organization of and the input for the computer program are discussed

in Chapter 5. Several example problems are presented in Chapter 6 to



illustrate the features of the program. The results of this study are given
in Chapter 7.

Appendix 1 gives a theoretical justification of the discrete-element
model developed in the report. The remaining appendices have the input guides,
flow charts, FORTRAN notation, FORTRAN listing of the program, and input and

selected output for the example problems.
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CHAPTER 2. LINEAR MATRIX ANALYSIS OF STATICALLY
LOADED PLANE FRAMES

General Theory

Most methods of structural analysis can be classified as either displacement
or force methods. The classification is based on whether the basic unknowns
are displacements* or forces**. The force or flexibility method has advantages
for certain structures but is not as easy to formulate in general terms as
the displacement method. Hence, the displacement or the stiffness method is
the only one considered in this report.

For the purpose of a stiffness analysis, a structure may be visualized
as a group of elements connected at a finite number of nodal points. Each
nodal point can undergo one or more pertinent displacements. For each of
these displacements, there is a corresponding force. A force and a displace-
ment are said to correspond if they act at the same nodal point, have the
same line of action, and their product has the units of work. The total
number of nodal point displacements for a structure is said to be the degree
of kinematic indeterminacy or the number of degrees of freedom of the struc-
ture.

The elastic analysis of a statically loaded structure is basically a
problem in satisfying simultaneously four sets of conditions. The governing
conditions are the equations of nodal point equilibrium, compatibility of
nodal point displacement, any boundary conditions applied at the nodal points,
and the elements force~displacement relations. It is assumed that the force-
displacement relations used for the elements insure that equilibrium, com-
patibility, any boundary conditions applied to the elements, and the consti-

tutive laws for the element are satisfied continuously throughout the element.

* , .
Throughout this report, the word 'displacement' should be considered to
mean either a translation or a rotation,

*% . . . .
Throughout this report, the word "force' implies either a translational
force or a moment.



In many cases some approximation is actually made in developing the force-
displacement relations as discussed in Chapter 3. The direct stiffness method,
as described by Martin (Ref 6) is the most widely used technique for applying
these four governing conditions to obtain the structures equilibrium equations.
A direct stiffness analysis of a structure can be separated somewhat
arbitrarily into nine steps as outlined below. The general method is inde-
pendent of the type of structure to which it is applied. Note that in the
outline, the word matrix is not mentioned. This is done to emphasize that
the basic ideas are not dependent on matrix algebra. However, matrix algebra
is a powerful tool that enables the method to be developed concisely and im-

plemented on a digital computer with ease.

Outline of the Direct Stiffness Method

(1) Select nodal point displacements that insure nodal point compatibility
is satisfied.

(2) Calculate the force-displacement equations for all elements in their
element coordinate systems.

(3) Transform these equations into the structure coordinate system.

(4) Sum up the nodal point forces corresponding to each nodal point dis-
placement from the equations developed in Step 3. This gives the
nodal point equilibrium equations in terms of element properties,
nodal point forces, and nodal point displacements.

(5) Modify the equations as necessary for support (displacement type
boundary) conditions at the nodal points.

(6) Solve the equations developed in Step 5 for the nodal point dis-
placements. For the usual assumption of linearly elastic elements
and small displacements, the equations are a set of linear simul-
taneous equations.

(7) Transform the nodal point displacements into element displacements.

(8) Solve for element forces from the force-displacement equations of
Step 2.

(9) Solve for nodal point reactions and check nodal point equilibrium.

The direct stiffness method, as outlined above, will be applied to a
plane frame to obtain a solution for the joint (nodal point) displacements
in the remainder of this chapter. The solutions of the individual frame mem-
bers (elements) needed for the frame solution is accomplished by another
application of the direct stiffness method to a general frame member in

Chapter 3.



Plane Frame Definition

Congider a plane frame as shown in Fig 1. It is assumed that the frame
is composed of members that may be treated as straight-line elements. All of
the elements lie in a plane and all loads and displacements occur in that
plane, which for convenience is taken to be the x-y plane of a right-hand
Cartesian coordinate system.

The end of a member or the intersection of two or more members forms a
joint and this joint is assumed to be rigid and to have negligible dimensions.
A member may be either rigidly connected or pinned to the joint. When a
member is rigidly connected to a joint, it and all other members also rigidly
connected to the joint rotate through the same angle and transmit moment to .
one another. When a member is pinned to a joint, it is free to rotate in-
dependently of the joint and other members intersecting at that joint. Thus,
no moment is transferred from a pinned-end member to any member at the joint,

Joint (Nodal Point) Displacements

Each joint (i) will in general have three degrees of freedom, W; , Wi s

and ‘ﬁi as shown in Fig 1. Translational displacements w1 and Wi must
be equal (compatible) for all members intersecting at a joint. The rotational
displacement may not be the same for all members at a joint, since some or
all of the members may be pinned to the joint. Hence Wi is defined as being
the rotation of the joint, and the pin is assumed to be a part of the member*
occurring at an infinitesimal distance inside the member. Thus, w? is equal
(compatible) for all members intersecting at a joint. Wl , , and ﬁ?
compose a vector {W } where {W } isa (3 x1) matrlx of structure d1s-
placements measured in structure coordinates.

A frame with N joints has a structure displacement vector {ﬁ} where
{ﬁ} is a (3N x 1) matrix of structure displacements measured in structure
coordinates. {ﬁ} then is composed of N submatrices {Wi} « The basic

equation of nodal point compatibility is

{wi} - {ﬁi}k (2.1)

*
The special force-displacement equations needed for members with pinned

ends are discussed in the next section,
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(a) Plane frame. (¢) Joint forces.

Fig 1. Plane frame.

(a) Forces. (b) Displacements.

Fig 2. Prismatic, uniformly loaded
plane frame member.



where

{ﬁ;} = (3 x 1) matrix of member-end-displacements measured in
k structure coordinates for member k which has one of its

joints at joint i .

Member (Element) Force-Displacement Equations

Consider a prismatic member as shown in Fig 2. Member (k) has its
own local right-hand Cartesian coordinate system x'-y'-z' . The members
x'-axis is directed along the members centroidal axis. To satisfy the assump-
tion of planar behavior, the members y'-axis and z’-axis must be the members
principle axes and the y'-axis must lie in the structure x-y plane. All
member loads and restraints must also act in the x-y plane.

The prismatic member is assumed to have only uniform loads q_y:x, and
q 1t acting on its full length as shown in Fig 2. The reason for the do?ble
subscripting will be discussed in Chapter 4. Neglecting the effect of shear-
ing deformations and finite displacements, the following force-displacement

equation (Ref 4) is derivable.

1] [ AR AE B
Fi L 0 0 T 0 0 7 Wi Ut 3
2 12EI 6EI 12E1 6EI 2
F. 0 -_ - 0o - W, “q 2.1 5
i L3 LZ 13 LZ i y'x" 2
F3 o 6EI ﬁEE o - 6EI EEE w3 i Li
i 2 T 2 L i '’ 12
L L
— = |—|+ F—| (2.2)
1 AE AE N L
Fj -1 Y 0 1 0 0 W W’x’ 2
12E1 6EI 12E1 6E1
: 2
F 0 - - 0 - “q. 72 1
2
j 3 L2 L3 Lz ] y X
F3 o 6EI 2E1 o . 6EI EEE w3 s s Li
_j | i LZ L LZ L -_j- VX 12_
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where

A = cross-sectional area of the member,
E = modulus of elasticity,
L = length of member, and

I = moment of inertia of cross-section about z’-axis.

The forces F , loads q , and displacements W are defined in Fig 2.
In matrix notation, Eq 2.2 may be expressed as

CARIGRC R | .

where

{

k

(6 x 1) matrix of member-end-forces due to loads and

displacements,

o]
| I
L}

(6 X 6) member stiffness matrix,

(6 x 1) matrix of member-end-displacements, and

A
L] ]

(6 x 1) matrix of member-end-forces due to loads only

(fixed-end-force-matrix).

All of the above are for member k derived in the members coordinate
system.

For nonprismatic members or nonuniform loads, the member-force-displace-
ment equations can still be expressed in matrix form by Eq 2.3, but [K]

and {FF} will not be the same as in Eq 2.2. k
k

In general, {FF} is the matrix of fixed-end-forces for member k and
k

can be found by working a fixed-end-member problem.
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A typical element of [K] is qu . The p represents the pth TOoW
k

r.1

and q represents the qth colum of LKJ . The range of p and q is

from 1 to 6. For a linearly elastic member, qu represents the force cor-
h
responding to the pt displacement due to a unit value of the qth displace-

ment. Thus, the qth column of [K] is the collection of member-end-forces
k
due to a unit value of the qth displacement. This is illustrated for
2

(@=2 and W, =1) in Fig 3.
Chapter 3 presents the discrete-element technique for analyzini non-

)

In the rest of this chapter, it is assumed that they have béen found correctly

prismatic or nonuniformly loaded members and obtaining [KJ and

and no distinction is made between prismatic and nonprismatic members.
Members with pinned ends are treated as follows in order to maintain
compatibility of rotational displacements at a joint. The pin is assumed to
be located just inside the member at a negligible distance from the joint.
Special stiffness matrices [K]k and fixed-end-force matrices {FF} will
k

be used for the kth member. Reference 4 gives these matrices for prismatic
members and a solution technique to develop them for other members is given
in Chapter 3.

Since forces will be superimposed separately at each joint, it is con-

venient to partition [KJ s {F} , and {FF} as suggested by the dashed
k k k
lines in Eq 2.2. This then gives

Fy i | %y Yy FEy
—_ = == =] + |— (2.4)
F K K., W, FF,

I x it | Ta Kk I N

where

(3 x 1) matrix of member-end-forces at joint i,

o
[KiiJk

(3 x 3) member stiffness matrix which represents the

forces at i due to unit displacements at 1 ,
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Fig 3. Nonprismatic elastic plane frame member

subjected to unit displacement Wi .
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[Kij] (3 x 3) member stiffness matrix in member coordinates
k

which represents the forces at i due to unit displace-

ments at j ,

{u,}

k

()

(3 x 1) matrix of member displacements at joint i, and

(3 x 1) matrix of member fixed-end-forces at joint i.

All of the above are for member k derived in the members coordinates.
The matrices on the second row of Eq 2.4 are defined as above except i
and j are interchanged.

Equation 2.4 represents two matrix equations, the first of which is
{Fi} = [K'i] {w;} + [Ki'] {w,} + {FF;} (2.5)
k ok k e Pk k

Equation 2.5 gives the member-end-forces acting at joint i in member
coordinates. The forces and displacement in Eq 2.5 must be expressed in
structure coordinates before {Fi} can be added to other forces which are

acting at the joint. k

Transformation of Member (Element) Force-Displacement
Equations into Structure Coordinates

The transformation at joint i, for member k , of member displacements

in structure coordinates {ﬁi} to member displacement in member coordinates
K .

{wi}k is given by
() - [ G

The transformation matrix for member k, [T]k , 1s given by Eq 2.7 (Ref 4).

[T] = |- a 0 (2.7)
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where

a = cosine of angle between the x’-axis and x-axis, and

f = cosine of angle between the x'-axis and y~axis.

Similarly, the transformation of member forces in structure coordinates

{f;} to member forces in member coordinates {F;} is given by Eq 2.8
k k

{r,}
Uy
where for member k

{r}

k

[Tl‘ {Fi}k (2.8)

(3 x 1) matrix of member-end-forces at joint i in member

coordinates,

fl} = (3 x 1) matrix of member-end-forces at joint i in structure
k

=]

Since [T] is an orthogonal matrix, it possesses the special properties

coordinates, and

the previously defined coordinate transformation matrix.

k t -1
that its transpose [T]k is also its inverse [T] and that the product
k

t
of [T]k and [T] in any order is equal to the identity matrix [I] .
k

Therefore
_ t
{“1}k = [Tl‘ {“L}k (2.9)

and

{%-x}k - [T:E {Fi}k (2.10)
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(
Substituting Eq 2.6 into Eq 2.5 for {Wi} and 1Wj} » premultiplying
t k -k
both sides of Eq 2.5 by [T] and using Eq 2.10 gives
k

) - 0 Do) [ G+ 0] D) (2] 5

+ [TT {FF} (2.11)
“k k

Let

[Rei]
[Ei j ]k
{F

r t
o ] 1]
[+ Tl 1]

[TI {FFi}k (2.14)

then for member k

Al

(3 x 3) member stiffness matrix in structure coordinates
which represent the forces at 1 due to unit displace-

ments at i ,

[E;j] (3 X 3) member stiffness matrix in structure coordinates
k

which represents the forces at i due to unit displace-

ments at j , and

{EF;} (3 x 1) matrix of member-fixed-end-forces in structure
k

coordinates.

Then Eq 2.11 can be rewritten as
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() - (5] <[5, 6 (7).

To satisfy the compatibility requirement, Eq 2.1 can be substituted into
Eq 2.15 for {wi} and {w } , to give
k

{Fi}k B [iii:lk {wi} + [Eij:l {'ﬁj} + {Ei}k (2.16)

Summation of Joint (Nodal Point) Forces

Each joint must be in static equilibrium due to the forces imparted to it
by each of the M members acting there, any applied joint forces, and any
support reactions. The effect of the support reactions will be considered in .
the next section. The applied joint forces ? s ?i , and ?i at joint i
represent a vector {P } (see Fig 1)

where
{?i} = (3 x 1) matrix of applied joint forces at joint i.

Thus, temporarily neglecting the support reactions at joint i, {?1} is
equal to the sum of {?;} from Eq 2.16 for all M members.

) - (2 R B+ = ([R] )
+ k§1 {ﬁi}k (2.17) -

Equation 2.17 can be rearranged to have all loads on the right-hand side

as follows:
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M

( E [Eu}k ) )+ El ( [Eijlk ' {qj} )

k

= {?1} ) El {ﬁi}k (2.18)

Equation 2.18 can be applied now to all N joints (i = 1,N) to form

the structure equilibrium equations which can be expressed as
[R’] . {ﬂ’} - {?} (2.19)

where

(3N x 3N) structure stiffness matrix,

]

[¥]

"

{}

4

Clearly [?j can be partitioned into N2(3 X 3) submatrices [Eijj and
from Eq 2.18.

[ﬁu] - g [Eu]k (2.20)

k=1

(3N x 1) structure displacement matrix,

{38 x 1) structure load matrix.

and
[R’U:I = [Eij}k 1 4 (2.21)

Thus the structure stiffrness matrix is easily composed from the individual
member stiffness matrices expressed in structure coordinates, Similarly the

(3 x 1) 1load matrix at the ith joint {?} is given by Eq 2.18 as,

H ——
AT ATER N
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Joint Supports (Displacement Type Boundary Conditions)

Suppose that any joint 1 has three linearly elastic support springs, with
spring constants §i , gf , and gi » as shown in Fig 1. Any of these can be
zero as a lower limit and approach infinity as an upper limit. If a joint
undergoes displacement during the application of loads, then support reactions
will be generated equal to the negative of the displacements times the corres-
ponding spring constants. Clearly these reactions must be considered in writing
the joint equilibrium equations. If these terms are added to equations, the
effect on [ﬁ] is to add the corresponding spring term to the diagonal of the
matrix.

The effect of the other matrix terms becomes negligible as the spring term
becomes very large compared to the other terms in any row of [ﬁ] . Similarly
the load term for that row becomes negligible.

Thus, a zero displacement can be obtained by specifying a very large -
spring restraint. Likewise, a specified displacement may be obtained by speci-
fying a large spring restraint and a correspondingly large joint force equal
to the desired displacement times the spring restraint.

Handling specified displacements in this way allows both real problems
where supports have some reasonable value of restraint and other problems with
infinitely stiff supports to be solved by the same technique.

When all members at a joint are hinged to the joint, the rotational
stiffness at the joint is zero. This causes a singular set of equations for
which the solution process as discussed in the next section will either cause
an arithmetic error on the computer due to the attempt to divide by zero or
glive extremely large displacements.

One method of solving structures with such pinned joints is to renumber
the joint equilibrium equations allowing only two degrees of freedom at the
pinned joints. This loses much of the generality built into the equations of
this chapter. Instead, the present computer program places a unit value on
the diagonal of [ﬁj and a very large value in the load matrix. This gives,
then, a very large displacement for the rotation of such a joint which indicates
that it is undefined.

Similarly, when a joint is deleted in a series of problems by removing
all the members intersecting at the joint, all three of the displacements of

such a joint are undefined and the program handles such a joint the same way.
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Unit values are placed on the diagonal for all three of the zero stiffnesses
and three large values are placed in the load matrix for the three undefined
displacements. ’

Since for both the pinned joint and the joint with all members deleted
setting the displacements equal to a large value has no physical effect on the
structure, the rest of the solution is valid. However, the large displacements
should occur only for the rotation of joints with all members pinned or a joint
that is deleted. Any other large displacements are an indication that an un-
stable or nearly unstable structure has been described. The user will be aware

that he has such a joint so no misunderstanding of the results should occur.

Solution of Joint (Nodal Point) Equilibrium Equations

The equations developed in the preceeding section are a system of
linear-simultaneous equations which can be solved efficiently using a recursion-
inversion process previously developed (Ref 3).

The solution of Ref 3 considers the banding of the stiffness matrix
inherent in structural problems. It also takes advantage of the symmetry of
the structure stiffness matrix.

The second and succeeding solutions of a structure (for additional load
cases) are obtained in far less time than the initial solution. This is pos~
sible since the stiffness matrix for a linearly-elastic structure is independent
of the loading, therefore the elimination process need not be repeated after the

first solution.

Member (Element) Displacements from Joint (Nodal Point) Displacements

Once joint displacements are found, the member displacements can be
obtained from Eqs 2.6 and 2.1. Note that for a member with a pinned end this
will give the displacement on the joint side of the pin (which is actually the
joint displacement). However, as outlined in the next section, this will not

affect the solution of member-end-forces.

Member (Element) Forces

For prismatic members with only uniform loads the member=-end-forces can
be found by using Eq 2.2 or for such members with pinned ends the special

equations in Ref 4 can be used. For nonprismatic members or nonuniformly
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loaded members, the member-end-forces can be found by the solution developed
in Chapter 3. This solution can also be used for cases in which more complete

output of forces and displacements throughout the member is desired.

Joint (Nodal Point) Reactions and Check of Joint Equilibrium Equations

Once the member-end-forces have been calculated, they can be converted to
structure coordinates by Eq 2.10. With all supports specified as linearly-
elastic springs the joint reactions can be found merely by multiplying the
spring constants times the negative of the corresponding displacements. If
the proper solution of the equilibrium equations has been found, the sum of
the member-end-forces applied to the joint should equal the applied joint
forces plus the joint reactions. Any difference between the joint forces and
the member forces is an indication of the roundoff error developed in the
solution of the equations. Generally this error (joint equilibrium error) will
be a very small quantity.

There is one case in which the joint equilibrium error is not a wvalid
indication of the accuracy of the solution. When a specified displacement is
enforced at a joint by an artificially large restraint and a correspondingly
large force the joint equilibrium error will be as many orders of magnitude
less than the artificial load as the computer is inaccurate in subtracting two
numbers., This is not an indication that the solution is in error but only that
the estimate of the error is invalid. This occurs only when artificially large
values are used to specify displacements and has never occurred on the CDC 6600
with approximately 15 significant digits for any physical values of restraint

and load.

Superposition Solution

Under sufficiently small loads structures behave in a linear manmer.
Thus the results of several linear solutions may be stored and combined by
simple superposition to form any linear combination of loadings desired.
Naturally the designer must check the results to insure that the stresses in
the structure are small enough for the superposition solution to be wvalid.



CHAPTER 3. NEW DISCRETE~ELEMENT TECHNIQUE FOR
SOLUTIONS OF GENERAL FRAME MEMBERS

As previously discussed, solutions for the members stiffness matrix [g]k
and the members fixed-end-force matrix {FF} are required for nonprismatic,
: k

elastically restrained, and nonuniformly loaded members. The discrete~element
formulation from Ref 9 was used in Ref 2 to obtain [K]k and {FF} . This
k

discrete-element model does not provide for loads or restraints acting parallel
to the member. This causes problems in coding frames with members that are

not horizontal but have significant vertical (gravity) loads. Frames with
friction piles are also difficult to input.

The basic element of the discrete-element beam column model (Ref 9) is a
rigid bar with one degree of freedom at each end (lateral displacement). If
the bar were made axially deformable it would have four degrees of freedom
(a lateral and an axial displacement at each end). The stiffness or equilibrium
equations for a member composed of a number of such elements connected by rota-
tional springs could be formulated in the same manner as was done for the
discrete-element in Ref 9. However, the member equilibrium equations are de-
veloped formally by the direct stiffness method (Ref 6) using a modification

of the discrete-element technique proposed herein.

Frame Member with Discretized Effects

A general frame member is shown in Fig 4(a). The member is general in

that at any station i, forces '51 , E? , and ?i may act, elastic restraints
~l AR ~3 i 1
8{ s By » and s, may exist, and changes in cross-sectional properties may

occur. Each continuous element i between stations i~l and i is assumed to have
a linear variation in cross-sectional properties. The term AEi is the axial

rigidity of the element at mid-element and EI, 1s the flexural rigidity of

i
the element at the midpoint. The terms A, E , and 1 are as previously
defined. The member is further generalized in Chapter 4 to make it more con-

venient for the user by allowing loads, restraints, and changes in cross-section

21
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{b) Mechanical model of element i . (c) Discrete-line-element model of element i .

Fig 4. Frame member and discrete-element representation of one of
its continuous elements.
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ﬁo occur at any point in the member. Distributed values of load and restraint
are permitted and loads may be input in either frame or member coordinates.
Chapter 4 presents the method of handling such effects, therefore, in this

chapter the discrete station values are assumed to be available.

Application of the Direct Stiffness Method to Frame Members

The frame member may now be considered to be a structure composed of m
elements, which for convenience are numbered from 2 to mi+l in Fig 4a. Each
of the mt+l stations (nodal points) of the frame member has three displacements
(axial gisplacement ;1 , lateral displacement Si , and rotational displace-
ment ;£ ). These displacements should be equal for both elements intersecting
at a station. Thus, there is no difference between the frame analysis and the
member analysis other than some simplifications because of the simplified
geometry of the member. (The frame member's axes x'-y'-z' and the element's
axes x'"-y'"-z" are parallel as shown in Fig 4a, hence no transformation of
coordinates is required.) This means no distinction need be made between pro-
perties measured in element coordinates and properties measured in the frame
member's coordinates. Therefore, the element stiffness matrix can be derived

with reference to its own coodinates and used in Eq 2.18.

Discrete~Element Model

The stiffness matrix for a continuous element with linearly varying
stiffness properties could be derived, but to work with it would be difficult.
Instead, the stiffness matrix of the element will be derived for the discrete-
element shown in Figs 4b and 4c, and in Appendix 1 it is shown that the
discrete-element model is an adequate representation of the continuous element.
That is to say that, as the number of elements used increases, the answers
obtained by the discrete-element approaches as a limit the '"exact" solution.

A mechanical model of the discrete-element whose length is 2h 1is shown
in Fig 4b. It is composed of two rigid end blocks, two rotational springs
with spring constants EIi/h and a rigid piston with an axial spring whose
spring constant is AEi/Zh . The term EIi is the product of the modulus of
elasticity and the moment of inertia at the center of the continuous element.
The term AEi is the product of the cross-sectional area and the modulus of

elasticity at the center of the continuous element.
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The mechanical model of Fig 4b may be shown more conveniently as a
discrete-line element model in Fig 4c. There the elemeqt is composed of three
one-dimensional bars which are rigid in bending and connected by rotational
springs with spring constants EIi/h . The end bars are axially rigid but the
center bar of length h 1is axially deformable and has an axial rigidity of
AEi/Z . The two models are mathematically equivalent and hereafter the
discrete-line element model will be shown for convenience and will be referred

to as the discrete-element model.

Element Stiffness Matrix

The discrete-element i has three degrees of freedom at each station
and will have a (6 X 6) element stiffness matrix [k]i , which relates forces
and displacement at stations i and i-1. As mentioned in Chapter 2, the qth
column of a stiffness matrix is the set of reactions corresponding to the dis- _
placements due to a unit value of the qth displacement. This is illustrated
in Fig 5 for element i , q = 4, 5, and 6.

For each of the six unit displacements, the discrete angle changes and
changes in length of the deformable bar may be found geometrically. The in-
ternal spring moments and the axial force can then be computed. Next a free-
body analysis can be made and the forces acting on the ends of the element can
be found. These forces are the desired stiffmness terms. Assuming negligible
displacements, the freebody analysis can be made on the undeformed element,
thus neglecting the effect of the secondary moment caused by axial forces act-
ing on lateral displacements. This secondary moment could be included in the
analysis but would then require a nonlinear solution since, in general, the
effect of axial forces is not linear. Therefore, in the development of this
design oriented linear analysis program it is not considered. However, in the

future it probably will be incorporated in nonlinear studies.

In Fig 5a (q = 4 and Gi = 1) the axially deformable bar extends ome
inch, thus the force Ti in the bar is given by Eq 3.1
AE, (1) AE
T, = —— = 1 (3.1)
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(c) Sixth column of element stiffness matrix.
Fig 5. Unit displacements at station 1 on element i .
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For équilibrium of forces parallel to x’

AEi .
k&& = 3R . (3.2)
and
-AEi
k4 = T (3.3)

All other forces are zero because of the assumed small displacements.

; . *
In Fig 5b (q = 5 and wi = 1) concentrated curvatures Yl and ?2

are developed at the spring locations. For the unit displacement shown in Fig
5b

1
Yl = E (3.4)
- |
Yz = % (3.5

The internal moments corresponding to ¥, and ¥, are M, and M

1 2 1 2
where
EI vy El
i
M, = ;1 = - (3.6)
h
EIin -EIi
Mz = h = ) (3-7)
h

The sign of the curvature and corresponding moment is positive if it produces
compression on the positive y’’ side of the member.
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*
Shears V1 and V2

can be found from a freebody analysis of the axially deformable center bar.

will be developed at the two spring locations and

M, - M) 2EI.
2 1
v, = B = - (3.8)
h
ZEIi
Vo = "V = T3 (3.9)
h

ks 0
ks B Eféi
h
2ET,
kpo | = |- 2 (3.10)
k, o 0
) 2ET,
55 ';i‘
. 2ET,
i 65_ _j 12 )

In Fig 5¢ (q = 6 and Gi = 1) concentrated curvatures Yl and Yz

are developed where

1
v, = -3 (3.11)

[

*
Positive shear acts in the direction of positive y° on the face of the

freebody closest to the member axis.
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¥y
hence

My

M,
and

Yy

vy
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26
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(3.12)

(3.13)

(3.14)

(3.15)

(3.16)

(3.17)
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Similarly, by applying unit displacements at 1i-1 the first three
columns of the element stiffness matrix may be obtained. Thus,

AE AE
i T §
7h 0 0 7h 0 0
2EL, 2ET, 2ET, 2E1,
0 3 7 0 -3 2
h h h h
2EI. 2.5E1, 2ET, 1.5ET,
[k] = 0 21 - 0 - = - (3.18)
i h h
AE AE
- —k i
o 0 0 T 0 0
2EL, 2E1, 2E1 2E1,
0 - T3 -T2 0 3 T T2
h h h h
2E1 1.5E1, 2E1 2.5E1
0 L 0 J § i
12 h 02 h

The element end forces {f} are related to the element end displacements
*
{?} as shown in Eq 3.19. i

{f}i = [“]1 {"}i (3.19)

The matrix [k] can be subdivided into four 3 by 3 submatrices as was
i

done in Chapter 2 for [K]k :

Loads acting between the nodal points are transformed into equivalent nodal
point loads, hence, no fixed-end-forces act as in Eq 2.3.
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k

1-1,1-1 1-1,1

[, - [y
I

(3.20)

k

1,1-1 k

i1

where the submatrices are given by Eq 3.18.

Similarly, the element stiffness matrix for element i+l , which connects
with element { at station 1, can be divided into four 3 by 3 submatrices:

[, ==
I

k1+1,1

k
i,1+1 (3.21)

k
i+1,1+1 1+1

The submatrices of Eq 3.21 are given by the terms in Eq 3.18 except AE1

141 ond EL, i+1 °

Substituting the appropriate submatrices from Eqs 3.20 and 3.21 into
Eq 2.18 (M = 2) yields

( [ki,i]i * [k1,1]1+1 AR [k1,1-1]1_1 i)
* [k1,1+1]1+1 {Gl+1} B {3i}

Substituting into Eq 3.22 the appropriate submatrices as given by Eq 3.18

is replaced by AE is replaced by EI

(3.22)

and adding in the effect of the elastic restraints {;l} glves

ARy 0
h
21,
0 3
h
2ET
P
2

AE )
Zh
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AE
i 0 0 vy " 7h 0 0
2EI 2EI
~l ~2 { i
+ . S
0 si 0 wi + 0 3 —
h h
2 )
, , 3 3 . EI, 1.5E1,
1 i 2 h
h— ) o - h— h —
~1 st 0 0
1-1 2h
2 2EL, 2EL,
o Y41 + 0 <= 3 -
h h
~3 2EI
i 0 - ;+1 1.5EL
i | i h b
[ 1 ] 1 ]
Yi+l Py
~2 ~2
~3 ~3
| Y141 | P

Summing up the matrices of Eq 3.23 and multiplying the first row by h
and the second and the third rows by h3 and rearranging ylelds



3z

AE
i ~1
7 0 0 wi-l
2
2 ~3
! 0 ZhET, 1.5h EIi- Vi,
-AE +AE +’§1h ] -~1 )
i i+l 0 0 w
z i
~2 .3 ~2
+ 0 2(E11+E11+1)+si h 2h(EIi+1-EIi) A
2 ~3.3 ~3
I 0 Zh(ET, ,~E1)) 2.5h"(EL +EI, ,)+8/h ] -wi
_ - _ - _ -
AE
i+1 ~1 ~1
-3 0 0 Vitl Pih
~2 ~2 3
* 0 - 2Bl ZhEL ) S IO A L (3.24)
2 ~3 ~3.3
0 - 2hET . 1.5h°EL CH psh

Equation 3.24 may be applied at the m+l nodal points to form the member
equilibrium equation.* Since Eq 3.24 represents three scalar equations this
will yield 3(m+l) simultaneous equations. These equations will be symmetric
and have a band width of nine. Noting that the axial (31) and lateral
(32 and 33) displacements are uncoupled in Eq 3.24 the solution may be sep-
arated into mt+l axial equations with a band width of three and 2(m+l)
lateral equations with a band width of seven.

* In order to apply Eqs 3.24, 3.25, 3.26, and 3.27 at nodal points {1 =1 and

i =ml , fictious elements { =1 , and 1 = m2 must be assigned zero
stiffness.
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The axial equations are given by the mt+l application of Eq 3.25

AE

i W ( ARy L M g yot -G
7 Yi-1 7 2 LA 2 Vil
= (3.25)

The lateral equations are generated by m+l applications of Eqs 3.26
and 3.27.

~2 ~3 a2, 3y ~2
-(2E1,) W,_; - (2nEL)) W, + [2(ET+E1, ) + 5(h7) W)
+ [2h(EIi+1-E11)] Wi o- (21-:11“) Wit (2h£11+1) Vil .
~2
= pih3 (3.26)

(2hET) w,_, + (L.5hEL) W , + [2h(EI EI)] v,

i+1
2 ~3 4 A3 ~2
+ [2.5h (EIi+EIi+1) + sih] W, - (2h311+1) Vi
2 ~3 _ 3,3

Both the axial and lateral equations are easily solvable by the method
in Ref 3.

Once the nodal point disp}acements have been found they may be substituted
into Eq 3.19 to find the member-end-forces. The elastic support forces may be
found by multiplying the spring constants times the negative of the nodal point
displacements. Then the nodal point equilibrium error (the nodal point forces
minugs the element forces) may be calculated. This should be a negligible
quantity except for the cases where a specified displacement is enforced by a

large spring value and a correspondingly large force as discussed in Chapter 2.
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Calculation of Member Fixed-End-Force Vector
The fixed-end-forces {fF} for each nonprismatic or nonuniformly loaded
k

member in the frame may be obtained by a discrete-element solution of the mem-
ber. The member is subjected to all its member loads and elastic restraints
and the end displacements are set equal to zero Ey using three large spring
values at stations 1 and wmtl . The end forces acting on the member at statioms
1l and mtl are the desired fixed-end-forces. The member-end-forces are essen-
tially equal to the forces acting on the end elements of the member. However,
when the member has a discretized load or elastic restraint at the end of the
member, the member-end-force is equal to [(the element-end-force) - (the dis-
cretized load) + (the spring restraint) x (the element-end-displacement)].

For members with pinned ends, the rotational spring restraint is not set
equal to a large value, thus leaving it free to rotate.

Calculation of Member Stiffness Matrix

The stiffness matrix [K]k for each nonprismatic member in the frame may

be obtained by six discrete-element solutions of the member. The member is
subject to all its member elastic restraints and in turn six unit displacements
are introduced corresponding to the three degrees of freedom at station 1 and
station mt+l .

The unit displacements are obtained by using three large springs at
stations 1 and m+l and six correspondingly large forces. Two of the solutions
will be axial solutions as generated by Eq 3.24 and four of the solutions will
be lateral solutions as generated by Eqs 3.25 and 3.26. The stiffness of the
member does not change, hence the second axial solution and the second, third,
and fourth lateral solutions do not require an elimination of the stiffness
matrix. This saves a relatively small amount of time when considering the gen-
eration of a single member stiffness matrix, but when multiplied by a large
number of members represents a sizable saving.

The member-end-forces at stations 1 and mtl for each of the six solutions
are the six columms of the member stiffness matrix. Actually only 13 of these
36 forces need be calculated and stored. Since [Flk is always symmetrical,

only 21 of its coefficients need be known. For a plane frame member subject

to small displacements, 8 of these 21 will always be zero. Thus, only 13
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member-end-forces need be calculated and stored to generate [K] « The

k
savings in calculations are insignificant but the savings in storage are con-

siderable. Further reductions can be made 1f the member is assumed to have no
elastic restraints acting between its ends. This was not done here to maintain
the generality of the solution.

For pinned-end members, the corresponding rotational spring is not set to
a large value and no moment is applied at the pinned end to enforce the unit

rotation.

Calculation of Member Results

Once the frame joint displacements have been found by the solution of
Chapter 2, they can be transformed into member-end-displacements. Then any
frame member may be analyzed as a member subject to the member-end-displace-
ments, applied member loads, and elastic restraints. The solution is similar
to the solutions for [K] and {FF} Just discussed.

k k

The displacements of all the stations will be found from such a solutiom.
Then the spring support reactions may be found by multiplying the spring con-
stants times the negative of the appropriate displacement. The element-end-
forces may be found from Eq 3.19. Then the nodal point equilibrium error may
be evaluated.

Shears, moments, and axial forces in the member can now be found by statics
at any point desired. The output used in the program is the average value of

shear, moment, and axial force at every other nodal point.

Comparison of Finite-Element and Discrete-Element Methods

For an "exact' solution of a member, nodal point equilibrium, compatibility,
and boundary conditions must be satisfied at the m+l nodal points (stations)
and the force-displacement equations for the m elements must be satisfied.

The exact force-displacement equations may not be known and are often obtained
by an approximate method. The difference between the finite-element method
and the discrete-element method is the way in which the elements force-
displacement equations are approximated.

The element force-displacement equations obtained By the finite-element

method (Ref 13) satisfy the constitutive relations and compatibility throughout
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the element and approximately satisfy equilibrium and the boundary conditioms

throughout the element. The discrete-element method satisfies the constitutive
relations and equilibrium throughout the element but only approximates compati-
bility and the boundary conditions throughout the element. For certain special

cases either method may give the 'exact' force-displacement equations.



CHAPTER 4. CONVERSION OF ENGINEERING INPUT

Much of the data describing a plane frame readily available to an engineer
is not in the form needed to solve the computer model of the frame. Thus
either the engineer has to perform the tedious and repetitive calculations
necessary to convert the data, or this conversion can be incorporated into the
computer program. The equations needed for converting the engineering data
into a form compatible with the theory presented in Chapters 2 and 3 are given
here and are made internally in the computer program discussed in the next

chapter.

Joint Coordinates

The coordinates of each joint in the frame are used to calculate the
direction cosines of the frame members. The engineer is more likely to have
the projections of the members on the coordinate axes than the actual coordi-
nates of each joint. Thus the offsets or projections x and Y, as shown
in Fig 6 are a more logical choice for the input of the frame geometry.

If the coordinates of one reference joint are given, then the coordinates
of a second joint can be computed by adding the appropriate offsets to the coor-
dinates of the first joint. A third joint can be referenced by offsets to
either of the first two, etc. In general, if joint i has been located and has
coordinates x, and Yyq then the coordinates of joint j, x, and y, are

1 3 3
given by

X, = X, +x .1

and

vy = Y+, 4.2)

The member's direction cosines o and B are given by

37
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Fig 6. General frame mem}:er.
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R
"

Gy = %)L (4.3)

and

™
n

(yj - yi)/L .3)

where the length of the member L 1is given by

L = «//ij - %)%+ v, - y,) “.5)

Equations 4.3 and 4.4 assume that the member x’-axis is directed from
joint i to joint j. The program directs the member x‘-axis in the direction
that the member stiffness and load types are input. -

Member Stiffness and Load Types

Many frames have several members with the same stiffness properties and/or
loadings. The terms ''stiffness type'" and 'load type" are used in the program
to avoid duplication of input for such members. Two or more members have the
same stiffness type if they have the same stiffness properties (length, dis-
tribution of axial and flexural rigidities and distribution of elastic res-
traints) and have their member axes parallel and similarly directed. Two or
more members have the same load type if they have the same loadings, length,

and similarly directed parallel member axes.

Member Load Data

Consider a member subjected to a variety of loads as illustrated in Fig 6.
In general, Qa is a concentrated load in the direction of the a-axis. Thus
Qx' is a concentrated load in the direction of the member x’-axis, and Qz
qab is a dis-
tributed loading in the direction of the a-axis and has its intensity per unit

is the concentrated moment about the z-axis. And in general,

of length along the b-axis. Hence qyx' is a load in the direction of the

structure y-axis and has its intensity per unit of length along the member
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x’-axis. Such a load might be the member's own weight, if the structure y-axis
is vertical. .

A load is positive if directed in the positive sense of the direction axis
or, in the case of a moment, if it is counterclockwise in the x-y plane.

Describing member loads in terms of Qa and Uy giving the distance
from a reference point to Qa and the distance from a reference point to the
starting and stopping points of L is a convenient method of inputting mem-
ber loads. However, the discrete-element model of Chapter 3 requires loads to
be in the direction of the member axes and acting only at stations. Thus gen-
eral member loads must be transformed into member coordinates and discretized
to station values. The transformation of concentrated loads from the structure
axes to member axes is accomplished by multiplying by the appropriate direction

cosines o and B and summing as follows:

%; = an + SQy . (4.6)
;) = = 4.
Q B, + ol (4.7)
and
Qzl = Qz 4.8)

Distributed loads in the direction of the structure axes but with their
intensity per unit of length along the member x‘~axis transform in the same

manner:
qrs = el + aqyx %.9)
qy'x' = -aqxx +-aqyx (4.10)
and
qQ ¢+ = 4 (4.11)

Z X zZX
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The term Qe (not shown in Fig 6) is a moment per unit of length and
probably not useful for normal design but is included for generality.

Distributed loads directed in one structure direction per unit of length
in the other structure direction are transformed by Eqs 4.9 and 4.10 and then
multiplied by the absolute value of the direction cosine between the member

axis and the axis to which the intensity is referenced to give

0
~
~

]

et = o # 20

and

¥=]
-
1

g 'x ~Bayy [B] + 09y |o| (4.13)

Distances to concentrated loads, etc., may be input in structure

coordinates, x and y , and then divided by the appropriate direction cosine

to give the distance along the member axis, x? , as follows:

¢+ _ X
x X .14)
or
x' = % | (4.15)

Discretizing Member Loads

The idea of replacing a complicated loading system with a simpler
statically equivalent system is not new. Newmark's classic paper (Ref 12)
gives a good practical discussion of the concept and a theoretical treatment
is given in a paper by Mises (Ref 11). Mises points out the lack of general-
ity of St. Venant's principle‘and gives a better criteria for the replacement
of one load system by another.

Using Mises criteria a system of loads may be replaced by an equivalent
system if the static difference of the two systems 1s zero and remains zero

when the two systems are rotated through an arbitrary angle. Such systems are
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said to be astatically equivalent. Then, if the real loading system and the
astatically equivalent loading system are contained within a circle of diameter
€ , the error in replacing the original system with the equivalent system
will be of order ¢2 .

Consider a concentrated load Qy, as shown in Fig 7(a). The load may be
imagined to be applied to a simple stringer supported at stations i and i+l.

Such a stringer would give reactions at i and i+l as follows:

~d

P; = Q/(2h-c)/2n (4.16)
and
3i+1 Qe/2h (4.17)

The terms Ef and 32 are the concentrated station loads required

for the member analysis ofiziapter 3 and are astatically equivalent to the
actual load Qy' . Both loading systems are conta;ned within a circle of
diameter 2h thus the error is of the order (2h)" .

A load parallel to the member Qx' could be arbitrarily transferred to
either station 1 or i+l and it would still be statically equivalent to the
origin#l load but it would violate the principle of astatic equivalence.
However, if formulas similar to Eqs 4.16 and 4.17 are used, the desired results

are obtained. That is:

1
Py

Q <(2h = c)/2h (4.18)

~1
Pin

Qx:c/2h %.19)
A couple can be considered to be a system composed of two equal and
oppositely directed forces a small distance apart. The forces may be trans-
ferred by Eqs 4.16 and 4.17 which has the effect of transferring the couple

L ]
by Eqs 4.20 and 4.21.



Stotion | 2 3 o i Py . m ma!

r [ W a /|l
— | L 414 | | i I £ |
11 | on | ]|
Fig 7(a). Concentrated loads.
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Fig 7(b). Distributed Loads.

Fig 7. Member loads in member coordinates,.
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Q, s(2h - c)/2h (4.20)

o
o
f

Q_sc/2h ' (4.21)

Linearly distributed loads such as qy'x' (shown in Fig 7(b)) may be
first transformed into equivalent concentrated loads as suggested in the figure.
A concentrated load is calculated for each element of the member that has any
of the distributed loading acting on it. The formulae for the resultant of a
linear load and its location may be found in any standard handbook. The con-
centrated loads thus found may be distributed by formulas 4.16 and 4.17. Higher
ordered load distributions may be represented by the user as a series of linear
loadings.

Distributed axial loadings 92y and distributed rotation loadings N
q, e s WAy be handled in a similar manner. The similarity of the techniques
is such that the computer program developed uses the same subroutines for all

three types of loads (lateral, axial, and rotational).

Discretizing Member Stiffness Data

All member stiffness data are assumed to be given with respect to the
member axes, as shown in Fig 6. That is, the cross~sectional area A is normal
to the member x‘-axis, the moment of inertia I is about the member z’-axis,

8! is a distributed elastic spring restraint acting parallel to the member
x'eaxis, sy, is a distributed elastic restraint acting parallel to the member
y’-axis, and 8¢ is a distributed rotational elastic restraint acting about
the member z’~axis. Concentrated values of elastic restraint are not permitted.

It is shown in Appendix 1 that using the average values of EI and AE
for a linear variation of these properties over an element gives a solution
with second order converging properties. A second order converging solution
is one in which the error decreases in proportion to the square of the element
size. This 1is compatible with the astatic equivalencing of loads just des-
cribed. Higher order variations in EI and AE may be specified by the user
as a series of linear variations to achieve any desired degree of accuracy.

A jump in EI or AE 1in an element, as occurs at a cover plate, could

for all practical purposes be handled by using the average values of EI and
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AE for the element. However, this does not give second order convergence.
To achieve this the M/EI and T/AE diagrams for an element may be balanced-
by choosing appropriate effective values of EI and AE to be used for the
element. The term M 1is the bending moment at any point in the element and
T 1is the axial thrust at any point in the element. Thus the M/EI diagram
is the curvature diagram and the T/AE diagram is the axial strain diagram.
These effective values should be chosen such that the errors in the positive
area of the curvature and strain diagrams are balanced or offset by equal

negative areas. This criteria gives

_ ZhEIlEI2
EI (4.22)
czEI1 + clEI2
and
_ ZhAElAE2
AE (4.23)
cZAE1 + clAE2

The terms EI and KE are the effective values to be used for the
element of length 2h . The terms EI1 and AEl are the actual values of

EI and AE for a distance cy and EI2 and AE2 are the actual values

for a distance c, -

Positive values of EI and AE throughout the element are assumed in
obtaining Eqs 4.22 and 4.23. A zero value of EI which corresponds to an
idealized pinned connection is not allowed interior to a member. However, this
is not a practical limitation as a hinge can occur at any structural joint.
Hence a structural joint may be defined at the location of the hinge and a mem-
ber specified on both sides of the hinge.

A more realistic way of handling a reduction in moment resistance, which
can only approach an idealized hinge, is to put in a reduced value of EI for
a short distance around the hinge.

The discretizing of elastic spring restraints can be done in a fairly
complicated manner. However, if the restraints are restricted to distributed

values, then a second order converging solution can be obtained by handling
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the springs exactly as distributed loads. That is by first obtaining equivalent
concentrated values and then distributing these to the stations. The same for-
mulae as used for loads can be used here. Concentrated elastic restraints, par-
ticularly very large values which might be used to set a displacement, cannot
be handled in this manner without introducing unacceptable errors. Hence, the
program accepts concentrated spring restraints only at structural joints where

they are handled "exactly."



CHAPTER 5. COMPUTER PROGRAM

The computer program FRAME 11 has been written for the linearly elastic
analysis of plane frames subjected to static inplane loads and has the restric-
tions outlined in the Introduction (Chapter 1).

The frame, its supports and loads are specified in input Tables 1 through
7. The results are given in output Tables 8, 9, and 10. These tables will be
described after a short discussion of the four problem types the program works.
A description of the internal workings of the program concludes this chapter.
Chapter 6 gives the example problems of the report and additional details on
the program are given in the appendices.

The program solves four distinct types of problems. The distinction of
problem types is necessary both to increase computer efficiency and decrease
the volume of input the user must supply. All problem types are related to the
definition of a structure and its loads. For the purpose of defining the prob-
lem types, a structure should be considered to include the members of the
frame, the member supports, and the joint supports. Any change in the members,

their arrangement, or the supports creates a new structure.

Problem Type 1 - Regular Problem

When a structure is to be analyzed for only one loading it should be input

as a problem Type 1 for the most efficient solutiom.

Problem Type 2 - Parent Problem

When a structure is to be analyzed for more than one loading condition,

economics in computer time and man hours may be made by making the first solu-

tion a Type 2 problem.

Problem Type 3 - Offspring Problem

A structure previously analyzed as a Type 2 problem may be analyzed more

economically for another loading condition by running it as a Type 3 problem.

47
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Up to 20 Type 3 problems may follow a Type 2 problem. Type 3 problems must
follow a Type 2 or a Type 3 problem. Only loads can be changed in a Type 3
problem. A computer diagnostic will appear if an attempt is made to change
the structure in a Type 3 problem.

Problem Type 4 = Family Problem

When one structure is solved for several load conditions starting with a
Type 2 problem the results are stored. This allows the designer to solve a
structure for several basic load cases and then combine the results in a linear
manner. (Exp. 1.5 dead load + 1.8 live load, etc.) Type 4 problems require
only input Tables 1 and 7 and may not follow a Type 1 problem.

Input Tables

A detailed input guide is provided in Appendix 2.

Table 1. Program Control Data - consists of two cards which are

required for all problems. The first card specifies the problem type, the
tables for which data are held and allows the user to suppress output. The
second card specifies the number of data cards in Tables 2 through 7. Data
may be held for all types of problems but cannot be held on the first problem
of a computer run. Data is generally held from the previous problem but after
a Type 4 problem the data from the last problem other than a Type 4 problem
may be held.

Table 2. Frame Geometry Data - defines the location of the structural

joints of the frame. Joints are required at the intersections of two or more
members and at the ends of members. Joints need not be input at concentrated
loads but are required at locations of supports (concentrated linearly elastic
springs) and at hinges (points of zero flexural stiffness).

The first card of Table 2 gives the total number of frame joints, the
reference joint, its coordinates, and the joint location tolerance. The refer-
ence joint may be any joint and it may have any coordinates except all joints
must have coordinates less than 1.0E + 50. As many additional cards as neces-
sary follow to specify the location of the remaining joints and check the loca-
tion of as many joints as desired. When joints are located more than once the

program compares the old and new coordinates. If the difference in either
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coordinate (x or y) is greater than the joint-location tolerance a computer
diagnostic appears, otherwise the program averages the o0ld and new coordinates

and continues.

The second and succeeding cards give the offsets of new joints with
reference to previously defined joints. For example, if joint 3 is the refer-
ence joint the second card could locate joint 7 with respect to joint 3. The
next card could then locate joint 1 with respect to either joint 3 or joint 7.
When several joints are in a straight line and have identical offsets, they
may be located with only one card. Joint offsets need not be given where mem-
bers are, but all joints must be located at least once. The input data is
echo-printed in Table 2 and in addition the computed joint coordinates are

given.

Table 3. Member-Type Location - locates the members of the frame

between the joints defined in Table 2. The use of member stiffness and load
types reduces the volume of input required for large frames with repeated mem-
bers. Two or more members have the same stiffness type if they have the same
stiffness properties (length, distribution of axial and flexural rigidities,
and distribution of elastic restraints) and have their member axes parallel
and similarly directed. Two or more members have the same load type if they
have the same loadings, length and similarly directed parallel member axes.

The first card of Table 3 contains the total number of stiffness
types and load types in the frame. The second and succeeding cards give the
location of the members in the frame and their stiffness and load types.

The members are input going "From'" one joint '"To" another joint.
This orients the member x’-axis in the direction of the "To" joint. The orien-
tation is given with the member output for interpreting results.

When several members with the same stiffness and load type are
connected in a straight line, they may be input with only one card.

The stiffness and load types on a data card replace the old values
for a member if old values exist. Thus if only one member's stiffness and load
type change from the previous problem the data may be held in Table 3 and only
the new values of stiffness type and load types given. And obviously, both
the stiffness and load types must be given even if only one of them changes.

The input data is echo-printed and in addition the computed member

numbers, lengths, and offsets are printed in Table 3.
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Table 4. Joint Loads and Restraints - gives joint loads and restraints

in the structure x-y-z axes. Frame supports are specified as linearly elastic
restraints (springs). Realistic values may be used where available or ficti-
tiously large values may be used to simulate unyielding supports.

A completely fixed support is obtained by specifying large horizontal
(x), vertical (y), and rotational (z) springs at a joint. A pinned support
would omit the rotational restraint and the free end of a cantilever would have
no restraints,

A specified displacement may be enforced by inputting a large spring
and a correspondingly large force equal to the spring restraint times the de-
sired displacement.

Each card of Table 4 contains joint loads and restraints for one
joint. Only joints with nonzero values need have a data card. No special
order of the joints is required in Table 4. The table is accumulative and in
addition to the echo-print of the data the accumulated joint data is printed.

Loads are positive if in the direction of the structure axes, thus
counterclockwise couples are positive loads. Springs corresponding to stable

supports will always be positive.

Table 5. Member Stiffness Data - specifies the stiffness data for the
various stiffness types in the frame. One or more data cards are required to

define each new stiffness type. Stiffness types must be input in ascending
order and when Table 5 is held from a prior problem the first new stiffness
type must be one more than the last stiffness type in the prior problem.

Prismatic members without elastic spring restraints require only one
data card. Members with variable cross-sections or elastic-spring restraints
require two or more data cards and the first card indicates how many additional
cards follow.

Connections of members to the joint may be either pinned or rigid and
are indicated on the first card for each stiffness type. This option either
pins or rigidly attaches the member to the joint but does not in any way serve
as a support for the frame (i.e., when a member has a pinned support at its
end it must be specified in Table 4 even if a pinned comnection to the joint
is provided in Table 5).

Distances to locations of changes in stiffness are given from the

members "From' joint and may be in either member or structure coordinates
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depending upon the axis option chosen. Positive distances are in the
direction of the chosen axis.

Either partial or complete member output may be requested in Table
5 for each stiffness type and all members with that stiffness type will have
the specified output.

Table 6. Member Load Data - specifies the loadings for the various

load types. One or more data cards are required to define each new load type.

Load types must be input in ascending order and when Table 6 is held from a
prior problem the first new load type must be one more than the last load type
in the prior problem.

Members with only uniform loads over their full lengths may be input
with only one data card. Other loadings require two or more cards and the first
card indicates how many additional cards follow. Four axis options are pro-
vided thch permit the user to describe the member loads in the most convenient
manner. Loads are positive if they are in the direction of the chosen axes,
thus, counterclockwise couples are always positive. Distances to concentrated
loads and changes in distributed loads are given from the members 'From" joint

and are positive in the direction of the chosen axes.

Table 7. Compilation Table - specifies the problem numbers of previous

problems and their appropriate load factor for a superposition solution. Table
7 has one data card for each previous problem which has a multiplier. No cards
are input in Table 7 except for Type 4 problems.

A multiple of a Type 4 problem is not allowed but the data from the
previous Type 4 problem may be held and combined with new multipliers. In addi-

tion to an echo-print of the data the accumulated multipliers are printed.

Qutput Tables

Table 8. Joint Displacements and Reactions - gives displacements

and reactions for all frame joints. Only supported joints (those with elastic
spring restraints) will have nonzero reactioms.

Undefined displacements, such as the rotation of a joint to which all
members are pinned, or all three displacements of a joint to which no members
are connected, are indicated in the output by extremely large displacements.

(Refer to example problem 1101.)
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Joint displacements and reactions are in structure coordinates and
positive in the positive coordinate directions. Thus positive rotations are

counterclockwise.

Table 9. Member Results - gives, for all members, either member-end-

forces or detailed output, as requested in Table 5. Member-end-force output
consists of the axial forces, shears and bending moments at the ends of the
member; complete member output lists the axial, lateral, and rotational dis-
placements as well as the axial force, shear and bending moments at 21 equally
spaced points along the member.

For either choice of output, the axial forces, shears, and bending
moments are in normal member-sign convention (not a joint-sign convention).
Positive axial force produces tension in the member, positive shear tends to
raise the end of the member nearest the origin of the member's x’-axis, and
positive bending moment produces tension on the bottom side of the member. i
Positive displacements are in the positive member axes directions, thus, posi-
tive rotations are counterclockwise. The direction of the member's x’-axis is
as input in Table 3 and is given with the member output for convenience.

Distances to the 21 output points are given along the axis used to
specify the members stiffness data and are positive if in the positive axis
direction. Regardless of the input options used, the axial force is parallel
to and the shear force is normal to the member's x’-axis.

The values of axial force, shear and bending moment are the normal
engineering values except that average values are given when there is a double
value at an interior point due to a concentrated load or couple.

The maximum equilibrium error in the member is also output with the
member 's results and should always be a negligible quantity.

Table 10. Joint-Equilibrium Errors - give the errors in equilibrium

at the frame joints and should always be negligible except at a joint for which
specified displacements are enforced. A valid check of such joints is not

possible.
The equilibrium errors at other joints should be scanned by the

designer to see that the program is working properly. In considering the rele-
vance of an error the designer might ask what effect the error would have if
applied to the joint as a load. Example problem 1201 has one of the largest
joint equilibrium errors of the report, an error of 1.2 kip-inches. If this
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were applied to the joint as a load it would scarcely change the distribution

of moments in the members of 8,539 and 8,540 kip-inches respectively.

Program Description

FRAME 11 is written in FORTRAN IV and conforms to the requirements of
"American Standard FORTRAN" (Ref 1). The program has been implemented ard
thoroughly checked on the CDC 6600 computer at the Computation Center of The
University of Texas at Austin. Only minor modifications are necessary to con-
vert the program to other machines.

Program flow charts, the glossary of notation, and the FORTRAN listing of
programs are in Appendices 3, 4, and 5 respectively. The reader interested in
developing a full understanding of the program may wish to refer to these
appendices as he reads the remainder of this chapter. In particular, the flow
diagram for subroutine FRAM1l should prove helpful. -

There are four more or less distinct paths through the program taken by
the four problem types. The program will be explained by examining these
paths.

Regular Problem

A Type 1 or regular problem is the analysis of a structure for one single
loading condition. Type 1 problems, as all problems after the first problem
of a run, start by reading in the problem pumber and problem identification
card. The first problem of a run also contains two run identification cards.
Then unless the problem number is equal to "CEASE" the program inputs Table 1.

For Type 1 problems, calls are then made successively to JTCORD, MEMLOC,
JNTDAT, RDMST, and RDMLD which input Tables 2 through 6, echo-print the data,
and after making preliminary computations, print the additional data described
earlier in the chapter.

Subroutine RDMST and RDMLD convert the member stiffness and load data
from the input coordinates to member coordinates and from that point on all
membef data is expressed in member coordinates. The transformation to discrete
station values is not made at this time, in order to comserve storage.

Subroutine COMP is then called which prints out the table heading for
input Table 7 and indicates that there is no data in the table.



In each of the routines which inputs data, checks are made for
inconsistencies. If a data error is found the program stops processing that
problem, prints out an appropriate error message and searches the remaining
data cards for an independent problem. All intermediate cards are listed in
the output.

The next step is the calculation of the member's stiffness and fixed-end-
force matrices in member coordinates. Members with the same stiffness type
will have the same member stiffness matrix; thus, member-stiffness matrices
are computed and stored by stiffness type. Members with the same load type
need not necessarily have the same stiffness type; hence, the member fixed-end-
force matrices are computed and stored for each individual member.

Subroutine FORMST is called to calculate the member's stiffness matrix.
FORMST calculates the stiffness matrix using known formulae for prismatic mem~
bers not elastically restrained. Other members have their stiffness matrix -
generated by applying the appropriate unit displacements as discussed in
Chapter 3.

Members which require the unit~displacement technique first have their
stiffness data discretized to station values by subroutine DISCST. Then axial
and lateral solutions are performed by subroutine AXIAL and GRIP2A.

Subroutine AXIAL is a short routine for solving the members axial
equilibrium equations. The routine, which is a slight modification of previous
beam~column solution routines (Ref 9), takes advantage of the fact that the
band width of the axlal equations are only three terms wide.

Subroutine GRIP2A is the general-simultaneous equations routine of the
program and is used to solve the member-equilibrium equations for lateral dis-
placements and rotations and also the joint-equilibrium equations for the joint
displacements (vertical, horizontal, and rotational).

GRIP2A calls FSUB1 which calls FSUBl2 to generate the member stiffness
and load matrix one row at a time. (In the frame solution, GRIP2A calls FSUB1
which in turn calls TSUB11 for the appropriate frame coefficients,)

GRIP2A is a modification of the general recursion~inversion routine GRIP2
reported in Ref 3. The modification reduces the storage required for an incore
solution which proves to be the most economical for small and medium sized

frames.,
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Only 13 of the 36-member stiffness coefficients need be calculated and
stored. SMMT is the storage vector used and the relation of SMMT to the member-
stiffness matrix [K]k is given in Eq 5.1. .

s (1) ]
0 SMMT (3)
K3, = 0 SMMT (4) | SMMT(7) (SYMMETRIC) (5.1)
SMMT (2) 0 0 SMMT (10)
0. SMMT (5) | SMMT(8) | © SMMT (11)
0 SMMT(6) | SMMT(9) | O SMMT (12) | SMMT(13)]

Subroutine FORMLD is called to calculate the member fixed-end-force
matrices. Prismatic members not elastically restrained have their fixed-end-
force matrices calculated directly using known formulae. For other members,
FORMLD does a member solution for ‘the member subject to its member loads and
zero-end displacements.

The member solutions are similar to those discussed in FORMST. Loads are
discretized to concentrated station values by subroutine DISCLD.

The frame equilibrium equations are set up and solved by GRIP2A which calls
FSUB1 which in turn calls FSUB1l to furnish the appropriate stiffness and load
coefficients. FSUB1l is called for each row of equations but forms three rows
of equations on every third call from GRIP2A in (3 X 3) and (3 x 1) submatrices
following the procedure outlined in Chapter 3.

After the frame displacements are found, the corresponding reactions are
then computed and the joint displacements and reactions are printed in Table 8.

The sum of the joint loads and reactions are then computed. (When the
member-end-forces are subtracted away from these values, the remnants are the
equilibrium errors at the joints.)

The member results are then found for each member in the frame by a call
to MEMRES. Subroutine MEMRES solves each member for its member loads and the
member-end displacements which are compatible with the joint displacements of
the frame solution. Loads and stiffnesses are discretized in the same way as

previously discussed. Subroutines AXIAL and GRIP2A are then called to solve
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for the member's axial, lateral, and rotational displacements at each station.
The end forces on the ends of the member elements are then computed and an
equilibrium check made at each station. The average value of axial force,
shear, and bending moment is then computed at alternate stations. (Output is
at every other station.)

Subroutine ADINTER is then called to subtract the member's-end-forces from
the partially computed joint equilibrium error. The remnant after all members
have had their forces subtracted away should be extremely small and is an indi-
cation of how accurately the frame-joint displacements have been computed. It
should be noted that some error is introduced due to using the standard stiff-
ness matrices for prismatic members and then evaluating the member-end-forces
by the discrete-element solution. This could be avoided by calculating member-
end-forces in a different manner (matrix techniques of Chapter 2) for prismatic
member. But this would needlessly complicate the program. -

As now programmed, the joint equilibrium errors thus serve to indicate the
errors both in the solution process and in the two different models (continuous
line element versus discrete line element). As shown in the example problems,
the errors are negligible.

The member results are printed in Table 9 by subroutine PRINT9. Either
complete or partial output is printed, depending on which is requested in
Table 3.

The joint equilibrium errors are then printed in Table 10 and the program

returns for a new problem.

Parent Problem

A Type 2 or Parent Problem differs from a Type 1 problem only in the tape
operations required for a Type 2 problem.

Subroutine COMP forms a list of problem numbers for which the results are
saved for future Family Problems. The first problem of the list is the Parent
Problem. ‘

After the solution of the frame equilibrium equations by GRIP2A, the
recursion multipliers RM and RO are stored on Tape 2 for a Parent Problem so
they will be available for future Offspring (Type 2) Problems. Note that since
RM and RO are kept in core, they would be available for future solutions except
that the routine GRIP2A is used for solving both frame equations and member

equations.
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Then the frame displacements, reactions and joint loads are stored on
Tape 1 for future Family (Type 4) problems. The tape is rewound prior to
writing data on it since the Parent Problem is the first of a series for which
the results are stored.

Similarly, Tape 4 is rewound and the results for six members are written
on it at one time. The member results are grouped in order to decrease the

number of records written, thus reducing the time for tape operatioms.

Offspring Problem
A Type 3 or Offspring Problem skips the formation of the member stiffness

matrices, since the stiffness data must be identical to the last problem. How-
ever, the member-end-forces matrices must be formed as was done for.regular and
Parent Problems.

Prior to calling GRIP2A for the solution of frame equilibrium equations,
RM and RO are retrieved from Tape 2. Then RM and RO need not be calculated
again by GRIP2A, thus greatly reducing the solution time for the equatioms.
After the solution, RM and RO are again stored on Tape 2 for additional Off-
spring Problems.

The frame-joint displacements, reactions, and loads are stored on Tape 1

as was done for the Parent Problem. And member results are stored on Tape 4.

Family Problem

A Type 4 or Family Problem has a completely different path through the
program. Input Tables 2 through 6 are not read in. In subroutine COMP, the
problem numbers and multipliers are read in and a check is made to see that
the problem numbers are in the list of problems (parent and their offspring)
for which the results have been saved.

A Family Problem then calls subroutine SUM1 for a superposition solution
of frame displacements, reactions, and joint loads, and outputs the displace-
ments and reactions in Table 8.

The preliminary computation of joint equilibrium error is made by
adding reactions and loads, as was done for the other problem types, and sub-
routine SUM2 is called for a superposition solution of the members. SUM2 also
calls ADINTER to complete the joint equilibrium error calculations and PRINTS

to print the member results requested.
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The joint equilibrium errors are printed in Table 10, and the program

returns for a new problem.



CHAPTER 6. EXAMPLE PROBLEMS

A number of examples have been solved to check the accuracy and usefulness
of the program. The results for the truss analyzed in problems 1101-1103 are
found to be almost identical to an analysis by statics and virtual work found
in Ref 10. Numerous other examples not reported were worked to check the
accuracy of the computer solution. Example problems 1201-1207 illustrate the
use of the program in a meaningful series of problems for a two-story, two-
way bent similar to certain highway structures. The results of this series
were compared with independent solutions where feasible, and agreement was
obtained in all cases.

The units used for all example problems are kips and inches, though any

consistent set of units may be used.

Problems 1101-1103 - Simple Truss

The truss of Fig 8 is analyzed in problems 1101-1103. This simple
problem illustrates the savings in input possible when members are repeated
in a structure.

In problem 1101, the joints are numbered 1 through 12 across the short
direction of the truss. This numbering technique will generally give the
most efficient computer solution. However, the program will accept any order
of numbering as long as the difference between connected joints does not ex-
ceed nine and no joint numbers are omitted. The joints are located in Table 2,
taking advantage of the uniform geometry of the problem.

All members are assumed unloaded in accordance with normal truss analysis
techniques. Thus, all members are assigned zero load type. However, any
member loads which might actually exist could be easily accommodated in a
manner similar to the member loads of the bent problem.

All chord members have the same cross-section, modulus of elasticity,
length, and orientation and hence are assigned a single-stiffness type, Type 1.
Stiffness Type 1 is specified for all bottom chord members with a single card.
The top chord is specified in a similar manner. All of the members with
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stiffness Type 1 have their member x'-axis going from left to right because
of the manner in which the stiffness types are input in Table 3.

All diagonal members have the same cross-section, modulus of elasticity,
and length but they have two different orientations. Hence, two stiffness
types are required. All vertical members are identical and thus have the
same stiffness type.

Joint loads and restraints are input in Table 4. The restraints used
are unrealistically large to mimic the idealized pin and roller supports
shown.

The data describing the member stiffness types are input in Table 5 and
the pinned-end connections are indicated here. Since the members are prismatic,
only one card is required per stiffness type. The minimum output is selected
for all members. Axis option 1 is used for all members but does not affect
the input for prismatic members.

No cards are input for Tables 6 and 7.

Table 8 gives the joint reactions and displacements. The reactions are
identical to the reactions of Ref 12 and the displacement of joint 9 of 1.399
inches compares favorably with the displacement of 1.4 inches found in Ref 10.
The joint rotations are undefined since all members were specified as pinned-
ended and the rotations of 1.0 E+99 indicate this. As anticipated, all shears
and bending moments for the members are trivial. The axial forces can be
easily verified by statics.

Table 10 gives the joint equilibrium errors and confirms that the solu-
tion is valid.

In problem 1102, the effects of rigid connections on the truss' behavior
are examined. The stiffness types are modified to indicate rigid connections
rather than pinned ones. The results are very similar to 1101 except for
small bending moments and shears to which the members are subjected due to
the continuity,

In problem 1103, the effects of the roller freezing on the truss of 1102
are investigated. As expected, the displacements and axial forces in the
bottom chord are reduced but a large horizontal reaction is developed, which
the foundation must resist.

Problems 1102 and 1103 required only a few additional data cards since
most of the information could be held from problem 1101. Note, however, that
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neither 1102 or 1103 could be worked as an Offspring Problem, since the

stiffness of the structure changed in both cases.

Problems 1201-1207 - Two-Story Bent

A two-story bent is analyzed in problem 1201 for the live loads shown in
Fig 9. The two columns on the left side of the frame have the same length
and cross-sectional properties and are input as the same stiffness type. 1In
order to do this, the pin at joint 1 must be specified as a joint property
in Table 4 rather than as a member property in Table 3.

The pinned support is specified in Table 4 by using large vertical and
horizontal restraints and no rotational restraint. The fixed support at joint
6 requires all three restraints.

The girders are the only members loaded in problem 1201 and are assigned
load Types 1 and 2, as shown in Fig 9(b). All other members are assigned
zero load type.

The first five stiffness types are prismatic and require only one card
in Table 5 to specify their stiffness data. Stiffness Type 6 requires addi-
tional data cards to specify its data. Axis option 2 is used for stiffness
Type 6. Therefore, horizontal distances are given to the locations of changes
in stiffness. The distances are referenced to the "From" joint as defined
by the input of Table 3.

The concentrated live loads are input in Table 6 for load Types 1 and 2.
Axis option 3 is used for both members so loads are input in the structure
axes and distances are horizontal.

Table 8 gives the joint displacements and reactions. The reactions can
be seen to be in equilibrium with the applied loads.

The member results are given in Table 9. Some of the members have only
member-end-forces while others have complete output at the twentieth points,
as requested in Table 3.

Table 10 gives the joint equilibrium errors, that is, the error in
equilibrium of forces and moments at each joint. The maximum error is -1.2
kip-inches, which is negligible when compared with the moment in the members
at the joint of 8,340 kip-inch.

In problem 1202, the frame of problem 1201 is modified‘by adding a colum
below joint 4, as shown in Fig 10. The resulting structure is analyzed for
the live loads of problem 1201.
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Only one additional joint has to be located in Table 2 and one additional
member has to be located in Table 3. The member going from joint 9 to joint 4
is assigned stiffness Type 7 and load Type 0. Stiffness Type 7 is defined in
Table 5. The end restraint on the column at joint 9 is input in Table 4.

The results of problem 1202 show that the displacements and bending moments
are reduced by the addition of the column. The member results for the added
member 10 show the variation in axial force, shear, and bending moment, as
well as displacements, and could be extremely useful for design.

Problem 1202 was run as a Parent Problem since it was intended to be
the first of a series in which the same structure (no change in stiffness
properties) was analyzed for a group of loads. Problem 1203 is then an Off-
spring solution for the wind loads shown in Fig 10(b).

Four new load types are defined in problem 1203, as shown in Fig 10(b).
To save the previous load types for future problems, hold Table 6 and define
the new load types as 3-6. Note that in locating a new load type in Table 3,
the corresponding stiffness type must also be input. And since problem 1203
is an Offspring Problem, the stiffness types must be identical to problem
1202 or a diagnostic message will occur.

Since all the wind loads shown in Fig 10(b) are normal to the members,
axis option 1 is used for all load types. Only one data card is required
for each load type since all loads are uniform over the full length of the
members.

Problem 1204 is an Offspring solution of the frame defined in problem
1202 for the dead loads indicated in Fig 10. All of the members have a uni-
form gravity load (dead weight) and, in addition, the girders have concen-
trated gravity loads located at the same place as the live loads shown in
Fig 9(b). Since all members are loaded, for convenience they are assigned
a load type equal to their stiffness type. The load types are located in
Table 3 and defined in Table 6 with all other data held.

All load types are input using axis option 2 which provides for loads
acting in the direction of the structure axis. However, distributed loads
have their intensity per unit of length along the member axis. The vertical
and horizontal members could be defined using axis option 1 since their mem-
ber axis coincides with one of the structure axes. If axis option 1 were

used for the vertical members, the load would be qx'x' and be input in

colums 31-40 instead of 41-50.
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Problem 1205 is a superposition solution (Family Problem). A factor of
1.25 is applied to the dead load, live load, and wind load acting on the
structure defined in 1202. The results could be obtained by hand from the
results of 1202-1204, but the cost in man-hours would be far more than the
computer costs for the Family Problem. Problem 1206 is a similar solution
for 1.5 times the dead load plus 1.8 times the live load.

The column (pile) going from joint 9 to joint 4 is subdivided into two
members at the point where the soil restraints start in problem 1207. The
frame is then reanalyzed for the dead load and the results compared with
problem 1204 (the previous dead-load solution). Subdividing the member into
two elements gives a more accurate solution and an idea of the accuracy of
the original solution in which the column with soil restraints over part of
its length was input as one member.

Joint 10 is input at the ground line and all other joint coordinates
are held. Stiffnesd Type 7 is deleted between joints 9 and 4 by specifying
zero stiffness and stiffness Type 8 is input going from joint 10 to joint 4.
Stiffness Types 9 and 10 are defined in Table 5.

The results of problems 1204 and 1207 agree within approximately one
percent, except for a few locations where very small forces exist such as the
tip reaction on the column-pile. Here most of the force has been removed by
the axial restraints and the error is about 7 percent or approximately 1 kip.
For normal design work, the original solution would certainly be accurate

enough.



CHAPTER 7. CONCLUSIONS AND RECOMMENDATIONS

A direct matrix solution for plane frames has been developed that allows
a designer to quickly solve problems that previously were difficult or impos-
sible to solve. |

A revision of the previous discrete element model was made to allow loads
and restraints to act both parallel and normal to the members.

A computer program, FRAME 11, has been developed and is documented herein.
The program has all thé linear analysis capabilities of the program developed
in Ref 2 and in addition to having the five features discussed in Chapter 1, on
page 2, can work larger problems using the same amount of core storage. The
program as presently dimensioned will work a frame with up to 75 joints and
150 members. R

In order to satisfy the linear assumptions required for the superposition
solutions, the beam-column effect of axial forces on lateral displacements was
neglected as in normal practice under existing codes. However, various forms
of nonlinear analysis are being more widely recognized by codes and the designer
will soon need a more general monlinear analysis program.

Preliminary studies indicate that the discrete-element model reported
herein can be extended to include not only the beam-column effect, but other
geometric and large displacement effects as well as nonlinear material proper-
ties.
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APPENDIX 1. ERROR ANALYSIS OF DISCRETE-ELEMENT MODEL

The error in a model (either physical or mathematical) may be estimated
in several ways. One widely used method is to compare the results of the
model analysis with the results of another model analysis, the other model
being generally accepted as an adequate model of the prototype. An accepted
mathematical model of a frame member is a continuous line element.

In this appendix, the discrete-element model is shown to give results
that agree with the continuous line element to within a predictably small
error. The difference in resulting displacements between the two models is
shown to be a function of the square of the element's length, i.e., of the
order (2h)2 . This error is compatible with the method of discretizing loads
and elastic restraints discussed in Chapter 4. Thus, as the element size
decreases, the difference in the results of the two models rapidly approaéﬁes
zero.

Consider the discrete element shown in Fig 4 (Chapter 3). Assume that

the element is fixed at its left end, i.e.,
s W, = = 0 (AL.1)
v, v, W, .

Now consider the effect of load fi only, the moment in the two springs

M. and M, will be found by statics to be

1 2
3fih
Moo= (A1.2)
2y

The results of the derivation concern the change in displacements from one
end of an element to the other; hence the actual starting values are immaterial.
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These will produce corresponding angle changes Yl amd YZ

3£2h7 :
Y1 7 ZEL (A1.4)
e
YZ = E (Al.S)
where EIi is the flexural rigidity of the element at midpoint.
From the geometry of the model
5 262n7
vy = Yl + YZ = EIi (Al.6)
and
, by, 2.56m°
v = 5o+ = T (A1.7)

The corresponding displacements will now be derived for a continuous
element. The governing flexural differential equation for a continuous line

is

2
9—%- - %T (A1.8)
dx

where y 1is the lateral displacement and x 1is the distance along the element

measured from station i-1. Note that actually y" and x” are the element
coordinates as given in Chapter 3 but are not used here in order to avoid
confusion with the prime notation for derivatives.

The terms M and EI are the values of bending moment and flexural

rigidity at any point along the element. The moment is easily found by statics

to be



M = fi(Zh - x) | (A1.9)

For a linear variation in stiffness, EI may be expressed in terms of

EI, as
i

EI = EIi(l - vh + vyx) (Al1.10)

where vy is the slope of the EI line divided by EI
Thus, Eq Al.8 gives

i

K3 £2(2h - x)
- (A1.11)
dx2 EIi(l vh + yx)
Integrating Eq Al.1ll gives
f2
dy _ i («“ 2hdx N xdx )
dx EIi 5 1 - vh + vx 1 - vh + vx (Al.12)
EI,
— (QY-) = 2+£1—+2Y£lln (1 -vh +yx) +C (A1.13)
f2 dx v y 1
i

C1 is constant which can be evaluated by using the boundary condition

that at the left end the slope (dy/dx) is zero. Solving for C., and sub-

1
stituting in Eq Al.13 gives
EI,
A (:_9 = '_"_+.(1_+Y£lln (1_.'_Yl.+_fé.) (A1.14)
f2 Y Y2 1 - vh

Integrating Eq Al.1l4 and evaluating the constant of integration C2

yields
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Ely . -x2 . (1 +yh)(d - vh + vx) [ln (1 - vh + YX>]
¢ 2y 3 1 - vh
i Y
L= vh)§1 + vh) . A1.15)

Y

At the right end of the element (x = 2h) , Eq Al.l4 gives

2
£
dy . i T-2h (A + vh) G+VD
ax T OEL Ly TT v P\ ] (A1.16)

Expanding the natural logarithm function in a Taylor series gives

2

£ 3
dy . L (2h2 + 2% 4 bigher-order cems) (A1.17)
dx EIi 3

This differs from the slope at the left end of the element in the dis-

crete-element model as given in Eq Al.6 by the error term ¢* ,

2.3
Zfiyh

€*=
3EI1

(A1.18)

and this can be expressed in terms of the elements length 2h as

f‘}y (2h)3

T B ———
c oy (A1.19)

When m of these elements are connected end to end where

« m = L/2h (A1.20)
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the total error ¢ will be the sum of the m errors given by Eq Al.19 or
Eq Al.21

Lfiy(Zh)z

¢ = —r (Al.21)

Thus, the difference in the slope between the two ends of the element
is a function of the square of the element size or of the second order.

Then evaluating the difference between the discrete element's displace-
ment as given by Eq Al.7 and the continuous element's displacement at the

right end of the element as given by Eq Al.1l5, yields an error term of

Lfi(Zh)z

Z8E (A1.22)
i

Similarly, the lateral displacement and rotation due to a moment, and
the axial displacement due to a force parallel to the member, may be shown
to give a second-order error term. Thus, as the number of elements increase,
the difference between the discrete element and the continuous element rapidly
approaches zero. This theory was checked for a large number of examples and

confirmed.
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f
FRAME 11 GUIDE FOR DATA INPUT - Card Forms Page 1of 11
Units of force (f) and distance (d) are indicated below all dimensional input.
IDENTIFICATION OF RUN (2 alphanumeric cards per run)
! - 80
' 80
IDENTIFICATION OF PROBLEM (one alphanumeric card for each problem; program stops if problem number = CEASE)
Problem
Number
Description of problem
' 3 n “ 80
TABLE 1. PROGRAM CONTROL DATA (2 cards per problem) Output Options for
Hold Options for Tables 2 through 7 Tables 8 Through 10
PROB Enter 1 to Hold Prior Data Enter 1 to Suppress Output
TYPE TABLE 2 3 4 5 6 7 8 9 10
: i : B ; ; E; (1st card)
3 '3 “20 3 30 B 0 re S B 0 )
Number of Cards added in Tables 2 through 7 for this problem
TABLE 2 3 4 5 6 7
(2nd card)

% 20 3 30 33 40 43
PROB TYPE 1 - Regular Problem - single solution of structure.
PROB TYPE 2 - Parent Problem - first of a series of solutions of one structure in which the stiffness

properties of the structure do not change.

PROB TYPE 3 - Offspring Problem - a solution of a structure previously solved as a Parent Problem (PROB TYPE 2).
PROB TYPE 4 - Family Problem - a combination of multiples of Offspring Problems (PROB TYPE 3) and possibly their

Parent Problem (PROB TYPE 2). A multiple of a Family Problem is not permitted but the previous
Family Problem may be held. '

18
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TABLE 2. FRAME GEOMETRY DATA (number of cards per Table 1)

Page 2 of 11

Num of Ref Joint Location
Joints Joint X-Coordinate yY-Coordinate Tolerance
| | (1st card)
" [} 21 5 N (d) 40 d 30 6 {d) T0
From To To To To To To To
Joint X-0Offset y-Offset Joint Joint Joint Joint Joint Joint Joint
J [£)] 30 {d) 40 46 S0 S 60 63 70 75 80
(2nd and succeeding cards)
TABLE 3. MEMBER TYPE LOCATION (number of cards per Table 1)
Num of Num of
Stiffness Load
Types Types
(lst card)
n ] 2 23
From Stiffness Load To To To To To To To To To To
Joint Type Type Joint Joint Joint Joint Joint Joint Joint Joint Joint Joint

6 10 6 20 TJ

»n

3S

45

50 33 60

63 70

(2nd and succeeding cards)

TABLE 4. JOINT LOADS AND RESTRAINTS IN STRUCTURE x,y,z-AXES (number of cards per Table 1)

75

80

Restraint Restraint Rotational
Load // to Load // to Moment about // to // to Restraint about
Joint x-Axis y-Axis z-Axis x-Ax1s y-Axis z-Axls
(A1l cards)
6 10 n 20 ) (") a0 (1/d) s0 (1/4) €0 ta) 70

£8
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Page 3 of 11

TABLE 5. MEMBER STIFFNESS DATA (number of cards as per Table 1; number of sets of cards equal to the number of
stiffness types defined in this problem)
J*—Blank, if 2nd Card Used
(1st Prismatic Num
card Stiffness Modulus of Moment of Prismatic Cards Axis Output Pin Pin
of Type Elasticity Inertia Area Follow Option Option (From) (To)
set) | | T
—© 11/e2) 20 iy %0 e?) 50 6 79 (] 70 T3 80
Restraint Restraint Rotational
. From To Moment of // to /] to Restraint about
(2nd and (Distance) (Distance) Inertia Area X ~Axis y’'-Axis z'-Axis
succeeding
cards of set) 1 A x’ 8y’ 82’
n T 20 ta) 30 (% 20 te?) 50 (1 A2) €0 (1/42) 70 ) 80

+

H# H

If equal to 1, distances are measured along the member x ‘-axis; if equal to 2, distances are measured along the

structure x-axis; if equal to 3, distances are measured along the structure y-axis. Member output distances for
shear diagram, etc. are controlled by this option. In all cases the restraints are with reference to the local
member (primed) axis. See page 10 of this appendix for an example using the various axis options.

If blank, detailed output is given; if equal to 1, only member-end-forces are given.

If blank, the member is assumed rigidly connected to joint at "From'" end. If equal to 1, the member is assumed

pinned to joint at "From" end.

If blank, the member is assumed rigidly connected to joint at "To'" end. If equal to 1, the member is assumed pinned

to joint at "To" end.

G8
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TABLE 6.

Member loads may be input by any one of the four axis options outlined below.

the direction of the a-axis. ¢ b
sity per unit of length along a

Page 4 of 11

MEMBER LOAD DATA (number of cards per Table 1; number of sets of cards equal to the number of load types
defined in this problem)

is the concentrated load in

Q

is the distributed load in the directionaof the a-axis and has its inten-

the b-axis.

Concentrated loads may not be input at a distance of 0.0.

Note:
AXIS OPTION 1
<+—Blank, if 2nd card used —=

(1st Load Uniform Load Uniform Load Num Cards Axis
card Type // to x'-Axis // to y’-Axis Follow Option
of ~ —
set). qx’x' qy'x’ B o

[ 3 10 3 (1/d) L] (t/d) 50 56 60 65

From (Distance To (Distance Load // to Load // to Moment about
(2nd and along Member) along Member) x'-Axis y'-Axis z'-Axis
succeeding ’ ’ Q. ., a. .., Q.,, q ‘ Qv s qQ /¢
cards of set) X X X X X y y‘x z zZX
Y] 30 . (/e a0 . /e 30 ta) , ™)

d)

20

AXIS OPTION 2

"From" Joint

+-Blank, if 2nd Card used —>
(1st Load Uniform Load Uniform Load Num Cards Axis
C:rd Type // to x-Axis // to y-Axis Follow Option
© ’ / = o
sec) e
[ 0. 3N (t/d) 40 (va) 30 56 60 65
From (Distance To (Distance Load // to Load // to Moment about
(2nd and along Member) along Member) X-Axis y-Axis z'-Axis
succeeding ’
cards of set) XI X QX ’ qul Qy ’ qyx: QZI ’ qz le
(), (1/74) 40 n, u/e 50 ta) , (1 80

(d)

20

30

“From" Joint

L8
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Page 5 of 11

Distance x (Negative
as shown here)

AXIS OPTION 3
l«—Blank if 2nd Card Used —»
(1st Load Uniform Load Uniform Load Num Cards Axis
card Type // to x-Axis // to y-Axis Follow Option
of q T
get) xy Ty
) 0 ¥ (1/4) «© (/4 s0 36 ™) ]
From (Distance To (Distance %Y
along Struc- along Struc- Load // to Load // to Moment about
(2nd and ture Axis) ture Axis) x-Axis y-Axis z’'-Axis
succeeding
cards of set) x x Q - Uy Qy T Qv A e
td) 30 (1) (/79 40 (1) (t/74d) 30 (14d) M €0

AXIS OPTION 4

Axis Option 4 is identical to Axis Option 3 except distances are in structure y-axis and 4 is input in column 65

of first card.

See page 11 of this appendix for an example using the various axis options.

The member x’-axis goes from the "From'" joint to the "To" joint.

by input of Table 3.

TABLE 7.

Problem

Numbe

r

Multiplier

COMPILATION TABLE (number of cards per Table 1; no cards unless PROB TYPE &)

(A1l cards)

The "From'" and "To" joints are determined

68
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GENERAL PROGRAM NOTES Page 6 of 11

The data cards must be stacked in proper order for the program to run.
A consistent system of units of force (f) and distance (d) must be used for all input data, i.e., pounds and inches.

All 5-space words are understood to be integers . . . . . . . . . 0 0o o e e e e e e e e s« |+4321

All 10-space words are floating point decimal numbers . . . . . . ¢ « « ¢ ¢ ¢ o ¢ « o 4 . [-4 . 321FE+ 03]

All numbers must be right justified.
The problem number may contain alphanumeric characters.

Blank fields on data cards, except the first five columns, may be used as desired to aid in coding problems. In-
formation in these fields 1is ignored by the program.

TABLE 1. PROGRAM CONTROL DATA
Type 4 (Family) Problems require only the problem type on the first card and the number of cards in Table 7
on the second card.
Data are accumulated in Tables 2 through 7 until the corresponding Hold Option is left blank.

When a nonfamily problem follows a Family Problem the data in Tables 2 through 6 may be held from the
last nonfamily problem worked.

The maximum number of cards accumulated in Table 5 is 75 plus the number of stiffness types.
The maximum number of cards accumulated in Table 6 is 150 plus the number of load types.

Type 1 (Regular) and Type 2 (Parent) Problems may appear at any location in a run. However, Type 3 (Offspring)
Problems must follow either their Parent or a related Offspring. Type 4 (Family) Problems must follow
either their Parent, a related Offspring, or another Family Problem.

TABLE 2. FRAME GEOMETRY DATA

The first card gives the total number of joints in the frame, which must not exceed 75.

The reference joint, 1its coordinates, and the joint location tolerance are given only if the Hold Option for
Table 2 18 not exercised.

A joint number may not be deleted in a series until the Hold Option is not used. However, the joint may be 0
structurally deleted by removing all members intersecting at the joint. =
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The maximum difference in joint numbers, for joints that are connected by members is 9. Page 7 of 11

Joints are numbered from 1 to the total number of joints.

The reference joint may be any joint and it may have any coordinates, except that it and all other joints
must have coordinates less than 1.0ES50.

The second and succeeding cards in Table 2 specify the location of all additional joints in the frame at
least once. If the Hold Option is used, only the new joints must be specified.

All offsets must be "From" a previously located joint ''To" another joint. The "To" joint may be a pre-
viously defined joint. This allows the user to check the locations of the joints. If the error in
the location of the joint is within the joint location tolerance then the solution continues; other-
wise, the solution terminates with an appropriate diagnostic.

The joint location tolerance should allow for normal round-off error. If offsets are input to the nearest
0.01 foot then a joint location tolerance of 0.03 foot usually will be sufficient for a moderate sized
frame.

The repetition of the "To" joint allows the user to locate up to seven joints with one card, if the off-
sets between each new "To" joint are the same as between the "From'" joint and the first "To" joint.

It is not necessary for offsets to be given at locations where members are. However, the location of all
joints must be specified at least once.

TABLE 3. MEMBER TYPE LOCATION

The first card in Table 3 gives the total number of stiffness types and the total number of load types.

Stiffness and load types (other than zero) are numbered from one to their total number. The total
number of stiffness types must not exceed 50. The total number of load types must not exceed

50.
The total number of members in the frame must not exceed 150.

Type zero stiffness is used to delete a previously defined stiffness. Type zero load is used to indicate
no load on a member. The restrictions on length, orientation, etc., outlined below do not apply to
members with type zero stiffness and type zero load.

In order for two members to have the same stiffness type they must have the same length, the same angular
orientation in the frame, and the same stiffness properties with respect to their "From'" and "To"
joints, i.e., they must have the same member stiffness matrix both in their member coordinate system
and the global coordinate system,

€6
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Page 8 of 11

In order for two members to have the same load type they must have the same length, the same angular orientation
in the frame and the same loading with respect to their "From" and "To" joints.

The member coordinate axes are defined by the "From' and "To" Joints specified. The member x’-axis starts at
the "From" joint and goes to the "To" joint. The member y’-axis and z’-axis are located from the member

x’'~axis by the right hand rule.

All members in the frame must be assigned a stiffness type and a load type. This asgsignment {8 not accumulative
for a member in the frame, i.e., the last values of stiffness type and load type specified replace the pre-

vious values.
Stiffness and load types for a member must be specified on the same card.

Up to ten members with the same stiffness and load type may be located with a single card if the "From" joint of
each new member is the '"To" joint of the previous one.

TABLE 4. JOINT LOADS AND RESTRAINTS

All joint loads and restraints are specified with respect to the structure axes.
Joint loads and restraints are accumulated in Table 4.

Structure supports are input as jJoint restraints (linearly elastic springs). Complete fixity of a joint may be
achieved by putting in very large spring values. No round-off errors are encountered when extremely large

values are used unless large values are input and then subtracted away.

Complete freedom of joint movements is obtained by not specifying any restraints at a joint.

A specified displacement may be obtained by specifying a very large restraint and a corresponding force equal to
the specified displacement times the large restraint.

TABLE 5. MEMBER STIFFNESS DATA

Stiffness types must be input in ascending order. 1If Table 5 is held from the previous problem then the
first new stiffness type in Table 5 (if any) must equal the number of stiffness types in the last

problem plus one.
Prismatic members may be input with one card. Members with varying stiffness and/or elastic restraints
along their length require two or more cards.

1f moiefthg? oze card is used to describe a member stiffness type, the prismatic stiffness properties must be
eft ank.

Variable stiffness properties must be input continuously in sections starting at the "From'" joint and
continuing uninterrupted to the "To" joint. This format is illustrated in page 10 of this appendix.

S6

Distances are given from the "From" joint.
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Page 9 of 11
Each section must describe all of the stiffness properties of the member for a length greater than 1/40 of the
member's length.
Constant values of stiffness require one card per section.
A linear variation in stiffness requires two cards per section.

Concentrated values of stiffness are not allowed. A point of zero flexural stiffness is input as a pin at a
joint. A concentrated spring restraint must be input as a joint restraint.

TABLE 6. MEMBER LOAD DATA
Load types must be input in ascending order. If Table 6 is held from the previous problem then the
first new load type in Table 6 (if any) must equal the number of load types in the last problem
plus ome.
Load types with only uniform loads over their full length may be input with only one card. Other loadings re-
quire two or more cards.

If more than one card i1s used to describe a member load type, the uniform loads on the first card must be left
blank,

Variable, concentrated, and partial uniform loadings must be input in sections but need not be input consecutive-
ly and sections may overlap. This format is {llustrated on page 11 of this appendix.

Section lengths must exceed 1/40 of the member's length except for concentrated loads where the "From' and "To"
distances are equal. Concentrated loads may not be specified at a distance of 0.0.

All sections except concentrated loads must have their "To" distance larger in absolute value than their "From"
distance.

Concentrated loads and sections with constant loading require one card. A linear variation in loading requires
two cards per section.

TABLE 7. COMPILATION TABLE

Each Parent Problem starts a series where the Parent solution and succeeding Offspring solutions are stored.
Each of these solutions may be multiplied by a multiplier (load factor) and accumulated. The maximum number

of consecutive Offspring problems is 20.

If the Hold Option is used the solution of the preceding Family froblem is added to the solutions of the
additional load cases specified in the new Family Problem.

L6
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Page 10 of 11

Variable Member Stiffness

From To 1 A s, s, 8,
- 0.0 2.0l 3.0| ¢,0| 8.0
50| 20| 3.0| bO| 4.
.| 5.0 4.0 | 40| 6.0| 4.0
100 )| ®0)| 40| b.0| 0.0
e 100|162 40| %0 b0 ‘;
*° | /6.0 | 28.0| 40| &0 ;3
« | R60 4.0 | 4.0 -
31.0| 5.0 | 6.0 z
, | 3Lo 50 |60
366 | 8.0 | 70
.[0.0 2030 | 0] 90
-40(2.0 |36 | 60| %0
« | =40 40 |40 | b.0]| 40 «
, : -80 4.0 | 4ol 60| Oe §
13 o|[-80 [-12.2 | 4.0 ;.O 'é
o|=\2.2)|-208| ¥-© ,:D -
sy =30, 2 | o] #.0 =
’ : CLIIETE <
» .&.8 oo [e)
Notes: Sections must be input in order. -292 £. 7.0
Linear format is required even if only ome of the stiff- oy -Y-) 2,0 A m_%Q
ness properties varies linearly. . ~-%0| 20 |30 o
» ‘.?A 4.0 4}0 ao ho )
A new section must be started when a change in the varia- :ﬁ 40 | & o]l O.0
tion of any of the stiffness properties occurs. . -M9 - 4.0 ée $
- - Y -d
There is no restriction on the length of a section except * - ::2 ,4;0 g
it must exceed 1/40 of members length. * —[g._‘__so S.0 2
"From" and "To" joints are set by input in Table 3. . 186 219 %:g ;‘: <

* - Two Cords for Sections with Linearly Varying Stiffness
® - One Card for Sections with Constont Stiffness

66



This page replaces an intentionally blank page in the original --- CTR Library Digitization Team



Voriabls Member Loading

Page 11 of 11

diaa
fs———— 19.32 1, —————— ]
08 7|
100 60 T
14.52 1.
e
I s
50
X
50
7.75
10.0
Axis Option | Axis Option 2 Anis Option 3 Axis Option 4
From To 0:‘,_ nn’ Q,&g‘_]‘)f,%;.’ From To Ox, o |Qy Gyst [Qrrn From To 0:3-, loy.‘_’l Qe Qrv From To Qusy Q}&p Q. 3w
o.0 100 -5.0 0.0 |/p.0]| 3.0 |-¢+.0 0.0 |8.0|8.0|-5.0 0.0 6.0| 50 |-50
180 ~35.0 1 10.0 5.9 -2, 8.0 7.0 |-2.2 6.0 7.0 [-2. 7
200 | 3,0 |-K00 20 |8.¢ |-6.2 (6.0 4.0 |-275 2.0 | 14.0|-7.75
415 ([ 20./5) 9.0 | 13,0 |-C.0 | 2245 )|22.15]|-0.8 |14.¢ | -¢.0|[19.3219.32|-0. 2| 1¢.4 | ~6.0|| 14.52 /¢.5R|-0.8 | 4. 4 |-¢.0
0.0 - o 20.0 6.0 |-8.0 16.0 100 |- 100 12,0 10.0 -10.0
r.l 0.0 6.0 Jo.o |D.o | 0.0 2¢.0| 0.0| 0.0 18.0| 00| c.0

© - One Cord for Concenirated Loode
® - Ore Cord for Sections with Unitorm Loads
*- Two Cords for Sections with Linearly Vorying L.oods

Notes:

From" ond “To" Joints Set by Input in Table 3.
Sections Need Not be Wnput in Order,
Concentrated Loods May Not be Input ot a Distance of 0.0.

There Is No Restriction on the Length of a Section Except thot it Must Exceed '4, of the Member's Length.

101
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PROGRAM FLOW CHARTS
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SUMMARY FLOW DIAGRAM FOR FRAME 11

, )

|READ NPROB and problem identificatioﬁﬁ

NPROB = CEASE >——
No Yes

( Terminate Run )

READ and PRINT Input Tables 1 - 7)

Family Problem
Yes No

) Calculate members stiffness and
Superposition solution fixed-end-force matrices

for joint displacements |

and reactions of frame

Form and solve frame equilibrium
equations for joint displacements

Compute joint reactions

Store joint displacements,
reactions, and loads for Parent
and Of fspring Problems

\ J
Y

PRINT joint displacements and reactions (Table 8))

Family Problem
Yes No

[Compute member results |

Superposition solution
for member results Store member results for Parent
L and Offspring Problems

Y

[ PRINT member results (Table 9))

|PRINT joint equilibrium errors (Table 10))
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FLOW DIAGRAM FOR FRAME 11

Dimension variably dimensioned Need be changed only
parameters in this routine
[Dimension COMMON BLOCKS ] Change ‘in all routines

in which common
blocks appear

Set constants corresponding to Change to match
dimensioned storage above changes

Calculate additional constants
for dimensioned storage

[CALL FRAMI1 Main subroutine

Program dimensions may be easily changed as
indicated above. See the program listing and
the notation.
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FLOW DIAGRAM FOR SUBROUTINE FRAM1l
I

READ run identification, print program andw Subroutine FRAML1
run _identification .
is the main routine
1010 of, and is called by,
READ NPROB and problem identificatioﬁj program FRAME 11
Yes

(N°—< NPROB = CEASE >-
IR

READ Table 1 (program control data?j

1050
PRINT run identification, NPROB, problem
identification and Table 1

No Holding data on first ~\_ Yes
problem of run - A
[?RINT Error Messagel

o ATYEE = & >———

(&erminate run )

(GO0 TO 9800 )

Family Problem
~

CALL JTCORD - READ and echo PRINT Table 2
(frame geometry data) compute and print
joint coordinates

CALL MEMLOC - READ and echo PRINT Table 3
(member type location) compute and print
member numbers, lengths, offsets, and cosines

NOTE:

If fatal error is
found in routines
JTCORD thru RDMLD
program goes to
9800 and searches
for an idependent
CALL RDMST - READ and echo PRINT Table 5 problem. See next
(member stiffness data) convert distances to page for 9800 -
member coordinates

—CALL JNTDAT - READ and echo PRINT Table 4
(joint loads and restraints) accumulate data
and print accumulated data

CALL RDMLD - READ and echo PRINT Table 6
(member load data) convert distances and
loads to member coordinates
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4000

CALL COMP - READ and echo PRINT Table 7
(compilation table) accumulate multipliers,
[[PRINT problem numbers and total multipliers

] =" . Yes
Fatal error found in COMP >— N\

9800
[PRINT "solution abandoned''

No Yes )

READ and PRINT cards alpha-
numerically until first
five columns of card are

A not blank

r——--—4DO for JJ = 1, NM ) Each member

No

CEASE card
Yes
Yo

“<TIndependent problem

Yes
GO T0 1050

(——< ISTT < NSTL
Yes

Yes

m No Family Problem

N\ 6800

\
ISTT = IST(JJ - 1) ;>ZE£__W CALL SUMl - Solution
No by superposition for

frame joint displace-
<w ments and reactions

CALL FORMST - Form member
stiffness matrix

5700
CONTINUE

§ Yes

< LTT = 0 D>— 5
[CALL FORMLD - Form

Ze;ofmember fited— member fixed-end-force
end-force matrix matrix

L J

L 5800
CONTINUE ‘
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|Set control constants for frame solution |

Solution of frame

L oon . Problem ML ITYPE
equilibrium equations

begins here . Regular 0 1
Parent 1 2
Offspring -1 3
Family - 4

Retrieve RM and RO
from storage for
Offspring Problems

CALL GRIP2A - Form and solve frame simultaneous Y
equations for joint displacements W. GRIP2A -
calls FSUBl which calls FSUBl1l. FSUBlIl forms
frame stiffness and load matrix and furnishes |
them to GRIP2A for solution }

ML = 0 (Family Problem) =~--
Yes
Store RM and RO
for future Offspring
Problems
\, Wf
( —DO for I = 1, NJT ) Each joint

6500
k~_ __| Set DXX, DYY, DZZ equal to appropriate
term of solution vector W

r_._____ﬁm for I = 1, NJT ) Each joint

6600

t Compute joint reactions as spring
—— < restraints times the negative of the

corresponding joint displacements
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No ITYPE = 1 Yes Y
Start new series of problems
for superposition solutions
of joint displacements and | ]
reactions.
\ N
Store joint displacements DXX, DYY, DZZ,
joint reactions RXX, RYY, RXX, joint
loads QXX, QYY, QZZ to use in future
superposition solutions of family
problems.
J
J/
7000 Family Problem
CONTINUE
No «<Tpe =1 >
Yes
PRINT Table 8 (joint displacements
and reactions)
When the member-end-
I forces are subtracted
( {D0 for I =1, NJT ) away later these

l become the joint
L———-—-{Compute sum of joint loads and reactions | equilibrium errors

0

[nM6 = (MM - 1) /6 + 1]

Solution for forces
and displacements in
members starts here

ITYPE = 2

== Start new series of
problems for super-
position solutions
of members

No




i
|
|
|

P —

|
|
|
_

ITYPE = 4

Yes

No

Family Problem

{DO for NI = 1, NM6

) Member solutions in

— — — —D0 for KK =1, 6 )

[J3 = JJ + 1]

groups of six

Each member

JJ is member number

111

ments at the twentieth points.

CALL MEMRES - Solve for member forces and displace-
Subtract off member-
end-forces to complete calculation of joint equilib-
rium errors. PRINT Table 9 (member results)

7400

~
|
|
|
_

Store member resul
for six members
for future family
problems.

ts

—

7500
CONTINUE

CALL SUM2 - Solution

by superposition for
member forces and
displacements at the
twentieth points.
Subtract off member-
end-forces to complete
calculation of frame
joint equilibrium errors.
PRINT Table 9 (member

results).

r8000

No

Yes

PRINT Table 10 (joint equilibrium
errors)

8500

GO TO 1010

Return for next problem
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FLOW DIAGRAM FOR SUBROUTINE JNTCORD

|PRINT Table Heading

JNTCORD called
by FRAMI11

o (Wob7 = O——Yes

No

No new data
é
Yos GO TO 9800

Holding data

1.01E50]

.-..-...-.
—
»
~
(=
N
[}

~----[y(1) = 1.01E50|

[READ and PRINT NJT, J1, DX, DY, TOL D

X(J1)
Y({J1)

DX
DY

\

~

{READ and PRINT NJT >

1240
CONTINUE

----------- <D0 for JJ = 1, N2M1)

For (NCD2 -~ 1) cards

[READ J1, DX, DY, (J2(11), II = 1,7)Y

[PRINT J1, DX, DY, (J2(I1), II = 1, NJNZ).) NJINZ is number of

smmm e e 4D0 for I1 = 1, NINZ )

XT = X(J1) + DX
YT = Y(J1) + DY

[J211 = J2(11)]

joints specified on
one card

Compute temporary
values of coordinates

Joint not
previously located

- - ——— W .,

N°(—( X(J211) > 1.0E50 >
Joints

I Jocated w

iously

| Prev ERX = ABS (X(J211) - XT)
|:‘;:§: for ERY = ABS(Y(J2II) - YT)
| |

Yes

X(J211) = XT
Y(J2II) = YT




113

No

RX S TOL or ERY > TOL 182

[PRINT Error Message
X(32IT) = 0.5*(X(J21I) + XT) (1ABAN = 1]

Y (J211) = 0.5%(Y(J2II) + YT)

m———————————

(Go_T9 9300)
J
4500
—————————— [CONT INUE )
J1 = J211
4900
—————————— CONTINUE
9800
_____ {00 for I = 1, NJT)
Joint not located
Yes

X(1) > 1.0E50 or Y(I) > 1.0E50)

|[PRINT Error Message J

Print joint
coordinates @D
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SUBROUTINE MEMLOC

[PRINT table heading)

—— —{DO for 1 = 1, MNST )

{ |
—DXS(I) = DYS(I) = 1.0%E50]

I

~———DO0 for I = 1, MNLT )

I

— —{DXL(I) = DYL(I) = 1.014E50]

Subroutine MEMLOC
called by FRAMIL1

Set offsets for
stiffness types,

Set offsets for
load types.,

Yes ~ YFEP3 = 1 or ITYPE = 3

No

|[READ and PRINT NST, NLT)

Read first card in
table,

For second and
succeeding cards

I =1, NJNZ)] NINZ is number of

members specified
on one card.

Yes

—{DO for K = 1, NM )
|

- Yes
C_'01ld member"

r—— {DO for JJ = 1, N3ML )
[READ J1, 1STT, LTT, (J2(1I),
I
|[PRINT J1, ISTT, LTT, (J2(11), I
I
e 41D0 for 1 = 1, NINZ )
| No
| —— KEEP3 = 1 or ITYPE = 3
b o
* No
I _ 4400
| No
r—<1
| 4425
[ =N + 1) IST(K) = ISTT
| LT(K) = LIT
| JIL(NM) = J1
JT2(NM) = J211
| [1sT(w) = 15T
| I LT(NM) = LTT
L

4900
CONTINUE

- .
TYPE = 3 and IST(K) # ISTT
Yes
r

| PRINT error message
]

(GO T0 9900 )
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Sort members by stiffness type unless holding
Table 3 or problem is an offspring

—_———— —

r—(nxs (JSTT) > 1,0*E50

No

6000
CONTINUE

<D0 for I =1, NM )

DX = X(J2I) - X(J1)
DY = Y(J2I) - Y(J1)

No

For each member

Compute offsets

Yes

ISITT = 0 >

ERX = ABS (DXS (ISTT) - DX) Stiffness type
ERY = ABS(DYS(ISTT) = DY) repeated, check

for similar
orientation

N
ERX or ERY > TIOL >—

Yes

No

A

]PRINT Error Messagé1

Average old and new

offsets

(6o T0 9900 )

I

Null member stiffness)

Yes

First time this
stiffness type
encountered in
this problem,

DXS (ISTT) = DX
DYS(ISTT) = DY

r#nn(nn) > 1.0+E50

No
LTT = 0

Yes

Yes .

FRX = ABS (DXL(LTT) - DX) Load type

ERY = ABS (DYL(LTT) =- DY) repeated, check

for similar
orientation

~<

ERX or ERY > TTOL >—W

A

[PRINT Error Message)

Average old and new

offsets

(6o T0 9900 )

L

Null member loading )

First time this
load type
encountered in
this problem.

DXL(LTT) = DX
DYL(LTT) = DY

Y

6600
[ CONT INUE
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— —{DO for I = 1, NST ) For each stiffness
r type
L_ —| Compute length and
direction cosines
(—— —{DO for I = 1, NLT ) For each load type
|

_ — __| Compute length and
direction cosines

Compute half band width
of frame

(_ CONTINUE )

PRINT member numbers,
"From" and "To" joints,

9800

lengths and offsets

9900

()
D)
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SUBROUTINE JNTDAT

Yes

Offspring

Store joint restraints
from last problem

\

Subroutine JNTDAT

No called by FRAMI1

No

|Zero joint data]

Yes

Holding data
“@

READ and PRINT data anﬂ-—-(Do for each data card )

-
Yes <NCDh = 0 No
1240
CONTINUE
No data
accumulate data
N 5000
CONTINUE )
Of fspring Yes

-

Compare joint restraints

with last problem, if

not the same PRINT Error
Message and terminate problem

.

CITVPE = 3 >—R8

No new data

Data same as
input for this
problem

CONTINUE

9800

PRINT accumulated joint
data for all joints
with non zero data

)

9900
CONTINUE
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SUBROUTINE RDMST

Subroutine RDMST

called by FRAMI11

PRINT table heading)

All new data
initiate controls

(——ﬁ)o for I = 1, MNST )
|
i [NC51(1) = -1]
I
L——[NCDS(I) = 1]

|ﬁcs = 0

Yes
No new data )
(6o TO 9900 )

Yes

Holding data

1300

For each stiffness type

(, —{DO for JJ = 1, NST )
No L‘*

(Stiffness type

<NODS (1) = -1 Yes
previously defined

READ and PRINT first
card of stiffness data

[Store temporary values |

|
| NCDS (ISTT) = O |

N
° NCDST > 0> Yes Nonprismatic
Prismatic member
4 member only 2400
one data
S t
card | Store temporary values |

| NCDS (ISTT) = NCDST |
1

q———— —DO for II = 1, NCDST )  For
I each
[NC5 = NC5 + 1] card

Yes No

NCS51(1STT) = NCS5|

T




READ and PRINT one
card of nonprismatic
stiffness data

S —

Convert distances to|

member coordinates

I

Check for illegal
data

l 4500
QR —— CONTINUE

) 4900
-4CONTINUE )
9900
CONTINUE
RETURN

119
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SUBROUTINE RDMLD
Subroutine RMLD

|
[PRINT table heading) called by FRAMI1

No data

No

Yes

NCD6 = 0 and KEEP6 = 0 >-

(6o TO 9900 )

No new No

data Initiate controls

Holding
data

(GO to 9900) r-lbo for 1 = I1, MNLT )

1 [NCe1(I) = -1]

\« ——FoLD = 1]

|NC6 = 0
\

Y
( —{D0 for JJ = 1, NLT ) For each load type
No _- |
7 \NCDL(JJ) = -] . Yes
Load type
previously defined (
READ and PRINT first
card of load data

No TS 0N Yes
l Uniform NCDLT 0 )
loads only Variable
IAXOPT = loads
1 2 3 4
) )

No change Convert uniform Convert uniform
in loads loads to directions loads to directions

of member axes and intensity of

member axes

)




Vd

,— — —— —{D0 for II = 1, NCDLT )

READ and PRINT one card of non-
uniform load data

Y

Convert distances to
member coordinates

AT 2800

[Check for illegal datal

es CTAXOPT = 1T >—D2

121

For each card

Yes (-<IAXOPT = 2 or DEL = o>ﬂ No

No ¢
in 1

hange
oads

Convert distributed
and concentrated

loads to directions
of member axes

Convert distributed
loads to directions
and intensity of
member axes

)

~
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Subroutine COMP

led by FRAMI1

Family

—

Check for ITYPE
out of order

SUBROUTINE COMP
| cal
ITYPE =
1 2 3 4
/ \
Regular Parent Offspring

Check for ITYPE

out of order or

NLC = 1 problem number

repeated in a

i P7 =
[NP(1) = NPROB] seties Lt .
No
[NLC = NLC + 1] D0 for T =
(|1, NLC
[NP(NLC) = NPROB| |
- =
L ) —{zM(1) = 0.0
Y 1200
[CONTINUE )
~

No data
in Table

4

|
|

-

r——{no for J = 1, NCD7 )
I

READ and PRINT
NPT, ZMT

No

r—lno for I = 1, NLC)

NPT = NP(I)

2600

CONTINUE

Yes

For each card in
Table 7

For each load
case

1zn(1$ = 20D + ZMT)

3000

~{CONTINUE )

PRINT ac
multipliers

cumulated]

2

99500

CONTINUE

RETURN

Yes




SUBROUTINE FORMST

Set temporary control constants
for stiffness type which is having
its stiffness matrix formed

NCDST = 0 )

Prismatic
members

Compute constants and
axial stiffnesses

No

FORMST called by
FRAM11

Nonprismatic

)

123

members

Compute constants fo
member solutions for
stiffness values

T

No TPINLT and IPINRT = 0‘,»——————235—W
1800

Zero flexural
stiffness values

TPINLT and IPINRT = 1)>—S°

No

\

Compute stiffness
values for members
pinned at one end

\

Compute flexural
stiffness values for
member with rigid
connections at both
ends

Member
pinned
at both
ends

IFORM

" 2000

*
(CONTINUE)

Set member-
= 0 end-restraints
to 1.0E + 99

Co TO 9900 for six member

solutions

CALL DISCST -
Discretize stiffnes
data for nonprismat
members

s
ic

Store member-end-
restraints STl - ST

6

|

Sx(1) = 1.0E
SY(1) = 1.0E
sz(l1) = 1,0E
SX(MP1) = 1,0E
SY (MP1) = 1,0E
SzZ(MPl) = 1,0E

+ 4+ 4+ + 4+ 4+

99
99
99
99
99
99

Zero pinned end
rotational
restraints

J

;"""{DO for I =

1, MPZ )

Ze

M- XD = QUD) = @) = 0.0]

ro member loads
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[Qx({) ="1.0E + 99]

Axial solution for unit
[CALL AXTAY] displacements at 'From"
joint

Qx(1) = 0,0
Qr(l) =1

Lateral solution for

unit lateral displace-

ment at 'From" joint

Q¥ (1) = 0.0]

Compute member-end-

] forces corresponding

to axial and lateral

solution
Set stiffness values
equal to member-end-
forces
Yes No
Vg = ™
LPINIT = O h Member pinned at
] 113 .
[QZ(D) = 1.0E+99] From” joint
Lateral solution for Zero stiffness
—r unit rotational disp- terms for pinned
CALL GRIF2 placement at "From" connection
joint
192(1) = 0,0]
Compute member-end-
CALL MEMEND forces corresponding
to lateral solution
Set stiffness
values equal to
member -end~forces
‘L 3600
y,

Kepeat process above
for "To" joint

o

9900




SUBROUTI

NE DISCST

125

DISCST called by
FORMST, FORMLD,

p——-D0 for T =1, MPZ) MEMRES
__|SX(1) = sy(1) = SZ(1) = 0,0 Zero discretized
F(I) = AE(1) = 0.0 member stiffness
terms
ICOUNT = 0
NC52T = NC51T =~ 1 + NCDST
I1 = NC51T - 1
- 1050
11 = I1+4+1
XL = XLS(I1) Read data from one
XR = XRS(II) card image
FLT = FL(1I)
AELT = AEL(I1)
SXLT = SXL({11) -
SYLT = SYL(II)
SZLT = SZL(II1)
( s R=T0.0>
11 = 11+ 1 Variable stiffness Uniform
¥R == XYRS(II) section, read data stiffness
FRT = FL(II) from next card section
AERT = AEL(II) images
SXRT = S8XL(II)
SYRT = SYL(II)
SZRT = SZL(II1)
|\ 1110
Yes (ICoUNT = 0)— DO
Il = 2 | First section Il = 12 + 1
X1l = TH of members X1 = TH - X2
stiffness
data
(" Yes SN No
12 = MP1 Last section 212 = XR;TH + 1,0 Interior
X2 = 0,0 of members 12 = 212 section
stiffness X2 = XR - 12*TH + TH
data J
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Return for

Ye

[ =12 - 11]

_—
CALL LINSTF - Distribute F
stations 11 to 12

CALL LINSTF - Distribute
AE stations Il to 12

Yes

~—<SYLT = 0.0 and SYRT = 0.0)7 No

Y

.

>—SXLT = 0,0 and SXRT = 0.0}j No

[

| CALL LINLD

= Distribute

SX Stations Il to 12

N

\.

- Dlstrlbut;?

CALL LINLD
SY Stations 11 to 12

~

€5 (S71T = 0.0 and

CALL LINLD

SZRT = O.O)F—i) No

- Distribute

SZ stations 11 to 12

next section

of data

Yes

No

Distribute
stiffness

Distribute
stiffness

Distribute
restraints

Distribute
restraints

Distribute
rotational
restraints

bending

axial

axial

lateral



First section
of members
stiffness
variation

Linear variation
of stiffness

SUBROUTINE LINSTF

127

LINSTF called by
DISCST

Yes

No STR = STLD

Compute slope of stiffness

variation (DS)

Compute effective stiffness of
first element in section
considering jump in stiffness

I1P1 = 11 + 1
I1PNQ = I1 + NQ

[
— —{DO for 1 = I1P1, I1PNQ )

Compute stiffness at

NQ elements

r

l

I

{ midpoint of remaining
l

(.

1250

————— CONTINUE

Uniform stiffness

Compute effective stiffness
of first element in section
considering jump in
stiffness

I1P1 = 11 + 1
I1PNQ = 11 + NQ

|
,~—=D0 for 1 = I1P1, TIPNQ)
|

|
| Set stiffness equal to
| uniform value

1350
- — — — — ~{CONTINGE)

1800

(CONTINUE)

RETURN
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Compute slope
of linear
variation DQ

SUBROUTINE LINLD

[DQ = (@R - QL)/(XR - XL)]|

Q2 = QR
Ql = QR -~ DQ*X2

Yes  (ABS(QL ¥ Q2) = L.OE-10 H>—l©

{
Z = XL+ (X1/3.0)*%(2.0*%Q2 +

Ql)/(Ql + Q2)
QI = 0.5*X2*(Ql + Q2)

o]

~

Ql = QL
Q2 = QL + DQ*X1

I
Fe8 T ABS(Q1 + Q2) < 1.OE-10 )—)N°

Vs

Z = XL + (X1/3.,0)*%(2.0%Q2 +

Ql)/(Ql + Q2)
QL = 0.5*X2*(Ql + Q2)

[CALL CoNiD]

Ye

S ’—_—]N‘O

-~

Yes

»,==--4D0 for 11 = 1, NQ)

Ql = Q2
Q2 = Q1 + DQ*TH

ABS(QL + Q2) < L.OE-10 ™2

L
Z = XX + (TH/3.0)*(2,0%Q2 +

Ql)/(Ql + Q2)
QL = 0.5*TH*(Ql + Q2)

W A AN W W W T R oy

A 1990

-------- (D)

RETURN

o

. LINLD called by

DISCLD, DISCST

Compute concentrated
load or restraint
for element at right
end of section QI,
distance to line of
action Z and call
CONLD to distribute
to ad jacent stations

Same as above for
element at left end
of section

Same as above for
remaining NQ
elements

(XX is distance to
left of element
from the "From"
joint)



’
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SUBROUTINE GRIP2A

---{D0 for J =1, NL)

CALL FSUBl - To obtain
stiffness matrix
coefficients SU and
load term F for Jth
row

Compute recursion
multipliers RM

1000
------- {CONTINGE)

Compute displacements
W by recursion
equation

GRIP2A called by
FRAM11, FORMST,
FORMLD, MEMRES

FSUB1 calls FSUBLL to
furnish SU and P for
frame solution or
PSUB12 to furnish SU
and F for member
solutions

129
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SUBROUTINE FSUB12

FSUB12 called by

FSUB1
lateral Yes Moment
Force
Yes No No Yes
SU(l) = TH*F(IPl)
SuU(2) 2,0%F (1IP1) Stiffness SU2) = 1.S*F(IP1)*HSQ
SU(3) = -TH*(F(I) - matrix
SU(3)) = =-TH*F(IPl)
F(1rl)) coefficients SU(L) = 2.5%(F(I) +
SU(L) = 2,0%(F(1) + for one row y
F(IPl)) *HSQ +
F(IPL) + SZ (1)*HCU
SY (I)+HCU
\_________\ AJ
-
|FF = QY (1)*HCU | Load term |FF = QZ (1)*HCU |
L )

e
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SUBROUTINE FORMLD
FORMLD called by

FRAM11
Set temporary control constants
for load type which is having its
fixed-end-force matrix formed
s
YeS_(NCDST ¥ 0 or NCDLT = 0 No ~
Prismatic
member with
?Zzgzrm Compute constants and
axial fixed-end-forces
NO _¢TPINLT = O and IPINRT = o)%
Compute flexural fixed-
Zero flexural fixed- e?d-fochs for mem?er )
end-forces with rigid connections
at both ends
TPINLT = 1 and IPINRT = 1>_Ye3
Compute flexural fixed-

Compute flexural e::-igr:isbgzz ze::er

fixed-end-forces pinn n

for member pinned

at one end

{ )
Y 2000
CONTINUE
Nonprismatic or
. nonuniformly
loaded members )

Yes
’
Stiffness
data already
set up for 1
this member Discretize pris-
from solution matic stiffness CALL DISCST -
of stiffness data Discretize stiff-
matrix ness data for
nonprismatic
member
2500 P,
-
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Store member-end-restraints
ST! « STé

Set member-end~restraints
equal to 1,0E+99 for fixed-
end-force solution

Zero pinned end rotational
restraints
\.
2700
CONTINUE)
Yes NCDLT = 0) No

]

Discretize uniform
member loads

3000

Call DISCLD -
Discretize general
member loads

)

ICALL AXIAL

CALL GRIP2B

CALL MEMEND

Zero end-moments for
pinned-end members

RETRD

Axial solution for
member loads

Lateral solution for
member loads

Calculate member-
end~forces which
are fixed-end~-forces



-

~--4QX(1) = QY (1)

SUBROUTINE DISCLD

dD0 for I = 1, MP2)

Qz(1) = 0.0

NC62T = NC61T

IT = NC6IT -1

- 1 + NCDLT

II + 1
XLL(II)
XRL(11)
QXL(II)
QYL(II)
Qz1(11)

&ER

QXLT
QYLT
QzZLT

(R =0.0>—X°

DISCLD called by
FORMLD, MEMRES

Zero discrete
member station
loads

Read data from
one card image

-

I1
XR
QXRT
QYRT
QZRT

II + 1
XRL(II)
QXL(II)
QYL(II)
QzL(11)

C

N e

Variable load
section read
data from

next card image

1110

QXRT
QYRT
QZRT

ntonon |/

No

QX CALL CONLD

QY

Q2

LL C

{ XL = XR >

N 4SS /o
Concentrated

loads call
CONLD to dis-
tribute to

loads

lcompute 11, 12, NQ |

\ Distributed

133

QXLT Uniform
QYLT load
QZLT section

ad jacent stations

CALL LINLD - Distribute
QX stations 11 to 12
CALL LINLD - Distribute
QY stations Il to 12
CALL LINID - Distribute
QZ stations 11 to 12

)
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SUBROUTINE FSUB11

7

A ———— — — RS SSSMEEND P S W S——— ————— —*——‘w_—-—_—-——-—_“

1300
= (J14 - 1 +
No =T Yes
Skip for every S ~dIN |
2nd and 3rd row (
——— —{D0 for I = I, ™)
No
-

"From" joint
at JIN

FSUBll is called by
FSUB1

Compute joint number for
which equations are being

"~ formed

Form stiffness matrix
three rows at a time SSL

Each member

Yes

( Member intersects at joiﬁf}r—f)

matrix DC and its transpose
DCT

{?orm member transformation

No

Y2 (ITI(I) = IT)

Form SMM which adds to
diagonal of structures
stiffness matrix at JIN

structure
at JIN

Form FMM which adds to

load matrix

\ 2500

"To" joint
at JIN

Form SMM which adds to
diagonal of structures
stiffness matrix at JIN

From FMM which adds to
structure load matrix

at JIN

Transform SMM to structure
coordinates SMS

Transform FMM to structure
coordinates FMS

FSS(1) = FSS(1) - PMS(1)
FSS(2) = FSS(2) -~ FMS(2)
FSS(3) = FSS(3) - FMS(3)

SSL(1,1) =

I(1,1) + sMs(1
,3) = 8§ ’ + 3,

Two calls to MATM33

One call to MATM31

Add in (Subtract) FMS
to structure load
matrix FSS

Add in SMS to structure
stiffness matrix SSL
only symmetrical terms
required for diagonal
submatrix



Skip for submatrices
to left of diagonal

"From" joint

A28 (TN > JTL(1) and JIN = JTZ(I))j No

No "To" joint

r( JT2 (1)C

] at JIN

goes to right of
diagonal in structure
stiffness matrix

Two calls to
MATM33

Place SMS in

135

structure stiffness

matrix SSL

|
I
I
|
l
N,

{ at JIN JIN >
I Form SMM which Form SMM which
l goes to right of

diagonal in structure
I stiffness matrix
| C )
| T

Transform SMM to structure
} coordinates SMS
' SSL(1, ISTP) =g 1,1
| iszs’i %T, ISIP + 2) = sm("%a,
L
| )
k 3500
———————— — —{CONTINUE

load matrix

Add joint loads to structure

Add joint restraints to
structure stiffness matrix

Shift structur
matrix SSL

e stiffness

4000

Form one row o
stiffness matr
SSL and load F

f structure
ix SU4 from
F

No (sunl) = o.o)w Yes

Su4(l) = 1.0
FF = 1,0E+99

displacement

undefined

)

4500

Zero on diagonal
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SUBROUTINE MEMRES

MEMRES called by
FRAM11

No Yes
>
X
No  _ (35TT = 0 )—tes N 5100
No :'4D0 for 1J =1, L/) Zero
' member
Yes L. MDM(I3, ’K) = 0.0] results
(G010 9900)

whose final results
are being found

Set temporary control
constants for member

Stiffness data already
set up from solution of
last member

Yes :NCDSTTG-\ No \. N
Discretize pris- CALL DISCST -
matic member Discretize stiffness
stiffness data data for nonprismatic
L member
T 2500
Store member-end-
restraints ST1 - ST6
Set member-end-restraints to
1,0E+99 for solution of member
for member loads and end
displacements of frame solution
Zero-pinned -end
rotational restraints
Set up transformation
matrix DC
2700 y,
—=
Yes No
I =0

Zero member loads
No loads on

member

[Set control constants|




Yes

~

Discretize uniform
leads on member

3000

Discretize general
member loads

Final member

solutions

Store member-end-~
loads QT1 - QTé6

Set member-end-displacements DMS
equal to structure joint displace-
ments and transform to member
coordinates DMM at '"From" joint

|

Set member-end-loads equal to
1.0E+99*(displacement) to enforce

joint displacements on members

|[Repeat above for "To" joint]

Axial solution of member

IEEZL AZIAZI for axial loads and end

displacements

Lateral solution of member

137

ME for lateral loads and moments

Set member lateral and rotational
displacements equal to solution
vector W of GRIP2A

---4D0 for I = 2, MPl )

Compute for each station (nodal points)
element end forces station reactions
and station equilibrium errors

- m merw - - oy

3400

--------- [CONE INE)

and end displacements

[Repeat above for end stations I = 1 and MP2|
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I
o-=-------{D0 for IH = 2, MP221)

Output at every
second station

Compute average thrust, shear, and bending
moment at every second station and set
displacements equal to member displacements

3000

D [CONTINUE)

P e L L L .

[Repeat above for end stations IH = 1 and MP22]|

Set member-end-forces FIM, F2M equal to end
axial forces, shears, and moments

Subroutine ADJTER transform
CALL ADJTER FIM and F2M to structure
coordinates and subtracts
from joint equilibrium errors

Select largest station
equilibrium error STAERR

Set DM equal to member results for storage
on tape for future Offspring Problems

Yes No
~
CALL PRINT9 - PRINT
Table 9 Member Results
\.
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LomaeauNOTATION FOR FRAME 13

MO NANBNAAANANANARANNAARANANRARNANANANANAANAANANANANNRNANRNANRNANRNADN

FYIR]
AEL )
AELE 3
AELY
AERT
AETY2

ANt )
ANLE 3o AN2E Do
AN3{ )

ALEL e AR

By

o]

ang )

BR{ o 1o BVL )
[ 4

€C
CHE o 30 CV1 )
T80 ]

[ S ]

OC¥L » )

DCle DC2

OCILE Js DC2LL )
gli{ 1o DC2%L )

DEL
DENOME )
bis

DIE o To DMTC 4 )
DMt 3
Dmsyt

o8

DXt )o DY 1,018 )
DXxe DY

DXL¢ 1o ODYLI }
DEB{ e OYSL
DXTL 3o DYTE )}
DITL ¥

DXXE 3¢ DYYL )
:ll! )

ERR
ERKL )e ERYL 1o
ERZL )

CONTINUITY COEFFECIENT N AXIAL SOLUTION
AREA TINES WOOIRUS OF ELASTICHITY

VALUES OF AE( 3 AT EDGES OF SECTIONS
VALUE OF AE{ ) AT LEFT (START) Of SECTION
VALUE OF AEL | AT RIGHT (END) OF SECTION
VALUE OF AEC ) AY MIDDLE OF PARTIAL
ELEMENRT OM RIGHT (ENDI OF SECTION

DUMMY MATRIX FOR MU TIPLICATION ROUTINES
ALPHA-NUNERIC 1DENTIFIERS

PARTS OF CONTINUITY COEFFICIENT AL ) USED
FOR MATIPLE LOAD OPTIONS

COMTINITY COEFFICIENT IN AXIAL SOLUTION
STYIFF COEFF IN AXIAL SOLUTION

BEMDING MOMENT OUTPLT VALUE

DUMMY MATRICES IN MULTIPLICATION ROUTINES
DISTANCE FRON CONCENTRATED LOAD TO
STATION ON LEFY

STIFFNESS COEFFICIENT IM AXTAL SOLUTION
DUMIY MATRICES IN MATIPLICATION ROUTINES
KRECURSION WAL TIPLIER 1N ARIAL S0LUTION
MATRIX OF DIRECTION COSINES

TRANSPOSE OF DC MATRIX

DIRECTION COSINES

DIRECTION COSINES FOR LOAD TYPES
DIRECTION COSINES FOR STIFFNESS TYPES
STIFFNESS COEFPICIENT I ARIAL SOLUTION
DISTANCES BETWEEN MEMBER OUTPUT STATIONS
AXTAL CHANGE I8 LENGTH IR ELEMENTY

LENGTH OF SECTION OF NENBER LOADING
OEMORINATOR IN AXIAL SOLUTION

DISTARCE FROM THE FROM JOINT TD OUTPUT
STATION

STORAGE MATRICES FOR SIx MENSER RESULTS
MATRIX OF WEMBER EMO DISPLACEMENTS

IN HEMBER COORDINATES

MATRIX OF MEMBER END DIOPLACEMERTS

IR STRUCTURE COORDIMATES

SLOPE OF LINEAR VARTATION IN LOADING OR
ELASTIC RESTRAINTS

SLOPE OF LINEAR STIFFMESS VARIATION
NEMBER STATION DI SPLACEMENTS

X ARD Y OFFSETS

X AND ¥ OFFSETS FOR LOAD TYPES

X AND Y OFFSETS FOR SYIFFNESS TYPES

DX( de DY( ho DIL 3 AT OUTPUT STATIONS

JOINY DiSPLACENENTS
MOWUS OF ELASTICHITY

ABSOLUSE VALUE OF ERX1 s ERYL 3¢ ERZI
STATION EQUILIRRIUR ERRORS

o2no

2o

N0
o2no
020
o2n0
0200
o020
o2Nn~
020
02M0
0INn0
ozno
oo
N0
o2N0
ozno
oIno
oz 0
oZno
0240
ozso
o2N0
o200
0240
02.1.0
ozAL
02M.0
0240
oznn
o240
ozN0
o2N0
oo
n2ne
0zZN0
o2a0
BIND
o2n0
2 E ]
nrAn
ao
oIA0
0nAD
ozno
ozno
0ZAD
orn~
oz 0
otno
DINO0
nEAn
oZan
oz
02N0
oo

OO NANNDAANOONNDOANDDONNANNANANONNNNNANAOANONAAODANNNNNNDONANAN

LRX, ERY

ERRLN

ERXX§ ) ERYYI )
ER22¢

Fg o)

FF

FLtC )

FLY

FHMt )

FHSE )

FuMMt o )
FUMMTL
FRY

FSSt )
Frv2

Fim( )
F2Mt )
F13¢ 3
F25¢ 1§

L]

ny

L 217

i

1ABAR
faxoPLt )
LAXOP St )
1AXOPY

114

s
ICount
102

1FORM

in

jnB

NPy

ingg

Bl VlBe 12, TUT.
f21e 358

in)

joPL

1UPLUPY 1y JOPOPY
IPIhLT 14 JPINLY
IPINRL 15 INPIMRY
L3

P8 1P9, 1P1O
E57¢ 1o I5TY
I1$TP

1TESTC

ERROR [N JOINT COORDINATES OR MEMBER
OFFSETS

ERROR (N LENGTH OF MEMBER

JOINT EQUILIBRIUM ERRORS

MUMENT OF INERTIA TIMES MODULUS OF ELAS
COEFFICIENT IN LOAD MATRIX

VALUES OF F( } AY EDGES OF SECYIOMS
VALUE OF FLL ) AT LEFT ISTARTE OF SECTION
MEMBER END FORCES IN MEMBER COORDINAYES
HEMBER EMD FORCES IN STRUCTURE
COORDINATES

HEMBER FIXED END FORCES

MEMBER FIXED END FORCES FOR OME MEMBER
VALUE OF Ft ) AT RIGHT (END) OF SECTION
STRUCTURE LOAD MATRIX

VALUE OF F( ¥ AT MIDDLE OF PART AL
ELEMENY ON RIGMT (END) OF SECTION
MEMBER £ND FORCES AT FROM JOINT M
MEMBER COORDIMATES

MEMBER END FORCES AT TO JOINT 1N MEVMBER
COORDINATES

MEMBER END FORCES AT FROM JOINY (N
STRUCTURE COORGINATES

MEMBER EMO FORCES AT YO JOINY N
STRUCTURE COORDINATES

ONE HALF OF ELEMENTS LENGTH

B A

HOM

INTEGER INDEX

FATAL ERROR FLAG

AX|S OPTIONS FOR LOAD TYPES

AXIS OPTIONS FOR STYIFFNESS TYPES
TEMPORARY VALUE OF AXIS OPTION

PRINTER CONTRO:L

OECREMENTING INTEGER

CONTROL CONSTANT

MAXKIMUN DIFFEREMCE IN JOINT NUMBERS
COMNECTED BY MEMBERS

CONTROL CONSTANY

INTEGER INDEX FOR OUTPUT STATIONS
IBARDWIDT™ OF £0 - 1172

FL B |

tHe ~ |}

INTEGER INDICES

1 -1

PRIATER CONTROL

MEMBER OUTPUT OPTIOM

PIN AT LEFY (FROM} JOINT OPY|ON
PIN AT RIGHT (TO) JOINT OPTION

it +1

PRAINT UPTIONS FOR TABLES 8, 95 1C
STIFFNESS TYPE

3sJ21 & 1

ALPHANUMBERTIC CONSTANTS

o2n0
o020
o220
0200
02JL0
02N 0
o200
02JL0
nno
o2JL0
[ > £ 8]
o200
0200
02J5L0
0200
02M0
o2no
020
[:28 X]
020
o2M
nlne
o020
ozN0
o2n o
0XA0
oINn0
o02.M0
020
02ZNo0
0ZA0
o0
nznn
0zN0
0200
020
oZna
02400
a2no0
oo
ozao
02400
ozno
[ & Rl
a2an
ann
naaLe
oxne
Q20
02JL0
02J4L0
[ >N N\l
0200
020
oo
one

%71



ARANRAAAAADAAAANRNAANARNRARAAARANANAARANAANAARANRAANRAAAAANOA

1rveg
LTvPEL

11s 12
11PN0

1M

do dde IS
J1d

My
JNTL

JTR
JELE 3o JTLY Jho
Jit

J23

[
CSEEPI-LEEPY
KEKE

i

LT de LYY
Li=LAy L& LT
Lm

L2

LI

MCOSE 1o NCDST
WCO2-MCDT
MRS o RS
NCILL Ve WCS
NCS1T. NCH2Y
NCRLL 1y NCH
NCHLTe NCE2T

NFSLE
L]

PROBLEM TYPE

PROBLEM TYPE OF PREVIOUS PROBLEM
FIRST AND LAST STATION INSIDE SFCYION
11 » M

1 +1

INTEGER INDICIES

SWITCH TO ALTERMATE FORCE AND MOMENTY
EQUATIONS

4 =1

EMROR FLAG FOR JOINT NUMBER TO LARGE
JOINT NUBER

FROM JOINY

ADSOLUTE VALUE OF OIFFERENCE IN JOINT
NUMBERS OF MOMERS

INTEGER INDEX

HOLD OPTIONS FOR TABLES 2-7

CHECK FOR TNDEPENDENT PROGLENM
INTESER TNDEX

INTEGER INMDEX

LOAC TYee

OINERSION LINITS

Ly -1

LY -~ 2

LY ~ 3

NUMBER OF ELEMENT 1N MEMBER

MAKTMUM PERMITYED VALUE OF 1DJ
MAKINUM PERNITTED VALLE OF TwB

ne s | ,

'C.GI:DI. FOR MA.TIPLE LOAD OPTION
MARTIN VALUE PERMITTED FOR NC3
MARIININ VALUE PERMITIED FOR NCS
MARTMUN VALUE PERKITTIED FOR NJY

MAX IS VALUE PERMITTED FOR MLC

MAX IR VALUE PERMITTED FOR MLT

MAX IMUM VALUE PERMITTED FOR MM
MAXTIUN VALUE PERMITTED FOR NST
"el
Ne2
ins 2172
wrr - i
MUNGER OF CARDE THAT FOLLOW FOR LOAD TYPE
NUMBER OF CARDS TMAT FOLLOM FOR STIF TYPE
MUMBER OF CARDS 1M TABLES 2-7

MMBER OF CARDS READ &N TABLES S AND &
NUMBER OF CARDS IN TABLE 8 ARDVF THE
NUMBER OF STIFF TYPES (VARIABLE STIFFI
FIRST ANO LAST CARD NUNBER OF VARIABLF
STIFF DATA FOR MEMBER

NUMBER OF CARDS IN TABLE & ABOVE THE
NUMBER OF LOADS TYPES {VARIABLE LOADS)
FIRST AND LASY CARD NUMBER OF vARIABLE
LOAD DATA FOR MEMBER

SWITCH 1O CHOOSE APPROPRIATE FSum
INTEGER INDEX

oaa
020
0140
0200
0200
0200
o2n0
o02M0
0In0
020
020
0ZA0

2A0
020
0200
020
020
02R0
oA0
02A.0
02R0
oIN0
020
0200
0ZA0
01A0
G2A0
02IR0
02.M0
0 N0
o0
020
[ &
orAn
oz 0
oA
02n0
0200
[-72 X
02M0
200
0200
02M0
020
02AD
orno
NINO0
0200
A6
0200
0zN0
0200
020
02R0
oIN0
ann

P XatalanatatataYaRalatakatatalalatalaysRalateotaTakotatalatalalala X o N oW ol o W o R ol ut o ¥ VoY aYuYatalatatalatntalatalal

Mokl

NJT
NLelLS
NLC

My
RLTL

[

g

L G |

wWPRUBL Ve NPTE )
na

NST

NSTL

namy

n3M

n123

82e NI

PRAEL 1o PRAET
PRAY

PREL 1o PRFY
PRIY

0

vl

GLe OR
wIl1-Qts

“KU 5 QYL 0, QZU 1}

GELE be QYLL D
ULt )
wELT QYLT

VIRT
WXt 1 OYYE 3,
[ S ]

OxxTe QYYT, Q221

1. Q2
e . 1 ROL D

Bxt 1s RY) 2y RIt

RXXt 1e RYYYL )
RIZs

sl ¥

SMCE .}

SMMLt + )

MYt 3
SMy
St

134
STAERR

¥

MUIMBER OF NOK IERD JOINTS OM DATA CARD TN 0200

TABLES 2.3

NUMBER OF FRARE JOINTS

NUMBER OF SIMULTAMEOUS EQUATIONS
MUMBER OF LOAD CASES

NUMBER OF LDAD TYPRES

MLT FOR LAST PROBLEM

NUMBER OF FRAME MEMBERS

/&

LIST OF PROBLEM MUMBERS RESULTS SAVED FOR

PROBLEM MUMBER (ALPHA NUMBERIC)

NUMBER OF ELEMENTS REMAINING IN SECTION

NUMBER OF STIFF TYPES

NST FOR LAST PROBLEM

NCD2 - )

NCD3 ~ ]

CONTROL wiiln CYCLES (0203

ALTERMATING SwiTCHES FOR TAPES 2.3

PRESHATIC AEL
PRISMATIC AREA
PRISMATIC F( )
PRISMATIC MOMENT OF INERTIA

CONCENTRATED STATION LOAD OR SPRING
CONCENTRATED LOAD OR SPRING BETWEEN

STATIONS

INTENSITY OF LOADING OR RESTRAINT AT LEFT
ISTART) AND RIGHMT (ENO) OF SECTION

LOADS OM MEMBER END STATIONS
MEMBER STATION LGADS
MEMBER LOADS AT EOGES OF SECTIONS

VALUES OF OXLU 14GYLL )s AT LEFT (START)

OF SECTION

VALUES OF OxLi 1, QYL 3 QILL ) AY RIGHT

tEMDY OF SECTION
JOINT LOADS

TEMPORARY VALUES OF Qxxt s QYYi s O22
IRTENSITY OF LGADIMG OR RESTRAINTS AT

BEGINNING AND ENMD OF ELEMENT
RECURSION WULTIPLIERS
STATION REACTIONS

JOINT REACTIONS

VECTOR OF STIFFNESS MATRIX

HEMBER STIFFNESS MATRICES 1IN COMPACY FORM
MEMBER STIFFNESS WATRIX 13X3) IN MEMBER

COORDINATES

SINGLE MEMBERS STIFFMESS MATRIX IN

COMPACT VECTOR FORM

MEMBER STIFFNESS MATRIX (3X3) IN
STRUCTURE COORDINATES

STRUCIURE STIFFNESS MATREX
STATION VALUE OF STIFFNESS

LARGEST STATION EQUILIBRIUM ERROR (IN

MEMBER

o020
ozane
020
Y8 R
ozan
020
0200
02N0
02N 0
oZno
0RO
0200
0rM0
0 A0
o02n0
02N.0
020
020
0200
020
0r A0
020
0Zn0
aza o
LIE K.
ozno
oo
02A0
0ZA0

N0
02n0
020
o020
[ & K]
o020
“aan
02N0
0?20
0240
02N0
0240
02R.0
02Nn0
[F & R
[TE K]
024L0
orRo0
02AM0
o2ne
nIAN
n2L0
024L0
o210
02JL0
0n2JLe

vt



N e N o N Y o N o W W oY aYaNala¥aYaNaXaYaXalalalatalalalalalaYa Yo aNal s WaYalalalataXatatalataXatatatataXatakaXa¥aXa)

STLy STR
$TT1e STT12

STle 876

SUt 1e SUAL)

SXE e SYL )e S2U
SELE de SYLIL )

S2L 1Y
SELTs SYLT, SILY
SART, SYRT, SZAT

SXXt )e SYYL )
STt )
SAXTe SYYT, S22T

T

TAUL, Tav2
TEMPLe TEMP2
™

T

TT0L

733

uQxt re VOYIL )
UQKT,s UQYT
Uit e V2L
v

Vit Y V21U )
wt )

all Vs W2¢ )

Xt de YU )
XL

xLLt )
ALSC )

AR

XRL

KRS )

ATs ¥1

XX

Xle X2

x2L

2l

Ille 212
L

Lt )
LSt b

w2

L3

IMt )o IMT

STIFFMESS AT LEFT (START) AND RIGHT (END) 020

OF SECTION

STIFFNESS AT MID POINTS OF PARTIAL
ELEMENTS AT BEGINNING AND END OF
ADAJACENT SECTIONS

RESTRAINTS AT MEMAER END STATIONS
COEFF OF STIFF MATRIX (ONE ROW)
MEMBER STATION ELASTIC RESTRAINTS
VALUES OF SXt ) SYt bo SZt 1o AT EDGES
OF SECTIONS

VALUES OF SXLt Do SYLI Do SZLC ) AT
LEFT (START) OF SECTION

VALUES OF SXLI 1l SYLU 1o SZLU ) AT
RIGHT (EMDI OF SECTION

JOINT RESTRAINTS

TEMPORARY VALUES OF SXXI 1o SYY( Vo
szt )

AXIAL THRUST OUTPUT vALUE
CONCENTRATED ANGLE CHANGES IN ELEMENT
TEMPORARY VALUES

ELELMENT LENGTH

JOINT LOCATION TOLERANCE

2%10L

TEMPORARY MATRIX USED TO OBTAIN TRIPLE
PRODUCT

UNIFORM MEMBER LOADS

TEMPORARY VALUES OF UGx( )e vOY( |}
AXJAL FORCES OM ENMDS OF ELEMENT

SHEAR FDRCE OUTPUT VALUE

SHEAR FORCES OMN ENDS OF ELEMENT
OISPLACEMENT VECTOR FROM GRIP2A
MOMENTS ON ENDS OF ELEMENT

JOINT COORDINATES

DISTANCE 10 LEFT (START) OF SECTION

DISTANCE TO LEFT (START) OF LOAD SECTION
DISTANCE TO LEFY (START) OF STIFF SECTION

DISTANCE TO RIGHT (END) OF SECTION
DISTANCE TO RIGHT (END) OF LOAD SECTION

DISTANCE 10 RIGHT (END) OF STIFF SECTION

TEMPORARY JOINT COORDINATFES
OISTANCE TO COMCENTRATED LOAD FROM
STATION

LENGTH OF PARTIAL ELEMENTS AT ENMDS OF
SECTIONS

X2 FROM LAST SECTIOK

FLOATING POINT

FLOATING POINT |1 AND (2

MEMBERS LENGTH

LENGTH OF MEMBERS 8y LOAD TYPE
LENGTH OF MEMBERS BY STIFF TYPE
Lz

ZL2eZL

LOAD MATIPLIERS

o220
o020
0240
o2ao
nzan
fg2.0
ozZno
ozno
o020
ozZno
o2nce
oo
ozsan
0?2JL0
200
o2an
02N
o020
o2JLe
02R0
o2no
o2JL0
02JL0
02JL0
02JL0
02JL0
02410
ozZN0
o2Je¢
o200
o2no
0200
02N0
020
o2JL0
o2JL0
o2.0
o220
0210
o200
o020
o2no
o2n0
o200
G2JL3
020
o2no0
o2JLo
02JL0
o2no
[ > 8 W}
o2,0
o2JLn

enl
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PRUGHAN FRAMELL §INPUT sOUTPUT ¢ TAPE L o TAPEZ2 » TAPE) o TAPEA)

COMMENT - THIS ORJVER OMLY DIMENSIONS PROGRAM

CUMMENT = TO CHANGE ODIMENSIONS CHANGE ONLY TMIS DRIVER ANO OIMENSIONED
COMMENT = CUMMUN BLOCKS IN APPROPRIATE SUBROUTINES

COMMENT = VARIABLE MAMES DU MOT CHANGE [N DIMENSIONED COMMON BLOCKS
COMMENT ~ DIMENSION GUIDE -~ OIMENSION GUIDE =~ DIMENSION GUIDE
COMMENT = RM(L3s L®) RO(LS) uiLe) sLiLy) suiLe)
COMMENT = OMILTs &) DMTILT, o)

COMMEANT - COMMON /BLOCK]1/ (MNIT) COMMON /BLOCK2/ (MANST)
COMMENT = CUMMON /BLOCKS/ 1. 91] COMMON /BLOCKA/ [}
COMMERT ~ COMMON /BL.OCKS/ (NCS) COMMOR /BLOCKS / I1MNCE) -
COMMENT = COMMON /BLOCKT/ « WP2) COMMON /BLOCKS / e C)
COMMENT = CUMMUN /8LOCKY/ 22y COMMON /BLOC10/ (ag)

DIMENSION RM(129,229) o ROI22%5) » W(22%) o SLI29) o SU()O'

DIMEARSION DM(127,600 DNT(127+8)

Qryye 79)e

COMMUN /BLOCK1/ X& 7906 Ye 790, Quxt 7131

2 UL 139 SAXE 790, SYve 190, SIZI 130 OxXxg¢ 790,
3 ovyYe 199, OLZ¢ 793 RXX( 7500 RYY( 7%), R22¢ 19),
LY ERRXS 791 ERYY( 791, ER2Z2¢ 79)

COMILN /BLOCK2/7 DRSE 300  OYSE 30)s  ILSL 30)e OC1S{ 500,
2 0C25¢ 901 PRF( 300, PRAEL 90), NCOS( 500, UAXOPSI 50),
3 1OPOPL 300 IPINLL 300, IPINR( 30)s MCS51¢ 500, SMCY 50413)
COMMUN /BLOCKS/ OXLE 30)s OYLI 300, 2LLE 300  OCILE 30),
2 OC2L1 301, UQAX(E 300, uayi( 3500, NCOLY 307e IAXOPL( 50) e
3 NCOlt 300

COMMUN /BLOCKS4/ JTLI190) JT2¢1900, 18711900, LT¢(190)

2 FONM(150,6)

COMIMUN /BLOCKS/ XLSE 79), XRSE 790, Ly 19, AEL¢ 73),
2 SXLE 790, sYLe 190, sLe 1)

COMILN /BLOCKS/ XLLELSOD XRL(190), GxL(1500 avL(1%0)
2 Q2L 1150}

COMMUN /BLOCKT/ FL 4200 AEL 421, sRe &2), SYLa2)»

3 SLt A2), OX¢ 420, QYt 42), Qzt a2)e Al a2),

3 8¢ Ay, All A2), 01 A2), DXU A2), ove a2),

L D2(a2)e UL 1a20, vita2), w1ia2), U21a2) e
V(a2 w21a2) ERX(42), ERYIA2) o ERZ (42)

[ ] RX(&2)0 RY(42) R21A2)

COMMUN /BLOCKS/ NPI21+2) Mi21)

COMMUN /78LOCKY/ TI21)s Vi2l)e BMi21), OXT(21)e

2 OYT(210» oLTt2))

COMMON /7 BLOCLIO /7 SSL (3+300

COMMUN /BLK1/ KEEP2, KEEP3I, KEEPA, KEEPS, XEEPS. KEEPT,

2 ITYPE, NCD2s» NCD3s NCDAs NCD3s NCDSs NCOT.
] JABARs IFORM, WM, NJITe NSTe NLTH TOoL
. L. "1, "2, 1ST7e LTT, LTYPEL.10J
9 NLCo 1P 1P9, iPg0

COMMUN /BLK2/ XL oXRoX)oR2e110520MQeMe THMSQeHCU 2L

COMMUN /BAKS/ MNIT IIRST oMNLT oMM oMNCS MNCH s MDJ T 4MNLC

COMMUN /BLKA/ ST1+5T2+8T73,57
COMMUN /BLKS/ NFSUB

40579578

Conon 7 RI /7 Ly Lo J1
1 FURMAT (
2
2 FORMAT
2 30 I*NWUT/2 - | eesse , 4,

e /7 0 299

ATH esssasssss MM MUST BE GREATER THAN OR EQUAL TO,

REDIMENSION DRIVER )

888 M MUST BE AN EVEN INTEGER LESS THAN,

REDIMENS ION DRIVER

COMMENT - SET DIMENSION LIMITS

16J€0
28APO
28APO
24APO
28AP0
20AP0
28APO
20APO
20AP0
28APO
20APO
20APO
20AP0
0B APO
08APO
1%F€0
13FE0
13F€0
13F€E0
20JA0
26 JAO
20Mv0
26JA0
20JA0
20JA0
28JA0
26JA0
20JA0
20JA0
20JA0
20JA0
20JA0
2640
26JA0
13MR0
13400
1300
09JEO
19%0
1340
08APO
20JA0
20JA0
20JA0
12Ft0
13F€0
20JA0
07FE0
20JA0
0BAPO
08APO
o8 JEO
08 JEO
o8 JeEO
08JEC
16MY0

MNJT o 79
COMMENT ~ riNM MUST BE GREATER THAN OR EQUAL TO MNJT
MMM = 150
1IF (MMM LT, MNJT) PRINT ]
MNST = 30
MMLT = S0
MNCY = 79
MNCO = 150
MDJT = ’
MNLC = 21

COMMENT - M MUST BE

AN EVEN INTEGER NUMBER LESS THAN 38MNJT/2 - 1
L 1]

IF (M .GE. l)'m-ﬂll - 17) PRINT 2

IF (1(M/72)02)

oNEs M) PRINT 2

COMMENT = COMPUTE CONSTANTS
MPl s M+ ]
P2 e M+ 2
P22 = MP2/2
L o) o 3%°M0JT + 2
Bl = NN + ]
LL = wP2
L2 o 200P)
LS = M@

LA o MHB ¢ )
Lo = PONNUT

LY = 30mP2 o )

COMMENT — SUBROUTINE FRAMLL IS THE MAIN SUBROUTINE OF PROGRAM FRAME])

CALL
2 Lée LT )
ENO

FRAMI]L ( RM, ROy We SLe SUe DMs DMT, L1le L2s L3 LA

08APO
16MY0
06APO
08JED
08APO
00APO
06APO
O8APO
06APO
26JA0
18MY0
26JA0
08 JEO
08JEO
16MY0
26JA0
26JA0
20APO
26JA0
28APO
11FEO0
11FEO
11F€0
11FEO
26JA0
20MR0
29APO
08APO
BAPO
26JA0

808008802000 0000000000030000000000000 00BN ERRRRIERRR BRI RRRRR

[aalaNalaXa¥al

SUBROUTINE SUBROUTINE SUBROUTINE SUBROUT I NE
SUBRUUT INE FRAMI] § RN, ROs We SLe 5Us DMy DMTe L1e L2¢ L3e La&y 08APO
2 Lée LT ) BAPO
COMMENT - SUBROUTIME FRAMLIL IS THE MAIN SUBROUTINE OF PROGRAM FRAME1L] 29APO
OINENSION RM(L3oLO)e ROILO)e WILS) e SLILI)s SULLS) 08APO
DIMENSION OMILT8)ONT(LT, 00 18MRO
OIMENSION SMMT (13) oFOMMT (6) 26JA0
OINENSION ANLIAG) e AN2(18)e AN3(2)s NPROBI(2)s [TEST(A) 09JEO
COMMUN /8LOCKL/ KI T3)e Y T9)e Qxxt 750, Qvye 1%, 13FEO
2 QIzt 199, SKR{ T3), SYvt 73), SIIt 15). oxxe 193, 13¢F€0
3 oYyt 191, 022t 1%) . RXXC T3), RYYL 730, RIZ2¢ 79), 13F€0
L) ERXXI T9)e ERYY( 75)s ER2Z( 79) 15FEO
COMMUN /7B8LOCK 2/ DXSL 50), DYSt 30), LSt %0), 0Clst 301, 286JA0
2 DC2St 300 PRF( 50)» PRAE( 50), NCDSt 500, [AXOPS( 50)s 26JAO
3 1OPOPL 300 1PINLE 303, IPINR( 50), NCS1C 50)s SMC( 30013) 20MY0
COMMuUN /BLOCKS/ DXLt 30}, OYL( 30), ZLLt 30), OClLt %0y, 26JA0
2 DC2L1 50)s UQRL 50) 0 uavY¢ 500, MCOL( 30)e  1AXOPL( 501 26JA0
3 NCelt 50) 26JA0
COMMUN /7B8LOUCKA/7 JT1(150) JT2615000 15701501, LT(150) 26JA0
2 FOMM(150,6) 286JA0
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COMMLN 7BLOCKS, X8I 733e XRSL 731 FLE 733, AELE 781,
2 SELL 751, SYLL 733  SILE TS

COMMON /8LOCKS/ XLLI130)s XRL(1501s ONLE13O)s  OWVL(130),
2 QL 1350y

COMMUR /BLOCKT/ FL 421. AEL a2)e XL ARY. sYta2de
2 STL A2)s axi 420 Y I Qre sz, At alde
] Bl A2) ALt ARbe Dl 20, oxt 420, DYt A2},
4 [ {LY 1Y Ulitezr, Viia2), Witalle Uziazde
) VI{al)e uZIA2T . ERK{A2), ERY(aZh, ERZIAZS
[ RE{A2)e RYLAZYe RZia)
ILOCKS, TI21) e Vi2lde oME2Lde DAVE210.

4 DYTE2L) . oxvizy)

COMNM /MKL/ XEEPZs KEEPD, KEEPS, KECPS, KEEPG. KIEPT,
1TYPEs MCDEs WCDSe MCDAs NCOSs NCDE, NCDT.

b ] SARAM. 1PONNs AN, MJte NETs NLTe TOLe
- N nris NP2 1$TT¢ LTY, 1TYPELL1DJy

] MCe IPSs  1P9y  IPLO

COMMON JBLES7 NNITAMNET o PN T oo MNCS o MK 6o NDJI T oIINLC

CONNON /AKS/ W SUB
COMMON # RE 2 M, Mo J)
« Som

1 FoRMAY PROSAAN

2 20MEVISION DATE =
10 FORMAT ¢ W WS0X  10M1
11 FOMMAT ¢ 3N1 80K  10mI
12 FORMAT ¢ 20A8 )
15 FORMAT €  BXe 20AA 3
14 FORMAY § AYs Abs BNe 1784 A2
1S FORMAY §///10M PROR » /3K
16 FORMAY £///1TH
17 PORRAY cn.u.u.u&x;u;u:

FRane
27 M6

111 -15’0 DECK = MATLOCK=MAYS
RIN 3
TmiM )

¥
s Als AMs SE¢ 1TAA: A2 )

PROS (CORTDYe 73Ke Ale ASe 3Xe 1TANs AZe /7 )

$0 FORNAY QM ABANDONED 1M SEARCK OF AN 1RDEPENDENT
2 100 PROBLEN o777/
] “ THR FOLLOMING CARDS WERE OTSCARDED IN SEARCM.
Y ’”
51 FORMAY (//7+50M o HoLD @‘ﬂm MAY BE EXERCISED ON FIRSTY ”00
2 13MBLER OF RUN
ST FORMAT §  40W Mﬂ“fﬂ'mhl.!.ﬂ‘!
53 FORMATY ”u HOLD OPTIONS MUSY BE | OR O I
34 FORMAY { I PRINT OPTIONS MUSY BE ) OR ©
35 FORMAT Ak NUNBER OF CARDS ADDED CAM NOY u sgeATIVE)
100 FORMATY (3Xs13+3Ke O!’o,lo’l’-lolllo [1E]]
101 FORMAT (81/)e 3I5M T € 1 =~ PROGRAN CONTROL DATAW/s
2 14 PROBLEN TYPEo18¢/7/e23Ke1IMEINPUT TABLESe// o
3 10K Q’N YABLE MHOLD DATA FROM MPER OF CARDS /s
. 10K A5 BUNBER LAST PROBLEM ADDED FOR TRIS o7«
s 10K, A5H t1l » YES.0 = NO) PROBLEM 2l
'y A0K » 906 230K 15019%41507¢ 10XKe5H 3010KelSeltReiSs7y
v 10K + 384 Se10Ke35023Xs1546/0 10NN Se10Ka 186N 1327,
® 10K 9M S210Ke 13¢13%ei%0/¢ 10N TolORelSelSK 2187/
[] 23Ke  AHOUTPUT TABLESeZ/e
1 10Ks 29 TABLE  SUPPRESS QUYPUT /e
2 10Ke 29M MPBER (1 = YES40 » MONe s/
] 10N +30 BsJ0Ke1%e/0 10K e SelDRel B0 J0KeIH 10410141810
151 FORRAT ¢ S0M TADLE 8 ~ JOINT DISPLACEMENTS AND REACTIONS o
2 1#7+20%e ISMDISPLACEMENTS  +16Xe JON REACTIONS,//»
3 $Xe PJINMJOINT  DISPIX) CISPIY) ROTATION(Z: o

L IIHREACTIX) REACTIY]  REACT(ZV o777 )
192 FORMAT (3X+13+8E11.3)
162 FORMAT ¢ ASM TABLE 10 = JOINT EQUILIBRIUN ERRORS ot/
2 A0M JOINTY ERRIX) EnRiv) ERRIZYes o
3 A0 FORCE FORCE MONENT o2 7)
DATA 1TESTEI)se JVESTI2ye ITESTE3Ve JTESTIAD 7 IWHCe AMEASEs INM o
2 M 4
JTYPEL =« O

COMMENTY ~ HEAD RUN 1D,PRINT PROGRAM [0 AND RUN D
WEAD 124 (AN1(1)0e 1] = 1s 40}
PRINY 1}
PRINT |
PRINT 12 tANLCIR)e 1] = o 40O
COMMENT - RETURN HERE TO READ NEW PROBLEN
1010 READ 149 NPROB, (AMZUIIDs 1] & 14 2D
COMMENY ~ IF WPROB « CEASEs TERMINATE RuN
IF (WPROB11) +EQe ITESTILD JAND, WPROB(2) -(QQ ‘;55‘(3))
S0 10
Cm”t - 1MPYT MND ECHO PRINT PROGAAN COMTROL DAYA (TAMLE 1V
ltw 1000 LYYPEJKEEPZ JKEEPS JLEEPA KEEPS «KEEPOIKEERP TS IPR, 1P, 1P10,
NCD2 4MCDY sNCDR 4 NCDS JNCDE s NCDT
1050 PRINT 1)
PRINY 124 1ANL1LITI)e BT & 14 40)
PRIAT 13+ NPROS, $AN211104s 1] & }s 28}
PRINT Aule LTYPEIKEEPZ ¢NCD2 oKEEPIINCDY «KEEPA S NCDA KEEPS oNCDS o
2 KEEPS JNCOD oKEEPT sNCD T 25PB 1 PO 1PLO
COMENRT =~ CHECK FOR JLLEGAL DATA 1IN TABLE )

1F CITYPE L%, ) ~ORs TTVPE LGTs &3 GO TO 1210
IF (KEEP2 LT+ O +ORe KEEPZ +GT+ 1} GO Y0 1220
IF {KEEPS ,LT. O .ORs RKEEPS +GY+ 11 GO TO 1220
1F IKEEPS .LVe O +ORe KEEPA +GY4 17 GO TO 1220
1F (KEEPS oLTe O oORe KEEPS o6%, 1) GO VO 1220
1F (KEEPG LT. O +ORs KEEPE +GYs 1) GO TO 1220
IF (KEEPT JLTs O OR, KEEPT oG¥e 1) GO TO 1220
1F (IPS  +L¥. O ORe IPS oGV 17 GO YO 1230
1F {1P9 LT, O O, IPY LGYs 11 GO YO 1230

$F (1P10 LT, O OR, 1PIC ,5T+ 1) GO 10 1230

IF (€02 L% 0) GO YO 1240

IF tNCD3 oLT. O3 GO TO 1240

IF (aCDa JTs O} 60 TO 1240

3F (DY JLT, O) &0 TO 1240

IF 106 LYy O) GO TO 1240

IF (DT LT, OF GO 1O 1240

KEKE = KEEP2 + KEEPS o+ KEEPA o KEEPS + KEEPS + KEEPY

IF  1TYPEL +EQe D AMD. KEKE NEy» O ) GO TO 1200

O 10 1300

CONMERT =~ ABORT FROBLEWSEARCH FOR IMDEPENDENT PROBLEM

12v0 PRINT 5}
GO 10 200
1210 PRINT 52

o

o0 TO #9060

1220 PRINTY 33
GO TO %80
1230 PRINTY %4

GO 10 9800

1200 PRINT %3

1OPEQ
10FE0
25M0
242P0
24AP0
10J€0
10Jr0
orFgo

26400
26JA0

871



GO T0 9800
1300 CONTIE
1ABAR « O
COMMENMT ~ LABAN = | FNOICATES FATAL ERROR FOUMD I[N SUBROUTINE
COMMENT ~ PROBLEM ABANDONED IN SEARCH OF AN INDEPEMDENT PROBLEM
If IKEEPS €0+ 0) NSTL = O
COMMENT ~ MAIN PROGRAM STARYS HERE .
COMMENT ~ SKIP TABLES 2 « & FOR FARMILY PROBLEM
IF § 1TYPE LEQe & } GO YO 4000
PRINT 1
PRINT 164 NPROBs (ANZ(11)s 11 = | 1B}
COMMENT ~ SUBROUTINE JTICORD INPUTS JOINT GEOMETRY DATA {TABLE 2)
COMMENT = CHECKS FOR BAD DATA, COMPUTES JUINT COORDIMATESECHO PRINTS
COMMENT = DATA AMD PRINTS COMPUTED JOINT COORDIMATES
CALL JTCORD
IF ( IABAN Qs | | GO TO 9800
PRINT 11
PRINT 164+ MPROBs TAM2Z(11)0 1) = 14 18}
COMMENT « SUBROUTINE MEMLOC INPUTS LOCATION OF STIFFMESS AND LOAD

OAMYD
O9FEO
26JA0
28APO
28AP0
26JA0
24APO
24APO
O9FEC
26JA0
09 JED
ZHAPD
28 AP0
28APO
26440
26JA0
263A0
09JED
26AP0

COMMENT = TYPES IN FRAME (TABLE 3)¢CHECKS FOR BAD DATACOMPUTES MEMBER Z4APO
COMMENT = NUMBERS JLENGTHS OFFSETS AND DIRECTION COSIMESECHO PRINTS DATA24APO

COMMENT = AMD PRINTS COMPUTED MEMBER MUMBERSJLENGTHS AND OFFSETS
ng

CALL MLOC
IF { TABAM £Q. 1} GO TO 9800
PRINT 11
PRINY 169 NPROB, (AMZUILlls 11 = 1¢ 18}
COMMENT ~ SUBROUTINE JNTDAT INPUTS JOIMT LOADS AMD RESTRAINTS
COMMENT =~ (TABLE &) oCHECKS FOR BAD DATAJACCUMULATES JOINT LOADS AND
COMMENMT = RESTRAINTS,ECHO PRIMTS DATA ARG PRINMTS ACCUMULATED DATA
CALL JNTOAY
IF { JABAN .tQs 1} GO 10 9800
PRINT 11
PRIMT 169 NPROB, (AM2{31)s 13 = 1+ 183
COMMENT ~ SUBROUTINE RDMST INPUTS MEMBER STIFFNESS DATA (TABLE 53,
COMMENT =~ CHECKS FOR BAD DATA.CONVERYS INPUT DISTAMCES 1O MEMBER
COMMENT ~ COORDINATES AND ECHO PRINTS DATA
CALL RDMST
IF § LABAM .EQ. 11 GD TO 9800
PRINT 11
PRINT 164 NPROB, 1AM2UI1)s IV » 1, 18}
COMMENT —~ FOR BAD DATA» CONVERTS LOADS AND DISTANCES TO MEMBER
COMMENT "CMIMTES AND ECHD PRINTS DATA
CAL

RDMLD
IF { 1ABAR (EQs 1) GO TO 2800
400D CONT INUE
PRINT 11
PRINT 165 WPROB, (AN2{11)e 11 = 3+ 18}
COMMENT ~ SUBROUTINE COMP INPUTS SUPERPOSITION DATA (TABLE T) FOR

24AP0
26JA0
26JA0
26JA0
09JEC
ZAAPO
24AP0
24APD
26JA0
26JA0
26JA0
09JED
2&AP0
28AP0
24APD
26JA0
26JA0
26400
09JE0
24AP0
Z8AP0
26IA0
26JA0

YFED

FEO
09JEQ
20490

COMMENT = FAMILY PROBLEMS +CHECKS FOR BAD DATASETS UP STORAGE FOR FAMILY24APD

COMMENMTY ~ SOLUTIONS » ACCUMULATES PROBLE MULTIPLIERS,ECHO PRINTS DATA
COMMENT = AND PRINTS ACCUMULATED PROBLEN MULTIPLIERS
CALL COMP ( NPROB |
IF § JABAN LEQ. 1 ! GO TO 9800
JITYPEL = ITYPE
COMMENT =~ SKIP FOR FAMILY PROBLEN
IF ¢ 1TYPE ,EQs &4 ) GD TO 6800

26090
24AP0
O9FED
O9FEO
09FED
2AAPO
O9FED

COMMENT ~ FORM MEMBER STIFFNESS MATRICES AND MEMBER FIXED~EMD-FORCE
COMMENT - MATRICES
0O 5800 JJ = 14NM
ISTY = ST}
LTT » LTTJD
COMMENT ~ SKIP FUR MULL MEMBER
IF LISTY .EQe O} GO TO 5750
COMMEMNT - SKIP FUR OFFSPRING PROBLEMS
IF LITYPE .EQ. 3} GO 10 55%0
COMMENT ~ SKIP FOR STIFFNESS TYPES WELD FROM LAST PROBLEM « NOTE THAT
COMAENT ~ IF TABLE 5 15 WOT KEPT NSTL = O.
IF CISTT LE, MSTL) GO TO 850
If tJJ «EG. 1¥ GD YO 5300
COMMENT ~ SKIP FOR STIFFNESS TYPE REPEATED IN THIS PROBLEM
IF (1STT JEQ. ISTCJJ - 1)) GO Y0 ST00
COMMENT ~ SUBROUTINE FORMST CALCULATES STIFFNESS MATRIX FOR 80TH
COMMENT ~ PRISMATIC AND VARIABLE CROSS SECTION MEMBERS ANO STORES IN
COMMENT — COMPACT VECTOR SMRYII = 1.1%1

$5U0 CALL FORMST ¢ RM; RO, we SLs SUs 5SMMT, L1y L3s L&, L& )
DO 5510 [ » 1413

5510 SMULISTT«1} = SMMTLT)
GO 10 5700

5530 IFORM = ©

5700 CONTINVE

IF {LTY .EQ. 0! GO TO 8750
COMMENT -~ SUBROUTINE FORMLD CALCULATES FIXED~END-FORCE MATRIX FOR
COMMENT = BOTH PRISMATIC UMIFORMLY LOADED MEMBERS AND ALL OTMERS
CALL F Dt RMy ROy Ws She SUs FOMMT, L1s L3¢ LAy LE Y
DO 5710 = 16
3710 FOMMIJS,13 » FOMMY (I
G0 10 5800
COMMENT — SET FIXED ENO-FOHCE~MATRIX TO NULL MATRIX FOR NULL LOADING
5130 00 5780 | =« 146

sT80 FOMMIJJol) » 0.0
3800 COMTIMUE
NSTL = NST

COMMENT = START SOLUTION OF FRAME JOINT EQUILIBRIUM EQUATIONS
COMMENT = SET COMTROL CONSTANTS FOR FRAME SOLUTIOM
fHB = 301D ¢ 2
NL = JeNJT
IF C(1TYPE EQ. 1} M. » O
IF (ITYPE +EQe 21 M. = ]
IF LITYPE .EQe 3) ML = -~}
NFSUB = 1)
REWING 2
COMMENT - READ RM AND RO OFF TAPE FOR OFFSPRING PROBLEM
IF (ML NE. -1) GO TO 6100
READ (21 ({tRM(1sJ1el = 12IMBIGROTIINIGJ = J4NLI
6100 CUNT [NUE
COMME NT -
COMMENT ~ URIP2A SOLVES BOTH FRAME JUINT EQUILIBRIUM EQUATIONS AND
CUMMENT -
COMMENT = FSUBEL TO SET UP FRAME EQUATIONS OR FSuBl2 TO SET UP MEMBER
COMMENT = EQUATIUNS
CALL GRIP2A t RMy RO. We Ste SUs L3¢ Lax L6y IHB
COMMENY -~ WRITE RM ANMD RO OM TAPE FOR PARENT PROBLEM - THEY wOULD BE

CALL GRIP2A FOR SOLUTION OF FRAME JOINT EQUILIBRIUM EQUATIONS
MEMBER EQUILIBRIUM EQUATIONS -~ GRIPZA CALLS FSUBI wHICH CALLS

24AP0
24AP0
26440
26 JA0
26JA0
24APO
OsAPO
2280
20Myv0
24 APD
24AP0
28AP0
28AP0
25AP0
26 JA0
24AP0O
24APC
24APO
0BAPD
26JA0
2iMY0
26JA0
26JA0
26JA0
26JA0
28APO
28AP0
OBAPD
26 A0
11FE0
2864A0
24AP0
26 A0
11FE0
26JA0
26JA0
28AP0
26APD
26 JA0
08APO
08APD
08APO
08APO
0BAPO
B8APO
28AP0
09JEO
olio
09.JE0
24AP0
24APO
28AP0
24AP0
28A00
15MYD
24AP0

641



COMMENT ~ DESTROVED SY MEMBER SOLUTIONS IF NOT STORED
IF (ML .EQ. 0) GO TO 6200
WRITE (2) (C4RMEEod) ol = 1olMB)IIRO(IIIOJS = QoNLD
200 CONTINVE

J= 0
COMMENT = TRANSFER JOINT OISPLACEMENTS FROM W TO DXXe OYYe DRZ
90 6300 | = 1y WY
Jeodeld
ORK{II) = WiSY
JeJgeod
OYYil) = wWiJ)
JmJed
OLZILY = Wi
0390 COnY g
CONMENT - SOLVE FOR JOINT REACTIONS
50 4400 [ = 1oNJY
REXX(E) = SKXRCLIOOXXI[I®I~-[.0)
RYVEEY) = SYVELIODVYII0(~1,0)
6600 RZZtE) o SRZLLISDL2LI101~1,0)
COMMENT = SKIP FOR REGULAR PROBLEN
IF (ITYPE .EQ. 1) GO TO 7000
COMMENT = START NEV SERLIES OF SUPERPOSITION SOLUTIONS
IF (ITYPE LEQG. 2) REWIND 1
COMMENT = STORE JOINMT DISPLACEMENTS,REACTIONS AND LOADS ON TAPE FOR
COMMENT = PARENT AND OFFSPRING PROBLENS
WRITE (1) ¢ ORXCEDoOVY LR DoDZZUL) oRXXITIoRYV (I IoRZZUT I oOXNLIT Iy
2 Qrvilte QL2410 1 = 10J7 )
60 70 7000
800 CONT [ue
COMMENT - SUBROUT INE SuUR) OOES SUPERPOSITION SOLUTION FOR FRAME
COMMENT = JOINT DISPLACEMENTS AND REACTIONS FOR FAMILY PROBLEMS
CALL suMl
-+ 7000 CONT tue
COMMENT ~ PRINT TASLE 8 (F REOGUESTED
IF LIPS .20, 1) GO YO 7200
PRINT 11
PRINT 16 NPROB, (AN2(L0)s 11 = 1y )}O)
PRINT 151
00 7100 I = 1MUY
7100 PRINT 152, o OXX(I0e DYVEI)e DX24EDy REXRCI1o RYV(ID, RZ20D)
7200 ConYimue

COMMENT = COMPUTE FOR EACH JOINY - THE SUM OF APPLIED JOINT LOAD
COMMENT =~ AND THE REACTION ~ WHEN THE APPROPRIATE MEMBER €ND FORCES ARE
COMMENT = SUBTRACTED FROM THES SUM THE RESIWLT 1S THE JOINT EOUILIBRIUN
COMMENT = ERRORS
nNO TR0 1« VMY
ERXX(8] = ORR(I) & RXX(I)
ERYVLL) = QVVLE) & RYv(l)
77250 ERIZ4LD = Q220D « RR2(IH

COMMENT = START SOLUTION FOR MEMBER RESWLTS

JJ = O

COMMENT ~ MEMBERS ARE PUT [N GROUPS OF SIX SO RESULTS CAN BE wRITTEN ON

COMMENT ~ TAPE OM LONG BINARY RECORD
g o (A - 11/6 + 1

COMMENT = START NEW SERIES OF SUPERSITION SOLUTIONS FOR PARENT PROBLEM

IF (ITYPE .EQ. 2) REWIND &

24APO
09JE0
ol1A0

9JEO
24APO
24AP0
20JA0

08APO
08APO
08APO

260AP0
10FED
10FE0
10FEO0
11FE0
20AP0
12FE0
20AP0
16J€0
20AP0
20AP0

12FEO0
107€0
FED

20000
12700
10FEOD
20APO

10FEO0
[ B {]
10FE0
10F €0
10FEO0

20APO
20AP0
24AP0
20AP0
20mal 0
2000

2000
20AP0

24AP0
24AP0
0bAPO
24APO
16Je0

COMMENT -~ SKIP FOR FAMILY PROSLEM 24AP0
IF (1TYPE EQ. &) GO TO 7900 19400

COMMENT -~ 0O 1IN GROUPS OF SiX 20AP0
00 TS0V Nl = )¢ NMe 20MR0

COMMENT - DO FOR EACH MEMBER OF GROU® 244P0
DO 7400 KK = 1¢6 20MR0

JJd e JJ e+ 1 16MR0

COMMENT = SUBROUTINE MEMRES COMPUTES MEMBER RESULTS FOR ALL MEMBERS 24AP0
COMMENT = I FRANE, SUBTRACTS APPROPRIATE MEMBER €MD FORCES TO COMPLE TE 24APO
COMMENT = CALCULATION OF JOINT EUULIS ERRORS AND PRINTS OUT MEMBER 20AP0
COMMENT - RESILTS 20AP0
CALL MEMRES ( DMe JJo XKy RMy ROy Wy SLs SUs NPROBs AN2. L1.08APO

2 L3e L&e Loy LT ) O8APO
1400 CONTINUE 13400
COMMENT - SKIP FOR REGULAR PROBLEM 20AP0
IF (ITYPE EQe }) GO TO 7500 20MR0

COMMENT - STORE RESULTS FOR SIX MEMBERS 20AP0
WRITE (&) CCOMIEJOKKD) » IJ & LoLT Vo KK » 146 | 16J€0

7500 CONTINUE 20MR0
GO T0 8000 20MR0

7900 CONTINUE 20MR0
COMMENT ~ SUBROUTINE SUM2 DOES SUPERPOSITION SOLUTION FOR MEMBERS 260AP0
COMMENT = FUR FARILY PROBLEMNSSUBTRACTS APPROPRIATE MEMBER END FORCES 20APO
COMMENT = TO CUMPLETE CALCULATION OF JOINT EQUILIBRIUM ERROR AND PRINTS 24APO
COMMENT -~ MEMBER RESALTS 240P0
CALL SUM2 (DMoDMT oL ToNMS , AN2 ,NPROD | 25MR0

8000 CONT I nuE 130
COMMENT ~ PRINT TABLE 10 (L0INT EQUILIBRIUM ERRORS) IF REQUESTED 20AP0
1F (1P10 .EQ. 1} GO TO 8300 25MR0

PRINT 11 295MR0O
PRINT 160 RPROB, (AN2(110e 11 = 10 10) 09JE0

PRINT 162 25MRO

DO 8100 | = 1.NUT 21MR0O

01V0 PRINT 2320 o ERXXC))o ERYYVIID, ER2Z(1) 21MR0
8300 CoONT INUE 13MR0
COMMENT = RETURM FOR NEW PROBLEM 20APO
9000 G0 T0 1010 264A0
COMMENT = SULUTIUN ABANDONED - SEARCH FOR 1NDEPENDENT PROBLEM BEGINS 20AP0
COMMENT - WMERE 26AP0
9800 PRINT SO 206JA0
9810 READ 17, NPROB, ANS, (AN2(110, 11 = [, 100 09JEO
IF (MWPROBIL) oME. ITEST(3) .OR, NPROBI2) oNEe ITEST(A}) 10J€0

2 GO T0 9040 09JEO
PRINT 17, NPRDB, AN3e (ANM2(11}s 11 = 1, 20} 09J€0

GO T0 %010 26JA0

L 17N ] IF t6PROMIY) .FA, (TESTIV) AND. NOROB(2) .EQ. ITFST(2)) 09J€0
2 GO 10 9%00 09JE0

READ Use LTYPEJKEEPZ oKEEPS oKEEPA oKEEPS oKEEPSIKEEP T (PO ,1P9,(P10s 13RO

2 NCD2 o NCOS o NCOA o NCDS o NCDS o NCD T 26JA0

KERE = KEEP2 ¢+ KEEPS ¢ KEEPA + KEEPS + KEEPS + KEEPT 26JA0

IF (KEKE oEQe O oAMDe 1TYPE LLE. 2) 60 TO 10%0 O9FEO

PRINT 17, NPROB, AN3e (AN2(1I)s 11 = 1, 10) 09J€0

PRINT 100¢1TYPE JKEEP2 oKEEPS sKEEPA 'KEEPS KEEPGIKEEPTHIPO,1P9,1PL0, 22APO

2 NCO2 oNCDI o NCDS oNCDS s HCDS s NCDT 22AP0

60 10 %010 26JA0

290 CONT I NVE 26JA0

0sT



RETURMN
END

SUBRQUT INE

SUBROUT INE

SUBROUTINE

[aNakaNalaRalal

28JA0
286JA0

SRERSVTNRBNSRAANBERNS N SRRAB SRR BASBRVRERBRARVBRAANBERANBANNINNANIES

SUBROUY I NE

SRS BNTERNSARRSREATRCERSATATANNRENGNRBANRANERIBBRARERNRAERNRISRRNS e

SUBROUTINE JTCORD 20JA0
COMMENT ~ SUBROUTINE JTCORD IWPUTS JOINT GEOMETRY DATA (TABLE 2) 28AP0
COMMENT =~ CHECKS FOR SAD DATAs COMPUTES JOINT COORDINATES»ECHO PRINTS 24AP0
COMMENT — DATA AND PRINTS COMPUTED JOINT COORDINATES 284AP0

DIMENSION J2t 7 ) 26.0A0

COMMUN 7B8LOCK]YZ Xt T30, Y6 753, ORXt TS, QYvYe 189, 1WED

2 22t 15), SEXU 750, SYYL 780, SIEC 750 DXxe 7%, 19¢E0

3 DYY¢ T73). DRLE TShe RXXC 150, RYYL T5)h, RZZE T80 1ED
L) ERXXt TS)e ERYY( T50s ERZZ( 75} 13FEO
COMMUN /BLKL/ KEEP2Z, KEEPS . KEEPA, KEEPS, KEEPS. KEEPT, 28IA0

2 ITYPEs NCD2e NCDIs  NCOAs  MCDSs NCDEe  NCDY, 26JA0

3 TABAN, JFORMs MM,y NJTe  MST, NLT, TOL» 26JA0
& .13 Pl w2, 1STTs LYY, 1YYPELID Sy 12¢€0
S NLCe 1P8s 1P9, P10 13FE0
COMMUN /78LK37 MNITMNET MNLT MMM MNCS (HNCE RDIT JMNLC CTEED

® FORMAT b1 1] TABLE 2 = FRAME GEOMETRY DATA +7//1 28 JAD
10 FORMAT (10K eI3e3Ke19¢9Ke2E10:3410KE00.3) 20JA0
11 FORMAT | b ¥ ] NUMBER OF J0INTS IN FRAME =518,/ 28JA0
2 ] REFERENCE JUINT 1S JOLNT 515, M AT . 26.JA0

3 SH X ©3€12:3,100 AND Y »  JE1De 39/ »3Ks 26JA0
& I9M  JOINT TOLERANCE i3 sE10e3e/ /) 20JA0
12 FORMAY (30X e13¢5X+s2E104343XsT15] 28JA8
15 FORMAT 1§ IOKeFBs5K+2E10a345Ks715) 26 JA0
16 FORMAT ¢ 23K, Z3M INPUT OF JOINTY OFFSETS o7/ 28400
2 10X, 354 FROM X-OFFSEY Y-OFFSEY 3% 26JA0
3 s 10 10 10 10 1] 10 TO of» SOMRO
L1 10Ks  SBHJDINT» 32Xs SHJIOINT 4/} IOMRO
I3 FORMAT § ATX.T7I5) 26JA0
16 FORMAT ¢ J0X415} 26340
1T FORMATY tagr HOLDING DATA FROM TNE PREVIOUS PROBLEM PLUS.  24JA0
2 134 THE FOLLOWING » 77} 28 JA0
14 romMay ¢ 3 WMMBER OF JOINTS [N FRANE & , [3:777) 26JA0
19 FORNAT § 3{7)+JDKs 20MCOMPUTED JOINT COORDIMATES. 774 10X 30MR0
2 2SMIOLINT 4 A 4 (Y4 28JA0
20 FORMAY | A3M JOINT NUMBERS MyST BE POSITIVE ) 26JA0
21 FORMAT § 10Xe1542C€1103) 26JAD
73 wOBMLT ¢ *hu WIINT MMRFRC, 18,17 NOT i NCATFN saxpn
23 PORVATY | 10K nONE ) 26 AR
30 FORMAY § A0 N0 DATA WELD OR READ IN TASLE 2 ¥ 26 A0
31 FORMAY | SO NUMBER OF CARDS 1IN TABLE 2 MAY NOT EOUAL | ) O9MYO
40 FORMAY & S5iM TYPE 3 PROBLEM SHOLAD HAVE NO CHANGES IN JOINT +26JAD
2 134 COORDINATES o/ 26JA0
3 3 N0 CARDS ALLOWED IN TASLE 2 !} 28 JA0
S0 FORMAY ¢ &3 JOINT NUMBER ABOVE GREATER THAN NUMBER, 28 JA0
2 20 OF JOINTS [N FRANE } 26JA0
S0 FURMAY §  a3M NUMBER OF JUINTS [N FRAME GREATIR THAN. 28.J40
2 ISH STORAGE ALLOWS? 26JA0

70 FORMAT ¢ 35N X AND v OFFSETS FOR JOINT, 17,

2 15K ARE BOTH 2ERG)
80 FORMAT ¢ 10K JOINT, 15+ 30k  HNAS MOt OPREVIOUSLY REEN SPEC,
2 SHIFLED?
90 FURMAT 32H ERRUR [N LOCAT{OM OF JOINT o 15
r4 “0H EXCEEDS THE TOLERANCE SPECIFIED ABOVE «/»4Xe
3 30H THE ERROR IN X DIRECTION (S tE10.8e7 24Ky
L) 30H THE ERROR [N ¥ DIRECTION IS <E10.31
100 FORMAT t A40H TOLERANCE MysT BE A POSITIVE NUMBER)
PRINT 9

IF INCD2 €0, 1) GO TO 8100
IF  NCD2 .LEs O <AND. KEEPZ .LEe O } GO 7O 8300
tF LITYPE LEQe ) +AND. NCO2 «NE. O} GO YO 8400
IFINCD2 oNE, O) GO TO J150
COMMENT = MO NEW DATA
PRINY 11
PRINY 23
00 10 9800
11%0 CONTINUE
JNIL = O
1F (KEEP2 .EQ. 1) GO TO 1230
COMMENT -~ ALL NMEw DATA ~ SET COORDIMATES EQUAL YO 1.01€80
DO 120 1 = ] MAJT
12v0 Xegr o yelr » J,01ESC
COMMENT ~ WEAD FIRST CARD OF TABLE 2
READ  10eMJT 140X 40YsTOL
PRINT 11 4NJT4J10XeDYTOL
IF { T0L «LE. 001 GO TO %000
tF ta1 LLE. OF GO TO 8200
F 1] «GTs HITI GO TO 8500
COMMEMT ~ CuMPUTE COORDIMATES OF REFERENCE JOINY
KiJl) = DX
YtJih » DY
GO T0 1240
COMMENT ~ HOLDING DATA
COMMENT ~ READ FIRSY CARD OF TABLE 2
1230 READ 16807
PRINT 27
PRINT 18,807
1240 COMTINUE
IF IMJT GTe MRJTI GO TO 8800
PRINT 14
NIM1 + NCD2 - )
COMMENT ~ Ju FOR SECOND AND SUGCEEDING CARDS OF TABLE 2
DO 4900 JJ = ] MIN]
DEAD 32 3140% (DY o1 1201000t T
1F LUl 6T NJT) JETL = |
NN = O
OG 1270 11 & 1.7
IF LJZUEED «GTe NITT NTL & 1
1270 IF LJ2UTN) oNEs 0) MINZ o NJAL » )
PRIBT 1301 0K OF 20J2100) o0 )u] oNINZY
IF 1J) WAL, O <OR, J2111 ,LEe O3 GO TO 8200
CUMMENT « CHECK iF FROM JOINT HAS BEEN LOCATED
1300 IF (X1J1) «GTe 1,0E301 GO TO 8000
1F 1 DX +EQs U+s0 AND. DY +EQ. 0u0 3 GO TO 8700

28JA0
26 A0
26 JA0
26JA0
2650
26JA0
26JA0
28JA0
0AMYO
26JA0
OMYD
26040
26JA0
28640
29AP0
28JA0
26JA0
13E0
26JA0
26.JA0
26 JA0
29APD
28JA0
2640
29AP0
26JA0
26 A0
11214
26JA0
28 JA0
29aP0
26JA0
286JA0
26JA0
2%aP0
294AP0
26JAD
26JA0
26 A0
26JA0
26040
26 JA0
26 IR0
29aP0
28JA0
26 AN
26JA0
26 )40

<26 IA0

26JA0
28JA0
2640
26JA0
29AP0
26JA0
26JA0

161



IF (JNTL oE0, 1) GO TO 8300 26JA0 9045 CONT [ MUE 26JA0
COMMENT ~ DO FOR ALL JOINTS SPECIFIED ON TMIS CARD 29aP0 93830 CONT INUE 26JA0
DO 4600 Il1= ).MINZ 26JA0 9900 CONT [MUE 26JA0
COMMENT = COMPUTE TEMPORARY VALUES OF COORDINATES 29aP0 RETURN 26JA0
9250 AV = X¢J1) & DX 26440 END 26JA0
Y1 & viJ1) & OV 26JA0 C
J2Il = J2LEL 26JA0 C L A L T L Y Y Ly T Yy Y Y P Y I Y YTy,
IF 1J211 +LE. O) GO TO 8200 26JA0 C
IF (X¢J211) 46T 1.00E50) GO 10 4000 26J40 C SUBROUT [NE SUBROUT INE SUBROUT I NE SUBROUT I NE
COMMENT = JOINT PREVIOUSLY LOCATED COMPUTE DIFFERENCE BETWEEN OLD 29AP0 C
Cm.' - L“A'loﬂ Ab NEW LOCATION E.l AND ‘.v 29AP0 C I I Y Y R R Y I R Iy P Y R P Y Y Y YTy Y Y Y Y Y Y Y Y Y Y YYY YT
ERX = aBSIXtJI210) ~ XTI 26JA0 C
ERY e ABgSIV(J2I1) - ¥YT) 26JA0 SUBROUT INE MEMLOC 26JA0
IF t ERX .67, TOL «OR, ERY «GT. TOL} GO TO 9900 26JA0 COMMENT - SUBROUTINE MEMLOC INPUTS LOCATION OF STIFFNESS AND LOAD 20AP0
COMMENT - AVERAGE OLD AND NEW COORDINATES 29AP0 COMMENT ~ TYPES IN FRAME (TABLE 3).CHECKS FOR BAD DATACOMPUTES MEMBER 24APO
RS2IL) & BO%IXLJ211) & xT) 26JA0 COMMENT = NUMBLERS JLENGTMS OFFSETS AND DIRECTION COSINES,ECHO PRINTS DATA24APO
YOI211) = 0,3%IVIJ211) & ¥vT) 26JA0 COMMENT = AND PRINTS COMPUTED MEMBER NUMBERS,LENGTHS AND OFFSETS 26AP0
60 T0 4300 26JA0 DIMENSION J2¢ 10 ) 26 JA0
COMMENT = JOINT NOT PREVIOUSLY LOCATED 29AP0 COMMON /BLOCKL/ Xt 730, ve 190, QxX( 73)e  QVY( 73), 13FEO
4000 X14211) e X1 26JA0 2 wIZC T90e  SRXC 73320  SYVC T3)e  SIZ( T3)e  DXX( T73), 13F€E0
Y(J211) = YT 26JA0 3 OYY( T3)e OIZI 7310 RXXL 73)s  RYY( T5)e  RIZU 791, 13FEO0
4300 CONT INUE 26 JA0 ‘s ERXXC T9)e ERYVL 73)s ERZZ( 79) 13FE0
J e 211 26JA0 COMMUN 7BLOCK2/ DXSE 30)s DYSCt 30)e  ILSI 50)s  DC1S( 300, 26JA0
4600 CONT INUE 26JA0 2 DC2ZSt 30te PRFI 30)s PRAEC 5010 NCDS( 50)e [AXOPS( 30)s 26JA0
4900 CONT INUE 26JA0 3 JOPOP( 301 IPINLE 3010 IPINRE 30)e NC31( 3000 SMC( 300130  20MY0
&0 TO 9000 26JA0 COMN /7BLOCKS/ DXLL 30)e OYLI( 30)s  ZLLI( 5%0)s DCILI( 300, 26JA0
8100 PRINT 3} Mmvo 2 OC2L¢ 301 UOXE 3010 UOYL 301, NCDLI 500, 1AXOPLI 30)s 26JA0
60 10 9700 myYo 1 ncedy %01 26JA0
8200 PRINT 20 26JA0 COMMN /BLOCKA/ JTLL130)s  JT20(1500,  1ST(130)e LT(150), 26JA0
60 70 9700 26JA0 2 FOMM{13006) 26 JA0
9300 PRINT 30 2600 COMWN /BLK]L/ KEEP2, KEEPS, KEEPA, KEEPS, KEEPS. KEEPT, 2640
G0 7O 9700 2680 2 ITYPEs ACD2e NCDSe NCDAe NCDSe NCDGs NCODT, 26JA0
8400 PRINT 40 2600 ] IABAN. [FORMe MM, NJTe NSTe MNLTe TOL. 26JA0
60 T0 9700 26JA0 . "y w1, WP2, ISTTe LTTe ITYPEL.IDJ, 12FE0
8500 PRINT 30 26JA0 s nCo 3IPBs 1P9.  IP1Q 13FEOC
G0 10 9700 2600 COMMUR /BLKD/  MRSToMMST JMUILT oMM o MNCS o MNCH o MDJ T oMNLC OTFEO
8600 PRINT 30 26JA0 6 FORMAT (3Xe SUE3e1X)e 2X, 21%) 30MRO
60 10 9700 26JA0 7 FORMAT (5Xe 311501X1e 2Xs 215 3E31e3) 30MRO
9700 PRINT TO, J1 26JA0 ® FORMAT | ///7¢10Xe 40N COMPUTED MEMBER NUMBERS,LENGTMS AND OFF, 30MRO
- G0 T0 9700 26JA0 2 AHSETSe// 0000 MEMDER FROW D STIFF LOAD LENGTH 30MRO
6800 PRINT 80,J1 26480 3 254 x~OFFSEY  Y-OFFSET o/ 30MRO
GO T0 9700 - 26JA0 . 35 MUMB  JOINT JOINT  TYPE TYPE,//) 30MRO
8900 PRINT 90, J231.ERXERY 26JA0 9 FORMAT {  &0M TABLE 3 - MEMBER LOCATION DATA YZZ4] 26JA0
G0 T0 9700 AMYO 10 FORMAT (]0Xs13¢3X0¢13) 26JA0
9000 PRINT 100 aMYO 11 FORMAT | &O0M NUMBER OF MEMBER STIFFNESS TYPES a,[5¢/ 26JA0
9700 IABAN = ) 26440 1 A0M NUMBER OF MEMBER LOAD TYPES = XL Y774} 26JA0
0 10 9900 26440 12 FURMAT ¢ SXol3e3X0e28505X01019) 26JA0
9000 CONT INUE 26JA0 13 FORMAT { 3Xo15:35%02895X41013) 2640
PRINT 19 26JA0 14 FORMAT (29X, 26M INPUT OF MEMBER LOCATIONS /7, 26JA0
COMMENT - PRINT JOINT COORDINATES AND CMECK FOR JOINT NOT SPECIFIED 29AP0 2 S0H FROM STIFF LOAD TO 10 T0 10 +26JA0
0O 9030 1 = .UV 26JA0 3 30M 10 70 10 TO TO 10 . /s 26JA0
IF IXU1) +6T, 1.0E30 .ORe YU1) oGTe 1.0630) GO TO 9640 26400 . pIT] JOINTY TYPE TYPE JOINT 4770 30MRO
9030 PRINT 23 eleXtIdevil] 26JA0 17 FORMAT XY ] HOLDING DATA FROM THE PREVIOUS PROBLEM PLUSe  26JA0
GO TO 9043 26JA0 2 194 THE FOLLOWING o //) 26JA0
9040 PRINT 22,1 26JA0 18 FORMAT (//744TH 9@ COMPUTED MEMBER NUMBERS MAY NOT AGREE WITH o  O1MYO
IABAN = ) 26JA0 2 20H LAST PROBLEM ®es ) 01MY0

st



n:mmu

1774501 ses CQ‘PU‘EO HEMBER NUMBERS AGREE wWiTH LAST PROBL. 0!!41'0

10HEN se8
20 FORMAY AH JOINT mens MUST RE POSITIVE ) :uno
23 FURMAT 10M MONE ) 26JA0
2% FORMAY & 32w MEMBER W1TH STIFFNESS TYPE o153 9H AND LOAOs  26JA0

2 SH TYPEw134/432H WAS SPECIFIED AS GOING FROM, 26JA0

3 T JOINY 415, 94 TO JOIMY,13,/4317H PROGRAM DOES. 26JA0

- J6H NOY ALLOW THIS ORDEA 10 BE REVERSEQ! 26JA0

27 FORMAT ©  3IM TYPE 3 PROBLEM DOES NOT ALLOW ANY CHANGE IN 5T26JA0
2 SIMIFFNESS TYPES FROM LAST PROBLEM./, 2640

3 n LAST PROBLEM DID NOT SPECIFY TYPE,IS5, 26 A0

L3 204 STIFF BETWEEN JOINT,I5.10H ANO JOINT.13 2640

30 FORMAY (  a0M MO OATA HELD OR READ IN TASLE 3 ¥ 26440
31 FORMAY (  30M HUMBER OF CAROS IM TABLE 3 MAY NOT EQUAL ] Y D9MYD
SO FORMAY (  a3n JOINT MUMBER ASBOVE GREATER THAN NUMBER, 26JA0
2 20 OF JOINTS IN FRAME ) 26JA0

61 FORMAY 1 $1H NUMBER OF STIFFNESS TYPES GREATER THAN STORAGE +26JA0
2 TH ALLOWS ) 26JA0

62 FORMAY (  a8M RUMBER OF LOAD TYPES GREATER THAN SYORAGE. 26JA0
2 TH ALLOWS) 26JA0

Tl FORMAY { aéM STIFFNESS AND LOAD TYPES MUST BE POSITIVE. 26 JA0
2 § MUMBERS ) 26JAD

T2 FORMAY L3 L SYIFFRESS OR LOAD TYPE ABOVE GREATER THAN TOTAL.286JA0
H SO0M MUMBER OF STIFFNESS OR LOAD TYPES SPECIFIEO ABOVE) 26JA0

T3 FORMAY ¢ $In YOU CANNOY HOLD UP THE LOAD WITHOUT SOME STIFF +26JA0
2 SOHNESS ~ 1IF STIFF YYPE = O ~ LOAD TYPE MyusY = o ¥ 2680

T8 FORMAY ! L I 78 ] 26JA0
¥1 FORMAY S0u ERROR [N OFFSEYS FOR MEMBER OF SYIFFNESS TYPE, 286JAD
2 lsun'm THE X AND v OFFSEYS FOR THE MEWMBER BETWEEN, 26J80

3 TH JOINTS 154 5H ARD o154/ 26 JA0

[ A9 00 ROY AGREE with PREVIOUSLY DEFINED OFFSETS.: 26JAD

13 AM FOR A MEMBER OF THIS YYPE, WITHIN THE ALLOWEDs /. 26JA0

(] L 210 ERROR OF TWO TIMES THE JOINT LOCATION TOLERANC:26JA0

1 1HE) 2640

92 FORMAY { ASH ERROR (M OFFSEYS FOR MEMBER OF LOAD TYPE. 26050
2 154798 THE K AMD Y OFFSEYS FOR THE MEMBER BETWEEN. 26JA0

3 TH JOINTS 215 51 AND #1527 26JA0

. A DO NOT AGREE wWITH PREVIOUSLY DEFINED OFFSETSs 26JA0

) 40K FOR A MEMBER OF THIS TYPE, WITHIN THE ALLOWEDs/s  26JA0

. siet ERROR OF TWO TIMES THE JOINT LOCATION TOLERANC.26JA0

1 1NE) 26JA0
COMMENT - 'ﬂlﬂl TABLE NEADING 01mMY0
PRINY 26 A0

lr INCDS +EO. 1) GO YO 8100 osMYO

IF (NCD3 oLEe O «ANDs KEEPI oLEs 0 ) GO YO 8300 26JA0

TVO! = 2,087, ¢ JAD

COMMEMT =~ SET OFFSETS FOR STIFF TYPES 0IMYO
00 1100 ) = 14 MNST 03APO

1100 DASLI) » DYS(E) » J.OLESD O3APO
COMMENT ~ SEY OFFSETS FOR LOAD TYPES olmvo
DO 1110 & = 2s MNLY O3APO

1110 DALELY » OYLUE) » 3.00E80 03APD
1P (KEEPS ME. 1) GO Y0 1130 25AP0

PRINTY 17 26.4A0
1150 CONT I NUE 26JA0
COMMENT ~ NN IS MUMBER OF MEMBERS ACCUMULATED AND MUST NOT CHANGE oi1mvo

COMMENT ~ FROM PREVIOUS PROBLEM FOR UFFSPRING PROBLENMS
IF IKEEP3 LEQs 1 «ORs 1TYPE +EQe %1 GO 10 1160

NM = O
Lieu LCOMTINUE
IF (NCO3 LNE. 0! GO T0 1180
PRINT 23
GO TO 6000
1180 JRIL = 0
12%0 COMT INUE

COMMENT ~ READ FIRST CARD iIN TABLE 3
READ 10.MSTuNLY
PRINT 11, MSTWNLY
IF (N5T LGT, MNSTY SO TO 8610
IF (T LOT, MNLTY GO TO 8620
PRINT 14
W3IM] = NCD3 - )
DO A9UU JJ s JeN3IN)
COMMENT ~ KEAD 2ND AND SUCCREDING CAROS IM TABLE 3
READ 3Z2+J1¢18TT LT 31 2131011 » 1,30}
IF J1 0¥, MJITE INTL = 1
NINL » O
0O 1270 11 = 110
IF 122011 LGTe NJTE UNTL » )
3F LJ2011) oNEs O) NUNZ = NJINZ + }
1270 CUNTINVE
COMMENT ~ PRINT 28D AND SUCCEEDING CARDS IN TABLE 3
PRINMT 3371 +15TT,LETe U201 00001 = J4NUNL 3
iF 1J1 «LE. 0) GO TO 8200
IF (JNTL EQ. 1) GO TO 8500
IF LISTY oLT, O ,OR, LTT (LT 01 GO TO 8710
IF 11STT +GY4 NST LOR. LIV .GTs NLY) GO YO 8720
IF CISTY oEQs O «ANDs LTT «NEs 0) GO TO B730
COMMENT ~ DO FOR MUMBER OF MEMBERS SPECIFIED ON ONE CARD
DO 4300 11 = JoNJNL
J2L) w 2L
IF {J211 «LEs ©) GO TO 8200
IF (KEEPY MEs | +AND. LTYPE oNEs 3) GO TO 4425
Ll L
COMMENT ~ DD FUR EACH MEMBER
DU 4400 K » )N
AF (21 LEQ. JTRIKY AMDe J2)T 4EQu JT2{K) } GO TO 4410
IF (J) EO, JT2U(KRY LANDe J2)1 «EQs JTIIKY } GO TO 8250
4400 CONT I NUE
GO TO 829
COMMENT = LD MEMBER (PREVIOUSLY GIVEM STIFF AND LOAD TYPE]D
COMMENTY ~ TAN MDY ZWaANGE STIFF TYRE FOR NFESPRING PROBLEM
a0 le IF (ITYPE oEQe 3 +ANO. ISTIK] LNE, I5TT) GO TO 8270
ISTIKy) = 18717Y
LTtKY = LYY

GU TO #43%0
COMMERT - hEW MENBER ITMCREASE AN
[1¥1] o N e ]

JT1taM) = )
JT2iMy = 211
ISTinmy o 1YY
LT&NMY = LYY

Oimvo
23AP0
25%AP0
25AP0
O3IAPO
26 JA0

3APO
26JA0
26JA0
01MY0
26JA0
26JA0
26JA0
26JA0
26040
26JA0
26JA0
G1MYo
28JA0
286J0A0
26JA0
260
26JA0
30aP0
30AP0
03IMYO
26JA0
30AP0
26JA0
26JA0
26JA0
26JA0
oIMY0
26JA0
?6JA0
30aP0
25AP0
25AP0
OIMYO
26440
26JA0
26JA0
26 JA0
26JA0
olnyo
CIMYD
26JA0
26 A0
26JA0
26JA0
oiMvYo
26040
26JA0
26JA0
26040
26 A0

£ST



IF C1TYPE M« 31 GO TD ansD
COMNENT « RM CAN ROV CMANGE FOR AN OFFSPRING PROBLEM
IF (M NE. WML} GO TO 8270
4450 CONTImUE
J1 = 4218
4300 CONTEIMIE
4200 CONTIMmuE
IF EKEEPY +EQe 1 <OR:s ITYPE EQ. 3! GO YO 6000
147 = }
K = 0
3100 CONTINGE
COMMENTY -~ SOAT l‘.’mli =Y STIFF TYPE IN AKENDING ORDER
e 1J
COMMENT ~ SORT THROUGH THE REST OF TwE MEMBER LIST
DO 3200 JJ = (JeiM
IF 118V6J0J) MEs KK} GO O Sz0@
IF t39 £0. 1JY) 60 10 8170
JILY = STMLLUT)
JT2Y = JT2LLJT)
I1$TT = 18T100T)
LIV = LTHEJT)
JTNEITY = STREII
JTZULATY = JT2USS)
ISTHIJT) = 18T 0L
LYilar) = LTSN
JI3134) = JTRY
JI2tdd) = JTZY
I1ST (45) = 18TV

ATEad) = LYY
5110 197 = 14T ¢ 1
3200 CONYINvE

KK = ¥K « }

I7 XK JLEe. NST) 6O 70 35100
6000 CONY 1N0E
DO 5600 1 = 1.MN
1ST7 = I3V}
LYT = LTl
J2E = JY2iN)
Jl = JTINY
COMNENT =~ CONPYTE OFFSETS
ox = XtJ21) -~ XtJ1)
DY = ¥iJ21) - YUII)
AF (ISTY .EQe O GO YO 8100
IF (DES1ISTT) o6Te 140ESOI GO TO 4030

COMMENT ~ CMECK FOR TwO MEMBERS WIVM SAME STIFFNESS TYPE BUT DIFFERENTY

COMMENE = (1LERTATIONS
ERX » ABS(OXSIISTIE ~ DX )
ERY » ABSIOYSIISIT) - DY )

IF LERN WG, TTOL OR, ERY 4GTe TTOL) GO TO 8910

DESLISTT) = OLI%(ORSCISTY) & DX}
DYSLISTT) » Qu3%{DVSIISTY) + DY)
60 10 6100
[ 1 CORTINE
DXS¢LISYY) = DOx
OYSLISIT) = DY
s100 CONTEVE

COMMENY ~
COMMENT ~

6200

6300

8800
LOoMmENnY -

1400
COMMENT -

T400

COMMENT ~

71600

If ¢ LYY EQ. O} GO 1O 6300
IF (OXLILYYY L,6Y, 1.0€%0! GO tO
CHECK FOR TwO MEMBERS WITH SAME
URIENTATIONS
ERK o ABSIDXLILTTY ~ DX)
ERY » ABSIDYLLYT) - DY)
IF (ERK LG, TTOL ,OR, ERY .GT.
DAL ILTTY « 03" (DXLILTY)
DYLILTT) » 0,38 (DYLILTT) &

6200
LOAD TYPE BUT DIFFERENT

TTOL) GO TO 8920
DX
oy}

60 10 8300

CONY aut
OXLILTT) » DX
OYLILTT} « DY

CONT INUE

CONt TuE

OO 7400 | = JoNST

CUMPUTE LENGTHS AND DIRECTION COSINES FOR STIFFNESS TYPES
LS o IDXSILIPDXSII) & OYSELII*OYSILI) |} *%0.8
OCIS(I) = DXSOEI/ZLSLE)
DC2SL1 » DYSIRIZZLSELY

00 0w 1 = 3T

CUMPUTE LEMGTHS AND DIRECTION COSINES FOR LOAD YYPES
LLELT = (OXLEEI®DXLILY & DYLCLI®DYLID)) )*ep.%
DCILIEY » DXLELIZZLLED)D
OC2LELY = DYLELIZZLLELY
IDJT = @
0 = 0

COMPUTE HALF BAND WiIDTH OF FRANE

DG 7700 } = j.m
IDJT » (ABS 1UTHILD = JP2011)

17 (1047 61, 1DJ} 10J » f0NY

CORTImE

LF (10J +6Y. MDJTE GO TO 2740

@0 10 %800

2100 PRINT 3}

82G0 PRINY 20

U 10 2700

8250 PRINT 235, 151T.J211.51

o 10 9700

8270 PRINT 27.18771.01,J5211
8300 PRINY 30

&0 10 9100

85u0 PRINT 50

GO T0 9700

8810 PRINY 8}

0
8620 PRINT 82
8710 PRINY 71

- DY
8720 PRINT 12

10 9100
G0 10 9700
G 9700
G0 10 97100

47130 PRINY 73

GO
8740 PRINT T4

10 9700

03APO
03APD
[ L0 4)
300 4
28JA0
26.JA0
26JA0
28JA0
20JA0

3APD

JAPO
20JA0
2640
03AP0
03APO
03AP0
0lMyo
26JA0
26440
03AP0
03APO
01MY0
28JA0
26JA0
03APD
20JA0
26JA0
olnvd
o3P0
2980
26JA0
03P
2600
26JA0

Yo
283A0
280
26JA0
26Ja0
28JA0
26080
26240
260A0
28IA0
2840
26JA0
26 A0
26JA0
26JA0
26JA0
28JA0
26IA0
2640
26JA0
26JA0

761



GO 10 700

8910 PRINT 91,137Tes14d21
0 10 9700

8920 PRINT 92,LTT, 41,421
0 10 9700

P00 IABAN » 1
0 10 9900

800 CONTIMNE

PRINT &
COMMENT ~ PRINT MEMBER NUMBERS FROM AND TO JOINTSLENGTHS AND OFFSETS
DO P85 1 = L sMM
ISTT » 187L 1)
B LISTT EQ. OF GO YO 9940
PRENT To To JVLLEDe JT2600s ISY(10e LYil3s ZLEIISTY s DXSUIISTT),
2 DYS(LSTT)
GO YO 987y
P060 PRINTY 6o o JTRCINe JV2110, ISTILIs LTUD)
878 CONT (e
IF 1ITYPE £Qe 3 20Ny KEEPI »EQ. 1 ) OO TO 9880
PRINT 10
0 Y0 9900
2080 PRINT 19
9960 CONT {UE
RETURN
END

26JA0
Q8MRO
26JA0
O&MROC
26JA0
26JA0
26JA0
26JA0
26 JA0
oimyo
286 JA0
2640
26JA0
30O
3I0MR0
26JA0
SOMRO
26JA0
o1MY0

14v0

1Mv¥0

1MY0
26 JA0
28JA0
26JA0

RLIX T T TS TR E 2R 2 2 T o2 2 Ry TR I Y Yyt 2Lty ]

[aRatatalalalel

SUBROUT IR SUBROUT I NE SUBROUTINE SUBROUT § ME

SUBROUTIME JHTOAT 26JA0
COMMENT ~ SUBROUTINE JNTOAT INPUTS JOINT LOADS AND RESTRAINTS 26APO
COMMENT ~ (TABLE A1 oCHECKS FOR BAD DATALACCUMULATES JOINT LOADS AND 24APO
COMMENT ~ NESTRAINTSEECHO PRINTS DATA AND PRINTS ACCUMILATED DATA 24AP0
COMMUMN 7BLOCKL, XE 751, YU 750, oxXXe 751y QvY( 751, 13FED

2 GIZU TShe XX T3).  SYYQ TS)s  SZZC TSV, DKX4 T8}, 13r€E0

3 DYYE T53s  ODIZC 733 R4 T50e  RYY( T5)s  RZZq 751, 13FED

Y ERXXE 75)¢ ERYYL 780, ERIZC 75} 13FE0
COMMUN 7BLKL7 KEEP2e KEEPI: KEEPA, KEEPS, KEEPSs KEEPT, 26JA0

2 1TYPE, NCD2: NCD3, NCDAy MDS, MCD6s NCOT, 26 A0
TABANG [FORMe NMte NJT, NST. NLT, 0L, 26JA0

- Mo Wrie HP2s  I1STT, LTTe  ITYPELJIDJe 12FF0

s WCe i, Pe, irie 13FEO
COMSIN 7BIKS7 MO IT MY LML T MMM MINT S L HI 140 YN nTFFO

T FORMAT & 3ISM SANE AS INPUT FOR THIS PROBLEM} OLFEQ

9 FORNAT { 25N TABLE & ~ JOINY DATA777) 26JA0

12 FORMAT & 3X¢1540E10.3) 26 A0

19 FORMAT § 3%,13:0€1103) 26JA0

14 FORMAT {1 25X.20¢ INPUT OF JOINY DATA://) 260A0

13 FORMAT 13X, SOHJIOINT FORCE(K} FORCEIY) MOMENTIZY , 26 JA0

2 33 SPRINGIX) SPRINGIY) SPRINGUZ) 477} 26480

18 FORMAT ( //423Xe23H ACCUMULATED JOINT DATAS//) 26JA0

17 FORMAT ¢ a8n HOLOING OATA FROM THE PREVIOUS PROBLEM PLUS, 26400

2 A9 TME FOLLOWING +7/) 26JA0

20 FORMAT 1t 38K JOINT NUMBERS MuSY BE POSITIVE)
23 FORMAY ¢ 101 NONE )
27 FORMAT { SuM TYPE 3 PROBLEM DOES NOT ALLOW ANY (WANGE IR
2 10H SUPPORTS ./
3 S0M RESTRAINTS MAY NOT CHANGE FROM LAST PROBLEM
30 FORMAY | 1%k NO DATA b
30 FURMAT ¢ 438 JOIMT MUMBER ABOVE GREATER THAN NUMBER,
2 208 OF JOINTS IN FRAME |
PRINT ¢

1F L1FYPE ,NE« 3} GO TO 1120
COMMENT =~ STORE JOINT RESTRAINTS FOR OFFSPRING PROBLEMS
DO 11IKD 1 = B.MUY
ERXX(Er » Sxx11
ERYY(L: o SYYIIY
ERZZLLY » S22LNY
1110 CONY ENiE
1120 CONTINVE
tF KEEPA LEQ. 1) GO TO 1230
COMMENT ~ IEMO JOINT DATA
DO 1200 1 & )e WNJTY
‘OXXELY = Qv¥ily = QI2(1) » 0,0

1200 SKXEL) » SYYELY o SIZULE = 040
IF 19C0a NE, O} GO TO 1240
PRINT 30
60 10 5000

COMRERTY =~ HOLDEING DATA
1230 PRINT 1Y
IF INCDA N, 01 GO TO 1240
PRINT 23
o0 10 9800
1240 CONTINUE
PRINT 3A
PRINT 15
DO 4900 1] » 1o MCDA
COMMENT =~ READ AND PRINT ONE DATA CARD
READ 12+ 1o0XXT 0YYT Q22T +SANTeSYYT 46227
PRINT 13, 1 OXXT,0YYToQZEToSAXT $SYYTLSZ2T
IF 11 «6Te NJT) GO TO B%00
IF 11 «LEs 0 ) GO TO B2CO
COMMENT = ACCUMUILATE DATA

QXX03) = OXXE1) + OxxTV
QYYLLY » QYYLl) » QvYY
QL211) = Q2211Y + QXY
SXXI1E = SEX{QY & SHXTY
SYYUL) = SYYED) & SYYTY
L2208 = SZ2U1Y <221

4yU0 CONY INUE

5000 COMT INUE

IF LITYRE JNE, 3) GO TO 6000
COMMENT =~ LUMPARE JUINT RESTRAINTS WITH LAST PROBLEM FOR OFFSPRING
DO %90V [ = 1aNJT

IF LERXXITE (NE. SXXU1}} GO TO 8270
IF 1ERYYE11 .NE« SYYILI} GO TO 8270
IF LERIZI]Y JNEe S22¢1}) GU TO 8270

S9u0 CONTINUE

$0v0 COMTIME

¥

26JA0
26440
26JA0
n2MYNn
oIMY0
028Y0
26JA0
26JAC
28JA0
02MY0
0&MYO
n2RYD
o2MY0
02MY0
omye
o2MY0
O2MYD
26JA0
OaMYO
26JA0
286JA0
26JA0
o2MY0
2n¥0
2Ky
OaMYD
28JA0
aIMYO
Ry0
o2MY0
26JA0
26SA0
2640
26540
QoMY ()
260
26JA0
26JA0
26JA0
oMY
26540
26JA0
26JA0
26.9A0
26JA0
26 JA0
26JA0

mMy0
e L) [y]
OaMYO
02MY0
02MYQ
02MY0
02MY0
-2MY 0
02MY0

€61



o0 10 9800
8200 PRINT 20

o 10 9700
8270 PRINT 27

60 10 9700
$5V0 PRINT S0
790 1ABAN = |

GO 10 9900
9800 CONTINUE

COMMENT =~ PRINT ACCUMULATED JOINT DATA (MLESS 1Y 1% THE SAMF A< INPUTY

COMMENT = FOR THIS PROBLEM

PRINT 106
1F IKEEPA +EQ.
IF INCDA JEG, O
PRINT 7
60 10 9900
820 COMTINUE
PRINT 13

11 60 10 9820
) GO 10 9900

00 %860 [ = }» MJT

1F (OXR¢1)  NE.

1F OYYL1) .NE.

IF 021 oME,

1F 1SXX{1} NE.

1F (SYYUL) NE.

1F (SZZt1) oNEs
10 2840

0) GG 1O 9830
0) GO 10 98350
3t GO 1O 9850
0) GO TO 9850
0) GO 10 9850
0) 60 10 9830

L
SE5U PRINT 13+ LoOXRIII0QYY LI 02ZCT11oSXXIL1o8YYI11822(1}

9840 CONT INUVE
9900 COMTINUE
RETURN
€no

SUBROUT 1nt

aNaXaNalaXa¥al

SUBRULITINE RDMSY

COMMENT ~ SUBROUTINE RDMST

SUBROUT I NE SUBROUT INE

INPUTS MEMBER STIFFNESS DATA (TABLE %),

COMMENT = CHECKS FOR BAD DATALCONVERTS INPUT DISTANCES TO MEMBER
COMMENT ~ CODRDINATES AMD ECHO PRINTS DATA

COMMUN /BLOCK2, DXS
DC2SL 501« PRF
1OPOPL 5014 IP]

SXLE T3 syt
ITYPE, MD2

", nrl,
mo, 1P8,
CUMMUN /BLRY, MNJTY
9 FORMAT ¢ A0H
12 FORMAT | 5X.15.£10.
13 FURMAT ( 5X.1%,

VPN N WS

i 301, DYS1 300, LSt S0), 0C151 400,

1 500, PRAEL 301, MNCDSI 501, 1ANOPSI

NL{ 801 IPINRL 300« NC314 308,y SMCE 50.1%)
COMAUR /BLUCKS, XLSL T7%), XRS1 731, FLE 751, AELE 751,

€ 790 SIL( M)
+ MD3s NCDas NCDS, NCDB, NCDY,

TABAM . [FORM, WM, NJT, NSY, HLT, TOL,

HP2, 1STTs LTT, ITYPELLIDJ.
iP9. Pic
SMNST JMMLT SN MNCS MNCH JMDJT MNLE
TABLE 3 - MEMBER SIIFFNESS DATa
3010X02E1C.393K315)
3E10.3:315.9%4+218)

COMMUN /BLK)/ KEEPZe KEEP3 . KEEPA, KEFPS, KEEP6, KEEPT,

227110

26JA0
2680
26580
26&6JAG
26.JA0
26JA0
26.JA0
26JA0
26 A0
onsMYP
OaMy 0
26JA0
26JA0
02vy0
26000
286JA0
26.JA0
23490
26JA0
26JA0
26JA0
26.IA0
2680
28JA0
26JA0
26000
26JA0
26JA0
28JA0
26IA0
28J40

SRNBRNRBRRRBSARIRT AR EBIRERRCRARCIRRTRGORRESRERBUBHFEBERQNSRASSNANRY

SUBROUT INE

PORNBEBUBBOROGOARENOSRRABBN SR Q0CEERRDEOBITERGRDERNARBIANIRBINRRNIRLERS

26JA0
24 APO
28AP0
26APD
26JA0
26 A0
20My0
26.JA0
26JA0
28JA0
26240
28 dhe
12FFO
1¥EC
0TFEO
2680
IOMRO
IOMRO

T4 FORMAT 1//,40H STIFF MNOD OF PRISMATIC PRISMATIC, 0aMYO
2 30K NO AXIS OUuUTPUT  PIN PIN « 7, 3OMRO
3 AOH TYPE ELASY 1 & » SOMRO
L 30HCARDS OPY  OPY FROM YO +7/1 30MRO

15 FORMAT (10X,TE10.3) 26.JA0

16 FORMAT ( SKsTELL.3) 26JA0

17 FURMAT ~8H HOLDING DATA FROM THE PREVIOUS PROBLEM PLUS, 26JA0
2 15K THE FOLLOWING +771} 26JA0

18 FORMAT t /+20M STIFF TYPE, [346H CONTD,3X» 0sMYO
2 H0M RESTRAINTS ARF 1M NFUpRre PRIMEP AXFS oS [l did
3 IXe &4TH FROM 10 1 A . 02MY0
- 30H S$X SY S2es} 0MYO0

23 FORMAT | 10H NONE 26JA0

30 FORMAT (  29H MO DATA 1M TABLE 8 ) 3IMRO

31 FORMAT { 91H MUMBER OF CARDS TO FOLLOW MUST NOT BE NEGAT IVE ) 0sAPO

32 FORMAT (  39H OUTPYT OPTION MUST BE 0 OR 1 ) 0AMYO

33 FORMAT (  30W PiN OPTION MUST BE 0 OR 1) O4MYO

51 FORMAT 35K STIFF DATA MUST START AT 0.0 ) 31MRO

$7 FORMAT | 40H STIFF DATA MUST STOP AT END OF MEMB) UL

53 FURMAT (80w STIFF SEQUENCE MUST BE LONGER THAN 1740 SPAN | 31MRO

S4 FURMAT | 30W STIFF DATA MUST BE SPECIFIED CONMTINUOUSLYJIE o YIMRO
2 3% FROM DIST MUST EQUAL LAST 10 DIST 1 14RO

5% FORMAT (484 MO CARDS IN TABLE % BUT STIFF TYPES NOT AtLe 29APD
2 101 SPECIFIED) 29AP0

36 FORMAT {  49M ALL CARDS SPECIFIED FOR TABLE 8 READ 8UT aALL, 29APO
2 261 STIFF TYPES NOT SPECIFIED/» JOAPO
3 ATH CHECK CARD COUMT AND NUMBER OF STIFF TYPES) 30APO

ST FORMAT (  ABM ALL STIFF TYPES SPECIFIED BUT ALL CARDS NOTs  30APO
2 SH READs/» 30APO
3 ATH CHECK CARD COUNT AND NUMBER OF STIFF TYPES) 30APO

80 FORMAY ( AOH AXIS OPTION MUST EQUAL 1, 2. OR 3 ) SOAPY

60 FORMAT ¢ 3S0M NEGATIVE VALUES OF & 1 ARE MOT PERMITTED) O2MYQ

63 FORMAT (43K STIFF TYPES MUST BE 1N ASCENDING ORDER ) 3IMRO

6T FURMAT (¢ 3SOM IF 2MD CARD ySED FOR STIFF TYPE, PRISMATIC 1 4 02MYO
2 20H AND A MUST BE 0.0 |} o2MY0

71 FURMAT (  &OK STIFF TYPES MyST HOT BE MEGATIvE 3 3ImRQ

T2 FORMAT (40K STIFF TYPE GREATER THAN TOTAL WUMBER OF STIFF, 3IMRO
2 204 TYPES SPECIFIED t 3 IMRO
PRINT 9 26UA0

iF IXEEPS LEQs O) NSTL = O 24AP0

COMMENT ~ FRAME WUST HAVE AT LEAST ONE STIFFMESS TYPE OAMYO
IF (NCDS JLE. O oAND. KEEPS oLE. 0) GO TO 8300 26040

IF (NCD3 ,NE. OV GO TO 11%0 28IA0

IF INST JNE, NSTL) GO TO 83%0 29AP0

PRINT 17 2640
PRINT 23 26UA0

G0 TO 9900 2640

11%0 CONTINUE 264A0
IF VKEEPS LEQs L3 GO TO 1240 260A0

COMMENT ~ ALL NEW DATA OAMYD
00 1206 1s]MNST 28.4A0

NC32ULY = -] 26JA0

1200 NCDSiLIe - ) 26JA0
NCS » O reJao

GO 1O 12%0 28JA0

1240 PRINT 17 26JA0

951



12%0 CONTIMUE
PRINT 14
NCRS = O
COMMENT - DO FOR EACH STIFF TYPE
D0 4900 JJ =] .NST
COMMENT - SKIP FOR STIFF TYPE PREVIOUSLY DEFINED
IF (NCDSIJJ) oNEe ~11 GO TO 4900
IF (JJ .EQ. 1) GO TO 1300
I1F (JJ +EQ, NSTL ¢ 1) GO TO 1300
COMMENT = PRINT NEW HEAOING FOR FIRSY STIFF TYPE OF PROBLEM AND AFTER
COMMENT - LVERY MON PRISMATIC STIFF TYPE
1F INCDS(JJ = 1) «GTe O) PRINT }4
1300 CONT 1 NUE
IF (CRS oEQe MCD3) GO TO 8340
COMMENT ~ READ AND PRINT 18T CARD FOR STIFF TYPE
READ 120 I1STVGE,PRITPRATINCOST o1AXOPT o IOPOPTHIPINLT L IPINRTY
PRINT 13¢ 1STVEsPRITAPRAT NCDSToIAXOPToIOPOPT 1P INLTLIPINRY

COMMENT -

COMMENTY =~
COMMENT -~

26400
COMMENT -

COMMENTY -

IF (IAXOPY LTs 1 o+OR, 1ANOPY +GTs 3) GO TO 8580
1F (NCDSTY .LT. O) 60 TO 08310
IF (10POPT LT, O JOR, I0POPT oGT. 1) GO TO 8320
IF (IPINLY LT, O JORs IPINLT oGTe 1) GO TO 8330
IF (1IPIMRT ,LTe O ,OR. IPINRT +GTs 1} GO VO 8330
NCRS © NCRS &
MALTIPLY A AND | BY E
PRFY = EoPRIY
PRAETY = E*PRAY
1F (JJ NE. 18TT) GO TO 8430
1F (1817 «GT, NST) 6O VO 08720
1F (1877 oLT. O) GO YO 8710
IF (NCDST oGTe 0) GO TO 2400
PRISMATIC MEMBER - NO CARDS FOLLOW
IF (PRFT oLEs 0e0 oOR, PRAET oLEs 040) GO TO 8660
STORE TEMPORARY READ IN VALUES
PRECISTT) = PRFY
PRAEC(ISTT) o PRAEY
NCDS(18TT) = O
1AXOPS(18TT) = 1AXOPY
IOPOP(18TT) = 10POPY
IPINLIISTT) = IPIMLY
IPINR(ISTT) = 1PINRT
GO 70 4900
Convinue
NON PRISMATIC MEMBER = NCDST CARDS FOLLOW
IF (PRFT oGTe 0.0 +OR, PRAET .GT. 040) GO TO 8870
STORE TEMPORARY READ IN VALUES
NCDSLISTT) = NODSY
IAXOPS(18TT) = 1AXOPY
10POP(18TT) = 10POPTY
IPINLCISTY) = IPINLY
IPINRIISTT) » IPINRY

PRINT 18,1877

COMMENY -

DO FOR EACH ADOITIONAL DATA CARD FOR THIS STIFF TYPE
DO 4300 11 » 1.NCDST
NCS = NCS ¢ 1
IF (11 +EQ, 1) NCS1CUISTT) « NCS
IF ({NCRS ,EQs NCD3! GO TO 8360

28JA0
26JA0
294P0
04MYO
26JA0
04MYO
06MYO
26JA0
24AP0
04AMYQ
04aMYO
26JA0

aMyQ
29APO
04LMYQ
04MYOD
3OMRO
30aP0
OaMyY(D
0uMYQ
O4MYD
04AMYO
29AP0
04MyYO
30MR0
30MR0
26JA0
26JA0
26JA0
28JA0
04MYO
10aP0
04MYO0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
26J40
04aMYO
10APO
04AMYO
400
26JA0
26040
26040
2640
286JIA0
04MYO
26JA0
26JA0
?26J40
29AP0

COMMENT = READ AND PRINT NUN PRISMATIC STIFFNESS VALUES
READ 199 XLSINCO ) oXRSINCO1oFLINCY) oAEL INCO Y o SKLINCS) ¢ SYLINCS),

2
2

S2L(NCS)

PRINT 16oMLSINCS) o XRSUINCOIoFLINCS ) sAEL INCS) o SKLINCS 1 s SYLINCS)Y,

SILINCS)

NCRS = NCRS « |}

IF (AELINCS)

oLEs 040 +ORe FLINCS) oLE. 0.0) GO TO 8660

COMMENT - MULTISLY A AND | BY £
FLINCS) = E®FLINCS)

AELINCS)

o ESAELINCS)

COMMENT - CUNVERT DISTANCES TO MEMBER COORDINATES
GO TO 12800+2700+2600)s 1AXOPTY

260L0 KLSINCS) » XLSINCS)/0C2S01STT)
XRS(NC3) = XRSINCSI/DC25(1STT)
GO TO 2800
210 XLSINCSY & XLSINCSI/DCISEISTT)
XRSINCS) = XRSINC3I/0CISIISTT)
28v0 CONT INUE

COMMENT = CHECK FOR BAD DATA
TH » RLSUISTTI/M
IfF (11 .€Q. 1t GO TO 3200
IF tHLSINCS) oNE. XRSINCS = 1)) GO TO 8540
IF  (XLSINCS) +NEe 0.0} GO TO 3300
IF IXLSINCS = 1) + TH ,GE. XRSINCS) ) GO 1O 8530

60 To 4000
32v0 IF (XLSINCY) oNE. 0.0U) GO TO 8510
3300 IF IXRSINCS) .EQs 0.0) GO TO «000
LF (XLS(NCS) + TH .Gte XRSINCS)) GO TO 8330
40uv0 CONT INUE
A%u0 CONT INUE

COMMENT - CHECK FOR STIFF NOT STOPING AT END OF MEMBER
ERRLN » ADS (ZLSIISTT) - XRSINC31)
IF (ERRLN .GV, U.19TH) GO TO 8320
XRS(NCS) = ZLSIISTT)

4900 CONTINUE

IF (NCRS LT, NCDS) GO TO 8370

G0 10 9900
8350 PRINY 3C

O 10 9700
831y PRINT 3]

GO 10 2700
8320 PRINT 32

GO 10 9700
8330 PRINT 33

60 10 9700
A810 PRINT 51

0 10 2700
852u PRINT 52

«“ 10 97700
8530 PRINT 5)

G0 10 Y700
8540 PRINT 5a

U 70 9700
8350 PRINT 5%

o0 70 9700

8560 PRINT 58

0AMY O
26JA0
26JA0
26JA0
26JA0
29AP0
O&MYO
0AMYO
I0OMRO
30MRD
0AMYO
OoaMYO
26JA0
26JA0
26JA0
28JA0
26JA0
26UA0
04MY O
26J0A0
14APO
14APO
14APO
20APO
lsaPO
14APO
20AP0
14APC
14AP0
26040
oaMYO
26JA0
23AP0
26JA0
26JA0
30A#0
26JA0
26JA0
26JA0
AMY0
L0 4]
aMY O
0aMYO
«MYO
OaMy O
26J4A0
26JA0
26JA0
26JA0
260
26JA0
26JA0
286JA0
29AP0
29aPn
29APO

Le1



@0 70 9700
B370 PRINT 37

8580 PRINT 38
0 70
8430 PRINT 43

8660 PRINT 40
8670 PRINT &7

|

8730 PRINY 71
o 10

8720 PREINT 12

8700
900

RETURN
(L

[aTalaZaXaRaty

SUBROUT
COMMERT ~ SUB

)
convimg

ABAR = ]
NSTL & NST

SUBROUT INE

SERSBRRS ARG H NGRS SR AN LS SRS HNGRETSGERE NS LERAS S LEIANARINNSER N

INE ReeLD
ROUTINE ROMLD

SUBROUT I BE

INPUTS MENBER LOAD DATA ITABLE &) CHECKS

SUBROUTINE

COMMENT ~ FOR BAD DATA, CONVERTS LOADS AMD DISTANCES TO MEMGER
COMMENRT ~ CODRDINATES AND £CHO PRINTS DATA

COMWNM 78LOCK3 7 DELL 301 oLt 501, Lt SO, DCILE 400,
2 DCILE 301, UOKI 307 uoYt 501, NCDLE 303s  JAXOPLE 500,
3 NCRLE 30Y
COMMUN 7BLOCKS/ XLLE1SO), XRLI1300, OxL {1501, QvLi1%01,
2 GILt1301
COMMUN /BLRL/ NKEEP2. KEEPS, KEEPA, KEEPS, XEEPS, KEEPT,
2 ITYPE,s MCD2s MCD3e NCDOe WCDSs NCDEs NCDT,
3 LABAN: 1FOM, MM, NIty NST, MLY, 0L
- N L2 ¥ L2 & I1STYs LIT, 1TYPELGIDJI
s MCe 198, 19, 1”10
COMIIN /BLKS/ TNST NS T PURLT o 0NN o UL o N 6 o MDJ T oMNL
* FORMAT ¢ ~on TASLE & - MEMBER LOAD DATA o 712)
12 FORMAT { 35X+ 15, 20%s 2€10.3¢ SXe21% 1§
19 FORMAT & 93X, 15, 2€11.9 211% 11
14 FORMAT §/77,90M LOAD URIFORM UN] FORM L4 AXTS
> 7y 80N TYPL ox ny CAPOC NPy
3 7”7
19 FORMAT (10X3£10.93)
16 FORMAT (| 3X,3E11,31
17 FORMAT ( abM NOLDING DATA FROM Tif PREVIOUS PROM.EF PLUS,
2 19M THE FOLLOWING 4//)
18 FORMAT (/74204 LOAD TYPE ,15,4H CONTDo /42N
P A £RON 10 ox ov
3 on ox e 770
23 FORMAT 10M NONE )
26 FORMATY { a0u NO DATA ’

-

29Ap0
30ARO
304P0
10AP0
10400
26080
2640
2640
26040
2640
26JA0
200A0
26000
20440
26440
26400
26AP0
26JA0
26040

SRARENSSSGESNRSESEI GO NGETARGENSO IS ERRE UGN RRENNENRESNERRRNRENIRutR Ry

SUBRUT I nE

26000
26AP0
24aP0
26290
286040
28400
264A0
26400
26JA0
26040
2640
26000
12FED
13FES
CIFED
26 JA0
o8JtD
25MR0O
26340
S8 1AD
2800
T6IAD
26440
26JA0
76JA0
02Mvo
26JA0
20JA0
26JA0
04FEO

52 FORMAT (50 LOAD SPECIFIED BEYOND THE EMD OF NEWRFR 1 3IMRD
53 FORMAY § S0MW LOAD SEQUENCE MUSY B8E LORGER 13tAM 1740 SPAN 1 JIMRD
Sa4 FURMAT (  %im LOAD SPECIFIED AT NFGATIVE DISTANCE ALONG MEMRBISIMNAD
8% FORMAY | A% TO DISTANCE OF ZERO IMPLIES THAT (T 1S FIRST, 21APD
2 5%M CARD OF TWO CARD SEQUENCE AND NEXT CARD wiLL HAVE FROM./7, 21APO

3 204 DISTANCE OF ZERO } 21APO

98 FOURMAT ¢ S0M ALL CARDS SPECIFIED FOR TABLE § READ BUT ALL + 29APD

2 2%HL0AD TYPES NOT SPECIFIED 47, 30aPO

3 AbH CHECK CARD COUNT AND NUMBER OF LOAD TYPESH 30APD

5T FURMAT | ABH MO CARDS IN TABLE & PBUT ALL LOAD TYPES NOT. 29APD

2 10M SPECIFIED! 29aP0

58 FURMAT ¢ 31H ALL LOAD TYPES SPECIFIED BUT ALL CADS MOT READ 30APD
2 o/ Y1 CHECK CARD COUNT AND NUMBER OF LOAD TYPES) 30APD

59 FUORMAY (  A0M AX1S OPTION MUST BE 14243+ OR & ) 10APD
0 FORMAT { S1hH NUMBER OF CARDS TO FOLLOw MUST MOT Bf NEGATIVE10AAPD
&) FORMAY | ABM CONCENTRATED LOADS AT 040 ARE NOY PERMITIFND naMYO
69 FORMAT ¢ a%H LOAD TYPES MUST BE Ih ASCENDING ORDER ) 31MRO
47 FORMAY | 30M IF 2ND CARO USED FOR LOAD TYPE, UNIFORM LOAC  31MR0
2 20MVALUES MUST BE 0.0 ) 3ImMRO

T) FORMAY ¢ 36M LUGAD TYPES MUST NOT BE MEGATIVE)D 31MRD
T2 FURMAT ¢  abu LUAD TYPE GREATER THAN TOTAL NUMBER OF LOADS JINRO
2 164 TYPES SPECIFIEO) 31MRO
COMMEAT ~ PRINT TABLE HEAUING 03MY0
PRINT @ 286JA0

IFf IKEEPS LEQ. OF MLTL = O 26APD

1F INCDE €0, O +AND, KEEPS EO. 0) GO TO 1110 OAFED

o To 1320 OAFED

1110 PRINY 24 AFEOD
17 MY NE. O) GO T0 8870 29APQ

G0 10 9900 AFED

1120 IF (NCD6 .ME. 0} GO YO 11%0 OMFED
IF 1LY JNE, NLTL) GO 10 8570 29aP0

PRINT 17 26JA0
PRINY 23 28J4A0

0 TD 9900 28JA0

1180 CONT IRUE 26J4A0
IF (KEEPS JEQ. 1) GO TO 1240 286JA0

COMMERT -~ ALL NEW DATA OAMYO
1180 00 120¢ 1 = 1.MMLT O6MYD
MCel11r & -} 28 A0

1200 NDOLETEe =~ ] 26JA0
NCH = O 26JA0

GO 10 12%0 28JAD

i26g PRINY 17 26JA0
IF ANLTL JE0. O3 GO 10 1180 osMYQ

125850 Cim T 8ng 36 MAD
PRINT 1% 28JA0
NCRG = O 29AP0

COMMENT - 00 FOR EACH LOAD TYPE oSwrd
DO 490y JJ ejeY 28JA0

COMMENT = SKIP FOR LOAD TYPES MELD FROM PREVIOUS PROBLEM Sy
1F (NCOLIJD) oME. ~1) GO 1D 4900 neMY

I (4 €D, 1) GO YO 1300 26440

1E 4J0 JEQ. MLTL ¢ 13 GO YO 1300 24490

1E ANCDLIJS = 1) #6GTs O) PRINT Ja 2600

13u0 CUNT INUE . LMYO

8S1



IF I1NCRE LEQ, NCDE) GO TO 8340
COMMENT ~ READ AND PRINT FIRST CARD FOR LOAD TYPE
BREAD 124 LTTSUQXTUQYT JNCOLT o JAROPT
PRINT 13, LTT,UOKTUQYT +NCDLT o1 AXOPT
IF (IAROPT (LTel oOR. 1AROPT «GTe &) GO TO B399
NCRE = NCRE ¢ )
IF LYY 6T, MLT) GO TO 8720
1F 1 LTT LY. 0) GO T0 8710
iF 13 NE, LYT) GO TO 0430
1IF (RCOLY LLT. O) GO T0 3600
IF (NCOLY ,GT. O) GO YO 2400
COMNENY ~ UNIFORM LOADS OMLY
IF (IANOPT LEQ. 1) GO 7O 1300
AF (IAXOPT EQs 2} GO TO 1400
COMMENT ~ AX]S OPTION 3 OR & ~ CONVERT UNIFORM LOADS TO DIRECTIONS
COMMENT ~ AND INTERSITY OF MEMBER AXES
TENPL & ABSIDCILILTT])
TEMP2 & ABSIOC2LILITI)
UORILTT) = UORTSDCILILTTISTENPY +

] VOYTSDCILILTTI®TENP)
VOYILTT) » «UOXTSDC2LILTTISTENPZ ¢
2 UQYTSDCIL (LT TISTENP]
GO To 1600

COMMERT ~ XIS OPTION 2 ~ COMVERT UNIFORN LOADS 10 DIRECTIONS OF

COMNENT ~ HEMBER AXES
1400 VORILTTY & UOXT*DCILILTTE + URYTSDCLILTTY
UAYILTTY & = UDXTSDCILILTT) + UOYTHDCILILTTY

&0
COMMENT ~ AKIS OPTION 3 « LOADS ALLREADY IN MEMBER AXES
1560 VANILTTS = UORT
UarYILITY = WYY
1609 whL (LYY = O
JAROPLILTY) = JAXOPY
a5 10 A%00
COMMENTY ~ YARIABLE LOADING
2800 CONTINE
IF (UOXT e O OR. UQYT JNE. O) GO TO 8670
NCOLELTT) = MCOLY -
IAXOPLILITE » 1AXOPY
PRINY 218, LYY
COMMENT ~ DO FOR EACH ADDTTIONAL CARD OF LOAD TYPE

NCE = NCh o+ ) ,
IF (31 JEOG, 1) NCALILYT) « NCe
IF (RCRELEQ, NCDS) GO TO 3540
o BT - BEAD o4 PRINT SONIMITORW 3 Oon BATA
READ 15+ XLLUMCA) «XRL (NCA) +OXLTOTYL T 4OLLINCS)
PRINT Jos XLLINCED «XRL (NCH) OXLT +OYLT 4OLLENCSE)
NCRE = NCRE » )
TH @ ZLLILTTIM
COMIENT ~ CONVERT DISTANCES TO MEMBER COORDINATES
GO TO  (2800,2800+2700,26001s 1AXOPY

2800 KLLINCE) = XLLENCHI ZDC2LILTYY
ARLAMCEY = XRLINCEIADCZLELTTY

&0 10 2800
2760 KLLINCRS » ELLINCAIZDCILELTTY

29AP0
0sMYD
OanYo
26JA0
30APO
29AP0
26JA0
26JA0
260"
0MMYO
26IA0
05MYO
1RO
1RO
osMYO
oMY
2000
26900
20050
26JA0
26JA0
28JA0
26 0A0
osmMYo
SMYQ
2640
2600
26JA0

26 JA0
26JA0
2680
2640
26IA0
oSNy
260
28JA0
26340
26 JA0
26JA0
ey o
26 A0
26JA0
28JA0
29AP0
repmvn
26JA0
260
29AP0
26JA0
o3MvD
21APO
2600
2600
26JA0
286JA0

2800

XRUINCE) = XRLINCS) 70CILILTTH
CONT INUE

COMMENT ~ CHECK FOR ILLEGAL DATA

2820
2830
2838

2040

1F (XLLINCE) JLT. D40) GO TO B340
IF (XRUINCED «GYs ZLLILTT) & Oo1%TH) GO TO 8520
IF IXRLINCE} «EQs 000 GO TO 2838
IF 111 +EQ. 1) GO YO 2826
IF (XRLINCSE ~ 1) oNEe 040) GO TO 2820
IF IXLLINCE) «NEu 0.0) GO TQ 8550
OfL o XRLINCHI - RLLINCS ~ 1}
GO YO 2830
DEL = XRLINCE) ~ XLL(NCH)
IF (DEL +EQ. 0,01 GO 10 2840
I1F (DEL JLE, TH) GO YO 8530
GO 10 2840
DEL = 1.0
1F 111 +E0. 1) GO TO 2840
IF IXLLINCEY oEQe OO LAND. XRLINCS =~ 1) +fQe 000) GO YO 8510
CONT IMVE
1F (IAXOFT LEQe 11 GO TO 2900
IF LIAXOPY ,EQs ¥ +OR. DEL +EO. 0.0) GO TO 2850

COMMENT ~ AXES APTIONS 3 OR &4 ~ COMVERT DISTRIBUTED LOADS TO DIRECTIONS
COMMERT ~ AMD INTENSITY OF MEMBER AXES

2850

TEMPL o« ABSIDCILILTTE)
TEMP2 & ABSIOCZLILITHE
GXLINCEY » OXLYSDOILLITINTEMDY o
QYLTSDCLILITI®TE NP
QYLINCS) » ~QXLTYSDCLILYTI®TEMP2 »
CGYLTSDCILILTT IS TENR)
GO 10 29%0
CONT IMUE

COMMENT - AX1S OPTION 2 OR CORCENTRATED LOADS -~ CONVERY DISTRIBUTED
COMMENRT ~ AMD COMCERTIRATED LOADS 10 DIRECTIONS OF MEMBER ARES

900

OXLINCEY » OXLY*OCICLTTD « QYLY*DCLILTY)
QYLINCHY & ~OXLTSOC(LTIT) « QVLT*DOILILTTY
GO 10 2930
CONTINUE

COMMERT ~ ANIS OPTION 1 - LOADS ALLREADY 1M MEMBER AXES

2950
450
A%00
Ae260
330
8540
8350
8560
8570

OXLINCAY = OXLY
QYLINCHE o OVYLTY
COMT 1UE
ContimuE
CONTIMVE
IF INCRE LT, MCDAI GO TO @580
o 10 9900
PRINT 32
o0 10 %700
PRINT 33
G0 10 9700
PRINT 5a
U 10 9700
PRINT 55
©0 T0 ?100

G0 10 9700
PRINT 57

26JA0
28JA0
OSMYD
21aP0
21aP0
21APC
OamMYQ
Z1APO
21AP0O
21AP0
21AP0
21AP0
21AP0
21APO
21AP0
Z1APO

oAMYD
21AP0
21APO
21ap®
osMYo
osRy0
2800
26JA0
26JA0
28JA0
28JA0
26JA0
28JA0
26JA0
0INYO
oSy O
26JA0
286JA0
26JA0
28JIA0
0IMY0
26JA0
26JA0
21AP0
26JA0
26JA0
ClMy0
26.JA0
P26JA0
9FEO
26IA0
26JA0
9FED
280
21ap0
21AP0
29AP0
29AP0
29APO

651



70 9700 79AP0
63580 PRINT 58 30APO
0 9700 30APO
0590 PRINTY 39 30APO
60 T0 9700 30APO0
6600 PRINT 40 aMvo
&0 70 9700 aMYO0
0610 PRINY 61 AMYO
G0 70 %00 0aAMYO
0630 PRINT 43 26JA0
&0 T0 9700 26JA0
6670 PRINT o7 26JA0
60 70 9700 26JA0
8710 PRINT 7) 26JA0
G0 TO 9700 26JA0
8720 PRINT 72 26JA0
9700 1ABAR & ) 26JA0
2900 CONT (Mg 26JA0
MTL o« M7 260AP0
RETURN 26JA0
[ ] 2600
[ 4
: soe .o .
[ 4 SUBROUT I NE SUBROUT I NE SUBROUT I NE SURROUT | NE
[ 4
( * L L -8 L atesssstes
[ 4
SUBROUTINE CONP | NPROS ) 07FED
CONMENT - SUBROUTINE COMP 1NPUTS SUPERPOSITION DATA (TABLE 7) FOR 28APO
COMMENT = FARILY PROBLEMS,CMECKS FOR BAD OATASSETS UP STORAGE FOR FAMILY24APO
COMMENT = SULUTIONS e ACCUMULATES PROSLE MULTIPLIERS,ECHO PRINTS DATA 28AP0
COMMENT ~ AND PRINTS ACCUMULATED PROBLEM MA TIPLIERS 20APC
OINENSION NPROB(2) +WPTI2) 09520
COMMUN 78LO0CKO/7 WPI21e200 N2 09JEO
COMMON /PAK]/ KEEP2, KEEPY, KEEPA, KEEPS, KEEPe, KEEPT, OTFEO
2 1TYPE e NCD2, NCDS, NCOA, NCD3s MCDEs NCDT, [ a{g1.]
3 TABAN, SFORM, WM, RJTe NSTe NLT. 0L, 01F€E0
- Mo MWPle MP2,  ISTTe LTT, ITYPELLIDJ, 12FF0
S MCe 1P8, IPF, IrlO 15F€0
COMMUN /DLKS/ MNITMNST oMNLT oMM oM00CS o MINCE s MOV T ML C 07FEO
9 FORMAT (33N TABLE 7 -~ COMPILATION TABLE +/7/) 07FE0
10 FORMAT ¢ 15M %O DATA ) 07FEO
11 FORMAT (¢ 30M TABLES (2 ~ 6) OMITTED o2/7) 10FED
12 FORMAT ¢ o8N HOLOING DATA FROM TME PREVIOUS PROBLEM PLUSe OTFEO
2 VRM TUE FMM I OWING , 277 ) nIEFQ
13 FORMAT  50M 1NPUT OF PROBLEM NUMBERS AND MU TIPLIERSe OTFEO
2 77+3R+ 200PROS A TIPLIER,/, ) 07FE0
14 FORMAT (3XsAlsAS 10X ,E]10.3) 10JE0
19 FORMAT (9XeAloANeE10,90 o09JED
16 FORMAT ( /7770 3Xe 10F €0
2 306 PROBLEN WUMBERS AND A TIPLIERS USED FOR THISe 10FED
3 10 PROBLEN o/+5Ke 10F€0
[y 0 PROBLEM MUMDERS [N ORDER PROBLEMS WERE INPUT o 10FEO
] 1/» am NPROB MULTIPLIER /7 ) 10FE0
36 FORMAT ¢ 50M N0 CARDS IN TABLE 7 - UNLESS PROBLEM TYPE & ) OTFEO

30 FORMAY (¢  30M PROBLEM TYPE 3 MUST FOLLOW A TYPE 2 OR TYPE 3)
A0 FORMAT ¢ a%H PROBLEM TYPE & MUST MAVE DATA IN TABLE 7}
50 FORMAY (¢ SOM PROBLEM TYPE & MUST FOLLOW A TYPE 2, TYPE 30 o
2 10HOR TYPE &
60 FORMAY (  abM A PROBLEM NUMBER MAY NOT BE REPEATED 1IN A,
2 SOH SERIES OF RELATED PROBLEMS )

70 FORMAT ( S0M
25M TYPE 3 PRUBLEMS EXCEEDED)
80 FURMAT ¢  50M
151 %01 BE WELD )

90 FORMAT ( 20K PROBLEM NUMBER ,AS,

2 33H 1IN THIS SERIES OF RELATED PROBLEMS)
PRINT 9
1F LITYPE olTe & oAND. NCDT oNE. O) GO 10 B360
@0 YO ( 1200, 1050, 1060. 1250 ) ITYPE
COMMENT ~ LTYPE = 2 - PARENT PROBLEM - FIRST PROBLEM OF SERIES 1N WHICH
COMMENT - THE STIFFNESS OF THE STRUCTURE DOES NDT CHANGE - THE RESULTS
COMMENT - UF TWE PANENT AND 115 OFFSPRING ARE STORED SO SUPPERPOSITION
COMMENT - SOLUTIONS CAN BE MADE FOR FAMILY PROBLEMS

1050 NMe =1
- MP(lell = NPROB(])
WPL1e2) = MPROBI(2)
GO 10 1200

STORAGE LIMITATION ON NUMBER OF CONSECTUTIVE »
LAST PROBLEM WAS NOT TYPE & - HENCE DATA CAN
204 HAS NOT BEEN WORKED.

O0TFEQ
orreo
o En
OTFEQ
OTFEO
07FE"
0TFEOD
07FEO
0TFED
OTFEO
O9FEO
07FE0
1FE0
07FE0
oTFE0
03Mv0
03MY0
05MYQ
03MY0
07F€0
09J€0
0960

TFEO

COMMERT =~ 1TYPE = 3 - OFFSPRING PROBLEM = SDLUTION OF PARENT FOR ANOTHEROIMYO

COMMENT - LUAD COMDITION

1060 IF ¢1TYPEL €0+ 2 .OR. ITYPEL .€Q. 3) GO 1O 1070
GO 70 8300
1070 D0 1100 1 =) C
IF (NPROBIL) +EQ, NP(1,]1) JAND, NPROB(2) EQ. WP(1,2))
2 GO 10 8600
1100 CONT § Ut

MLC = LC ¢+ )
1IF (MLC +6T, MNLC) GO TO 8700
WP (MLCol) = NPROB(])
NPINLCs2) = WPROB(2)
COMMERT ~ [TYPE @ | - REGULAR PROBLEM
1200 ConTimE
PRINT 10
GO 10 9900

COMMENT ~ LTYPE = & = FAMILY PROBLEM ~ SUPERPOSITION SOLUTION OF
COMMENT ~ ~ GROUP OF RELATEDO OFFSPRING PROBLEMS AND POSSIBLY THEIR

COMMENT - PARENT
12%0 ConTINUE
IF INCOT «EQe 0) GO 1O 8400
IF 11TYPEL .€Q. 1 .OR. ITYPEL .EQ. O) GO TO 8500
IF CITYPEL LT. & JAND. KEFP? .FN. 1) GO TO AROO
PRINTY 11
IF LKEEPT +€0. 1) GO TO 1350
COMMENT ~ ZERU MULTIPLIERS
DU 1320 1 = 1.MLC
1320 2Mtl) = 0.0
GO 70 1400
13%0 PRINTY 12
140 CONT INVE
PRINT 13
COMMENT = READ AND PRINT PROBLEM NUMBERS AND MULTIPLIERS

o3MYD
07F€E0

TFEO
O7FEO
09%JEO
09J€0

TFEO
07F€E0
0TFED
09Jeo
0960
0SMY0
O7FEO

TFEO
OTFEO
05My0
054v0

SMy0
OYFEO
OTFEO
OTFEC
0TFE0

TFEO
07FEO
o5mMye
OYFEO
OTFEO
OTFEO

TFEO
OTFEO

TFEO
05MY0

091



OG 3000 J = 1.,8CD7 QIFEQ

READ 145 WPY(INY OTFEOD

PRINY 13, NPT INT QIFED
COMMENT - SEARCH FOR PRODLEM NUMBER IN LIST OF PROBLEM NUMBERS STORED  09MYO

DO 2600 1 = 1.MLC OTFEQ

1F INPTILE EG, MPiL41) AMD. NPTIZE JEG, MPI1a2 11 0%.JE0

2 G0 Y0 2700 09JED
2600 ConYlmE nTFED
o 10 8900 OIFED

COMMENT ~ ACCUMLATE ML TIPLIERS asMY D
2700 N1 « IMELD & INY OIFED
3000 CORYINUE 0TFED

PRINT 16 QTFED

COMMENT ~ PRINT ACCUMULATED MATIPLIERS 05MY0
OO 3100 1 = )eNLC QTFED

V0 PRINT 1% MPLIelds NPINe2)e 2M(DD QI
40 10 ve08 QIFED

8308 PRINT 30 e
@ 10 #7006 0rFED

9360 PRINT 38 TFES
o 10 9700 0IFEO

0400 PRINT 40 kil
oo 10 910D oTFED

9300 PRINT 30 TFEO
&0 10 ?700 orreo

S6L0 PRINT 40 kid 1]
G0 T0 ?100 0TFED

8700 PRINT 70 weo
GO 10 9700 0TFE0

8000 PRINT 80 ™weo
GO 1Q P70 oTrED

900 PRINT 90,WPY oreo
9700 1ABAN » ) oTFEO
9900 RETURN TWEO

(1. ] [ 274 1
E see - esee snsae TV Y DY Y TEYYYYTYY ¥'E T
<
[4 SUBROUT I RE SUBROUT I NE SUBROUT I NE SURROUT 106
4
< ses 1 19 T TP T T Y TV Y I Y VY L 2 Y
< .

SUBROUT INE FORMST ( RNy RO, we SLy SUs SMNY. L1s L3e La, Lo ) 0BAPO
COMMENT -~ SUBROUTINE FORMSY CALCULATES STIFFNESS MATRIX FOR BOTM 282P0
COMMENT ~ PRISMATIC AND VARLABLE CROSS SECTION NEMBENS ANO STORES IN 28490
CNWMENTY = COMOACT YECTOR SMMT(] = 3,19) TARPO

DIMENSLION FINig), SPNT(13) 08APOD

DINENSLION RNILILE), ROILEI. VILEDs SLILSNs SULLAY OBAPO

COMMuN /BLOCK 27 DEST %0) . ovst 50), ILSL 300, DCISt 300, 28.0A0

2 DCISE 30)e PRF( 3G)s PRAEL 30)e NCOST 50ks  JAROPSC 300 26JAD
3 JOPOP| 30)s BPINLE 300 IPINR( 50), MCSEE 300y 3MCHL 30.13) 11FE0
COMMON /BLOCKS 7 ELSE 791, xRSt %), FLL 15}, AELL 733, 26JA0
2 SKLE T5)s SYLE I8}, SILt 73} 26JA0
COMNON 78LOCKT/ FL A3 AEL A2, SKi a2h. SYtaZle 20JA0
2 SIt 421, QRt a2ds 0YL 420 alt A2, Al a2, 26JA0
3 81 A2)e Al A23, Dt 8248, DXL a2i, oYt a2t 28JA0

&
s
6
2
3
&
]

COMMUN 7BLK]/

Oltazye Ulia2d. vitazh, wWlta2he UZiadle
V2iaZi» w2iaZ2i, ERX(421 ERY(a21, ER2taZ23,
RXta2)s RYLA2) RZ(a21

KEEP2s KEEPI. KEEDPA, KELDPS, KIEPS, KEEPT,

1TYPEs NED2y NCD3s NCDAs  NCD3, NCD6e  NCDTY,
1ABAN, [FORM, MM, NJTe NST. NLT . 1oL,
L HPl, MP2 . ISTTs LIT 1TYPELS 10Dy
NLC, 1P8, P9, irie

COMMUN 7BLK2/ XL oXRoXEoX20l1012eM0 oMo THIMSO MCL o X2L
COMMOUN /BLK3/ MRJIToPNST oMNLT oMM MNCS s MNC S o MDI T oML C
COMMON /BLEA/ ST1eST2:ST3.5TaesST5578

COMMOUN 7BLKS7 NFSUB

COMMUN 7 RE 7 MLy MLs J]

COMMENT ~

COMMENTY -~
COMMENT -

CONMENT ~

COMMENTY ~

1790

COMNENT ~
COMMENT ~
1850

SET TEMPORARY CONTROL CONSTANTS FOR STIFF TYPE (STY
IPIMLT « tPINL(ISTT)
IPINRY a 1PINREISTT)
L = 2L8018TT)
PRFT = PRECISTT)
PRAET = PRAEIISTT)
NCOST = MCOSEISTT)
NCSIT = NCSLIISTTI
'F (NCOST .NEe O) GO TO 2100
PRISMATIC MEMBERS
COMPUTE COMSTANTS AMD AXIAL STIFFMESSES
IL2 = LU
IL3 = 2L242L
SMHT (1) = PRAET/IL
SMMT (2) & ~SMMTI])
SMNT (100 = SMATIL)
1F (IPINLT LEQ. O +ANDs 1PINRT LEQ, O} GO TO 1800
2ERO FLEXURAL STIFFMESS VALUES
SHMT (D] « SMMT(A) = SHMT(S) = SMMTIG] = 0.0
SHMT(T) w SMMTIE) » SHMT(S) = SMMTILL} = 0.0
SMMT (120 « SMMTII3) = 0.0
IF C(IPIMLY LEQs ) +AND, IPINRY 4FGs }) GO TO 2000
CUMPUTE FLEXURAL STIFFNESSES FOR MEMBER PINNED AT ONE END
ST (3) = 3.0%°PRFT/ILY
SMMY (1) » SMMT(3)
SMMT(S) « ~SHMT ()
1F ¢1PINRT €0 1} GO YO 1700
SHMT (&) = 3,0%PRFT/2L2
SMMT{12) = ~SMNT 6!
SMMT(135 » 3.0%PRFT/ZIL
3 Y0 2000
SHMT L&) » 3, 0%PRFTILZ
SMHTITE « 3,COPRFT/ZIL
SHATIE) = ~SMAT (s}
G0 1o 2000
CUMPUTE FLEXURAL STIFFNESSES FOR MEMBER wilTM RIGID
CONMCTIONS AT BOTH JOINTS
ST = J2.08PRFT/ILS

ST I4) = & O%PRFYZZVZ
SAMT (S} = ~SART (3}
ST igl = SHMTiad
SMMT LTI = &, 0%PRFT /2L
SMNTIB) = ~SMMTIA}

134R0
1 34RO
1 MRO
26JA0
28440
26440
12F€0
13FE0
26JA0
07FED
26JA0
08APO
08APO
13MY0
286000
26JA0
26JA0
26JA0
20JA0
28JA0
26JA0
26JA0
13Y0
13MY0
26080
28JA0
28JA0
28JA0
2630
26040
130tv0
26JA0
26.JA0
26340
26JA0
13m0
28JA0
28JA0
26580
20JA0
26400
26JA0
28JA0
20JA0
2600
2680
26JA0
26440
13MY0
13Mv0
28JA0
26JA0
26JA0
26JA0
286JA0
26JA0

191



SUMTL9) = O,3°3MMT(T)
SWMTI11) = ST I3)
SMT12) » -SMMTL6)
SWMTI)8) « SNTLT)

2000 IFORM = O
40 TO 9900
2100 COnTINE

COMMENT ~ NONPRISMATIC MEMBERS
COMMENT ~ COMPUTE COMSTANTS FOR MEMDER SOLUTIONS FOR STIFFNESS VALUES
™Me LM
M e 0.38TH
HED = HeM
HCY = NSO
W = 2enP)
IFORN » )
COMMENT = SUBROUTINE DISCST OISCRETIZES MEMBER STIFFNESS DATA F, AE,
COMMENT = SXe SYe AND $2
CALL DISCIT ¢ NCS1Te NCDSTs 2Lo o) )
COENT -~ STORE NENSER END RESTRAINTS 3T) -~ STé

7)1 = gxtal
512 = gvil)
TS = 824))
T4 = SRiNP))
$T9 = gvinrk))
$T6 = S2(NP))

COMENT ~ SET MEMDER END RESTRAINTS TO 1.0£499 FOR SIX MEMBER SOLUTIONS
SNe1) e SR(NP)) = ],0099
SY(1) o SVINPL) = 1.0E99
S1e1) = S2IMPL) = 11,0699
COMNENT = 2ERC PINNED END ROTATION RESTRAINTS
IF ¢ IPIMLT LEQ. 1) 32010 » 0.0
IF { IPINRT Q. 1) S2iMPL) @ 0.0
AT =)
m e
COMMERT - 2000 MEMBER LOADS QX OYs Q2
00 3100 ([ = )P2
3100 QRIl) = GY(l) = Q2II) = 0.0
COMMENT = ARJAL SOLUTION FOR URIT AXIAL DISPLACEMENT AT FROM  JO|NY
QXi1) = 1.0 £
COMMENT ~ SUBROUT INE ARIAL SOLVES FOR AXIAL DISPLACEMENTS OF MEMBER
[4 7 8 ARIAL t AT )
anily) » 0.0
avil) = 1,00699
COMNENT ~ LATERAL SOLUTION FOR UNIT LATERAL DISPLACEMENT AT FRON  UNT
s = 12
COMENT ~ SUBROUT INE GRIPZA SOLVFS FOR LATERAL PISPLACFMFNYS anD
COMMENT ~ ROTATIONS OF MEMBERS

CALL GRIP2A | RM, ROy We SLe SUs L3y Los L6, 3 ]
avil) = 0.0
COMMENT ~ SUBROUT INE MEMEND SOLVES FOR EMD FORCES ON MEMBER
CALL NEMEND ¢ We FIWN, L6 )

COMMENT -~ SET STIFFRESS VALUES EQUAL TO MEMBER-END-FORCES
SHMTLL) = FR(])
SANT(2) = FiRis)
SMNT(3) = Fr(2)
SMMT(a) = YD)

26JA0
26JA0
26JAN
26JA0
26JA0
26JA0
26JA0
22nvo0
13mv0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
1%Y0
13v0
11FEO
13MY0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
13v0
26JA0
26JA0
26JA0
1MY0
26JA0
2690
26480
26J40
13mv0
26JA0
26JA0
13v0
26JA0
13MY0
26JA0
26JAN
26IA0
19v0
08APO
13v0
13mv0
15mv0
26JA0
13my0
08APO
13MY0
26JA0
26JA0
26JA0
2640

SMNT(3) o FMM(S)
SMMTI6) = FMMIG)
o -]
IF (IPINLY .EQ. O) GO TO 3300
COMMENT =~ 2ERO STIFFNESS TERMS FOR PINNED CONNECTIONS
SMMT(a) = 0,0
SMMTIT?) = 0,0
SMMTI8) = 0.0
SMMT (9) = 0,0
GO0 10 3800
COMMENT = LATERAL SOLUTION FOR UNIT ROTATION AT FROM JOINTY
3500 0Zi1) = 1.,0€99
COMMENT = SUBRQUT INE GRIPZ2A SOLVES FOR LATERAL DISPLACEMENTS AND
COMMENT ~ ROTATIONS OF MEMBERS

CALL GRIP2A | RMy RO, Wy SLe SUs L3s L&, L6 3 )
OLil) = 00
COMMENT - SUBROUT INE MEMEND SOLVES FOR END FORCES ON MEMBER
CALL MENEND ( Mo FiM, L6 )

COMMENT ~ SET STIFFNESS VALUES EQUAL TO WMEMBER-~END-FORCES
SMMT(T) = FMMLY)
SHUT(8) = FMM(S)
SMMT(9) = FMM(G)
3600 T o =)
COMMERT =~ ARIAL SOLUTION FOR UNIT AXKIAL DISPLACEMENT AT TO  JOINT
QRIMPL) = 1,0E99
COMMENT = SUBROUTINE AXIAL SOLVES FOR AX|AL DISPLACEMENTS OF MEMBER
caLL AXIML ¢ WLT )
QR(MPL) = 0.0
COMMENT ~ LATERAL SOLUTION FOR UMIT LATERAL DISPLACEMENT AY 10 JNT
QvimMPl) = 1.0€99
CUMMENT ~ SUBROUTIMNE GRIPZA SOLVES FOR LATERAL DISPLACEMENTS AND
COMMENT = ROTATIONS OF MEMBERS
CALL GRIP2A t RM, RO, Wy SLe SUs LI, Las L6s 3 ]
QYIMPl) = 0,0
COMMENT = SUBROUT INE MENEAD SOLVES FOR END FORCES ON MEMBER
CALL MEMEND ( Wo FMM, Lo )
COMMENT -~ SET STIFFNESS VALUES EOUAL TO MEMBER-ERD-FORCES
SMHT{]0) o FMM(AL)
SMMT(11) = FrMLD)
SMMT(12) = FMR(G)
IF (IPINRT EQ. O) GO TO 3700
COMMENT -~ 2€RU STIFFNESS TERMS FOR PINMED CONNECTIONS
SMMTI6) = 0.0
SMMT(9) = 0,0
SMmMTil2) » 0.0
SMMT(19) = 0.0

G0 10 9900
COMMENT - LATERAL SOLUTION FOR UNIT ROTATION AT 10 JOINT
3700 OLtMP1) = 1,0€99

COMMENT - SUBROUTINE GRIP2A SOLVES FUR LATERAL DISPLACEMENTS AND
COMMENT ~ RQOTATIONS OF MEMBERS
CaLL GRIP2A ( RM, RO, We SLs SUe L3s L&s L&y 3 )
QL(MPY) = 0,0
COMMENT - SUBROUTINE MEMEND SOLVES FOR END FORCES ON MEMBER
CALL MEREND ( wo FMM, L6 )
COMMENT ~ SET STIFFNESS VALUES EQUAL 1O MEMBER-END-FORCES

26JA0
26JA0
26JA0
26JA0
13mv0
27TAGO
26JA0
26JA0
26JA0
26JA0
13v0
26JA0
13mv0
1MY0
150Y0
26JA0
13mY0
0BAPO
13Mv0
26JA0
26JA0
26JA0
26JA0
13%MY0
26JA0
13MY0
26JA0
26JA0
13Y0
26JA0

13MY0
15470
26JA0
13v0
08APO
13Mv0
26JA0
26JA0
26JA0
26JA0
13Mv0
27TAGO
27AG0
27AGO
26JA0
27AGO
13v0
26JA0
19v0
13%Y0
15mY0
26JA0
13v0
08APO
13mY0
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SMMT(13) = FMMIS) 26JA0
9900 CONT I NUE 26JA0
RETURN 26000
END 2640
[ 4
< 40000560 USEBSEETANSEANNSEGNIENANSAEBIEBIENESS44E000EER0RERRRRRREEERE
[ 4
[ 4 SUBROUT INE SUBROUTINE SUBROUT I NE SUBROUTINE
C
c * s 22 E ] 1312222} *68 *: HRBSHSH S#888 L L 3 aSatay
<
SUBROUTINE DISCST ( NCB1TY, NCDSTe XL, L1 11FE0
COMMENT ~ SUBROUTINE DISCST DISCRETIZES uucn STIFFNESS DATA F. AE, 22nY0
COMMENT = SXe $Ye AMD S2 220v0
COMMON /BLOCKS 7 XLSI 750, XREE TS5 FLE T30, ACLt T7S%, 26JA0
2 SKLE 755 SYLE 75}, 2Lt T8 . 26JA0
COMMON /BLOCKTY, Fi 421, AEL A2 SKt 420 SYiazlde 26340
2 3t A2), axt a2is QY 421 G2t A2}, Al a2l 26JAD
3 BI 423 AL 8200 Of 42)» Rt 421, DY 421, 26JA0
'y 02142}, Ulfazl. VitaZls witazle U2(a2) 1300
L] VIiaZ)e L 741 ¥4 2] (1332 % 1% ERYia2l, ER2 (420, 1 5MR0
L] RA(&2)e RYI&Z) e RZra21 13R0
COMMUN /BLK17 KEEPZ, KEEPS, KEEPA, KEEP3, KEEPG. KEEPT, 26400
2 ITYPESs RED2e MKCD3e MCDAs NCDSy MWD&, NCDTs 26UA0
3 JABAM, 1FORM, NM, NJTe nsts NLTe TOL» 26JA0
LY My L 4 1) P2, 131Te LTT, 1TYPELS1DJs 127C0
3 mCe 1P8» 199, P10 13FE0
COMMUN JBLKZ/, XL oXRXI o X208 30122M0 ke THoHSG o HCU S X2 26JA0
COMMENT ~ ZLERO MEMBER STIFFNESS DATA 13vo
0O 102D | = 1.4P2 26JAL
SK{1) » 0,0 286400
il) - 0.0 26 JA0
SZilI) » 0.0 204A0
Fill » 0.0 26JA0
AECLY » 0.0 2600
1020 CONTINUE 26JA0
ICOUNT = O 26JA0
NCE2T = NCSLTY - | ¢ NCDST 26IA0
COMMENT ~ 11 GOES FROM NC31T TO NCS2T 13%v0
= 3T - 3 26000
1050 il = 3] ¢ 26JA0
COMMENT = READ UDATA FROM OME CARD IMAGE (STIFFNESS AT LEFT OF SECTYIONE 13MY0
XL o= xLs41l? 28 A0
o= XREii1) 26040
FLY » FLULL) 26.JA0
AELY = AEL{I1} 26340
SALY = gxLEILD 26.A0
SYLY » gYLEI}) 26 A0
SILT » S20L411) 26040
IV IXR NE. 0.0 GO TO 1100 26 A0
COMMENT ~ YARIABLE STIFFNESS SECTION READ OME CARD IMAGE (STIFFNESS AT 1MvVD
COMMENT = RIGHT OF SECTION) 130
i1 =131 +1 2600
xR = XRZE1D) 26.JA0
FRT » FLELDD 26JA0
AERT = AELIIL) 26JA0

SKRT « SXL(LI)
SYRT = SYLEID)?
S2RT = SZLEEDD
G0 10 1110
COMMENT ~ UNIFORM STIFFNESS SECTIOM SET STIFFMESS ON RIGHT EQuAL 1O
COMMENT ~ STIFFMESS ON LEFT
11v0 FRT » FLT
AERT = AELT
SXRT » SXLT
SYRT = SYLT
SIRT = S2LT
1110 CONTINUE
IF  (1COUMT NE. O 1 GO TO 1210
COMMENT = FIRST SECTION OF MEMBERS STIFFNESS DATA
ICOUNT = §
11 =2
X3 = T™
GO T0 12%0
1210 CONTINUE
1= 1241
X1 = TH = X2
12%0 CONTINUE
IF (xR .8E. 211 GO TO 1240
COMMENT ~ LAST SECTION OF MEMBERS STIFFNESS DATA

12 = WPy
X2 = 0.0
60 10 1270
1260 212 = XR/TH & 1.0
12 = 112
X2 = XR = 12%TH + TH
1270 M = 12 ~ 11
COMMENT ~ SUBROUTINE LINSTF DISTRIBUTES F AMD AE
CALL LINSTF § FLTe FRY, Fy FIT2s L1 )
caLLl LINSTF (AELTe AERT, AE. AETT2. L1 )

COMMENT = SUBROUTIME LINLD DISTRIBUTES SXeSY452s OXeQY. AND Q2
IF (SXLT LEQu Ds0 +AND. SXRT LEOQ, ﬂoﬂ’ GO 10 1280

CalL LINLD € SXLTo SXRT, SXo L1

1280 IF (SYLT EQp D0 4ANDs SYRT JEQ, 0.0' 60 10 1290
CALL LINLD € SYLT, SYRT, SYe L1 )

1290 IF (SILT «EQe DD +AND. SIRT «EQ. 0.0' 60 T0 1330
CALL LINLD § SZLTY, S528T. SXs L)

1330 COMT INE

X2L = X2
COMMENT = RETURM FOR [MAGE OF NEXT DATA CARD IF 1] LESS THAN NCS2T
90wy IF (11 «LTe MCHIT) GO TO 1050
9900 CONTIMUE
RETURM
END

SUBROUT [AE SUBROUT INE SUBROUT INE

AT aNaXaNalal

SUBRUUTINE LINSTF {STL«STR.ST,STT24 00

26040
26JA0
28080
2640
134y0
13my0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
26IA0
13MY0
26JA0
26JA0
26JA0
2640
11mMY0
26 JA0
26 IR0
26 JA0
26 A0
13MY0
26JA0
26JA0
26040
2640
26JA0
26JA0
28JA0
1MY0
11FED
11FE0
13470
11MvC
11FED
11myv0
11FED
119Y0
11FE0
26JA0
26JA0
13mMY0
26JA0
26JA0
26JA0
26JA0

S ESIEESEANISS RN SN NESARNRESRSSERENTESERESSUNEENURNUSEBUENNUNEERNENY

SUBROUT T HE

BT 8808550058022 0%8880020TLE0RES0ERSRRSEREERURRRUTRARNANNENANGRES

11FE0
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COMMENTY — SUBROUTINE LINSTF DISTRISUTES F AND AL 22WY0
DINENSION STIL]) 11FEO
. CONNUN /BLKR/ XL oXRo X1 oX2¢ 10322 W0 Mo TH NSO HCUIXL 26080
$F XL JM, 0.0 ) GO TO 1130 164A0
COMMENTY ~ FIRST SECTION OF MEMBER 13Mv0
XIL * 0.0 2680
$TY2 » 140 26JA0
1158 ConT e 26JA0
IFf 1 STR EQ. STL } GO TO 1310 26JR0
COMMERT ~ LINEAR SYIPFFMNESS BECTION 1v0
COMMENY ~ CALCIAATE SLOPE OF LINEAR STIFFNESS VARIATION 13470
05 = (ST = STLIZUXN-XL) 26 A0
COMRERT ~ FIRSY ELEMENT (TH LOMG) OF SECTION 131Y0
COMMERTY ~ COMPUTE EFFECTIVE STIFFNESS OF ELEMEMT CORSIDERING M AT 154v0
COMMENT — STARY OF SECTION 15MY0
$T1 = STL 26JA0
ST2 & ETL « DSeN) 26IA0
STTL = 008 (¢5Y1 & ST2) 26JA0
STEIN) = (TMRSTTIOSTI2IZINILOSTTL + X1€3YT2) 28080
If ING .F0. 0 ) &0 YO 1230 28IA0
e = 1101 206IA0
[1PNG = 11 + WO 26JA0
COMNERYT ~ REMAINING mO ELENENTS 13Mv0
COMMERT ~ COMPUTE STIFFNESS AT MID POINT OF ELENENT 15My0
00 1210 1 = JIPLe 1IPNOD 26400
371 = 312 26A0
372 » 71 ¢ DSOTR 20JA0
1210 STEL) = 0.3%(8T) o ST2? 2600
12%0 CONY [ g 26JA0
$T1 » 572 26JA0
$T1 = sTR 26000
STT2 = 0.39%(571 o 812} 20400
1296 60 1a 1000 206000
COMMENT —~ UNIFORN SYIPFINESS SECTION 1%v0
COMMERT = FIRSY ELEMENT (TM LONG) OF SECTION 134v0
COMMEMT ~ COWPUTE EFFECTIVE STIFFRESS OF ELEMENT CONSIDERING JuMP AT 13Mv0
COMENT ~ START OF LECTION 150v0
1310 $I71 = g¥L 26IA0
sTill) = nn-stnﬁstuuunn"l . RISSTYZY 26500
IF 190 €0. 0 ) &0 YO 1360 26450
1wl =1k + ] 26JA0
11900 = 11 & M0 ‘ 2600
COMMENT ~ REMAINING N0 ELENENTS HAVE CONSTANT STIFFNESS 15mv0
DO 1950 1| = FiPLs LIPWO 26240
1330 SV w STL 2600
1360 STT2 = gL 2680
18w CURT ENE 28JA0
RE TURN 26040
N 26040
g -e Lol o e sssnasvnne
[4
4 SUBROXST INE SUBROUT I e SUBROUT I NE SURROUT I ¥
2 SUIBN " a«ntan
<

SUBRUUTINE LINLD ¢ QL OW, OWL1d 11re0
COMMENT ~ SUBROUTINE LINLD DISTRIDUTES SXe SYs S2+ QXe 0¥y AND Q2 13My0
DIMENSION QL1 11FEO
COMMON 78LE2/ Xh o X5 X1 sX2s3 100 2,M0ite TH SOOI XN 28JA0
COMMENT ~CUMPUTE SLOPE OF LIKEAR VAR[ATION 19MY0
PO = (O -~ QLI/ZEXR = XL? 26JA0
COMMENT =~ (LMPUTE CONCENTRATED LOAD OR RESTRAINY FOR ELEMENT AT RIGHY 15MyQ
COMMENT ~ LMD OF SECTION Ul. DISTANCE TO LINE OF ACTION 2 AMD CALL 15MY0
COMMENT ~ CUNLD TO DISTRIBUTE YO ADJACENT STATJONS 15MY0
0 « On Z6IA0
Gl = Om - DQex2? Z6JA0
IF © ABS 101 ¢ 021 JLE. 1.0€-18 } GO YO 1003 206JA0
T % KR = X2 & (1X2/3.01942,00Q2 ¢ Q117101 + Q2) Z8JAD
Ql « 0,35%%2%101 + 02} T6JMD
IF § ABS(Q1) JLEw 1.06-10 3 GO 70 1003 2600
CALL COMLD ( Ols 2o @ 11FE0
COMMEMT ~ SANE AS ABOVWE FOR ELEMENT A? ‘JFT END OF SECTION 19MY0
1003 Q1 » O 2640
Q1 = L + DOex) 26JA0
BF 1 ABS (0] « G2) .LE. 1.08~30 ¥ GO TO 1009 20A0
I s KL o (X1/3.01%12.0%02 ¢ Q117101 « Oy 26040
0l = 0.3%XI%(Q1 + Q) 2640
IF L ABSIO1) oLE. [40£-10 } GO YO 1009 26340
caLL . COMLD ¢ Qle ¢ O L1} 1IFE0
1009 l'tn.to.oooorozno 26 A0
1020 RX = xL o 26JA0
COMMENMT ~ SAME AS ABOVE m REMAINING MO ELEMENTS 15mY0
DO 19% |1 = 100 26340
Q1 = G2 26JA0
G = 01 + DAIN 26JA0
IF C ABS(O)L ¢ G2) WihEs 1.0£-10) GO 10 1990 1inv0
L = XKk & (T173,C1712.0%02 » 0117101 « Q2% 26300
AN = Xx + IH 28JA0
QI = g, 3%MHeI0]) + O} 26JA0
CALL COMD 1 Qe Zv Oy L1 1} 11FE0
1990 CONT | € 24040
2000 CONT IUE 28.JA0
REYURN 2640
[ 4 4 26JA0
2 LR 222 222 2T FTI LR TPy RIR LSRR 2 2222222 22 QT T2 222222222 27222222 2122 ]
(4
[ SUBROUT I RE SUBROUY 1 it SUBROUT | NE SUBROUT INE
E ISR N RIS NN NS ESC R0 ESEISAROLNSRINERRSRESIRERENIRIRINRERRES
[4
SUBNLUTINE COMD t By Is 304 L1} 11FEQ
COMMENT ~ SUBRGUTINE COMLL DISTRIBUTES COMCEMTRATED LOAD OR ELASTIC 15My0
COMMENRT = SPRING RESYRAINT YO ADJACENT STATIONS 1 AND IP] 1%Mv0
SIMENSIUN QOILY) 11F£0
COMMUN /BLEZ/ XL oRXR o MT e XZ ol 1s12oM0 oMy THHSG 1 NCULX2L 26JA0
I1 = I/TH & 1.0 26400
1 =1 26JA0
C =2 = I8TH ¢ T o1a0
1Pl = | ¢} 010
QOtls = QOLIL & QLo ETH ~ CI/TH oLRo
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QO(IP1] = QO(IPL) ¢+ QISC/TH o010
RETURN 26JA0
c END 26JA0
C L2 4] L4 a8 - 3 12 saas saen
[4
4 SUBROUT INE SUBROUTINE SUBROUT I RE SUBROUT I NE
[4
[4 sas ad 488088 see
[4
SUBROUTINE AXIAL ¢ MLT ) 26JA0
COMMENT = SUBROUTINE AXIAL SOLVES FOR AXIAL ODISPLACEMENTS OF MEMBER DX 13MYO
COMMENT -~ SUBROUTINE AXIAL SETS UP STIFFNESS COEFF (B8Bs CCo DD) AND 13MY0
COMMENT =~ LOAD FF AND SOLVES FOR DX USING RECURSIVE SOLUTION OF 13Mv0
COMMENT ~ PREVIOUS BEAM COLUMN SOLUTIONS NOTING THAT AA = FE = O 15MY0
COMMUN /BLOCKTZ Ft 42)s AEL 420, SXt 42), SYta2)e 26JA0
2 SLL 420 QXe 420 ave 423, Qzt 42), Al 420y 26JA0
] 8¢ 420 ALl 420, Dt 420, DXt 420, OY( 42)» 26JA0
4 DLiA2), Ul(a2)s Vitadh, w1lladl, U242 13400
] V2(a2) W2(A2) 0 ERX(42) ERY (420, ERZ2(a2) 13MR0
. RR(42) 0 RY(42)0 RZ(42) 134R0
COMMUN /BLKL/ KEEP2, KEEPS, KEEPA, KEEPS, KEEPG. KEEPTY, 26JA0
2 ITYPE. NCD2e NCD3s NCDAs NCD3s MCDE, NCOT 26JA0
3 TABAN, 1PORM, NM, NJTe NSTe MLT, TOL. 26JA0
4 L. Pl W2 ISTTe LTT, 1TYPEL+IDJ, 12FE0
H nCe 1L 1 1P9, P10 19FE0
COMMON /8LK2/ XA oXReX1oX2011012eM0¢HeTHIHSQHCUIXZL 26J00
DIl) = =140/ (AE(2) + SX(1)OTH) 26JA0
BI11) = ~DI1IRAEL2) 26JA0
All) » = DI1I%OK(L)IOTH 2640
DO 2000 1 » 2.,MP) 26JA0
1Pl o1 o) 26JA0
i} o =~ 26JA0
IF (M. .EQ, ~1) GO 71O 1500 26500
88 » - AE()) 264400
CC » AE(L) & AE(IPL) o SK(IDOTH 26JA0
oD = -~ AELIPL) 26JA0
DENOM = BB®BIIM1) ¢ CC 26JA0
DiI) » =1,0/70ENOM 26JA0
841) = DI1)®DD 26JA0
Al(l) = Dt1)*BB 26JA0
1500 FF = QX(1)OTH 26JA0
A2 = D(1)oFP 26JA0
ALL) = ALLLI®ACLIML) = A2 26JA0
2000 CONTIME 26JA0
OXINP2 ) = 0.0 20JA0
VO 2000 L = 1. W) 26JA0
1= P2 =L 26JA0
Pl =] &1 26JA0
2800 OXREL) » A(L) & BILISDX(IP)) 26JA0
RETURN 26440
END 20JA0
[4
C *heaaes a8 Susbae L a8 L ] *ae
[4
< SUBROUT INE SUBROUT INE SUBROUT INE SUBROUT I NE

<
<
<

SUBRUUTINE GRIP2A ( RMy ROy We SLe SUs L3y LAs L6, M ] 13MY0
COMMENT - GRIP2A SULVES BOTH FRAME JOINT EQUILIBRIUM EQUATIONS AND 24APO
COMMENT - MEMBER EQUILIBRIUM EQUATIONS - GRIP2B CALLS FSUBL WHICH CALLS 24APO
COMMENT - FSUBL] TU SET UP FRAME EGUATIONS OR FS5UBL2 TO SET UP MEMBER 24AP0
COMMENT ~ EQUATIONS 24APO
C & $ & 8 3 3 8 ¢ & 8 S $ REVISION DATE = 07 APR 70 DATS
(oommmm=—RM{MNL} » RO(NL) » WINL) o SLIM) , SUIMel) =~#8- DIMENSION GUIDE
< NL 1S OROER 6APO
[ sse NL MUST BE GREATER THAM 2 06AP0O
[ M IS HMALF-WIDTH ( J = 28M + 1 1, WHERE J IS THE BAND WIDTH 06AP0
< ats M MUST BE GREATER THAN ) 06APO
[ RM¢ ) RECURSION MULTIPLIERS 06APO
< F CONSTANT TERM FOR THE 1-TH ROW 06APO
< L LI SOLUTION VECTOR 06APO

DIMENSION RNILI,LEYs ROILOIs W(LOIs SLILID)e SUILS) 08APO

COMMUN /R17 ML, ML, J] 20JA9

Jl = 3 . 1108
Ml = M~} 1108
LA I 1iae
Nl = L -] 1148
LM = ML - R 118
1T =0 2508
12 =1 25JL8
13 =1 2508
c 88 & L T2} L ] L o 4 - a8 e
[ CALCULATE RECURSION MULTIPLIERS ol
< * bt ssnans bl hd d .
SLil) = 0,0 07APO
CaLL FSUBL ¢ SUe F o Mo L&) 08APO
1IF ¢t W ) 210s 100, 100 1108
100 RN(Mel) = =140 7 SUIMP) 2508
00150 I =1 M 2508
16 = W -} 2508
RM(11B) = SUC1Q) 2508
150 CONT INUE 258
ROt1) = SUEL) 06APO
210 Wil) » RMIMeL) & ¢ ~F ) 1100
DO 100v J = 2 , NL 1108
Jie Jg=-1 07APO
IF ¢ JoGTaM ) J) = M) 06APO
D0 250 | = 1, ) 07APO
18 = J1 «2 -1 07AP0
SLiIB) « SL(IB-1) 07AP0
250 CONTINVE 0TAPO
L) = UL orAPP
Jl = J 1108
CaLL FSUBL ( SUe F o My Lo} OBAPO
Jl = J=1) oTAPO
1Pt JGT ) J) = M) 06APO
1IF ¢ M ) 730 290+ 290 110
290 1IX s Jgeoem 2508
IF ¢ IX = WL =1 ) 299 o 293 o 292 258
292 13 = 3 + 1 2508
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299 iIT= 121 258
120 12 ¢} 25JL8
299 11 = IX ¢ 12 25JLA
1€ = 13 OTAPO
00 300 1 =12, M 25%JL8
RMII11) = SULLe]) 2508
11 =11 -1 25JLe
300 CONTINUvE 1108
RO(J) » SULD) 06APO
00 400 L = } o J) 06APO
TEWP o RM(MoJ=LI ® RMIN-L,J] 06APO
IFUCJM=L) LE.NL)  RM(LoMeJ=L) » RM{L,MeJ=L) ¢ SLIL) ® TEMP 06APO
LXX & § 0TAPO
1F  1E.GT.1 ) LAX = 1E OTAPO
1IF ¢ 18.6T.1 ) 1€ = 1€ ~ 1 07APO
LEXX » LXX ¢ L OTAPO
00 350 [ = LXKy M 06AP0
WM o JoM—1) & RN(] oJod-1) ¢ RM(J=LoJeM=1) ® TEMP 06APO
3so CONTINUE 06APD
400 CONTINUE 11a8
AF € JoGTeM ) RMIMoIT o RM(MeI) ¢ SLIM) & RM(MoJ-M) & SLIM} OGAP"
RNIMeJ) @ =100 /7 RRIMeI) 118
C CUMPUTE PRELIMINARY VALUE FOR W(J) 2500
750 WiJ) = 0.0 . 118
DO 800 1 = 3 o J1 118
WIJ) = WIJ) & RMIM=1,J) & wiJ-11 1108
800 CONTINVE 1100
1F § Jo@TuM ) WIJ) = W(J] & RO(I-N] & W(J-M) 07APO
WiJ) & RI(MeI) ® ( WD) =~ F ) 110
1000 CONTIuE . 11A8
Cente *0 8888 L 1 Snsl0alleeRatienetesnantintnatsetnattatas
< CALCULATE RECURSI10M EQUATION .
Cocdone * oa L 2112 akase [ ] ® L L1
Ke0 118
00 3600 L = 1o MLNM]L 06APO
Jesm =L 06APD
TEMP = wiJ) 06APO
wiJ) = O C6APO
Ee Kol 118
00 2100 1 = 1o M} 06APO
WD) = WEJ) + RM(M~1sJe1) & dW(Jel) 06APO
1F ( 1.EQ.K ) 60 TO0 2200 06APO
2100 CONTINUE R 1tas
2200 IF ( JoLE.NLMN ) WiJ) = WiJ) « ROLJ) & WideM) 06APO
WD) = mM(MeJ) & W) & TEMP ) 0eAPO
3000 CONTINUE 1lae
xe TURN 11J.L8
END 1tae
g 2008000008800 803000000080000000000000000008008008000408400088408000a000
<
< SUBROUT I i SUBROUT Ing SUBROUT I Ng SUBROUT I nE
C
C aadBasd aes L L1 ate
<

SUBRUUT INE F3UBL ( SUe FFy My L& ) 0BAPO

COMMENT - SUBROUTINE FSuBl CALLS FSUBL)1 FOR FRAME SOLUTION AND FSuBl2 19MY0

COMMENT - FOR MEMBER SOLUTIONS 15MY0
DIMENSION SUCLA) 08APO
COMMUN /BLKS/ NFSUB 08APO

1F  INFSUB LEQe 11) GALL FSUBLL (Sus FFs Las M) 08APO
IF  (NFSUB EQ. 12) CALL FSUB12 (SuUs FF, L&} 08APO
RETURN BAPO
END RAPO

C

(s LI I I Y PR R R P AR Y PR I S Y S A R Y Y Y Y Yy Y Yy Y Yy Y Y Y Y Y R Y Y Y Y Y Y Y Y Y I YY)

[4

[4 SUBROUT INE SUBROUTINE SUBROUT I NE SUBROUT I NE

C

C $000QCEGEECEEINEGEETSEEEEGEESEQ0EEEEREE0EEQERNEGGGEEGQNENAEQEEREERNGREy

[4
SUBRUUTINE FSUB12 ¢ SUs FFs La !} 08APO

COMMENT ~ SUBROUTINE FSUB12 FURNISHES RIGHT SIDE OF SYMMETRIC STIFFNESS 19MYO

COMMENT - MATRLX SU AND LOAD TERM F TQ GRIP2A FOR MEMBER SOLUTIOR 19MY0
DIMENSION SU (La ) 08APO

COMMENT = JJ IS EQUATION NUMBER ~ SUL]) 1§ LAST TERM [N BAND ON RIGHT 19MY0

COMMUN /BLOCKTZ FL 421, AEL 420, SXU 420, S5Y(a2) 26JA0

2 S22t A2), OKX( 42}, Qv 42), ort &2}, At 420 26JA0

3 Bt 42) AlL &2%, Dl 42) DXt 420, DYI 423 26JA0

L3 LLLA2), Ulta2s, V1iie2)s W1(a2)e U2{a2)s 13MRO

E] V2(A2)s W2(42) ERX(42), ERY(AZ) ERZ (420 13RO

[ RX(&2) K/Y(A2), RZ(a2) 13MR0
COMMUN /BLK2/7 XL oXRyX]10X231)0]2sMQeH THoHSQoHCUX2L 26JA0
COMMUN /7 RT 7 ML, &, J) 08APO

JJ = 09APO

JIJ = Jr2 00APO

JIJ = 2 o9JJ 26JA0

IF tJJ «EQe J1J) GO TO 600 26JA0

COMMENT = VDL NUMBERED EQUATION FOR LATERAL FORCE EQUILIBRIUM 19MY*
1 = Jy72 ¢} 26 JA0

Pl o1 ¢ 1 26JA0

COMMENT ~ SU NOT REQUIRED FOR OFFSPRING 19MY0
IF (ML +EQe = 1) GO TO S0 26JA0

SU(l) e THeFCLIPL) 26JA0

SUI2) = =2.0%F(IP]) 26JA0

SU(3) = ~THS(FLI) - FLIPLD) 26JA0

SUCA) ® 2,0%IFLL) « FLIPLIY « SY(lI®HCY 26JA0

50 FF « QV(1Y*NCU 26JA0
GL TQ 800 26JA0

60U CUNT IVE 26 JA0
COMMENT - EVEN MUMBERED EUUATION FOR MOMENT EFOUILIBRIUM 19MY0
1 4372 26JA0

P} e 1 ¢ 26JA0

COMMENT = SU WUT REQUIRED FOR UFFSPRING 19MY0
IF (ML +E0e - 1) GO 1O 650 26JA0

SUtl) = 0.0 26JA0

SU(2) & 1.5¢F(]P))oNSQ 26JA0

SUi3) = - THEF(IP1} 26JA0

SULAY » 2.50(F(1) ¢ FLIPL)IOHSO «SZ(T) *HCy 26JA0

(310 FF = Q2t1)*CV - 26JA0
8vo COMNT INUE 26JA0
RETURN 26JA0
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c END 26JA0

c - . Y seesess
C
2 SUBROUT INE SUBROUT I NE SUBROUTINE SUBROUT I NE
C aessteses 1] - ] ese s
(4

SUBROUTINE FORMLD ( RM, RO, Mo Sle SUs FOMM o L1s L3s La&s L6 ) 00APO

COMMENT -~ SUBROUTINE FORMLO CALCULATES FIXED-END-FORCE MATRIX FOR 24APO

CONMENT — BOTH PRISMATIC UNIFORMLY LOADED MEMBERS AMD ALL OTHERS 28APO

DINENSION RMEIL3oLO)e RO(LEIe WILODe SLILID) s SUILAD 08APO

DIMENSION FOMM(S) 0BAPD

COMWN /78L0CK2/ DXSt 30)e  DYSCE 350)e 2LS( 50), DCist 30), 26JA0

2 DC28( 30)s PRF( 30)e PRAE( 500, NCDSt 50)e IAXOPSI 50)s 26JA0

3 JIOPOPL 300 JPINLL 50)s IPINRC 5C)e NC511 3500, SMCIE 50+13) 20MY0

COMNUN /BLOCK3/ DELE 30)e DYL( 300, LLe 500, DCILE 50), 26JA0

2 DC2LL 300, UAXCE 303 UOY( 300 NCDLC 501 1AXOPLI 30)» 26440

3 ncatrt 50) : 26JA0

COMMLN /PLOCKS/s XLS( T75)e XRSC 75)e  FLI 750 AEL( T75). 26JA0

2 SALE T30 SYLL 73)e SZLL T9) 26JA0

COMWN /BLOCKGs XLLI13D)e XRLU150)e QXL(130), oYL(150), 26JA0

2 QZL 1150) 26JA0

COMDILN /BLOCKT/ FL &2)0 AEL 42). SXI a2)» SY(a2) 26JA0

2 SZ4 A20, QxX¢ 42). avi a2, Qre 42), Al &2)0 26JA0

3 Bl 4210 ALl a2), DI 42, DR( a2b, OvL A2), 26JA0

L) OZia22s UL(A2) e v1(a2is w1ia2d, U2ia2)ds 134RD

3 V24420, H2(A 2D ERKIA2) ERY (A2}, ER2 (a2, 13400

. R)ea2)e RY (420, RZLA) 13880

COME /BLK)L/ KEEP2, KEEPS, KEEPA, KEFPS, KEEPGs KEEPT, 26JA0

2 ITYPEs MCD2e NMCD3e MN(CDAs NCDSs NCCOHs NCDTs 26JA0

3 JABAN, JFORM, NN, NJITe MSTe NLTe TOL, 26JAC

LY Ne wle NP2, 1STTe LTT, ISYPELIDJ, 12FED

] MCs 1PSe 1P IPl0 13FE0

COMPUR /BAK2/ XL oRARsX10X2 0] 101280 H, THoHSO HCUXZL 26JA0

COMMUN /BLKS/ MNJITMNST JRNLY oM, MINCS o MNC 6 » DS T sMNLC OTFED

COMNUN /BLEA/ ST1eST2e573e5T405T3:5T8 26JA0

COMNUN /BLKS/ WFSUB 08APO

COMMON / Rl /7 Lo Mo N1 0BAPC

COMMENT ~ SET TENPORARY CONTROL CONSTANTS FOR LOAD TYPE wHICH IS 16MY0

COMMENT =~ HAVING 1TS £ IXED-END~FORCE MATRIX FORMED 16MY0

IPILY o JPIMLCISTTY) 26JA0

26JM0

L = Z2LS(I8TV) 26JA0

PRFT » PRFLISTT) 26UA°

PRAEY = PRAELISTT) e A0

NCDET = NCDSLISTT) 26JA0

NCS1T = NCSLCISTY) 26JA0

UOXT = UOXILTT) 26JA0

YOVT = YOVILTT) 26JA0

NCOLY = NCDLILYTY) 26040

NCOLT = MCOIILTIT) 26JA0

IF (NCDST oMEe O +OR. NCDLY oNE. O) GO TO 2100 26000

COMMENT = PRISMATIC MEMBER WITH UNIFORM LOADS 16MY0

COMMENT ~ COMPUTE CONSTANTS AND AXIAL £1xED-FND-FORCES 16Mve

W2 =» Lo 26JA0

COMMENT

COMMENT
COMMENY

COMMENT
COMMENT
1600

COMMENT
COMMENT
1700

COMMENT
COMMERT
1800

2000

2100
COMMENT

COMENT

230

COMMENT
COMMENT

FOMM(]) » ~ Co5%URXT®ZL

FOMM{4) = FOMMIL)
IF C(IPINLT LEQ. O +AND. IPINRT LEQ, 0) GO TO
ZERV FLEXURAL FIXED END FORCES

FOMM(3) = FOMMIG) = 0.0
1F C(IPINLY .EQe 1 «AND. 1PINRT LEQ, 1) GO TO
1¥ (IPINRT LEQ. 1} GO TO 1700
COMPUTE FLEXURAL FIXED-END-FORCES FOR MEMBEFR
FROM JOINT

FOMMIZ) = -0.375%UQYToZL

FOMM(S) » ~0.625%UQYTOZL

FOMMIE) = UQYTSZL2/8.0
GO 70 2000
CUMPUTE FLEXURAL FIXED-END-FORCES FOR MEMIER
BOTH JOINTS

FOMM(2) ® -0.5%UQYTo2L

FOMM(S) = FOmM(2)
GO 70 2000
CUMPUTE FLERURAL F1XED-END~FORCES FOR MEMBER
TO JUINY

FOMNI2) o ~0.625%U0YTSZL

FOMM(3) = -UQYT®2L2/8.0

FOMM(S) » -0.375%U0YTeZL
60 10 2000
CUMPUTE FLEXURAL FIXEO—ENO-FORCES FOR MEMBER
CUMMNECTIONS AT BOTH JOINTS

FOMM(2) » - 0.35°URYTOZL

FOMMIZ) = ~UQVT®ZL2/12.0
FOMMI(S) o FOMMI2)
FOMMIG) » ~ FOMM(D)

CONTINJE

GO TO 9900

CONY 1 mSE

RUNPRISMATIC OR NOMUNIFORMLY LOADED MEMBER
1F (1FOR® .E0Q. 1} GO TO 2700
T o ZL/N
e 0.50TH
"SO = HEM
WU = HSO®N
oL = 20mP)
1€ (NCDST MEs D) GO TO 2400
DISCRETIZE PRISMATIC STIFFNESS DATA
DO 230V 1 = )oP2
SX(1) = SY(1) » S2(1) = 040
AE(]) » PRAEY
Fil) o PRFY
AE(L) @ Fi1) o AE(MP2) » FIMP2) = 0,C
GO T0 2%00
RONPRISMATIC MEMBER

SUBROUTINE DISCST DISCRETIZES MEMBER STIFFNESS DATA F, AEs

COMMENT -~ SKe SYe AND §2

26v0 CALL

2500

DISCST  NCS51T» NCOSTs 2L 1)
CONTINVE

COMMEAT - STORE MEMBER EMD RESTRAINTS ST1-STé

$T1 = $xi1)
$72 = SYL1)

18%0

1600

PINNED AT

PINNED AT

PINNED AT

wlTH R1GID

26JA0
26UA0
26JA0
16MY0
26FED
26FEQ
26JA0
16MY0
16MY0
26JA0
26JA0
26JA0
16MYQ
16myQ0
16MY0
26FEO
26FEO
lemy™
16MY0
16MY0
26JA0
26JA0
26JA0
16MY0
16MY0
16MY0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
26JAD
16MY0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
16Myp
26JA0
26JA0
26JA0
26JA0
26JA0
26JAC
16my0l
16MyYQ
leMYO
11FEO
26JA0
16my0
26JAC
26JA0
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COMMENT -
COMMENT -

COMMENT ~

2700
COMMENT ~

2000

COMMENT -

2900 CALL

3000

CALL

CALL
COMMENT ~ FORCES
C

9900

[aNalaNaNaBYal

SUBRUUTINE DISCLD ( MCO1Ts NCOLTs ZLo LY )

OI1SCREVIZE
00 2000 | =

$TH = g2(1)

$T4 = SN(MPLY
$T5 o SyimPl)
$Te = $20MP1)

o oe)

MY = )
SET MEMBER-END-RESTRAINTS EQUAL TO 1.,0E+99 FOR FIXED-END-FORCE
SOLUTION
$X(1) o SX(MP]1) = 1.0E£99
$Y(1} @« SY(MP1) = 1,0€99
SIt1) =« SZiIMPLY) = 1,0E99
ZERO PINNED EMD ROTATIONAL RESTRAINTS
IF (IPINLTY oEQe 1) S2(1) = 060
IF (IPINRT ,EQe 1} SZ(NP)) & 0.0
CONTIMVE
IF INCDLT e O) 60 TO 2900
UMIFORM MEMBER LOADS

axiir =
avilr
QL) =
QR (MP21
Qx(l) =
Qvil) =
Ql(l) =

60 TO 3000
NONUNLFORM LOADS X
COMMENT ~ SUBROUTINE DISCLD DISCRETIZES GEMERAL MEMBER LOADS Ox., Ov, 02
DISCLD ¢ NCO1Ts NCOLTs 2Lo LI }
CONT I NUE
COMMENT = ARIAL SOLUTION FOR MEMBER LOADS

ARIAL ¢ MLT
WFIUB « 12
COMMENT =~ LATERAL SOLUTION FOR WMEMBER LOADS
GRIPZA ( Rty RO, We SLs SU» LIy Lae L6y D
COMMENT = CALCULATE MEMBER-END-FORCES WHICH ARE EQUAL TO FIxED—END~-

ALL MEMEND ( we FOMM, Lo )
COMMENT — ZERO END-MOMENTS FOR PINNED END MEMBERS
IF (IPINLT o£Qs 1) FOMMI3) = 0,0
IF (IPINRT EQ, 1) FOMM(IG) = 0,0
CONT I g
RE TURN
END

= QY(MP2} = O2(MP2) = 0.0
OX(MP1} = 0.3°UOXT*TH
OY(MPL) » 0.38URYTTH
0Z(MP11 = 0.0

SUBROUT INE

26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
16MY0
16MY0
26JA0
26JA0
26JA0
16MY0
26JA0
26JA0
26JA0
26JA0
16MY0
26JA0
1eMy0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
16MY0
16mv0
11PEO0
26JA0
1680
26JA0
08APO
16mv0
1540
16Mv0
16MY0
08APO
16mY0
29JA0
29JA0
26JA0
26JA0
26JA0

SUBROUT I NE

e

11FED

COMMENT ~ SUBROUTINE DISCLD DISCRETIZES GEMNERAL MEMBER LOADS QX+ QY, QI 22MY0

COMMUN /BLOCKGE/ XLLILSD)
Q2L 11501 )
COMMUM /BLOCKT/ FL 421

2

26JA0
26JA0
26JA0

VEWUN o uN

STt a2), QX( 421, QYt 420 Q21 a2), Al 42)»

Bt 822, Al 420, Dt 421, DX a2), DY 421,
DZia2)y, Ulia2i, v1ta2), w1la2), U2(a2l,
v2ia2), W2(821, ERX(421, ERY(42), ERZ (42),
RX(421, RY (421, RZia2)

COMMUN /BLK1/ KEEP2s KEEPY, KEEPAs KEEPS, KEEPG. KEEPT,

ITYPEs NCD2+ NCD3y» NCD&s NCDSy NCD6s NCD7,
1ABAN, IFORMs NM, NJT, NST, NLT, TOL »
LD [ 21 HP2, 1STTe LTV, ITYPEL,1DJ,
mCo 1P, 1P9, P10

COMMUN /BLK2/ XL oXRoX1oX25110129oN0eMeTHIMSQIHCUX2L

COMMENT -
1020

COMMENY -
COMMENT -

1100

1110

COMMENT -~
COMMENT -

ZERQ MEMBER LOAD DATA
00 1020 | e 1emP2
QX(l) ® OV(]) = QZ(1) = 0.0
NCO62T = NCOHLIT = 1 + NCOLT
11 = NCH1T - )
11 GDES FROM NCO1T TO NCO2T
8l = 1] + 1
READ DATA PROM ONME CARD 1MAGE (LOADS AT LEFT OF SECTION)
HWos pL(I)
R = xRLUID
oY = QXLIID)
QYLY = OvLUID)
‘QRLY = Q2LIIN}
IF txl NE, 0.0) GO TO 1100
VARLABLE LOADING SECTION READ ONE CARD IMAGE ILOADS AT
RIGHMT OF SECTION)
Il =11+
AR = xmL(ID)
QARY = OxLell)
OYAY e OoYLIID)
QIRT e QRLILI?
G0 To 1110
OXRY = QXLY
QYRT = QVLY
QIRT = QLY
CONT Ig
IF ¢ XL oNEe XR) GO TO 2100
CONCENTRATED LOADS CALL CONLD TO DISTRIBUTE CONCENTRATED
LOADS TO ADJACENT STATIONS

CALL CONLD ( QXLTe XLo QXo L1 )

CALL

COMLD ¢ QVLT, XL, Qv, L1 )

CALL CONLD ( QZLTs XL Q2s L1 )

21vo

12 » 212
X2 = XR = [2°TH + TH
MO = 12 - 1)
COMMENT = VISTRIBUTION LUADS CALL LINLD TO OISTRIBUTE LOADS STATIONS
COMMENT - 11 TO 12
IF (OXLT oEQq¢ 0.0 «AND. QXRT +EQq 040} GO TO 21%0
CALL LINLD ( QXLTs QXRTy QXs L1 )

G0 TO 2200
CONT I NuE
211 = XL /TH » 2,0
11 =211
X1 = J18TH = XL =~ TH
212 = XR/TH + 1.0

T 13MR0

26JA0

26JA0
12FEO0
13FEO
26JA0
15MY0
26JA0
26JA0
26JA0
26JA0
15MY0
26JA0
15Mv0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
15Mv0
15MY0
2600
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
15MY0
15MY0
11FEC
11FE0
11FEO
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
26JA0
15MY0
15MY0

-11MY0

11FE0



2150 IF 1GYLT JEQ. 0.0 +AMDs OYRY +£Q 0:0) G0 o 2160 11MY0
CALL LINLD ¢ QViT, OYRT. QYe L1 11FEQ
218D 1IF (QZLT LEG, 040 JAND: QIRT +EQ, 0:0) GO 1D 2200 11my0
CALL LINLD € Q20T+ QZRTs Q2+ L) 11FEQ
2200 CONY LI 26J0A0
92000 IF (11 4.7 NCH2T) GO YO 1030 26440
%00 CONTLME 26JA0
RETURN 28 JA0
c N 26J40
[ 9 *SARS L S5 2038888 12222322 2222222221212 2222222222222 23
<
g SUBROUT I NE SUBROUY INE SUBROUTINE SUBROUT INE
[ 4 8 # L * 289 SSINHS 289808y XAl 44 2]
<
SUBROUTINE MEMENRD { We FMM, L4 ) OBAPD
COMMENT ~ SUBROUTINE MEMEND CALOALATES FORCES ON END OF MEMBER USING 15MY0
COMMENT ~ DISPLACEMENTS FOUND FRDM MEMBER SOLUTION 15MY0
DIMEMSLON FMMiG) . MILE) [:] 710
COMMON 7BLOCKT/ FL 421 AEL 42)» XL 420, SY(a2)s 28JA0
2 SEZi A2)e QRE 4200 QrtL 421, QIt A2, Al 420 26400
3 Bt 42)s AL A2 Dt 423, XL 420, DYL #2)s 28JA0
L) DZta2)e ulta2ds VitaZls wWlia2), V2042 13MR0
| 3 Y2(A2)e W2EA2) e ERXEA2) ERY(A2), ERZ(A2) 1RO
[ RE(A2)e RYIA2) RLis2) 13RO
COMMUN /BLKL/ KEEP2. KEEPSs KEEPAs KEEPS. KEEPG. KEEPT, 20JA0
2 ITYPEs NCD2e NCD3e NCD4s NCD3e MCDAe NCDT, 26JA0
3 IABAN, TPORM, NN, NITe M5STs MY TOLs 26JA9
L3 e wWle WP2e  1STYe LYY, 1TYPEL1DJ e 12FEO
5 MCe 1PGs  IPY.  1P)O 13FED
COMMAM /BLKD/ KL oXRoX20X2¢01¢12oM0eHe THINSGsHCU XN 26JA0
COMMOM /BLKA/ $T1e5T2¢87308T4057345T6 26JA0
COMMENT ~ COMPUTE AXIAL EN® FORCES 15MY0
DOX = DX(2) ~ OX(}) 26JA0
FHR (1) = ~AE(2)%DOR/TH < ST1%DX(1) - OX(1) 26JA0
PDX = DYINPL) ~ DX (M) 26JA0
FUN (43 = AEINPLI®DDA/TH + STARDXRINPY) ~ OX(MP)) 26JA0
COMMERT —~ CORVERT DISPLACEMENTS FROM GRIP28B (W) YO LATERAL AND 15mv0
COMMENT ~ ROTATIONAL DISPLACEMENTS DY AMD D7 15MY0Q
DY(1) = M(LA} 26JA0
O243) = W2} 28JA0
DYiI2) « WIS 26JA0
DZi2y = Wial 26JA0
OViN) = WiZ%M -~ }) 26JAD
DZiN) = Wi2wMm) 26JA0
DY(MPL) o W(2%1M « 1) 26.JA0
ODZ(NPL) » M2 + 2) 26JA0
COMMENT ~ COMPUTE CURVATURES 19MY0
TAUL & (DY42) = DYLLII/N = (1.5%D2 (1) + 039021219 26JA0
TAUZ = ~iDY42) = DYLLII/ZH + {0.5%02(1) + 1.%%0212)) 26 JA0
COMMENY ~ COMPUTE LATERAL AND ROTATIONAL ENOD FORCES 15MyD
FUML €23 & FL2IRITAUR ~ TAULIZHSQ + ST2%0Y(1) ~ OYL1) 2640
FMM (30 o FI2INE ~1.9%TAUL & O¢3*TAUZI/H & STISDZ(1) ~ 26280
2 QT 26.JA0
TAUL ® (DY{MPL) =~ DYIMII/H = (1.5%02iM) & 0,5802(NP1IY  28JA0

TAUZ » ~(DYIMPL) =~ DYIMII/H & (D.5"DLIM) + 1,54DZ(MP1))  26JA0
FHM (5) = FINPII®(TAUL ~ TAUZI/HST + STSSDY(MP)Y - 28JA0
2 QYINP1} 26JA0
FHM (6) » FINPLI®L ~ DoS®TAUL + 1.5%TAUZI/H 26JA0
2 STERDI(MPL) - Q2(NMP]) 26040
RE YUl 26 A0
END 26JA0
<
C SRS RSEERSENNNSANRETINESSRANSNESSRRRRERNRRARS sssesas sacee
<
< SUBROUT INE SUBROUTINE SUBROUTINE SUBROUT I NE
g SEBtpsusegieesIRIRBRR SRR L sssaa - "SnE. e
<
SUBRUUTINE FSUBLL ( SUse FFe Lae INB ) 250
COMMENT = SUBROUTINE FS0B11 FURNISHES RIGHT SIDE OF SYMMETRIC STIFFNESS 2Imvp
CUMMERT ~ nATRIX SU AND LOAD TERM F 70 GRIP2A FOR FRAME SOLUTION 21MY0
COMMENT ~ SU 1S ONE ROW OF STIFFNESS MATRIX AND F 1S CORRESPONDING LOAD 2IMYD
COMMENT ~ FSUBL1 FORMS SSL (3 ROWS OF SU) AMD FSS t3 LOADSY EVERY THIRD 2ImYo
COMMENT = CALL FROM GRIP2A AND FURNISHES SU AND F FOR EACH CALL 21my0
DIMENSION SUS (LA} 21my0
DIMENSION SMME3,3)eSMSI3s3)9DCI3e31:DCTIR:3)0,T3313.:3), 21MY0
2 FRN(3)4FS551(3)FN513) 21My0
COMMUN /BLOCKLY X1 T8)e YU 75%%)e QEXi T5)s QYYL 753, 15FE0
2 GIZC 151 SXXU 753 SYYt 151, S22t 15, DAX{ 751, 13FEO
3 DYYL T5he DLt 75)» RAXY Y55, RYYE 15} RIZt 151, 13FED
L) EREX¢ 753¢ ERYYL 751 ERZZt 1%} 15FED
COMMN /BLOUCKD/ OXST 300 DYSt 503, LSt 501, 0C181 50), 28JA0
2 OC251 %03+ PRF( 30} PRAEL 801. NCDS( 503,  1AXOPS( 301s 26JA0
3 IOPOPL 501 IPINLL 30)s IPINRU 50)e NCBIL 303, SMCT 504131 20my0
COMMUN /BLUCKS s DALT 3500, oYLt 503, ZLLt 300 OCILt %0), 28JA0
2 DC2Lt S01e VORI 501, uoYt 505 NCDLC 500« 1AXOPLLE 301, 26JA0
3 NCO1t 30D 28JA0
COMMUN /BLOCKA, JTIE150), JT2€1503, ISTC150}), LYt1501), 26.JA0
? FOMME15046) 26IA0
COMMUN /7 BLOCIO 7 SSL 13,30} 0BAPO
COMMUN /BLK]Ys KXEEP2s KEEPY, KEEPSs KEEPS, KEEPOs KEEPT, 26JA0
2 LTYPEs MCD2e MCD3¢ NCDAs NCDSe MCOBs NCDT, 26JA0
3 LABANs LFORM, M, NJIT, NST,» MY, TOL o 28.JA0
L] Mo "y, MP2, ISTYs LYY, TTYPEL1DJ 12FEO
S MMCo 1P8, 1P 1P1G 13FED
COMMUN /7 R1 /7 NLe MLe J1 0sAPO
NA = M 08APD
na = 08APO
Jise = J) 08APOD
IF (J1A JR€e 1 1 GO YD 1300 26JA0
COMMENT ~ SET CORSTANTS UM FIRST CALL FROM GRIP2A 21mY0
1HOP] =« 1HB + ) 26JA0
In8] = 148 - ) 26JA0
SMM{1e2) = SHMM{1:3) = SMM(2,]1) = SMM(3.1F = 0.0 20MY0
OCtle31 = DCE2e3) « OCENe]) = DCUBe2) w D00 28 JA0
ODCTELe3) » DCTL2:3) = DCTUD,11 » OCT(3e2) » 060 26.JA0
DCE3+3) = DLTINI) & 1.0 26J4A0
COMMENT =~ COMPUTE JOINT MUNBER FOR wHICH EQUATIONS ARE BEING FORMED 21mY0
1300 JIN » (14 ~ L173 ¢ ) 26JA0
COMMENT - 5KIP FUR EVERY SECOND AND THIRD EGUATION (CALL FROM GRIP2A) 214Y0
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CONMERT

1500

COMMENT
COMMENRT

COMNENTY
COMMENY

COMMENT
COMMENT

COMMENT
2250

2300
COMMENRT

COMMENTY

COMMENT
23%0

1%00

CONMENT ~ TRANSFORN

-

IF tJ1s .lEo IRJIIN - 2}

ZERO

GO TO 4000
SSL AND F33

0O 1400 1 5 14 3
DO 1400 J = 1,1HBP)

DO FOR EACH MEMBER - ADD ITS STIFFNESS MATRIX AND LOAD MATRIX

INT0

$5LiT1eJ) = 0.0
FE541) » FSS(2) » FSS5(3) « 0.0

STRUCTURE STIFFNESS MATRIX S5. AND LOAD MATRIX FSS

DO 3500 | = .M

[ L]

k1P
1F 1

FORNM T

JTLEEY oBEs JTH <AND. JTZ21I} oNEs JIN )} GO TO 3500
1$TT = 1871}

FOR NULL MEMBER

ISTT EQ. O ) GO YO 3300

RANSFORMATION MATRIX AMD ITS TRANSPOSE
DCilel) » DCRSLISTYY

DClle2t = DC2EIISTTS

DC(201) & » DCILo2}

DCEZ22) s BDC(Le})

OCT{1s1) = BCULs)}

OLTile2t » DCIZ+1)

BLTLZel) » DCLL 22

DLT{22) » DCL2+2}

JIZUEE oFQs JTN) GO TO 2300

FOR OFF3PRING

M.a E0,0 ~1 | GO TO 2230

SMI FOR MEMBER wITh FROM JOINT AT JOINT Jin
SM{L1e)s = SMC(ISTT.))

SMN(2e2) = SHCIISTTHD)

SMMI23) o SHCLISTTeA)

SMI32) = SMKCLISTT )

SMMI3,3) » SMCIISTTT)

FMM FOR MEMBER WITH FRON JOINT AT JOINT JTN
PHNEL) o FOMMILWL)

FMN(Z) =« FOMM{]2)

FRpi(3) = FOMN{LS)

0 To 2300
CONTINmE

Kip
IF ¢

FOR OFFSPRING
e JEQ. -1 ) 6O TO 2330

FORM St FOR MEMDER wiTH TO  JOINY AT JOINT JIN

SMM{3,3)
FORM FMM FAR MEMBER Witk 10

SMM{L1edy & SMCLISTT.L0)
SMM(2,2) = SMCLISTTW1L)
SMM{2,3) = SMCLISTTL12)
w{ioth = SHC{ISTT.12)
SHCLESTTL1S)

JOINT AT JOINT TN
FOMMLT o4 ) -

FOMMLY 081

FOMML S ob?

FIil) »
HN(2) -
FM(3) »

CoONTinug

iF 1

MA o£Ge =1 ) GO TO 2380
SMM AND FMM TO STRUCTURE COORDIMATES SMS AND FMS

CALL MATM33S ( DCTo SHMe T33)

CALL MATNIS { T332 DC»

M5

2550 CALL MATMI1 { DCTe FiM, FuS)
COMMENT ~ ADD (SUBTRACTS IN FMS TO STRUCTURE LOAD MATRIX F55

28JA0
21my0
26A0
26JA0
26JA0
31JA0
2IMYQ
21mY0
26JA0
26JA0
26JIA0
21MY0
29JA0
21nYo
26JA0
26JA0
26JA0
26JA0
28JA0
26JA0
26JA0
26JA0
26JA0
21MY0
O5MRO
21my0
20myo
200v0
20y 0
20mY0
20mMYQ
21MY0
20my0
20MY0
20my0
26440
2TIA0
21MY0
O5SMRO
218v0
20My0
20MYQ
20Mv0
20mMvQ
20MY0
21Mv0
21nv0
21MY0
2iMy0
26JA0
O%MRO
21Mv0
20MY0
20MY0
20MY0
21nv0

COMMENT ~

COMMERY -

COMMENT -

COMMENT -

COMMENT -
2700

3000

SKIP
F ¢

FS5St1) = FSS(1) - FuStl)
FS542) = FSS(2) ~ FMSi2}
F$513) a FSS5(3) ~ FHMS(3)
FOR DFFSPRING

ML& «EQ. ~-1 ) GO TO 3500

#D0 IM SMS TO DIAGOMAL SUBMATRIX OF S5L - SYMMETRICAL TERMS

SKiP

S5L(1e1) = SSLIls1}
55L(1e2) = SSL{1,23
SSLEle3) = SSL(1eD)
55L1242) = 550L12+2)
SSLU2e3) = S5L12,3) SM51243)

S5L13s3) = 55L (3.3 SMSE3e3)

FUR SMM WHICH ARE YO LEFI OF DIAGOMAL

SM5(1s.1)
£MS5(1,42?
SM5i1,3)
SMS(242)

LR IR K 2% 3 3

1F (JTN GE, JT1(I) +ANCe JTIN «GEe JT21i11}% GO TO 3500
IF (JT2(1) +€EQ. JTN} GO TO 2700

FURM

FURM

SMM FOR MEMBER wiTH FROM JOINT AT JOINT JIN
SMMCTal) = SHMCEISTE. 2)

SMM(2:2) = SMC(ISTYs %)

SMM(2,3] = SHCIISTT,.8)

SMMI3s2) & SMCIISTTW8)

SAMi3.3) = SMCLISTTD)

GO 10 3000

MM FOR MEMBER WITH TO J0INT AT JOINT JIN
SMM{1el) » SMCLISTTH2)

SMM{Ze2) = SMCIISTT5)

SMRIZ3) o SHCIISTTWB)

SMMI3+2) = SMCLESTTWS)

SANI3s3) = SMELISTTWS)

CONY INUE

COMMENT = TRANSFORM SMm 1O STRUCTURE CODRDINATES SMS

CALL
ALL

MATMSS ( DCY, SMMy T33 )
HATMID ( T33, DCs SMS )

CA
COMMERTY - PLACE SMS IN SSL

3500
COMMENT -

COMMENT ~
COMMENT -

COMMENT ~

JZ1 = JABS (JT2(1} - JTItL)}
1STP » 3021 » )

SSLIL.ISTP) w SMSilel)
SSLEL1.ISTP + 1) . SM5(1.2)
SSLil.ISTP » 29 & SM5(1+3)
S5LE2005TP) = $MS(2.1)
S5SLI2+ISTP » 1) ® SH512+2)
SSLI2+4STP & 20 = SMS(2.M)
55L(3,151P) = SM5{3,1)
SSL(3«1STP + 1) = S5MS5(3,2)
SSLE3ESTP & 2} = SMS5(3+3)

CONTINUE
ADG 1M JOINT LOADS

skie
IF {

F55¢(1) » FSSE1 + QxXUJTN)
F5512) = F5582) ¢ QvviJatm
FSS(3) » FS5543) + GIZVJTHY
FUR OFFSPRING

M6 +EQs =1 ) GO TO 4000

ADD IMN JOINT RESTRAINTS

SSLCEel) = SSLULe1) + SXXIJIN)
S55L12+2) = SSLUZ42) ¢ SYY{ITM)
55Lt3:3) = SSLI3,3) & SIZeJTN)

SHIFY SSL TO FACILITATE OBTAINING SU FROM 2ND ARD 3RD ROw

20MY0
20MY0
20MY0
21M4Y0
05MRO
21MY0
20MY0
20MY0
20MY0
20MyH
208y O
20MY0
21RY0
OIFED
28JA0
21M¥0
20MY0
206Y0
208v0
20mY0
20my0
26UA0
21MYQ
20MY0
20mv0
20My0
20MY0
20My0
264A0
21Mv0
20Mv0
20MY0
21nv0
29JA0
26JAD
20MY0
20MY0
20MY0
20mYQ
20MY0
208y
20myD
20670
20MY0
26JA0
2inve
27TJ4A0
21JA0
21JA0
21mv0
O5MR0
2§MY0
2740
27JA0
21JA0
21mv0

oLt



COMMENY =~ UF SgL 2 1MY0 [< LR Ty T T Y P Y PPN T T PP T PR T Y Y T

DO 3400 1 » 1sIHB 27J40 <
3800 58L12+01 = S5L(2» L + 1) 27JAD SUBRUUTINE MATMI] 1t AMs BV, CV ) 26JA0
DO 3700 | = 1lelHBl 27JAD COMMENT - THIS SUBROUTINE MULTIPLIES A 3X3 MATRIX .AM. TIMES A 26 JAD
1700 SSL(3.1) = S5L(3.0 + 2) 27040 COMMENT = 3X1 MATRIX ,BY TO PRODUCE A 3X1 MATRIX (¥ 26JAD
SSLIZ2.THBPL) = SSLU3.IHBPL) = S8LI34IHA) = Q.0 ?B8JA0 DIMENSION AM(D+31»BYLD )LV} 26JE0D
4000 COMTIRUE 26 JAD 0O 2% ] = 1,23 26JA0
N123 = Jl4 = 3JO0,TN = 3 05MRO C¥rl) = 0,0 26340
IF L ML& EQ. -1 ) GO TO 400 OsMRO DO 28 K = 1,13 26 JAD
COMMENT — SKIP FOR OFFSPRING 21my0 CY¥il] = AMIToK)I®AVIN) = CYI]) o010
i8 = IHBP1 010 2% CONTINVE 26JA0
COMMERT - FURK SU FROM ROWIN123) OF Ssi Z1MYQ RETURN 26JA0
DO 4300 1 = 1,1HBP1 27340 END 26440
SUari) = SALINIZI.IB) 91JEO <
4300 I8 = jp~-1 s} N1 ' e S EA TR eI RA RIS RRREed s RataleBntensnsdfonslsnsagrdedsanadbaneletias
4400 FF = F35(M123) 2YJAD C
COMMENT = SKLP FOR ALL BUT OFFSPRIRG 21MY0 < SUBROUT INE * SUBROUTINE SUBROUT I WE SUBROUT LME
LF (MLa «6T2 =1 1 GO TO 4430 O3MR0 C
COMMEMT = CHMECK FOR UMDEFINED DISPLACEMENT IM PARENT OF THMTS OFFSPRING 2Z1mvQ C LR L e P R R TR ST T YA Y T Y
1F ( NI23 €0« L sAMD, DXX{JTN) 2EQe 1<0E99 ) GO TO 4480 GBAPD 'd
IF ¢ M123 EQs 2 «AMD, OYYIJTM)} 4EO0. 1.0E99 ) GO 1O 4480 OBAPO SUBRGLUT INE Sum) 1Z7FEQ
IF § M12Y LEQs 3 <AMD. DIZIJTH} LEQ. 1e0E99 § GO 10 4480 0BAPO COMMERT — SUBROUT INE SuM] DOES SUPERPDS{TION SOLUTION FOR FRAMF 24APO
GO TO 4300 05MRD LCAMENT - JULRT DISPLACEMENTS AND REACTIONS FOR FAMILY PROBLEMS 24AP0
4450 K = [HBFL OSMRO CuMMul /BLUCELY X1 T30 YO T80 OoxXxt T%)» OYY[ 751 13FEG
IF (3UiK} «MEs O0.0) GO TO 43500 DAMRO P WwEZ1 Thi. SAXL T3 SYYL 731, SZZt 150 OXX[ 7?5104 13FEQ
COMMENT = LERO ON DIAGOMAL OF MATRIX - DISPLACEMEMT UNDEF INED - S€T 21mY0 3 DYY( T31a oLZt T34 RXXL 78D, RYYL 780 RIZ1 %), 13FEC
COMMENT ~ DISPLACEMENT EQUAL TO 1.0E=99 21MY0 4 ERXXL 73)s ERYYQ( T8, ERZZ( T75) 13FEQ
SU&(K] & 1,0 05RO Cubmod fBLUCKAY JT141500. JT241%0)0. ISV11%01, LTUI30), 26JA0
4480 FF = 1,099 03MRO 2 FOMM{ 15060 Z6JAD
4300 CONT | NUE 03MRO CuMMl /BLOCKRBY, NP(2])421)e IMi21) D9JED
RETURN 26 J00 CuMMuN /BLR]l/ KEEP2. KEEP), KEEPA. XEEPS, KEEPS. KEEPT, 12FEQ
EnD 26JA0 2 ITYPEs WCDL2e MCD3y NCD&s NCDS» MNCDBs NCDT. 12FED
< 3 JABAM, [FORM, MM, NJT» MST, MLT TOL s 12FEC
c ittt ettalEtdcdad RN SanadediRoieR iR yeatandagnicdnatocdnandenag & MMy MP), sz. ls-[]" LYT. .1T'pEL.]nJ! 12FED
< s MLCy  IP8,  IP9,  1PID 13FF0
(4 SUBROUT INE SUBROUTT N SUBRCUTINE SUBROUT I e REMIMND 1 18JfF0
C CUMHENT — 2EHU JUINT DISPLACEMENTS JREACTIONS JAND LOADS 20MYO
£ ORGSR Aleal AR AR IR RN R R Rl alad et R leRtaangReRasRntasRRRRRE Lo 1)dw I = 1y NJT 12FEQ
< DxXxt(1} = Drvel) = DIZ(T) = 0,0 12¥FD
SUBRUUT IME MATMIS ¢ AWM. BN, (M} 26JA0 RXX(]1) = RYY(]) » R2Zt1) = 0.0 12FED
COMMENT ~ THIS SUBROUTINE MULTIPLIES A 3X3 MATRIX .AM. TIMES A 26JA0 11v0 OXxil) = QYY1 » QZZ2t1) = 0a0 12FEQ
COMMENT = 3X3 MATRIX ,BMs TO PRODUCE A 3XI MATR[X »CM 26Jh0 COMRENT - U FOR EACH PRUBLEM RESULTS ARE STORED FOR 20MYQ
DIMEXSION AMIT 31 sBH{Ba3) LMY 26JA0 DO 2acl J = 1» MLC 12FEQ
DO 2% 1 = 1,3 PoJAD COMMENT — CREXERYY LRZZ.AND FOMM ARE w07 REEOLD FOR TYPE & PROBLEM AND 20mMY0
DO 2% J = 1.3 26JA0 COMMENT - ARE USED AS DUMMIES TU READ [N YALUES OF DISPLACEHMENTS. 20uY0
CHils) = 0.0 76JA0 COMMENT - REACTIOMS AMD LOADS FROmM TaAPF ' Z0MY0
LU &3 K = 1) i6J40 RLAD td} ¢ LRRXtLbve LRYY((1y ERLLUIDs FUMMITal)s FOMMIT 021y 16JEO
CHM{led) = AMCEXI®EM(KS) & CHMILaJ) 286940 2 FORKILs3te FOMMIl a4 )s FOMME] 431y FOMMITGG) » | = J.NJT | 19FEQ
2% CONT 1 MUE 76JA0 COMMENT - 5KIP FUR ZERD MULTIPLIER 20mY0
RETURM 28JA0 IF ( IMiJr LEQs 0e0) GO TO 2400 12ZFFO
EMD 26JA0 COMMENT - MULTIPLY AMD SUM 20MY0
C 00 2100 I = 1» MJT 1.3FEO
C USRS R AR SNSRI St NSRS EERSEI S SR IR ECRRCNIR NS tBRRasRataRRRRTan DEXXE]) = DXXUI) + ZMIJ}*ERXN(]1) 13FE0
c DYYtls = DYY(h) = ZMIJI®ERYY(]) 13FE0
c SUBROUT I W& SUBROUT | Mg SUBROUT INE SURROUT T MF DZ2Zt1) = OLIfL) = ZMIJISERZZ(I}) 13fr0
C RXXC1) = REXUL) & JKLJI*FOMM(| 41 12FEC

TLT



RYYil) = Ryvyel)

+ M) FOMMIT 2] 12FEQ CUMMUl /BLKS/  MMIT MMST JMHLT JMAH MACS  MNC 6 o MDJ T JMNL 1 IMRO

RIZLLE) = RZT(T) « DIMIIISFOMMITL3Y 12FED COMMUN /BLK&/ ST1a8T2:5T0.5T4:57T5:5T6 1 3RO

CXXIZ) = QUXNIDD & IN(J)SFOMMIT oa} 12FEB COMMON /BLES/ MFSUS 03APOD

QYVIE) = QYYUL) + TRIIISFOMMIT 50 12FED COMMtUN / R 7 ML, M, J1 nBaPO

SIXIL) » QIZEL) + DALJIBFOMMIL o6} 12FED WP22 = mP2s2 16MPA

2100 - CONT | muUg 12FED MP221 = MP22 - ] 20MRO
24800 CONTimg 12FEQ il =M -] 1TMRO
RETURNM 12FEO IF (JJ .67, MM} GO TO 5100 16MRO

EmD 12FE0 ISTT = 357020 16MR0

[4 LTI = LTI4d) 16MR0
[ Laied ] L ] 4RS00 0N PS G TE R TSR SRR NN AN S4 AR S 0A O i URda PRty IF 1 1ATT .EQ. [ | 60 10 ,IOO I’MRO
14 LF tJJ EQ. ) GO TO 1300 16MRO
14 HBAOUT | SUBROUT I ME SUBROUT I RE SUBROUT | KE WF [1STT ME, IST(JD - ) ) GO 1O 1300 16MRO
c COMMENT — SKIP FOR MEMBER WHICH HAS SAME STIFFMESS TYPE AS LAST MEMBER 16MYO
[d e "o aoan Lo ki o o AL ALI R IL R LI AT ] M o= -] 1 TR0
c my = - 1 TMRO
WII MEMRES ( DMy JJo KK, RW, RO, Ms SLs 54, NPROS. AMZ, L1.08aP0 G0 10 2100 1 7RO

L3s Lbs L&s LT ) oaaro 1360 ConTINUE 13m0

contll'r = SHBROUTINE MEMRES COMPUTES WEMBER REWAL TS FOR ALL MEMBERS 24AP0 COMMEMT - SET TEMPOURARY COMTROL CONSTAKTS 16MYD
COMMERT — Ik FRAME, SUBTRACTS APPROPRTATE MEMBER EMD FORCES TO COMPLE TE 24AP0 IPINLY = IPINLCISTIT) 1 3410
COMENT — CALCULATION OF JOINT £OULID ERRORS AND PRINTS OUT MEMBER 24aP0 IPIMRT » IPINRIISTT) 138410
ComEnT - RESMLTS 2aAPO IL = AgtISTT) 14RO
DIFERSION RM(LILE)e ROILG)e WILE)s SLIL3Is SUILAY 0BAPD PRFY = PAFIISTT) 1IMRO
PIRENSION DCi3e3) s DMAI3I. DMSIZ)e DMILTa! 08aPO PRAET = PRAECISTTI 1 IMRD
PIMENSION FLRIS), F2ZN(3) 2 1MRO WCDST « NCDSIISTT) 1RO
DINERSION ARZILIS)» WPROBIZ) 1D NCS1T = NCSILISTTY 13420
COMMON /BLOCKY/ XL T30 Y1 T3 @Kt T31e QYY( T51. 13FE0 TH =« IL/Mm 13MRO

2 UZXe TH3e.  SXRC T3Es  3YYL TS31e  SIZC T3)e DXR( T3} 13FEQ H e 0,50TH 13MR0

3 OYYL Th)e DRIC T30 RXEL T3} RYYI 73)e RIZI 751, 13FED H5Q = Han 13RO

& ERMREL 737 ERYYI TH1. ERZZU 73) 1WED HCU = H$O™M 13MRO
COMMUS /BLOCKEs DESE 300s DY3L 30)s ZLS1 300e DCIS( 503, 2600 Moo ZemP] 13MRO

2 ODCZEL 3Q), PRF( 300, PRAE( 30)s WCDST 300 I4XOPSL 501. 28JM0 1F i{mCD3T .M. 0) GO TO Za0® 13RO

3 LOPOP L 3001 EPIMLI 300, IPINAIL 500, MC314 300, SwCr 5013 20M70 CUMMENT ~ PRISMATIC MEMBER DISCRETIZE WEMBER STIFFMESS DATA 16MY0
COMMUM /BLOCKY/ DELL 530).  DYLI 300y  ZLLI 30)e DCIL( 301, 2600 DU 2300 ] = ) P2 13MR0O

2 OCZLe 30pe WORM 300, VOVI 300, WCOLJ 30).  lAKOPLL 500 28JA0 SX(J) = SYUf) w SFUE) = O.D 13MR0

3 RCAIL 30D 26500 AE[]) = PRAETY 13RO
COMRE /BLOCKAs JTRE150), JT21150), 1570130)¢ LTI19D) . 26JA0 2300 Fel) = PRFY 1 34RO

2 FOMM(150,6) 26JAD AEL1) = FIl} = AE(MP2) = FiMPR) = (.0 13MR0
COMpLn /BLOCKS, XLSL T30s XRSE 730 FLI 75), AZLE 133, 2640 GO TO 2%30 13MRO

2 SELY THHe STLI T31e  SILL T5) 2640 COMMENT — MUNPRISMATIC MEMBER O1SCRETIZE MEMBER snrrncss DATA 16MY0
COMOR /PLUCKS/ XLLI130)s XRLE150)., QXL(130)e OML{1%0), 26 JA0 2400 CALL DISCST ( MC%1T, MCOSTe ZL o L1 D 1 3IMRA

2 QrL 1150 246JA0 2500 CONTIWIE 13MR0
COMOR /BLOCKT/ FL 421, AEL 42). X1 A2, AY(a2le 13MRO COMAEAT — STORE MEMBER-EMD-RESTRAIKTS ST1 - STe 16MY0

F SEL a20e QXt a2l QYL 421, QL 42). Al &421» 13MRD 5T} = 5x¢(1) 1RO

3 Bl 420, All A2). DL 42)s DXL &2), DYt a2, 13MRO 372 = SY(]) 134R0

4 DZIAZY, UITAZ) . wvita2yr. wiilée2)e UZ(4714s 1PO 5Ty = 82110 13I4R0O

s VZiaZie wWZiaZds ERx(a2)e ERY a2V, ERZ(42) e 13RO 5Ts = S5XIMP]) 1 34R0

[ RXI42)0 RY(AZ}» RZia2) 180 573 = SyY(mP ] 1 34RO
COMIUN /BLOCKS, T(Z1)e wi2lts BMI2]1)e DXT (211, 16MR0 $T6 = S1imP]) 1 34RO

2 PYT(Z1) e DITi2L) 16MR0 Moo= ] 13HRD
COMPRON sBak)ls KEEP2, KEEPS, KEEPA, KEEPS, KEEP6, KELPT, 1380 Wy =) ) 1 M0

2 ITYPE, BCD2s NCD3. BCD4s MD3e WCDEe NCDT, 13RO COMMENT — SET MEMBER-ENMD-RESTRAINTS EQUAL TO 1.O0E+99 FOR FIMAL MEMBER 16MY0

3 TABAM, LFORM, WM, wits RET e MLTe TOLe 13R0 COMMENT -~ SOLUTION 16MYD

& L1 ML, MP2, 51T+ LTITe ITYPEL:10Js 13RO SK(1) = SX{MPl) » 1.0E99 13MR0

3 NLCo 1PBe 1IPP, IPIO 134R0 S5YIl1) = SYIMPl) = 1.0E99 13MR0O

COMPIUN /BLKZ/ KL oXRs R oX23]1 T2 oMO oMo TH HSQoHCU X 2L 13420 52111 = S$1iMPLl) = 1.0E99 13RO

L1



COMMENT = ZERO PINNED EMD ROTATIONAL RESTRAINTS 16MY0 3120 QZ(1) = 0,0 16MRO

IF (IPIMLY €0, 1)} SItl) = 0.0 13MRO 315v CONTINUE 16MRO

IF (IPINRT ,EQ. 1) SZ(MP1) = 0.0 13MRO COMMENT -~ REPEAT ABOVE FOR TO JOINT 16MY0

COMMENT —- SET UP MEMBERS TRAMSFORMATION MATRIX DC 16MY0 J21 = JT2(J0) 08APO
DC(1s3) = DC(293) = DCU3s1) = DCI3e2) = 0.0 13MR0O DMS(1) = DXX(J21) 08APO

DCI3,3) = 1.0 13MRO DMS(2) = DYY(J21) 0BAPO

DCilel) = DCISIISTT) 13MRO DMS(3) = DZZtJ21) 0BAPO

DCi1+2) = DC2SIISTT) 13MRO CALL MATM31 (DCoDMS oDMM) 13MR0

DCI2s1) = =DCl1e2) 13MRO QX(MP1) = DMM(]191,0£99 13RO

DC(2+2) = DCl1o12 13MR0 QY(MP1) = DMM(219]1.0E99 13MR0

2700 CONT I NUE 13MR0 LF C(IPINRT ,EQ. 1) GO 1O 3220 16MRO
IF (LTT .MEe O ) GO TO 2750 13MR0 QZ(MP1) = DMM(3)9],0€99 13RO

COMMENT ~ ZERO MEMBER LOADS FOR LOAD TYPE ZERO 16MY0 GO TO 3250 : 16MR0
DO 2720 [ = L.eP2 17TMRO 3220 QZ{MP1}) = 0.0 16MRO

2120 QX(L) = QY1) = QZ(I) & 0.0 13IMRO 3250 COMTINUE 16MRO
GO 1O 3000 13MR0O COMMENT = FINAL AXIAL SOLUTION OF MEMBER 16MY0

COMMENT - SET CONTROL COMSTANTS 16MY0 CALL AKIAL ( MLY ) 13MRO
2750 UOXT & UOX(LTT) 134R0 NFSUS = 12 08APO
VYT = YOYI(LTT) 13MR0 COMMENT = FIMAL LATERAL SOLUTION OF MEMBER 16MY0

NCOLT = NCDLILTT) 13MRO CALL GRIP2A { RM, RO, Ws SLes SUs L3y Lbs L6, 3 ) 15MY0

NCOLT = NCOLILTT) 13MRO COMMENT - SET MEMBER LATERAL AND ROTATIOMAL DISPLACEMENTS EQUAL TO 16MY0

IF (NCDOLT oNE. O0) GO TO 2900 13MR0 COMMENT ~ SOLUTION VECTOR w FROM GRIP2B 16MY0

COMMENT ~ UNIFORMLY LOADED MEMBER DISCRETIZE MEMBER LOADS 16MY0 DO 330U 1 = 1, MP) 16MRO
DO 2800 ] = 2,M 13MRO J = 20y 16MRO

QX(l) = URXTeTM 1IMRO M ey -1 16MRO

QY(j) = VQYTeTH 13MR0 OY(I) = WiJML) 16MR0

2000 Qzily) = 0,0 13MR0 3300 OZ(l) = WIS 16MR0O
OX(MP2) = QY(MP2) = Q2(MP2] = 0.0 13MR0 Ul(l) = UL(MP2) = U2(1) = U2(MP2) = 0.0 134R0

QX(1) = GX(MPL) = 0.3°UAXT®TH 13MR0 VI(1) = V1IMP2) = V2(1) = V2(MP2) =« 0,0 13MRQ

QY(l) @ QY(NPLl) = 0.5°U0YTaTH 13MR0 M1(1) = WRIMP2) = wW2(1) = wW2(MP2) = 0.0 13MRO

QZil) » Q2(MPL) = 0.0 13MRO COMMENT = DU FOR EACM INTERIOR STATIUN 16MY0

60 T0 3000 13MR0 DO 3400 | = 2,MP] 13MR0

COMMENT = DISCRETIZE QENERAL MEMBER LOADS 16MY0 IPl « ] @1 13MR0
2900 CALL DISCLD ( MCHLTe NCOLTe ZL , L1 ) 13MR0 Nl =« =1 13MRO
3000 CORT I NUE 1 34RO COMMENT - COMPUTE AXIAL SMORTENING 16MY0
COMMENMT - STORE MEMBER-END-LOADS QT1 -QTé 161Y0 ODX « DX(1) ~ DX(IM1) 01JL0
aT1 = ox(1) 13MRO COMMENT - CUMPUTE AXIAL FORCES Oh ENDS OF ELEMENTS 16MYQ

072 = Qv(1) 13MRO U2(1) = AELL)®DOX/TH 010

QT3 = Q2(1) ) IR0 ul(l) = = y20H) 13MR0O

QT4 = oximPl) 1 34RO COMMENT ~ CUMPUTE CURVATURES ; 16MY0

QaTs = QvimPl) ) 34RO . TAUL L} (DYU1) = OY(IMIIDI/H  ~ (1e39DZ(IM}) @ 13MRO

oTé = Qz(WP1) 13RO 2 0e5°D2 (1)) 13%RO

J1I = JTL(II) NBAPO TAU2 o =(DY(1) = DYCIMI))I/H 4+ (0e5°DZ(IM1) @ 13MRO

COMMENT = SET MEMBER-ENO-DISPLACEMENTS IN STRUCTURE COORDINATES DMS 16MY0D 2 1.5°0211)) 13M4R0
COMMENT = EQUAL TO STRUCTURE JOINT DISPLACEMENTS AT FROM JOINY 16MY0 COMMENT - CUMPUTE SHMEARS AND MOMENTS OM ENDS OF ELEMENTS 16MY0
DMS(1) = OXX(J1]) 0BAPD wWith) = Fill®(=1,59TAy] ¢ 0.5°TAU2 (YL 13M4R0

DME(2) = DYYIILID) 08APD W2tl) = FII)®(~0,59TAUY e 1,5°TAU2 V/H 13MR0

DMSI3) = DRZIJLII 08APO v2(l) = Fi1)1®(TAU) - TAU2 ) /M5S0 13MR0

COMMENT ~ TRANSFORM DM§ TO DMM AT FROM JOINT 16MY0 vigi) &« = v2tl) 13MRO
CALL MATMI] (DCoDM3sDMM) 13MR0 COMMENT - COMPUTE STATIOK REACTIONS 16MY0
COMMENT - SET MEMBER END~LOADS TO 1.,0E+99 TIMES DMM AT FROM JOINT 16MY0 RX([M}) = =SX(IML)®DX(IM]) 13MRO
QR(1) = DMM(1)®] 0699 134R0 RY(IM]) &« ~SY([M})®DY(IN]) 13MRO

QYil) o DMM(2)2),0E99 13MR0O RZ(IM1) = =SZ(IM1)eDZ(IM]) 13MR0

IF (IPINLT ,£Q, 1) GO TO 3120 16MRO COMMENT = CUMPUTE STATIOM EQUILIBRIUM ERRORS 16MY0

Q2(1) = DMM(3)®},0E99 1IMRO ERX(IM)) = OX(EM1) +RX(IM]) = y2(IM1) - ULy 13MRO

&0 TO 313%0 16MRO ERY(IM1) « QY(IMI) <RY(IM1) - v2(IMl) - V1il} 13MR0

€L1



ERZ{IM1) = QEOIML) AZ(TML) - w2tIM1) -~ wiil)

340 CONT | mu
COMMENT - REPEAT ABOVE FOR FMD ATATIONS
Uil2h = UL{2) & ST1®OR(L1) = BT)
¥ii2) = Vit2) ¢ 5T2°DY{Ll] - OT2
Hl(Z) = Wl(2) + STI*DZI({1) - QT3
UZ(MPL) s U2IMPL) o STASDXIMNPYL) - OTa
VZINP1] = Y2IMPL) & STSODYI(MPL) ~ OTS
TZU').I s W2IMPL) ¢ 3T4SDZIMPLY - QTe
s 3
COMMENT = DO FOR EvERY SECOND INMTERIOR STATION
DO 3400 In = 2,MP22]
Il =1 ¢ 32
1Pl » 1 ¢ 1

COMMENT = COMPUTE AVERAGE AXIAL FORCE,SHEARAND BENDTNG MORENT

TiiM} = O,%%(U2(1) = UllLIPL))
ViIM) = =0.3®(VI(I) ~ VICIP11)
BHIIH) = 0.3%(wW2(]) - W1(1P1))
COMMENT — OQUTPUT DISPLACERENTS
ORTLIH) = DRI
RYT(IM] = DYIL)
DLT¢IN) = DZULY
3600 CONTImm
COMMENT — REPEAT ABOVE FOR EMD STATIONS
Til) = —uUlt2)
wil) = vil42)
M1} = ~wli2)
DATL1) = DX(1)
BYT(1) = DY(1)
DZTIL] = DZIL)
TINPZ2) = L2IWP])
YINP2I) = =¥1iWPl)
BMINPZ2) = wW2iNP])
DAT LMP22) = OX(mP])
DYTIMP2Z) = DYINPL)
DLT(MP22) « DI iWPL)
COMMENMT - COMPUTE MEMBER END FORCES
FIM{1) = =T(1)
FilM(2) = W¥i1)

FIM(3) = -BRMi]l)

Fauil) = TIMP22)
F2W(2) = —V(MP22)
FZMI(3) = BHIMPZ])

COmMENT - SUBROUTINE ADJTER TRANSFORMS MEMBER FMD FORCES ABD SUBTRACTS
COMghT — FROM JUIRNT EQUILIBRIUM ERROARS TO ACCUMULATE JOIMT EQUILIBRIUM

COMMENT — ERRORS FOR FRAME
LaLL ADJTER ( FlMa r2Ms JTLIJS0e J121300,
2 DC2SCISTTY )
COMMEMT — COMPUTE MAXIMUM EQULiBRIU™ ERROA (M MEMEER
STAERR = Q.0
0O 3800 1 = 24
ERR = ABS(ERR(1))
If (ERR .LEs STAERR) GO 10 37aA0
STAERR = ERR
3740 ERR = APSIERYI1N)
1F (ERR ,LEs STAERR) GO TO 3760

DCIScisTady

134R0
13MRO
16M4Y0
23RO
23MRO
23IMRO
2 3RO
2 3MRO
2 R0
1 THRO
16MY0
YOMRO
17TMRO
1 THRO
1aMY0
1 THR0O
1TeR0

1émyo
1 TR0
1 TR0
1RO
1™MRD
16MYD
2340
234R0
73MR0

1THRO
1THRO
2 34RO
2R0
23MR0
1™eR0
18RO

16MY0
23eR0
2 34R0
2 RO
2 34RO
2 om0
2320
16MY0
16MY0
16MY0
< IMRO
23MRO
16MY0
17MRO
17MR0
17m™MRO
17RO
17HMRO
17THRO
L TuR0

STAERR = ERR 1 THRO
3780 ERR =« ABSIERZIL)) 17THMRO
IF (ERR .LE, STAERR) GO TO 3780 17TMRO
STAERR = (RR L TMRO
3780 CONT I WLE 1 TR0
3800 CONT [ mUE LTHRO
Id =0 1TMRO
COMMENT - DM 1§ STURAGE VAR[ABLE FOR SIX MEMBER RESLLTS 1 6mY 0
DO 4100 1H = 1,MP22 1 THRQ
lJ = 14 =1 1 TMRQ
DM TJ.LK) = DETCIHD 1 TMRO
1J = [J e ] 1 R0
DMiJJeKE) = DYT{IHD 1RO
1J = 13 o) 1 TR0
DM{IJWRK) = D2THLIMD 1T™MRQ
1J = 14 1 1 THRN
DMITJeKE) » T(IM) 1 TMR0
1J» 12 e 1 1 TR0
DMIIJ.KE) = VM) 1m0
1J = jae] 1THRO
4100 DH{JJEK) = BHIL1M) 1 TR0
1J= 1)1 1 TaR0
DH{lJKK]1 = STAEMR 1 TR0
COMMENT = FRIAT TABLE 9 MEMDER RESULTS [F REQUESTED 16MvY0
iF LIPY JEQ. 1) GO TO 9900 29mR0
CALL PRINTS D L7, AM2, JJ, K& , HPROSB ) 29WR0
oo 10 9900 1™eR0
3100 CONTImE 17TARO
COMMEMNT - IERU MEMQER RESATS FOR ZERO STIFFMESS TYPE AND DUMMY MEMBERS 16MYO
COMMENT - USED TU FILL OUT GROwWPS OF SIX 1eMv0
00 520~ 2 = 14L7 1 TMRO
j2¢0 OH(1JRK) = 0.0 1TMRO
P¥vo CONT L g 1 TMRO
RETUAN 1300
EmD 134R0
E L S L e T Ty e P Y Y Y Y X T
<
c SUBROUT IME SUBROUT I mE SUBROUTITNE SUBRQUT I NE
C
C 2800 setaaatentstictarassnsseetetiN Een iR aNtETEtPROsRenEnERERItag
c

SUBRWUTINE AOJTER (F1lMs F2Ms JLlw J2e DCLs DC2)

COMMENT = UBROUTINE ADJTER TRANSFORMS MEMBER-EWD-FORCES TO STRUCTURE
CuMsERT = CWURDIMATES AMD SUBTRACTS FROM APPROPRIATE JOTMT EOyILiBRIUM

COmMERT —~ ERROR FOR FRAME
VIMENSLON P LIAI30e P 2MI30e FLS131s F25(34
DIMENSION DCTI3,3)

COMON /BLUCLL/ X1 T30,y i T8), Qxx( 75%.
4 <IZU 751,  SEXD TS)e  SYYM 73)e  SIZU T30
3 OYYL T3)e  OIZT TS)s REXt T31, RYYLD 731
4 ERXX 78)e ERYYU 731+ ERZZU 73}

COMMERT = FORM TRAMSPOSE OF MEMBER TRANSFORMAT|ON MATRIX

QYYe 790,
Dxxe 791,
RIZ¢ T9).

DETI1ed) = OCTI2e3) = DCTI3,1) = DCTI3.2) = 0.0

DCY13+3) = 1.0
PCTI11) = D)

23R
20mY0
20mY0
20mY0
2 1MRD
2 1mm0
13FE0
15FE0
15FEQ
15FE0
20My0
2 IMRO
2 1MRO
21MRO

wLl



DCTElol) = =OX2
OCTI2e1) = DC2
DCTi2,2) = D1

COMMENT ~ TRANSFORM MEMBER—EMD—FORCES AT FROM JOINT TO STRUCTURE CCORD

MATHMI]L (DCTF1IMsP1S)

CALL
COMMENT ~ ACCUMULATE JOINT EQUILIBRIUN ERROR AT MEMBERS FROM JOINMT

ERAXIJYY = ERXX(J1) - F1511)
ERYY(J1} = ERYYIJL) - FiS(D)
ERILLIL] = ERIZ(JI) = FL5131)

COMMENT = TRAMSFORM MEMDER—END-FORCES AT TO JOINT TO STRUCTURE COORD

MATHD] (OCTF2M #25)

CALL
COMMERT = ACCUMULATE JOINT EQUILIBRIUM ERROR AT MeEMBERS TO JO[MT

RETURN
¢ (4]
C 200 00080500500 0 - 0 500 SRS S H TN SR U AR MM IS S F S 000 S A DS ER OO BA
C
g SUBROUY JE SUBROUT 18K - SUBROUT I NE
C 4048304000840 - L] - aswaae
C

SUBRUUT LieE SUMZ (DMDMT oL T MMk o ANZ NPROB 1
COMMENT = SUBROUTINE SUMT DOES SUPERPOSITION SOLUTION FOR MEMBERS
COMMERY = FOR FAMLILY PROBLEMS SUBTRACTS APPROPRLAVE MEMBER EMO FORCES
COMMENT ~ TU COMPLETE CALCULATION OF JOINT EQUILIBRIUM ERROR AMD PRINTS
COMMENT ~ WEMBER RESWL TS
COMMENT — RESWLTS OF PREVIOUS PROBLEME ARE STORED OH TaPE a
COMMENT — YAPES 2 AMD 3 ARE ULED YO IRCREASE EFFICIENCTY OF TAPE
COMMENT - OPERATIONS

ERMX{JZ) = ERENISZ) - F2S{1])
ERYY{JZ) = ERYY(JX) = F25(2)
ERZ2(J2) = ERZZIJAD - F28{3)

DINERSI0N DMILTsb)s DNYILT »b)
DIRERSION F1Mi3)e FINID)
O1MENSION ANZILS) s RPROSIZY

COMMON /BLOCKZ/ DEST 30)» DYSL 300,

ILSt 301 DC1si 300,

2 DC284 3De PRF( 30), PRAEL 301y MCOS( 300, BAXOPS( 301,
3 10P0PL 303 IPLALE 3030 IPIMRI 300, MCS51( 501 S»@dy 350.131)
COMPh /BLOCKSA/ JTLE130) . JT20158), IsT11500, LTea%00,

H FOMM( 1500}

COMMLN /BLOCKS, WP(21ed)» {21

CoMBlLM /BLRL/ KEEP2. KFEPYs EEEPA. KEEPS. KETPes KEEPT,

2 ITYPEs W(DZ, #NCO3, NCDas MD3: 8D, MNCDT,
3 TABAR, TFORN, @, HJIT LA MLTs TOL,
4 L1 Bl MF2, 18TTs LTTs 1TYPEL+ 10Uy
b ] mCs P8y 1Py, 110

LTM) & o7 = ]

LT = LT - 2

LT3 & LT - 3
REWIND 2
REwlmp 3
REW1MD &

ComMERT — CLEAR TAPE 3

aro

DO 220 J = 1aL7
00 220 KK = 1.6
DMIIJKK] = 0.0

11HR0
2 1MR0
21MR0
20MYQ
Z1MR0O
20MY0
2 3MR0
290
234RO
208vQ
230
20MYD
2 Wm0
2 mA
2 3MR0
21mr0
21mR0

SURRCUT | k¥

25mR0
14APO
24AP0
18APO
24AP0
16J¥0
16JE0
20%v0
2000
FRL o]
11JED
26040
26JAD
1IFEO
26040
26JA0
092€0
20000
2000
200R0
20000
200 00
2 IMRD
2 1mR0
7 1MRO
2060
10MR0O
162€0
20mY0
2020
20:M0
20mR0

DO 22% 11 = 1smis
22% WRITE [3) C(IDMIIJoREYs [J ® 14LT7)s KK & 145)
REWIND 3
N2 = 3
Ay} = 2
COMMENT - DG FOR PACH PROBLEM WITH RESULTS STORED
DO 310 J m {4MLC
COMMENT — SET SwITCHES TO OPTIMIZE HAMDLING OF TAPES 2 AND 3
IF M2 L.EO. 2) GO TO 230
M) = )
N2 = 2
GO TO 233
230 az = 3
NY = 2
23% COMT | NUE
DO 280 11 = 1,MM6
COMMENT — READ RESULTS FROM TAPE 4 FOR 51X MEMBERS
READ 18] 1IDMITSoKK) s [J = QelT)y KK = 1,6)
DO 140 KK = 1.6
00 240 10 » 1LT
COMMENT ~ MULTIPLY RESULTY FOR S]1n MEMBERS BY MUATIPLLIERS
240 DMTCJJeEK) & ZM(SV®DM(TJ,KK)
COMMENT - READ SUM OF OFF TAPE 2 OR 3 FOR 51X MEMBERS
READ IM31  (IDM[]JsEE) e [J = J4LT)e KK = 1461
D0 260 KK & Leob
00 245 1 e 20LT
COMMENT = ADD TO SUM
DM{IJoRE) = OMIIJKK] & DMT(TJKK)
283 CON T [ NUE
COMMENT ~ SKIP UMTIL LAST LOAD CASE
IF 10 «LT. mC) GO TO 260
IF 111 +€0. 1 «AMD, K& LEO0. ) )
Ldw S e ]
IF 14 GTs AR) GO 10 260
1577 = JSTIAMD
IF tiSTT .EQ. O) GO TO 260
J1l = U711 Y
J2 e JT2108J)
DC1 = DCISIISTT)
DC2Z = DC2STISTTY
FIMI]1) o -OM{A.KK)
FIMIZ) + DMESER)
FLALD) o =DMibKK)
FZMIDE ¢ OMILTHI,KX)
F2M{2) = =DMILTM? KK
F2M(3) & DMILTM].KK)
COMMERT = ACCUMULATE JOLNT EQulLIBRIUM ERRURS
CALL ADJTER | FLM, F2Me Jls J2s DCLls DC2 }
COMMENT - PRINT TABLE 9 MEMBER RESULTS IF REQUESTED
1F 1P .EO, 1) GO TO 24v
CALL PRIRTY ( DMy LTy AM2, JJ, KK , NPROS |
280 CONT 1 mUE
IF 1J +E0. WLC) GO TO 280
COMMENT — wRITE SUM OM TAPE 2 OR 3 FOR ALL BUT LAST LOAD CASE
WRITE (N21  ((DM(IJoKKD)y [J @ |4LT)y KK ®» 1461
280 CONTIMmUE

JJ =0

20MR0O
20mMR0O
20MR0
20MR0O
20MRO
20mY0
7020
20MY0
20mR0
20MRO
20mRO
20MR0
20MR9
20MRO
20MR0O
2 34RO
16JED
16JEO
2 0mR 0
20mRQ
20meyQ
20080
19MYD
7 0MR0
2380
2 0mftd
1mavo
2 1mR0
2 1MR9
1940
P L]
2 IR0
2 14D
298
21Mme
25600
21Mm0
2 1%AD
21RO
2 1m0
23MR0
23MR0
23RO
234R0
230
38R0
1970

19y0
19MY0
259400
2IMR0
15MR0
19my0
2IMRO
23RO

<Ll



REwimp 2 20MR0
REWIND 3 20MR0
3o CONT[UE 20MRO
RETURR 20mR0
(L ] 20MRO
4
c m‘m“mii"'.m“l“.l"lillll-lll.““”l.'.."'.'-III..I.II...
(4
C SUBROUT | g SUBROUT 1 NE SUBROUTINE SUBROUT TNE
4
C m‘."“m"“.mm.‘l"""l“ll'lﬂlﬂ..“.'“.Il‘-lllm“l“
C
SUBRQUTEE PRINTY ( Dis LTs ANZ, JJs EK 5 APROB ) 23MR0
COMMENT — SUBROUTINE PRINTY PRINTS MEMBER RESULTS FOR ALL MEMBERS L9wYo
COMMENT - PRINT® 15 CALLED FOR EACH INDIVIDUAL MEMBER (NUMBER JJ) 19MY0
DIMERSION DMILT48) J 0ZMYO
DIMEMSION AMZ (IR} e MPROBIZ) 11JEO
COMPMON /BLOCK2/ DESI 30)s  DYSI( 300y  ZLS( 30)s  DCISH 30), 28JA0
2 DL25¢ 301, PRF( 300 PRAE( 501, MCDS{ 30), [AXOPS( 501, 28JA0
3 10P0PL 501, JPTRLC 500, IPINREL 563, MCSL( 300, $M4( 50131 11FED
COMMOR /pLOCKA/ JTI11300e  JT241300y  ISTII30De  LTU150), 26940
2 FOMME130.4) 24 J80
COMNON /BLKL/ KEEPZ, KEEP3, KEEPS. KEEPS, KEEPH, KEEPT, 23mo
2 ITYPEs MCD2» MWCD3, WNCDSs BCD3, MCDS, MNCDT, 23mmo
L ] TABAN, IFORM, MM, MJTe MET, MLV, TOL. 23mm0
.. Mo MPl, MP2, I5TTs LTTe ITYPEL.IDJ. 20
5 mCs 1P8; IPP,  1P1C 2 m0
11 FORMAT 1 3M) 80K  1eMl TRIN ) 25Mm0
16 FORMAT (///1TW PROB (CONTDIs /5Ke Ale Ads 5Xe 1TA4s AZe // 1 JEMYD
51 FORMAT (  30M TABLE 9 — MEMBER RESILTS o///1 2500
52 FORMAT ( 40M TABLE & — MEWMBER RESIATS (CONTDD  +///) S0MR0
o) FORMAY ( 1BNW MEMBER MUPEER, 15,154 STIFF TYPE.15, SOoMRO
2 15 LOAD TYPE . 5 ) MmO
62 FORMAT ( 184 MEMBER MUSGBER, 19, 15H STIFF TYPE.TH) 0MR0
T1 FORMAT ¢ 14M LENGYH = oE11s%s I3M ALPHA » E11.%¢ IOMRD
2 I BETA = sEX1.) ) 30MmO
8] FORMAT ( 204 GOES FROW JOINT, 19 o 9H TO JOINT.15) 25MR0
9] FORMAT ( 34N OUTPUT DISTARCES ARE FRON JOINT. 1%, 29MR0
-, 256 ALOWG THE MEMBER AX1S ) 25MR0
92 FORMAT (  36M QUTOUT DTSTAMCES ARE FROM JOINT, [5, 0MRO
2 2TH ALONG THE STRUCTURE X-AXIS), 23MR0
9?3 FORMAT 34N OUTPUT DISTANCES ARE FROW JOINT. 1%, 30MRO
2 2TH ALONG THE STRUCTURE Y-aXle) 2%mR0
101 FORMAT | a9 ALL OUTPUT FORCES AMD DISPLACEMENTS ARE WITH, 2%HRO
3 3OH RESPECT TO TiL MEMBER AXES o//7/¢ 2%mR0
3 26Ks  15M OISPLACEMENTS o 217, TH FORCES,//, 25HRO
Y 50m DISTARCE AXIAL LATERAL  ROTATIONAL o 23MRO
s POM  ARIAL SHE AR MOMENT /) 23MR0
111 FORMAT ( SXTE11.D) 25MR0
20] FORMAY 1 a&8M ALL OUTPUT FORCES ARE wITH RESPECT TO THE, 25MR0
2 159 MEMBER AXES ¢ 7/ » 19X 25MR0
3 1OM AT JOINT 5 (5« 12Xe 1OW AT JOINY , [5+7/745%0 25M4R0
Y 15 AXIAL FORCE = E]1123s5Xs 138 AXIAL FORCE = +E1].3.254R0
s o BNo 1BH SHMEAR = 2E11e3s5Ks 15H SMEAR * +E11a3,30MR0
& /e BRe 13M MOMENT = 2f11:3:5Xe 194 MOMERT = JE11-%124APD

301 FORMAT

(/e50m

THE MAXIMUM EQUILIBRIUM ERROR INTERMAL TO THE.

23MR0

2 LOH MEMBER [Ss E11e3, 7770
MP22 = MP2/2
LTML = LT -~ 1
LTMZ = LT - 2
LMy = LT = 3
COMMENT - SXIP FOR COMPLETE OQuTPUT
AF U IOPOP(ISTT) .EQ. O } GO TO 1400

WF oo

-EQ, 1

I GO TO 1300

COMMENT = PRINT PARTIAL RESULTS FOR 3 MEMAERS OM 1 SHEET
IF [ IOPL oNEe« 1 ) GO TO 1300

IC = JC ¢}
IF t IC .EQ. & ) GO TO 1500
GO TO 2100
1500 IC » 1
16u0 CONT ) g

COMMENT — PRLND HEADINGS

PRINL 11

PRINI 164 MPROB, (ANZ2(11)s 11 = 1, 18I

IF
PRINL 52

GO To 2100

17Tv0 PRINT 5]
2100 CONT 1 RUE

IF « 1TYPE
PRIMT 62+ JJs 18TY

G0 10 2600
2500 PRINT dle JJo 15TTs LIT

2600 conl I NUE

b 60 TO 1700

+ME:. & ) GO TQ 2500

PRIMI T1, ZLSCISTIN, DCLSCISTTHy DC25S11STT)
PRIAT 81 JTIL JJ Ve JT20 JJ )
IF ( JOPOP(ISTY) +fQ. 1 ) &0 TO 3100
IAXOPY = JAXOPS(ISTY)
GO TO ( 2800. 2900s 3000 ) » 1AXGPY

2000 PRINY %1, JT10 20

GO TO 3100
2900 PRINT 92, JTY( W)
GO TO 3100
3000 PRINT 93, JTIC 20}

3100 PRINI 101

DOLS = 2.00ILS1ISTTI/M
AF (1ANOPS(ISTT) LEQ. 2) DDIS = DCISIISTTI®DODIS
COmmENT - COMVERT OUTPUT DISTANCES 10 BE COMPATIBLE wiTH STIFFNESS INPUTINMYO
IF (1AROPS(ISTTI (EO. 3] ODIS = DC2SLISTTI®DOLS
Dls = - DDIS

I
00 3600
pis
11
172
143
1Js
145
1Js

Ja = 0

[« 1 MP22

= DIS
- 1J6
= 1J1
e [J2
= 1J3
1 3&
1J%

COMMENT —- PRIAT CUMPLETE
PRINT 1314015 DMULJL+RK1, DMUIJZIEE], DH{1J3+KK]s DM(1J44KK],
DM{1J9KK) e DMITI6EK}

2

DO1S

* 0 %8 %S
-

MEMBER RESILTS

25MR0
23HRO
2580
25RO
254R0
19mY0
25MR0
25MR0
1940
25RO
2%mMR0
23MR0O
25MR0
2%MR0
25MR0
1My 0
25MRO
09 JE0
25#R0
23MR0
23MR0
234 R0
25mR0
25mMR0
JOMRO
25RO
IOMR 0
25MR0
30MRO
23HR0
25mR0O
25MR0
25MR0
25MR0
234R0
15MR0
25MRO
25HRO
25MR0O
25MR0
24APO

24APD
25MRO
2380
73MRO
23MRO
2%MR0O
23HRO
25MR0O
25MRO
25MR0O
25HRO
L9my0
25MR0
23MRO

9.1



b LI CON T INUE
G0 To 7100
5100 CORTINUE

COMMENT ~ PRINT PARTIAL MEMBER RESULTS
PRINT 203y JYRC JJ D JT2L JJ 1o DMUASKK)s DHILTHIKK)s DMIS.KK)
2 OMELTHZ \KK)y DMIG,KE) s DMILTHLKK)
7100 COMT [ mUE
PRINT 301 DM(LT.KK]
1OPL = JOPOPLISTT)
RETURN
END

2SMRO
25MR0
75Man
198v 0
75MRO
25MRD
25MR0
2%MR0
25MR0
2SMRQO
29MR0O

LLl
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SELECTED OUTPUT FOR EXAMPLE PROBLEMS
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62 JULY 79 = COM = Mo
EXAMPLE PROBLENMS FOR REPQOARY

PROS

1101 TRUSS wlTW UNSYRT LOADS - P@ 270 STRUCTIRAL ANALYSIS = MCCORMAC

TABLE |} = PROGRAN CONTROL DATA
]

PROBLEN TYPE

TABLE
NUMBER

ET Y PX°E ]

TABLE
NUMGER

1 ]

INPUT TASLES

MOLD DATA FROm.
LAST PROSLEN
(1 = YESe0 = NO)

QUTPUT TABLES
SUPPRESS OUTPUT
(1 a vgss0 = NO)

-9
-f)
-9

WUMSER OF CARNS
ADOED Fom THis

PROVLEM

-
SPN> B

s

PROS (CONTL)
110} TAUSS wiTw UNSYMT LOADS - PG 270 STRUCT(IRAL ANA( YSIS - MCCORMAC

TABLE ? = FRAME GEUMETHY vala

NUMBER OF JOINTS M FRAME » 12
REFERE~CE JOINT IS JOILNT 1 AT x ® g, ANDO v = 0o
JOINT TOLERANCE IS 9,000€-02

INPUT OF JOINTY OFFSETS

FRON X-0FFSET  Y-0FFSgT 7o 1 To Yo Jo ve To
JOINY JOINT
1 2.000£°02 O, 3 L] ’ s i1 12
1 2400E002 2,000L,02 2
2 2:400E°U2 0, . [ 8 1o
lv 2.000E¢12 =2,4008.02 12

CONPUTED JOINT COOROINATES
JOINTY A v

Qe 0.
2,000E002 2,400€.02
2.000E°02 0.
4.8V0E°02 2.400E402
4000002 0o
To200€°02 R2.%00f¢02
To200£+02 0.
9, 0V0E*02 2,400€.02
9.000E%02 Oo
10 }.200E+0) 2.4006002
11 1,200€°0) O,
12 1e9%9E°0) 0.

L X K 4 K XL B

681



PROB (CONTD) | &4 3 2 . ® Z.e00f02 9, 2.000FE0?
ile} TRUSS w1TH UNSYMT LOADS = P@ 270 STRUCTIISAL ANALYSIS = MCCORWAC 18 5 - . 0 2,e00Es0? 0, T.400Ce02
19 1 ] . G 2.400£-0F W, 2,600F°02
20 y L] L] f 2,4D0EeT2 o, 2,4000-02
21 i1 10 - 0 2.400g°02 0, 2.000F+02

TamE 3 = nEnBER (OCATION DATA
e98 COMPUTED mipuBEd NUMAERS mAY NOT 46QEE w]TW L AST pRORLEW %ee

WMEER OF WEMSER BTIFF™ESs Trrgs .

WMaPrR OF MEMBER {Oap TYPES = ’ PROB (CONTL)
1101 TRAUSS #ITW UASTHT LOADS - PO 270 STRUCTIRAL ANALYSIS = MCCORMAC
IaPUT OF wEvBgn LOCATIOMS TABLE o = JOINT DaTa
FRoOM STIFF LoAD fo % 7To To v T'o F0 Y0 °¥o To
JOINY TYPE Tyt JOInY
INPUT OF JOLNY Dala
1 } [ ] b | L] T L ] [} 11
1 [ ] L] ] ] e
1 ] » ] JOINT  FORCE [X) FORCELT) wOnENT ) SPRINGiX) sPAINEL(Y) SPRING(2)
7 ] ] | ]
9 2 [} le
b | [ b
& b ] [ ] T 1 =8 =0, d 18 1.000Ee¢0q9 1. 000E.%9 -0.
10 3 M iz 3 -0 «2,000£°0] -0, -8 “ge -gs
3 L] [] 3 =0 =2, p00k%8L =0, -8 -0 “0e
] L} [] [ ) T =0 =, 000f%0) =0, ~8. -he -0
T @ [ L] 9 =0 =) ,000E°0]1 =8, =0 - -0e
9 ¢ [ ] [ ] 1l =0s =1 ,0006°8]1 =0, b -0a =0
11 L ] ie I2 =0, -8, N -0 1:008E:9% =p«
ACCUSUA ATED JuwT DATa
COWPUTED NIMBER MUABERS LENSTHS , AND OFF3ETS
wEwgEn FAOM 7O SVIFF LOAD LgwaTH A=0FFary Y-OFFSET Sadf al INPUT FOR Twl$ PHURLEM
s JOINT  JOINT TYPL YYPE
1 1 3 i ® R2.400f-02 2.400r.07 O,
T 3 ] I 8 2.400£402 R.a08r.0? O, PROS (CONTQ)
3 $ 1 1 o 2.apof-a2 8, 1101 TRUSS w]Tw UASTHMT LDAOS - PR 270 STRUCTRAar ANA; YS1S - mCCORmMAC
L) i L 1 ® 2.400f002 [ Y
[ ) L ] ¥} ] 8 Zeaddledl T.aloveer 0.
[ ] 113 iz | 8 Z.400€°02 2.4007.02 0. TABLE % - mEmBEN ST 1FFALDS VATA
] F LY ] 8 2:400€%02 2.4000487 O+
I ] . L 1 o 2.4006°02 2.i00F.02 0.
L) [ ] o 1 ® 2.e008+02 P.4007.02 0.
1e ] 1e 1 8 P.400E%02 Poss0re92 0.
¥} | 4 2 0 Jo39SE-02 P.4007002 ZT.800E%02
12 1 M 2 0 3.394E+02 2.40070.02 Z.000E0p STIFF wOu OF  PRISMATIC PAlSnaTic wu AXfS outepul  Pyw o
13 ] is [ 0 3, 396E.02 2 4007 47 Z.4p0F.02 TYPE  ELAMT I L] CARgS oPT oY Fapem  TO
1. 2 3 3 P J3.3%4Le02 2.4000402 =2.400E<07
18 . T 3 o J.3%sE*02 i.ux»u =2e.4000%07 o
s 1o 1z F] 0 D.394E02 P,a08r.82 -2.090E°0F 1 J.0uBEe0s 4,000E+00 4.900Le0p =0 1 ] 1 i
2 3. 0vvEeQe 2,250€+00 D.000Ec08 -0 1 i 1 1
3 3.000Ee0s Z,250E°090 D.000E+00 =0 1 1 ] 1
4 3,0000¢08 ), ,000E00 2,000L¢00 =0 1 i 1 1

061



PROS (CONTD) PROG (CONTL)

110 TRUSS wiTw UNSYNT LOAOS - PE 270 STRUCTURAL ANALYSIS = MCCORMAC 1101 TRUSS w[Tu UNSYMT LOADS - PO 270 STRUCTHAAL ANALYS1S = MCCORMAC
TABLE & = WEWMBER _LOa0 OATA TABLE 9 = mE=sper RESULTS
w0 Dava SEMBER NUMER 1 STIFF TYPE 1 LOAD TywE [}

LENGTH ®»  2,400E402 ALPHA = | ,000E*00 AFTA = 0.

QOES FROm JOINT 1 TQ JOInT 3

ALL OoTeUT FORCES ang =1Twm RESPECT TO THE WrMgER LXES

PROS (CONTD) a1l JOINT i al JOINT b1
1101 TRUSS WITH UNBTHMT LOADS = P 270 STRUCT(RAL ANA YS]S = MCCORWaC
J - CTURML. ANAL Y AXIAL FORCE @  a,300E+ul AXTAL FORCE w  &,800Es81
. S AR s =j.p38E=10 SHeaR = 1.883E-10
TABLE 7 = ComPILATION TANE KOMENT " sasealE-l wOmENT *  a.aelE=])

TWE Max[MUR EUILIBRIUF ERAOR INTERNAL TO TWE MEMagR 13  g.881£=10

NO DaTa
SIMBER WURWER F STIFF TyPE 1 LOAD Tyeg [
LENSTH = 2.4u0Ec0p ALPWA = ] ,900E%0 BETA Do
PROS (COXTD) i O0f8 rFe0e JoINT 3 To JOINI ]
1101 TRUSS W[TH UNSYAT LOADS = P 270 STRUCTIAAL AMALYSLS = MCCORMAC all OUTPUT FORCLS ARy =1TW RESPECT 70 THE uEMgER 4IPS
: AT MinT b | Al JOINT L ]
TABRLE & = JOINT OISPLACESENTS AnD REACTIONS
- AxlAL FORCE »  asSp0Eeul AX[AL FORCE = o, 500Ee0]
) SeEam s =B.200L~-10 SHE AR ®  a,130=]0
QlsPLaCENEINTS REACTIONS MOMENT s =5.3p9E~11 "OuEnT " 1.463C~10
JOINT DLISP(a) DISP(Y) ROTATION(Z) REACY(E) REACTIY) REACT(Z) THE masjnum EQUILTWALUM ERRON IwTEanaAlL TO THE wWEwafR 13  {.064E-09
1 1e592=110 «4,3000=98 1,000ge99 ~1:S92¢~1i 4.300F.01 0. wEMBER NUMBER 3 S11FF TYPE 1 LOAD Teer "
T 3.%T7E¢=01 -9,361E=81 1,000f+99 @ 0 Oe LENGTH &  Z2.a0uEe02 ALPrA & ) 0V0E*p0 ACYA = pe
3 0, 000E-02 =) 0l4E+00 1.000F.99 4, 0 D S0ES FROM JQIMT 5 TC JOINT 1
& 4.34TC«0l =1,561E400 1.0007.99 0. 0. 0« sLL OUTPUI FORCLS ART olTm RESPECT TO IME wEwmgR ,ugd
$ 1+800E-01 =1,341E°08 1.000g«99 #. 0 0 .
6 Je0erE-0l -1.no¢-u 1.0005499 00 o o AT JUlnT » AT JoTnT Y
T J.dver-el De 0 e
s De s P axlay FONCE »  T.000Ee0l AxTel FORCE & 7 _pOuEed)
. 0, 0s 0e S an = =g.208E-10 She AR = 5, 7i58=10
1 ) -8, nu-u 0. N De RORENT = =2.a82€"11 SO N T = 3.8100=10
11 S.leor=-el "..‘7,!‘.1 ' Do 0. D c
12 S.0000=01 =),5000=9¢ 1.000g+9% 0. 3.300E401 0+ THE maa]Bum FQUILIBRTUR ERRON [nTEamal TO THE mEuafR 13 1 .2887=u¥

161



PRO& (CONTQ)
1101 TRUSS W[TN UNSYNT LOADS =~ PB 270 STRUCT/RAL ANALYSIS = MCCORMAC

TABLE @ = WEMBER RESULTS (COATD)

HENGER WUMBEA a STIFF TYPg 1 LOBD YYPE [
LENMBTM w  2,400E+02 ALPHA = 1 ,0p0E%pV arTa = .
QOES FROM JOINT T To JOuT L]

ALL OUTPUT FORCES ARE wiTH RESPECT TO THE nEagEN AXES

AT JOIaT T AT JoIwY []
AXIAL FORCE o  $aneotenl AATAY, FORCE = 4, 000Es0]
SHEAR a =T.2468E~18 $HFAR - A 02ME-10
HOMEMY 5 =A,A85E=18 MOMENT » 2.034E~10

THE MaklMUM ZQUILIBATUN ERAOR InTERmAL TO THE MEwdgR IS {.003g-09

MEMBER NUMBER s STIFF Trog 1 LOAD TYPE 0
LENGTH & 2.400E+02 ALPHA ®  1,000E%00 QETA = 0.
GOES FROM JOINT % To JOINT 11

alL OUTPUT FORCES Amg wiTH RESPECT TO THE WEMSER AXES

AT JOINY L] AT JoImT 1n
AxlaL FOACE »  3.500E-01 Axval FORCE =  3_500E«0]
SHEAR . =5,77)-1% Shran = 3.271E~10
MOMEN T = =2,390C=10 WonEnT s ).221E=10

THE WMAX[AUA EQUILIBRTUN ERROR INTEmmAL TO THE wewalR 13 |, 00QF~CY

WENBER NUMEEA ¢ STIFF TYPL 1 LOaD vveg n
LENGTH = 2:400E-02 ALPHa = 1000890 arTa = A
80€S FAOM JOINT 1) TO JOMT 12

ALL OUTPUT FORCES ARE B)TH RESPECT TO THE wpuggR ,XF$

AT WINY ¥} AT JojmT 12
AglaL FORCE =  3.%p0Eeci aafaL FORCE = 3 _S00E+01
SHEAR m =3,249E-10 SHgaR = R ReSE~]]
MOMENT = =T«327E-11 HONENT s A.106E-12

THE MaxIMUm EQUILIURIUF ERROA INTEpmAL 7O THE wEwmER 19  4,%83E-10

PROE (CONTD)
1101 TRUSS ®]Tw UNSTAT LOADS - PG 270 STRUCTURAI AMA| Y515 = RCCOAmAC

TABLE v ~ nEmoEr RESULTS (CONTO)

FEMBER NURSER 7 STIFF TYPE 1 LOaD TYPE [
LENETH B 2.400E*02 ALPMA = 1.9p0E%00 eefa » 9.
BOES FROM JOINT 2 10 JOINT s

aLL OYTPUT FOACES ARE wllM RESPECT 1O THE WmEMBER Ax€S

AT JOINT 2 AT JOINT &
AxlaL FORCE » =7,000E¢0] Ax7al FORCE s <7, 000C¢0]
Snfan " =83.00)E~LD SHraf ] 4,98%E~]0
ROME N T ® =] .066E=10 HOuENT - a,186E=10

Teg HARIWUM EOQUILJoRlur ERRDA JnTEamal TO THE wfuegN 1S j.00ap=uv9

HENBER NUNSER . STIFF TYPE i LOaD TYPE n
LENGTH ®  2,400E«02  ALPHA »  1,800E%00 BETA & 0.
GOLS FAO™ JOIMT « 10 JoIwT s

ALL QUTPUT FORCES ARY wlTM RESPECT TO THE WEMAER ing$

AT JOINY . AT JormT 4
AxlaL FORCE = =7,%p0Eeul AxTal FOACE » =7, 90uvEed]
sHEan " =§.0%1E=10 SHE AR L 9 6aTE=10
MORENT = Jea97E~1l WOuEn T = 3,370E=10

THE wax]lMUM EQUiLl8RuUr LRAOR [NTERMAL 10 THE sEMafR 1S j.062¢=09

PEsSHER WUSMER 9 STIFF TYPE 1 L0AD TYPE (]
LENGTH & 2.400E002 aLPrg = 1+0UBE=DD arfa a 0.
GOES FuwOM JOIwT 6 TQ JOIWT ]
sll OUYPYUI! FORCES ARr wiTH RESPECT TO Ing wpsmpR ,YXgS

al JCImT AT JOIMT L]
Ay AL FOMLE a =T 3500E-ul AX]AL FORCE » <7 _%50"E+01
SHEan & =0.293-10 SHF Bk . 5. 0a2€=10
HORENT e 1:807€=1} WOWENT ] a,211€=10

THE Wak[Mum EQUILIBRIUF cHRUR THTEANAL TO TME mEwpER 1S3 1.010E~0V

[4:38



PROB (CONTL) .
j103 TRUSS WITH UNSYNT LOADS - P8 270 STARUCTURAL ANAL YSIS = NCCORMAC

TABLE © = MEMBER RESULTS (CONTD)

NEMBZR NUMSER 1o STIFF TYPE 1 LOAD TVRE )
LENGTH & 2.000€402 ALPHA & ], 000E°00 atta s 0.
00ES FRON JOINT s TOo JOINT 39

ALL OUTPUT FORCES ARE WITW RESPECT TO THE mEMBER iXeS

AT JOINTY (] AT JOINT 1]
AXIAL FORCE = =~g,000C00]) AXAL FORCE & o4, 000Ee0]
SHEAR 8 =g.545L-10 SHgaR e  3.006E-10
HOMENT s =]l.088E~10 ROwENT s 2.420E-10

THE NAXIWNUM EQUILIBRIUN ERROR INTEanal TO THE MgmagR IS qooleg-l®

MEMBER NUNSER }. STIPF TYPE 2 LOAD TYer ¢

LENGTH o  3.394L002 ALPMA & T.0TIE=0) 8CTA &  7.071E-9)
00£S FRON JOINT 1 .70 JOINT 2

ALL OUTPUT FORCES ARE WITH RESPECT 7O VME MENSER axCS

- AT JOINT 1 AT JOINT ?
AxIAL FORCE & «¢,.304E0) AxfalL FORCE o og 364E¢01
SHEAR e S5.329€-11 SHgan s «7,223-11
NOMENT 8 o] . T66E12 MOMENT s §.457E-10

THE NAXINUN ZQUILIBRIUN ERROA 1nTEanal TO THE MEmagR 18 3.839¢-10

REMDER NUMBSER 12 STIFF TYPL 2 LOAD TvPg [ ]

LENGTH &  3.394f002 ALPHA 8 7,0T71E=p] aFTa = T.071E=0)
G0ES FRON JOLINT 7 70 JOINT

aLL OUTPUT FORCES ARE wiTM R(S’(C' 70 TnE nEMBER 2 NES

AT JOInT r AT JOtNT °
axisy FORCEZ o  2.121E¢0]) ANTAL FORCE = »,)121E¢01
SHE AR e 1.803%-10 SHEAR s «),.655E-10
MOMENT 8 =4.000E-1} HONENT 8 7.60nE-]1

THE #Maninun gQUILIBRIUN ERADA INTEanAL TO THE mewagR 1S 3.300£-10

PROB (CONTL)
1101 TRUSS wlTH UNSYMT LOADS = PO 270 STRUCTIIRAL ANA; YSIS = WNCCORMaC

TABLE 9 - mEMBEN RESULTS (CONTO)

SEMBER NWUMDER 1) STIFF TYPE 2 LOAD TvPE )

LENGTH & 3,1394€¢02 ALPHA @  7,07)E=p1 BETA & T.071E~0)
00ES FAOM JOINT 9 TD JOINT 10

aLL OUTPUT FORCES ARE wiTM RESPECT TO THE wmEMBER aXES

AT JOINY 9? AT JOINT 10
AxIAL FORCE =  3.536E00) ARJAL FORCE =  3,536Ee0]
SHEAR s Je374E-10 SHEAR s «),03%-~10
HoNENT 8 e7.,068E~12 HORENT s 7.728€E~11

THE MANINUN EQUILEIBRIUF ERROR INTEmNAL TO THE MEMaER 1S 2.343¢-10

HEMBER NUMIER 1o STIFF Tyt 3 LOAD TvPE [}

LENGTH &  3,394E002 AL'NA ®  T7.0T1E=¢l} OETA = =T.071t=0)
00€S FRON JOINT 2 70 JOINT H]

ALL OUTPUT FORCES ARE WiTH RESPECT TO ThHg MEMBER AXES

AT JOINT 2 AT JOINT L]
ARIAL FORCE =  3J.$36Eev] AxgalL FORCE =  3,530fe0)
SHEAR s ge207E~11 SHEaR s =9,263-1}
»ORENT ®.  Te065E~12 MONENT a 8 _785E-1]

THE MANINUR EOUILIBRIUG ERAOR INTEanAL TO THE wgupER IS 2.262¢-~10

HENBER NUNYER 1S STIFF TvPE 3 LOAD TveE L]
LENGTH = 3e394EL 002 ALPRA = T.071E=p1 BETA = =7.071E=p)
00ES sFRO™ JOINT a4 70 JOINT 7

sLL OUTPUT FORCES ARE SITH RESPECT TO THE MEMAER 4XFS

ay JOINY . AT JOINT 7
AxlaL FOMCE & 7.071Cev0 AxiaL FORCE o  7,071€c00
SHEAR s le062€~10 SHZAR s ‘l 090E-~10
POMENT a8 =}.0n2E-11 MOmENT L] +196€-10

THE MaR1MUN EQUILIVATUM ERRON INTERNAL TO THE wEmmER IS 2.261E-10

£61



PROS (CONTO)

1101 TRUSS @JTH UNSYHY LOADS - PG 270 STRAUCTIIRAL ANALYSIS = BCCORMAC

TABLE @ = WEMBER RESLLTS (CONTD)

HENBER NUNBER 16 STIFF TYPE 3 LOAD TYPE n
LENSTH & 3,394£402 ALPRA =  T7,0712~01 BETA = =7,071E-01
GOES FRON JOINT 19 7O JOINT 12

ALL OUTPUT FORCES ARE WIfn RESPECT TO THE wEMBER axeS

AT JOINT 1e AT JoINT 12
AxIAL FORCE o <=4,950E¢01 AXTAL FORCE a «4,9850Ee]
SHEAR B 2.2488-11 SHE AR s §.e)1E~12
nONENT B =]e013g~-11 HOnENY = =2,318E-11

THE MARIMUN ZOUILIBRIUN ERROA INTEpNAL TO THE wEwneR IS  (01326-10

WEMBER NUNGER 17 STIFF TYPE [ LOAD T¥PE ®

LENSTH &  2,400€002 afra o g, 8ETA =  1.000E%00
@O0LS FROW JOINT 3 TO JOINT

ALL OUTPUT FORCES ARE WITn mct TO THE WEMDER axgs

© AT JOINT b ] AT JOINT ]
AxlaL FORCE u« 2,0008¢01 AXJAL FORCE « 2, 000E0]
SHEAR ®  “2ee2E-11 SHgaR = 3,.095E-]]
MOMNENT 8 =P “OuEnT - 3.428E~-11

THE naRImUN gwll.}.nuh ERROA INTERmAL TO THE wrumgER IS 2.842(-10

HEMBER WUNMER 18 STIFF TyPE & LOAD TvpE [}

LENGTH = 2.600C002 aLPra = [ B OETA » 14000E°00
GOES FROA JOINT s 10 JOINT L3

ALL OUTPUT FORCES ARE wiTW RESPECT TO THE MEMBER aXES

AT JOINT AT JoImNY 'y
AxIAL FORCE » <=3,088E°00 AKJAL FORCE = -8 go0C@0
SHEAR 9 *2.877C=11 SHEAR s 3.2076-])
NORENT ® =8.604L-12 NOUENT s 2.567E~1)

THE WARIMUN EQUILIBRIUM EMROA [NTEmwAL TO TME WEwmgR IS  3,553¢~10

PROB (CONTL)

1101 TRUSS ¥1TH UNSYHT LOADS ~ P8 270 STRUCTURAL ANALYSIS = RCCORMAC

TABLE 9 = wEmuBER RESULTS (CONTD)

MEMBER NUMMER 19 STIFF TYPE . LOAD TvYPE [

LENGTN & 2,040Es02 aLPra = o, BETA = 1,.,000t%00
QOES FRO® JOINT 7 70 JOINT 6

alL OUTPUT FORCES ARE wlTH RESPECT TO THE MEMBER oxXES

AT JOINT r AT JOINT 6
AglAL FORCE = 2,132E-C9 AXTAL FORCE & <) ,492€-09
SHEan a =4e08)E=1] SHgaR - 3.101E-11
MOMENT s 1sl12€=11 MOMENT a 2.966E-11

THE Man[®Um EQUILIBRIUF ERROR [NTEANAL TO THE MEMeER IS 3.593¢-10

HEMBER NUMUER 2¢ STLIFF TYPE . LOAD TYPE ]

LENGTH ® 2.000€002 ALPHA ® [ BETA = 1.000€°00
G0ES FROM JOINT 9 T0 JOINT [ ]

ALL OUTPUI FORCES ARE wlTH RESPECT TO THE MEMGER aXES

AT JOInY 9 AT JOINT ]
Axlag FORCE a <~]1,500Ee01 ANTAL FORCE & i, S00Ee0l
SHEAR ® =geTs06f=11 SHgan - 2.23%-11
ROMENT = 2e776£-13 HOMENT s ),360E~11

THE max[®um EQUIL]IBRIUF ERRON INTERMAL TO THE MEMeER IS 2.882£-10

HENBER NUNDEAR 21 SIIFF TvYPE 'S LOAD TvPE n

LENGTH ® 2.400€002 ALPHA = fe gElA = 1000€E°00
6€0rS FuON 01T 11 Te JoInT 10

ALL OUTPU) FURCES ARE wlTre MESPECT YO TWE WMEWRER suES

AT JCINT 1 AT JolINY 16
AxlaL FORCE =  1,000€01 AXTaL FORCE = ],000Ee0]
SHEan ® =4.959%€~)1 SHEAR - ).827€=11
BOMENT ® =).556¢~11 MOuENT s 2,082E=12

THE maxMUm EQUILIBRIUM ERAOR [NTEanal TO THE MEMaER 1S  1.62)E-iv
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PRO® (CONTD) .
11e} TRUSS ®1TW UNSYWT LOADS - P4 270 STRUCTIAAL ANA{ YSIS ~ MCCORMAC

TABLE 10 ~ JOINT EQUILIBAIUN ERROAY

JOINT gRALN) ErmiT) ERAILy
FORCE FORCE nOMENT

So22q9f~11 1,344E~10 ~6,207g=12
«2.51TE=09 R, $J0E~09 =2,793¢-10
wb, 000E=10 2 0leL=09 =% TY0f.11
«Jaf4TE=0P 4,030E=00 =4.20]F-10
=1e904E=09 4,1 24E~09 =2.)74F-10
“le®)TE«Q? Z.006E=9% =3 .4T3g=10
=1+408E=~4% §,320E~09 =9 .6287-10

1:920E=10 3 191609 =4, 1957
wlelI2E=09 3,3020=09 =4,500F-
10 =1.8262~10 2,063E~09 =3,355¢-10
11 «20394E=07 1 .493E-09 ~2.1097=10
12 ~1397E~0% 4,pgl0k=10¢ 1.T700p-11

T T
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02 JULY 79 = COM = WM ®roA (conTu)
EraMPLE PROGLEMS FOK REPORT 1102 eFFECT OF Aj6lu CONNECTIONS UN TRUSS

TABLE 2 = FRAME GEOMETRY Dala

PROS®
1102 EFFECT OF RIGIO CONNECTIONS OM TRUSS
HOLDING OATA FROM Twg PREVIOUS PRORLEM PLUS THE FaLNWING
NONE
TABLE 1 =~ PROGRAN CONTROL DATA COMPUTED JOINT COORUINATES
\{
PROBLEN TYPE 1 JOINT X v
INPUT TABLES 0, 0.
2,800€002 2,.400E402
. 2.500E%02 0.
TABLE HOLD DATA FROM NUMBER OF CARDS 4,800€°02 2+800E+02
NUNBER LAST PROSLEN ADDED FOP TH1S 4, 8U0E* 02

0.
Te200g°02 2.400E¢02
T+200€%02 0.
9.000E*02 2.400E402
9.600E¢02 O,
10 1.200€°03 2.400E02
11 1,200g°0) 0.
12  1.,040E%0) O«

(1 = YESs0 = NO) PROGLEN

CER OB EO WA

~omOwW N
diadd s

OUTPUT TABLES

TABLE SUPPRESS OQUTPUT
wUNDER () s YES:O = NO)

[ ] -9
9 -0
10 -0
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PRO® (CONIV)

1102 EFFEC] OF RIGIU CONNECTINNS UM TRUSS

TAaLE 3 = MEMYER LOCATION pAlTa

HWOLDING DaTa FHON THg PHEVIOUS PHOeLEM PLUS THE rFaLLOWING

NONE

COMPUTED MEMUER AUSBERS L ENGTHS » AND

mEMaER FROWM  TU STIFF LOAD LgNOTH
wUMB  JOINT  JUINT  TYPE TVYPE

1 1 3 1 0 2,6000E002
2 J $ 1 0 2.400€002
3 » L 1 0 2.600€002
Y 7 L] ] 0 .2,400E*02
] 9 11 ) 0 2,400E002
[ 1 12 ] 0 2,400E002
v ¢ 4 ] 0 2,600€002
[] 6 ® 1 0 2.e00€002
9 [ 8 [} 0 2.400E°02
1o [] 10 i 0 2.400E°02
13} ] 2 ¢ 0 J.394Eeu
12 7 [ ] '] 0 J.396€02
13 9 10 [ 0 3.394E+02
1s 2 S 3 0 J.394£¢02
15 . 7 3 0 J,394E002
16 10 12 ] 0 23,398Ce02
17 3 2 . 0 2.400€°02
18 S ° ® 0 2.000€%02
19 ? ] ® 0 2.,400E°02
2o 1] [} L] 0 2.400E%02
2] [ ¥} 1Y ® 0 244000002

OFFSETR
A=OFFSF T

2,6007.02
2,4007,02
20400F 002
2.4007.,02
24008 ,02
2,400F,02
2,40078,02
Re400F,02
2,6007.02
2:4007 .02
2,400r.02
2:400F.02
204005002

Y=OrFSET

2,400€°02
2.400€°02
2.400F90?2

2400802 =2,400E°02
2.,600p,02 =2,400f°02
2,400F,02 =2,400€002

o080 COMPUTED mimdER WUMHERS AGHEE wiTH (AST PROALEM ese

20005002
2.400F 0P
2.000F 02
2,400F 82
2.000F¢02

PROY (CONTL)

1102 EFFECT OF RIGIU CONNECTIONS UN TRuSS

TABLE & = JOINT UATa

HOLUING Dala FHUM Tug PHrVIOUS PhOALEM PLUS THE FaLLWING

NOME

ACCUMULATEND JoINT DATA

JOINY FOWCE () FORCELY) W®MOMENT(Z) SPRING(X)
1 0. 0. Co 14000€e9a
B | Ge -2,000t°01 [ Qe
$ 0. «2,000€°01 O, 0o
7T 0o «2.000€°0) ¢, Oo
9 0. «1,0006°0] O, [ 1Y
11 9. «1,000£°01 0, (11
12 o, 0, % Oe

PROY (COnIU)

1102 eFFECT OF RIGIV CONNECTINNS UN TRUSS

TABLE § = mEmgeh STIFFRESS OATA

ST1FF mOU OF
TYPE ELAST

® W=

3eUVUVEeOe

3,0UvFe08 &, 000E*00
3, 0vute0e 2,25%0E00v
3.0UVEeD® 2,250E000 JIoU00EsQOD
L, U00E*DU 2,000¢ 00

PRISMATIC PRISHaTle wv

4,000E200
3,000Ee00

CAROS

=0
=0
-0
-0

oPT

PO

axys oureul

neT

——— s =

SPUING (V)
1.000E,99
e
fe
Qe
8.

o.
1,000E,99
PN
FRo%
-0
=0
=P
=0

SPRING (2)

Oe
Oe
[\ K}
Oe
Qe
0o
0o

PN
10

-y
el
-v
ou
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PROB (CONTU)

1102 EFFECT OF RIGIU CONNECTIANS UN Tauss

TABLE A = MEMBE® LUAD DATA

nNO DataA

PROB (CONTL)

1102 LFFECT OF RIGIV CONNECTIONS un TRUSS

TARLE 7 = COMPILATION TAolE

NO DATa

PROB (CONTL)

1102 LFFECT OF RIGIV CONNECTIONS UN TRUSS

TASLE A =~ JOINT UISPLACEMENTS AND REACTIONS

D1ISPLACEMENTS

JOINT DISP(x)

4,303=110
5.966E-ul
8,9YBE=-U2
4,566E=01
18V0E=-ul
JeV006E-ul
J.2u0E=ul
1¢567€=01
e, %00¢=-01
10 3.067€-u2
11 S.ivog=-vl
12 SeT99E=ul

CE P VOeWN—

VISP (Y}

«¢,500e =Yy
-9,359€=01
«1,016E°00
-1,561E¢00
=1.541E400
=1.735€°00
=1,735€%u0
=1.459E°00
«],399c°00
-8,072E=01
-8,472€=-01
=3,500E~-98

ROTATION(2) REaCT(X)

=4,391r=03 =4,343r=]"

«2,6705-03
=3,1726-0)
«]l.683r-0)
=1.513r-03
2.2006F=0¢
2.702¢=-06
1.922¢r-03
1,853r-03
2.606r-0)
2.859F=03
3.596F =02

0.
O
0
Oe
Oe
0.
Qe
0
0.
O
Qe

araCTIONS

RFACT (1)

4.500€40)
%
L
Ao
LY
LD
Ne
LI
N
L1
N
J500F 01

ReALl (2

Ne
Ne
Ne
Ne
Ne
Ne
fe
Ne
Ne
Ne
Oe
0e

PROB (CONTU)
1102 tFFECY OF RI1Glu CONNECTIA~NS UN TRUSS

TAMLE @ = mEdpb® RESULYS

“EMHER NUMBER 1 SVIFF TYPE 1 LOAD TYvPF -
LENGTH » 2,400t e02 ALPRA = 1.0v0EepU QFfA = ne
GOES FuOM JOINT 1 TC JOINT 3
ALL OUTPUI FORCES ARF wiln WESPECY TO THE MEMRER aXFS

AT JUINT ! AT JOINT 1
AglAL FONCE = 4,699E 0| AxyaL FORCE = 4,49vEe0]
SHEap = 10129E=2 SHEAR = 1.179E=-02
HOMENT s ~7en5lE= | 4OMFNT L] 1.953E¢00

TrHE MealMum EQUILTONTUS eRNUR INTEQNAL 1C THE MEuMmfgER IS 1,775F=1U

MEMBER NUMBEM 2 SIIFF TYPE 1 LOAD YvOE "
LENGTH = 2.0ultey2 ALPhA = 1 «0UGEeQU RETA = Ne
GOES FWOM JOINT 1 TC JUINT 5

ALL OQUTPUI FOWCES ARE wlln HESPECT TO THE MEMRER

AT JUINT K]

AcvlaL FCmCe = 4e500Le1
SHEAR = =3
MOMEA T -

ap vvor a
CT AR N ] 1«000tenp

T HESPECT T0 THE MEMREDQ 4 xES

JCOINT ] AT JOINT []
1AL FURLE @ =) .a98Eeu] AXTAL YURCE & <1 _49~FeD)
SHtaa a a,023E-13 SHF AR L] 6. 423E=03
~OMENT = =5.,221€- 1 MUWENT = €,391E=01

THE =aximum ¢uIlLIoHiuv EnxUA [nTEanaL TC THE mMruogR IS p.Re2F=1v

VEMBER NUMDE 21 STIFF Tyke - ILOAD TvoF ~ )
LENOTH = ZemuUUEe(Z A VA = e HFla @ 1.0nUc*YQ
GOFS FwuO™ UN[INT 11 TC ML 10

ALL NUTPUT FINCES ARE alln nESPECT YO IHE HMEMRER aXF>

AT JVINT 11 AT JOINT 1n
Axlar FOxLF = 9.9QlEevl AxTAL FORCF = 0, 991E¢0y
SHEAD - heTeTE=-03 SHE AN = 4,747E=013
MOMEM T & =psy)bF=-ul MOMFNT ] s, A77€=01

THE Madlmum pUIil JodxTUr U= INTERNnAL TC TWE MFrafR |S 17 7aF~1u

861
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102 EFFECT OF RIGIV CONNECTIONS On TRUSS

TaBLE 10 = JOINT EQUILIBRIUN ERRORS

JOINT ERALR} ERRiY) ERRIZ}
FORCE FORCE HOMENT

«2:021¢=07 =1,301€=00 =1,487p-00
1.022!-00 01.“0!". “-’70!-.5
«FeWSE=0T7 2,369E=06 =4,425¢-05
8o TISE=0T 1.733E=06 =1.360F=-06
«800828207 =1,305E=06 2.958¢-0%
=1 +807E=07 2,98TE=07 1,.552¢=09
2.801€=07  1,880E-06 2,587¢=08
-.-3_..(-01 1,006E=06 1,321€-00
B85106E=07 =},607€=00 2,0067-05
10 =1¢005€200 ~3,807€=06 A.07iF-0%
E)  Ved94E~07  1,400E~06 2.60ig-08
12 2210887 o9,35006€=0T7 §,800F=09
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EXAWPLE PROSLERS FO# REPORT 1ivs eFFRll OF WiGiv (UMNECTINGS anDd AOLLER raecling un TRuae

A% JAY TG o« COH =

007

PROR TAGLE 2 = FRAME GEDSETAY Uala
L
11983 ErreEcT oF RIGID CONNBECTIONS AMD ROLLER FREEZING OM TRUSS

MOLOING DATA FuGM TWHE PREVIOUS SHORLEM PLUS THE saLi WING
TABLE | = PROQWAN CONTROL DATA
1

FROBLEw TYPE o
L

INPUT TABLES
. CcOMPUTED JOINT COORUINATES
TABLE HOLO DATA pROM NUHSER 6F Camng
wUHBER LASY PROBLEN ADDED FoRt THIS .
{1 © YES»0 = NOD OROSLEN ) JogrT & Y
2 3 =g i 0, [
3 ¥ g @ 2.900€002 Z.400Ee02
& 1 1 3 2.900E+02 Q.
$ 1 o & Q,BUBEC0R 2.000Ee02
& 1 8 3 4.480E%02 0.
1 wd . = ] @ TLEVGESNZ 24008402
T 7:400E002 O,
oUTPUT TasLES 8 FaviENZ E.4008+02
®  9,808E002 O,
TABLE  SUPPRESS LUTPUY 19 1.200€403 Z,908E002
WURGER (]l = YEB.D = M) 1 1,200g503 O,
RE L4406 0.

=9
g
=g

LR X )




PROS «CONTD)
1103 EFFECY OF RIGID cONNECTIoNS AMD ROLLER FRECZING OM TRUSS

TOBLE 3 = MENBER LOCATION DATA
HOLOING GATA FROM Tug PREVIOUS PRORLEN PLUS THE FoLLOWING
noug

CONPUTED %ENDER RUNBERS.LENSTNG:AND OFFSETS

RENGER FRORN 71O STIFF LOAD LgweTw H=QFFSEY  YoOFFSEY
MR JOIRY  JDEMT - TYPE TVRE

3 3 3 1 0 2.,400E402 2,0007:02 6,

e 3 [} ) 0 2. E,4008,02 O,

) B ¥ 3 [] 24400F482  Bo

s 7 ] 1 e 2oA0UESN2. 0o

S [ ] i3 3 ] SoA00EOR - O0

& 11 18 3 [ ] 2006502 0.

7 2. & 3 0. Zea00E® Rsa00Fe02 0o

[ & ® 3 0244 00E202 24008002 0,

[} ® L] 3 0 2,400E002 2, sa00r,02 O,

| 1 ® 10 |} 0 2.400E002 2.400r.02 ..

28 3 2 € 0 3e3EDZ 2.4005:02 2.400F%02
2 7 8 & 0 De3NESZ TA00F0F 2.400£°02
13 [ 30 2 0 BIPNECEE  2,400F.02 240002
1 3 g 8 2 0 Bo3MEC02 2.600F .02 =2.400L°02
1% L3 ¥ 3 0 JINE02  2,400F 602 ~T.H00E*02
[y 1] 32 3 0 IINES02  2,4007,02 ~2,400E402
13 3 2 ® 0 ea00EE2 @, 2.,800E°02
18 $ ® & 8 2,400E402 o, 2:400¢¢02
1% ¥ & & 0 24008002 o0, 2,400€002
20 ] [] 4 0 2.400€402 0O, 2,400E°02
2) | 1 io [ (]

24008002 0, 2,600€002

eo0 COMPUTED MENSEN WUNBERS ASREE «3Ti LASY PROBLEN ede

PROB. (CONTUY

1103 EFFECT OF @LBIU CONNECTIANS 4AND ROLLER FREEZING OM

TABLE & = JOINY UATA

nOLDING Dala FNOM THE PREVIOUS PROaLEM PLUS THE sl Owieng
IKPUT OF JOINT pAta
JOINY FORGCE (X) FORCE(Y) MOMEMT(?} SPRING(X) SPRING(Y)
12 =0 =0 “0o 1+000€990 <0.

ACCURMULATED JoiwY DaTa

FORCE L&D FORCEEY? MOMENT(Z) SPRING(X) SPRING(V)

JOINT
‘3 O Ge [ 1.000E+96 1.0600E499
3 Qe =2.000E°01 0. 0. 8-
$ 0o =@,000€°03 0, 0 - - (.2
7 0. «2,000E%01 0o 0o 0.
9 0o = ,000E°01 ¢, O [ X3
13 0. =1 ,000€%01 0, O [ 13
12 % 0. 0. 15000£09 . | +000E+99
PAOS (COMID)
1303 LFFECT OF RIGEV CUNNECTENNS anD ROLLES sREEZING ON

TABLE & ~ nEupin §TIFFAESS BaTa

oOLDING DaTa FHOKW Twg PREVICUS PRO=LEM PLUS TWE rFelLL WINS

NONE

TRUSS

SpR1NG (2}

SPRING (2D

Ge
[ 2]
fe
Oe
[ X)
De
[ X

TOUSS

[pe]
o
et




A08 (ConiD)
1163 CFFECT OF aldiu CUMMECTIANS anD ROLLER pREEZING ON TRUSY

TABLE & = mEMBER LOAD DATA
HOLOING DATA FROM Thg PREVIOUS PROQLEWM PLUS TRE raLlO¥ING

WONE

PROB (COMID) _ o
1103 EFFECT oF RIBI0 COMMECTINNS AND ROLLER sFREEZING ON TRUSS

TABLE 7 ~ COMPILATION TABLE

Ne DATa

PROB (CONTDY ’
8163 EFFECT OF R1GIV COMNECTIONS AND ROLLER FREEZING ON Tausd

TABLE & = JOTHT DISPLACENENTS AnD nEACTIONS

DESPLACEMERTS ’ BFACTIONS

JOIKY OISPLX) DISPIY]  WOTATIONIZ) WEACTIR}  AgaCTiYy ReaCl4ly

I =4e833E~90 =2 ,800E~98 =2,96TF~03 4.833€¢5) 4.300E.01 o»
2 3.066E=0) =6 ,460E=B1 =) .998r«03 O Be LD
3 =6s6T3E=13 «7,259E~0] =2,354g.03 Qo . LT
& 10666E=0) =1,374E480 =1,532p.03 0. fe fs
S =10334602 ) 154E0 00 «, 349503 O, 0. e
6 1eD05E-0Z =1,349E%0u 2.248F«00 O i 23
P 2VeES02 i C 2sHaZg=0d T ' e B
8 -1.3)36-0! 1. 772703 O. e B
o S.l3z€-02 . 1.689¢=03 @. fie [}
10 «2.803E=0] =5,173E-01 1.932r.03 0. ne as
11 2,06TE~0R =5, ST2E~0] 2,081F=03 & L1 0o
12 4eBIIE~98 =3,300E~88 2,1728=03 ~4.833C¢01 3.500E.01 Qo

PROB {CONTUY ' e
1103 EFFECT OF AIGIV CONNECTIaNS AND ROLLEM enfEIZINT ON TRUSS

TABLE « = #fuuEn RESULTS

HEMBER NUMBER 1 SIIFF Tyeg 1 LOAD tTvpE n
LERGTM & 2,400E+02 ALFNA = 1.000E+00 AETA » Ne
GOES En0® JOINT 1 Q0 JOINT

"ALL OLTPUT FORCES ARE wiln HESPECT 10 THE HEwgER 4 nES

AT JUENY i i al JoINT k)
ALIAL FORCE & =3,337Ee 10 AKTAL FORCE ® =1, 137€000
SHEAR ®  GelnBE=13 SHgaR ®  9.,104E=03
HOMENT D =FTephTE= ) MOMENT ] 1,359€ 00

THE MaaIBUm EuulLIBRIUr ERuGH [wTEqnal, TO TMF MEMBER IS 1.220E-1lV

HEHBER NUMBER 2 STIFE YyeE 3 LOAD Tvpr a
LENGTM &  2,400E402 ALPRA = 1,000E+00 BETA =
GGES Fa0H JOINT 1 T JOINT 3

ALL OUTPUT FOHCLS aRg wils AESPELY 10 THE MENBER

At JOINT . 3

fia

AxBay FOMEE & =3,33)1E¢00
SHE AR 8 =ishS
HOMERT

TVveE L
BETA = 1e060E%00

PECT 70 THE ME4RER saES

2Y JGInY v AT JGINT aq

AxkaL FOMCE w =3,eQ8Ee.8 AKJAL FORCE 3 o1 ,497E-D}
SHEAR 5 S5e358E~) SHF AR sz, 95nE~03
BORENT 8 =7, 684E=.] MOMENMT 2 7.25:€=01

ThE MaATMUM EUuilLIudiUN cHEOR [NTEaNAL T THE weungR IS  1.8583¢=iV

BEMBER NUMGER 2% STIFF TYPE LY LOsD Typr [}

LENGTH o 2.4uvEsl2 ALPRA .m Ga ¢ RBEYA w JaB00E*0D
GOES FROM J01nT 11 70 JoINT 19

alL OUTPUT FORCES adE wlin HESPECT TO TNE “EMRER auES

AT JUINT n © AT JoINT  gn
AXIAL FOHCE o 9,90%5E«ud AXTAL FORCE » o, 90%E000
SHEAR - Ke126E~ 3 SHEAR @ x, 125E-063
SOMEMT % eH20bE"y] MOugNT . om A n10E~QL

THE. mad [MUSM EUu L JdRTUr cRAOKM IRTEaR4L TO THE wFwafR 18 o TTRFiv
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PRO®B (CONTDY
1803 EFFECT oF REIGIV CONNECTIoNS AND ROLLER FREEZING ON TRUSS

TABLE 10 = JOInNT EGUILIBRIUM ERRORS

JOINT ERRIR}D ERR(YD ERR(2)
FORCE FORCE MOMENT

=3:806E=07 =} ,036E~08 ~7,7968-0%
§o195E=00 «2,)30€E~0a <},946FK<05
«8e504E=07 1.683E%06 ~3,763¢-08
$:002E-07 1 .413E~08 =] ,605F-08
ebs JVBE-ET o} ,269E=-06 =2,421F08
ol o8T0E=0T 8,829€E=0T7 1.552r~065
2:8078=07 2,636E-06 2.9%80¢=-05
©lo0i1€-06 1,208E~06 1,566E004
10040E=00 <1 ,631E~06 7V,424¢<0%
=1 e296E~06 =2,037E~06 1.04Tr=08
11 8.008€-07 7¥,2106~07 1.,981pc03
12 3.469E=-07 =4,042E~07 1.,767¢=08
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= COM

ERANPLE PROBLEMS FOﬂ atnoa!

TASLE 1| o PROSRARN CONTROL DATA

PROBLEN TYPE

TABLE
HURBER

dPRS N

TABLE
WUMBER

18

INPUT TABLES

HOLD DATA FROM NUMSER OF Camns
LAST PROBLEN ADUED FOR TniS

{1 & VYES»0 & NO) PROBLEN

QUTPYT TapLES
SUPPRESS OUTRUT

il & YESsG = RO

L)
wh
)

o8 .
12¢1 Two STORY BENT wITHOUT INTERIOA COLUNN o LIVE LnAD

0t a0
DBYRY D

PRO8 (CONTD)
1201 Two STORY HENT wIThout INTERIOR COLUMNn » LIVE LoAD

TABLE 2 = FRAME GEOKETAY DATA

NUMBER OF JOINTS 1M FRAME s 8
REFERENCE JOINWT §S JOIANT 1 AT X = De AND v =
JOENT TOLERANCE IS 30000E-02

(ENPUY OF JOINT OFFSETS

FRON X*OFFSET  V=OFFSET T6 to Vo
JOENT . JOINT

) Oo 2.278E02 2 3

2 4.800E002 =0, 3 ?

3 6-6005'"2 3.312€en1 -] 8

7 “2:760E002 [

) 9.0005042 4 ,820E001 &

cOnPUTED JOEnT cODRLIMATES
JOERT A ¥

Oe 0.

9o R.278E002
Qe 4.985€+02
2,800E+02 2.278E¢052
8006902 4.880E402
9.600ECD2 =0 o820€40)
9006008002 2.276E002
9.0006¢02 S.2j08002

EE RSN

702

T0o Yo v To




SRoB (contDy ) PrOB (CONTL)
120 twG STORY gEnT SEINOUT JuVERIOR COLUWE - ( IVE LoaD 1201 Tw0 STORY QEMT «ITwOUT TNTERIOR COLUMN o LIVE LoAD

TABLE & = JOIMT OaATa
TABLE 3 & MEMBER LOCATION DATA

KUKBER OF WEMGER BTIFFMESS TYPES o & INPUT OF JOINT DATA
nUnBER OF HEWBER LOAD TYFEE = 2

JOINE  FORCE (A) FORCEAYVE  WORENY (Z) SPRING(XS sevINGIY) gPRING(2Z)
InPUT OF wEMBER LOCATIONS

1 =8¢ «l, =0, 12000E¢66 (000ELH8 ~0s
FROR STIFF LOAG t¢ ¥t G TG Ts YO FO YO T YO 6 wde -y *Ga l-ooogoea ;.ooox.QO 10808099
4OINY TYeL tydg JOINT ) . -
. o ACCUULATED JotnT Dala

i [} g 3 .

4 2 [ ] 8 . .

¢ 3 e ? SANE 43 INPUT FUR TwI§ PHOALEM .

7 L3 . [ ] . S

3 & ¥ § '}

2 . Y 4 ¢

n(m tconty o
o ' tuo SToRY agaY -i'nour INTERIOR COLUMN o LIVE LnAD
CONPUTRD HENBER uunﬂcliszneius.Aun OFFSETS

MEMQEH FROSM  TO ' STIFF LOAD < LENETH  EeQFFSET  VeOFFSEY TABLE & » mEMBER STIFPLESS Qata
Muke " JOINT  JOINT . TYPEITVRY ‘ R

1 i 2 i 0 2.PTREe02 0, 2.2788502
: % 23 H 6 ZLgYOECOT 0, 2.270E+03 . ,
3 = 2 9 Zep08Ee02 0o Z.609€¢02 STUFP Wil or PﬂlSnl!!C aalinatxc NO  AXIS gureul St PR
s @ id 3 e 2, ,olz [ 8 24TAPE 02 CUUTYPE CELASY . o g & CARDS  ORY el fane TO
3 t 8 4 9 Qs Za9aDECOR
& 2 4 $. 13 SoBOBFedE O,
* * ¥ s i Qa.g"Cﬁz B .
[ ] ] 3 & & ¥ . 8.800Fs02 3.332€90% B 2,%6us vus: l.vsae-@3 2.800€+07 0 1 1 6 =4
L . [ ] . 2 0.03;{003 4.300F.02 . 3.3128002 2 .2,96000¢ 8,0008¢02 2.000808) =0 1 1 =a i
. 3 2.960E000 | 0506063 2.800Ec0] =0 1 i =8 =Y
& 2,960£008 1,050E003 24000E¢01 «0 1 1 =0 =0
eos COMPUTED HMEMBER MUMBERS HAY nOT ASRET «ITH LAST sponlEH see 3 2,960E.006 1,86008003 2,690E0 0} I ] H - =g =0
® 2s0~e£oei'o. i “Oe 14 F - =¢
STIFF TYPg & Conip aggrna;uts ARE Iw ngdssa pRIMED ll{s
Fagn 10 1 i Lid 8z
Qe =0y ¥, 0U0E~03 ‘c.“‘t‘e‘ =0y =f&o Qe
=, 0,I00E¢n] 3.600E+03 4,200E001 w0, =8 =8,
6e300E%VE  1,680Ee0Z 3,400F003 &,200E%01 =0, o 0
10608202 R,940£002 5.000L+048 S,000E40] =0, =8 =Ds
2,940E%02 &, 1068002 3.400£403 46,200E%01 0, = =Be
4y JO0ME*W2 =0, Ie0008+03 4 2u0E%01 =p, -0 =Do
=0 4,800€¢02 9.000£403 7,000E%0}) -0, LD =0s

soz




PROB (CONTD)

1202 Tuo STORY aEnT WiTroul INTERJOR COLUMN « { IVE Lnbp

TABLE & < MEMBER LOAD DATA

LOGD UNIFORM  UNIFORM
TYPE on ov
I =0e £
LOAD TYPE 1 CONTE
Faon [
$.660E00) 9.600Ee0] ~0.

deP2oE0 ek
2 006E°02
3.880£002

LOAD UNMIFORM
TYPE ex

2 =0e

4,040 TySE

FROM

2,400€¢01
1+920£°02
2880802
V.040F502

10920492 <0+
2.960E002 =&,
3,840E+02 ~0s

UNIFORN
oy

s

Z CONTD
10

2,6088e0) =0,
3»92¢€0g2 ~0e
2.880E002 =0
Y HAQEQE =D,

w0
CARDS

&

ax

CARDS

ex

[33¢)
0Py

1 N

¥i7

w1e000E¢G) «0,

=5¢000E%9L =9,
o] +000E2¢) =8,
=] +OD0E*01 <8,

aX18
(4]
2

ay

wZ,060E* 8} 0,
wZegootoel -0,
=2 «DOOE*DY =¥,

. RLORNESSL -8,

eF

(4

PROE (CONTLY
3201 IWg STORY gEAT wI¥TmMOUT INTERIOR COLUNN » LIVE Ln:n

TARLE 7 = COmPILATION YASLE

»0 Data

PROS (CONTO)

1201 Tug $10AY RERT WiTAOUT INTERIOR COLUMN « LIVE LnaD

YABLE & = JOINT DISpLACEMENTS AND REACTIONS

DIGPLACEMENTS

SOINY  0ISP L0

1 =1.BY0E~98
2 »3,31TE-p2
3 T.2V8E-cl
4 =b,Ivip~03
S Jalisgeed
8 1elVOE-9d
T 2e408E-p2
8 H.9LTE~01-

O18P(¥E A0vaATIONEZ!

«),2056=97 3,181g=03
w3, 3128402 =5,9188.0)
«5, 390602 ©1,590F=02
=5,928E¢60 =7,025¢ 04
=5,934E000 3,291F=04
«3 195E=97 ~1,021g-96
*3.979E=02 4,291£=03
6, 47TE=U2 1,6637-02

aracrions
REACT (X} AEACT (V)
EQ@0E+DY  14205€402
. LEY
[ fe
Qe fa
Qe E- 2
“Bed00Cedr 1.195Fs02
fe Be
Be Be
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e
Go
8o
Qs

Ge
1021803

Be
e
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PRO®B (CORTL) ) ) ' : . #ROB (CONTWY )
1201 fud STORY wERT W1TAOUT INTERIGR COLUMN o LIVE LoaR 1201 tu0 STORY genl @{THOUT InTERZOR COLUMN = LIVE Lnan
TABLE © » NEWBEM RESULTS TABLE v = nExBEW RESULTS (CUNTD}
MEMBER NUMER ) STIFF TVPE 3 LOAD TveE o MEMBER NURGER o STIFF TYPE 3 LOBD YveE "
LENGTH & 2,2788002 ALPrA = g, BETA & 1.000te0p LENGTH &  Z.To0Esu? ALPa B n, gETE & j.000c%00
S0E5 FAOM JOINT 1 16 JOINY 2 GOES FuOM JOIWT & TG JOInt ¥
ALl OQUTPUT FORCES ARE sllu RESPECT 10 ML ﬂeﬂsea akEsS ALl OUTPUT FORCES ARE wiin HESPECT 10 THE ntuncn aXES
AT JOINT [ AT JOINT ?
A% JOINT ¥ Al JOINY *

AxIAL FORCE o oj.205E002 AXTAL FORCE 3  «9, 2088002 ArlAL FORLE & =3,1958ué &x1sl FORCE s oy, 195E¢02
SHEAR & =]4093E*01 SHEaR e = 501605 SHE AR &  Jep9iEeul SHEAR 2 1.091€E%¢1

HOMENT ® Ee98gEoul HOuENY 5 P, AB8EES ' HOMENT & =] .n22E+.3 BOuEMT L] 3 earE 8}

THE MAXIMUN EGUILTBRIURN :naea xnt:nn&L TO THE ucunsa 1% =.787g=VH .
““““ THE maclPue EQUILIBRIUM BRRUR INTEanal 10 TwE MEmsEd [$ 1,969Fouls

MEMBEA NUMBER 2
ZJ2T6E

SO S
BETA s 1:080€%0p
L o MEMHER NuHgER L3 SLIFF TyPE & LOAD YyoE s
LENGTK s 2,980k e ALPHA e Os nrih ® 1000400
GOES Fu0# JOINT y 10 JOINT
ALL QUTPUL FORCES aRE =wiTH RESPECT 1O THE MEMAER 2XES

AT JCINT ’ AY JOIMT L
AR
::stnt AxlaL SORACE & =F,0428%ul AxtaL FORCE & w7, 842E%0)
SHEAR [} SeJobEenl SHeaRr ® 5. n6nEedl
WOMENT & =6e353E¢ 3 MOmENT e & %8 Ee03

THE saRIMUM EQUILIURIUS ERROW INTEGNAL TO THME ugmetR IS 1 K8sE=-v/

PEMGER NUNDER 3 STAFF tyeg 4 LO0AD TyeE a

LEGTH = Z.0y%Eeg2 ALPHA 8 g wriA ®  je.00ulcug
5088 FROM SOINT & Y6 JOINT [

sLl OUTPUT FORCES ARE wiTH RESPECTY TO THE HEMBER LXFS

AT JOINY ° AT JOYNT 5

AxTAL FORCE = =},398Es01 AxTalL FORCE 2 oy ,39%Ee01

uta'a I 3eT40E 00 SHEAR - 3, T4IE+00
eSe THTESUR MOMENT w  3.95:E-08

tue ngx!uos tnulttbatun ERROM 1u!£axAL T0 ol wEwef® 1%  o,292F=~ve8

L0Z




PROR (CONTD
120}

TABLE & = MEMBER RESULTE (CONTD}

NEMBER NUMBER L]

LENBTH =

48008402
SOES FROM JOINT

STIFF Typg

ag?nl g3
2 10 SO0INY © &

QUTPUT pISTANCES gng FROM 01T
ALL BUTPUT FORCES anD alsrLActnequ aRE WITH RgSeecY TO tuz n:aﬂER

CIgvanCE

e
2.490E%01

4.860E%01

T.200E+01
$+600E°G1
1e200E%02
1e840E*0&
1 e680E*02
§e920E*92
2+100E%02
2e400£%02
2.640E002
2.,880E902
J.j20E°02
3 I60E02
3.600£°02
3.840E%02
4,080€02
44320E%02
4.560€°02
4,800E02

THE saRIMUR

] LO&D 17?!

§6000€290

# ALONS Tut uevazh it

DISPLACENENTS

ARTAL

*3.317E=p2.

«3,236E-62
=3,084E=p2
“2.931E<62
o2, T90E~p2
=2 +643E=02
«2496E-02
*2:349E=p2
2 +202E %02
=2 ¢0SSE~02
o] (908E=62
=] JT61Ewp2
=] 4014Enp2
@] o468E=q2

LATERAL

v"‘l

L 213

wTabd

2602

P E~0)

¥ TE-pi
SE-93

=1}

SEe00

=} +489E+g0
-l..93£‘°°
=2a311E+00
=2, TIAE o0
30183000
-a.sﬁ::ooo

-2.3!1!-02 -4

=l,t
«io027E=02
«§,799E-03
010329£.03
=8 68gE~03
wyIP1Ewp3

€QUILIBRIUN ERROR INTERNAL TO THE

Tak=02 -

TE«00

«3,196E000
=5.888E+00
5 920E 00

’notntxouau

-5.’1’%’&3

] oSE2L 02
] 638852
wleTITE~Q2
-] o TS8E=p2
w] s T62E~p2
=1+733E-02
wl o ITE=p2
-] +3V4E=g2
=] e$BAE =P

‘-10253:‘0!
). wh. o0 2
44 c‘.‘loazc:%z
«8,413E00
CSQQQ

-8 EIVE~0D
wb o T24E~03
-4 TT1E=03
«2e763E~03
T O2SE~04

Aniat

A 349E401
4,349E401
Q03‘9E°.l
S.340E401
S MAGEGRS
0.349!001
4,349€400
‘0309&’0‘
4.349E%0%
4034'!‘0)
4,349E°00

4 ,349E%01
4.349E001
4,349€+0)
44349€200

CS"E‘O!
Qn’QQC‘ol

4,349E201

HERMNER 18

¥
Two STORY BENT WITNHOUT INTERIOR COLUNN - LIVE LoAD

i
o

FORCES
SHEAR

304900
24890E40
34490E%0
2409020
PodVOESD
204%0E%0

wAS0E 0
1990840

FedR0Ee0
1.‘90[’03

 19490E%0}

GeU94E200
40896000
AeB90E600
44898 +00

- 4e896E*00

3+200g~07

AXCS

MOMENT

=Te3i6Eeu3
«6239E203
~80181€403

;4 s004E403

«3+006E 402
=2s]69E0)
~14331€003
4 ¢936E 202
3ea3E 02
.o‘l‘t‘ﬂt
1095392403
24136€40)
24734E+0)
30091E003
30449E«0)
3«B06E+LD
4e164E03
442816403
4o399E+0)
4e516E003
Ae5¥0E40)

PROB {CONTD)

1201 THo STURY SERT #1Tnoul IwYER[OR COLUMN » LIVE Lnan

TAGLE @ ~ #ENuER RESULTS (CONTD)

T SUIFF YYPE 5

HEHMBER NUMBER LOAD T¥RE i
LENGTH & 4,B00E+02 ALPHA & 1,000E%00 RETA & O
GOES FROW JOINT & YO Joat ]

BUTPUY CISTANCES AHE FROR 01Ny & ALONG THE MrwRgR AKIS
all OUIPUT FORCES anp CISPLACEMENTS ARE wiTH RESPrCY TO TuE MEMBER ANES

DISPLACEMENTS FORCES

OISTanCE mOTATIONAL

0. - =4, 2918443 =5,0200000 .7,025E=04
2,400E+01 -1.&_I£-51 “5,915€600 1,775E~=g3
S B00ES0L ‘ “5,803E400 4,155E-03
P Z00ES0L =3,8 b =5.716Ee00 8,437E=0)
Fe800E°01 - =5,5352.0¢ 38,621E=03
1e200E%02 e5,303Ee09 ] 065E=02
1s4640E02 «5.025E+008 §,208E=02
1.880E%02  $.008E=03 ~4,706E+08 | 410E~02
19206402 6.351E-03 ~5.356E+08 ] ,551E=02
22.180E402 7,094E-03 ~3,964F400 1,66TER52
2.000E402 9,037€203 =1.553E400 1,751€=92
20840402 1,038€=02 =3.126E+00 1.803E~02
2.880E40¢ 11726292 24690600 1 B24E~02
3.120E402 1.306E<02 ~2.254E+00 1.BUBE=Y2
34360E*02 [oA01E=0R -1 826E400 1,752E-02
3.600E002 1. 5T5E-02 ~i.41TEe08 1.650E~0R
3.B60E*02 1,709E«02 ~1e037E+00 1,508E~02
4 0A0E*02 [ ,864Ewp2 ~0.97)1E=01 }.318E~p2
6,320E902 19786202 =4 0P0E~01 }0I5E~92 X
4.560E°02 2,112E=02 ~1.857E=01 7.783E=03 3,075E«0]1 =4 +906E90)
4.B00E*YL. 2.¢46E=02 =3,979E=02 4,Z9IE~6T  F.Q7SE+0) =ae006£°01

THE MaRIMUM CQUILIBRIUY LKROR [WTEoNAL TO THE MEMaER 8§ 34845g~67

LATERAL SHEAR  MOMENT
5.010E003
823920403
5,175€.03
44987E+03
ASTHOESTS
422826003
3-825E403
303876402
2+9p9E«03
22126003
1+814E40)
Bel6TESDE
1192E902

wBo)ahEedZ

1750403

2289380}

«Jeb31E«03

“4eBDOE03

5 :9p6Eed3

wTe)baEeud

eBedalEeld

AKIAL ARTaL
3.975E901 ~u, 065400
3,675E20] =0.065E%00
3,975E501 «5.0652400
3.97SES0) =as068Ee00
3.935E001 (. A08E0
3,075€981 =1 .908£40
3,9T5E20] =y 9060
s.gyscbo: ) s 908ESC

I HIRED] wpaslOESUL
3,975E01 «2.906€+01
3,975E281 =p«906£00])
3,675E0] =3.906£¢0]
B,975E20) =3 .406E0
3,975€20] =3.906€¢0
3.07SE201 =3.906£90
3.,078E°01 «34906£U
J,OVSE20) »a A06ED
3,OFEESOL =4 e FORESO]
3,075590] =4 o08ESC)

"

807




PROB. 1CONTER) PROB (CONTO)
1202 Tud STORY SENT wIThOUT INTERIOR COLUMN o LIVE LAAD 1201 Iwp STORY BEaT wITHOUT JuTERIOR COLUMN o L IVE LpAD
TABLE @ = WEMBER RESULYS (CONTO) TABLE @ = mEwBER RESULTS (COWTD)
HEMBER NURGER L] STIFE TYPE 6 LOAD TYPE # HEMDER NUMDER L SIIsF TVPE 3 LOAD TYPE ?
LENGTR. = 4,8)18002 abMa s 9,976€<¢] BETR ®  @.884E=02 LENGTH & &,813E002 ALPHA & 9,978E=01 BETA 2  @.886E=02
S0ES paom JOINT § 10 SOFUT [] . GOES FROM JOINT 8 76 JOINT 8
QUTBUT DISTANCES. aRE PROK JOInt 3 ALONG THE SToUCTURE x=aXiS QUTOUT DISTANCES ARE FROM JOINT g ALONG THE STRUCTURE x-aXls
aLL QUTPHT FORCES aND CIBSPLACEMENTS ARE wRTM RESPEeT 7O Twe MEMBER AXES ALL OUTPUT FORCES anp DISPLACEMENT= ARE wWIvW RESPrCY TO TE MEWBER AXES
DISPLACENENTS FORCES
. ce ’ ¢ DISPLACEMENTS FoRcES
DESTAN aRE ATER TAT ION Axt SHE #OMENT
I L M wo M s R an € DISTANCE aRjaL LATEAAL  ROTATIOMAL  ANTAL SHEAR HOMENT.
8e T:223E<0% =1,039E-01 =1.590E262 ~8,947€201 F,1T0E*0L =T 556Ee63
20490E°8) T .216E=01 ~4.98TE~01 -} H50E~ 5. 947€2%01 Te1T0E001 =3.831E+93 o X -
BoBoaEe01 To2bTE-o) c9se205-0l oiv206-0n caceirerel LilToce0l callaeec0d ' T UZSE-01 5499600 3.20iE-04 =5,1j9E°01 @cDTESQY TuT62E+03
T,200E481 T,196Ea0) =1,326E400 <1,796E=02 «S,04TE0] 7.170E+08 2,381E403 2.400E%01 . T,U19E=0) =5 9T9E<00 - 1.13IE=03 =91 19E401 €«DETEOD. T..8R6E«0I "
DeB00EIGL T lBAE-9] =L TEIE4 00 <1:032E=02 =S BTBE*DL ~ 461 T2E00] «B6.564E+02 44800E°01 To0l1E-p) =5:939€000. 2.252E-0) 8,110 401 € «06TESQL H4QI4E0D
| 1.208€902  T,1713E=6] =2.205E400 '=1.,833E402 =S AQOESOL g, 1TSE0 9.885€+02 T+200E%0). T.002E=¢] =5.863£400: 3:985E703. =5,179C°0L . 4 s08TE200: '8180E+03
| 1:440E902 T,162E=0) *24643E¢00° =1,804802 +5,809E*0) . S¢1T7SE08 - 7583IE03 V.600E00) 6,992E-01 2BoTS6€000  §.958E=0) -8 050E20) ~3e900F 200  B.0326E403
UeOB0ESAR  T,151Em0) =3.000E000 . =1 TO6E=02 »8,009E400 §,115E¢01  3.078E+03 142006902 6,982E=01"=5.519E400 ‘T.900E03 =6 ,0m1 €401 =1 iIBOE 0L’ T992E403
% 169206202 . To140E=01 =3:461E400 <1 ,8658562 o8,740E°00 4 1TTECOL  4.323E03 15640€902 GcITR2E~01 ~BHI6BES00 9 TIBE=0 ~4,9a|E#0) =3oI09€90) T+656Ee03
2160E%02 T 131Es0] =3.,B12E+00 -1,508E%02 =8 ,671E400 93,1800 S,088E+03 1.680£002 6,963E=01 =5,109E¢00" 1. YSTE“02 <4, 901E*0) =1eIBVE*0 75324E40)
26400€602 T,121E=00 ~4,204E400 ~F.499E=02 ~8,371E+01  9.1006+0F S.853E+03 1+920€202  6.954€=p1 =0oBLIE<00 1eI)AE=02 =4,9712E*0] =2eIB6ES0L . 62990E <03
2,640E902 T,312€~0]) ~4 3936400 o), IVBE=02 «§,671€+6) 3. 180E200 4.618E403 2,160602 6,946E56] =44818000 N A21E=02 =4 B4AE01.=3304E201 6.1T76E003
28006902 T,103Ea0] =4,913E+00 =1.200E=02 =5,842E90) 2,182E+01 7.383E403 244006992 6,938E-0) 8.1 2BE+00 1515602 <4, R4AES01 ©3,IB4E00)  5.362E403
30120E402 To093E=0] =5¢205E000 <101 195702 =5.534E008 14104ge0l To688E« 0] 2680E202 6,930€201 =3 TIRE400  1.5I8E-02 <6,ReaF0] =3c3B4F00L 4,548E003
BoB6ESC2  T.082E-01 =5.452F00 <9 ILBE=0T =5 ,8I4E0] ) IBAE0L . T,953E«0) 2,880E902° 8.922E=6) 343G LEC00 ' 1 663E=02 =4, 77SEL0] =49381E 001 ILTIAEO03D
34600E402  T4071Ecq) ~5e653Ee00 a7, IIE=0D =S, SI4E48L 1o 1B4ES 04 84230E¢ 03 I, 120€002 " 8 913EL01 92, 953€000 1 TICE=02 =4, 7A6E40) =8 ITIESOL 2,440E+03
B.BA0ES0Z  T.081E=0) =S,B0TE¢60 o8, IBOE=03 =5,4456+0]) 1.860pe00 8.922640) I IHNEL0R 6,904E=01 *245ILE08 1 TTIE=02 ~4,TA6E 0] =5, 3T9E*0 1o1aSE+03
4, GB0E262 T, 050E~0) =5 912600 L3, 366E=03 =8, 196E20] =8 102U 8,32TE«v) J.6008908  6,0898E<0):=20102€000  1iTODE=02 =4, TAGE*0) =8 ITRES0L 14466402
423206002 T,040E~01 «5s9T1EC00 L 1,607E=03 =8, 308E¢ 0] <8, 110E000. 8.132640) 3.840E402 6 8B6E=N]L «)sETSESND 1o T6OE=Z =4, AITELOL <5, ITTE 0] ‘a1 44JE0T
4.560ES02 . T,032E<01. 59956480 <4, TEIE04 =8,396240) =a,1Y0E200 Ti93TE+0D 4,080E¢02 &,877€E=0) -1-250:000 1e710E=02 =4 ,54RFS01 o¥.JTOESVE =321 7Ee03
4.800E+0E T 025E-01 =3.996E+ 00 - I4201€=08 <8,396E¢01 ~8.110E400 T.742E403 4.320E°02 6,009E=~gl ~8e585E=0] & ].624ET02 =4 .%aRE0] =7¢3T4E0] ~64991EeL3
S.560E°02 DBBEen] 4 oTITE=C) 1542802 +4,548E°01 =7ITGE*U] =6 765E«03
THE SMASIHUN EQUILIBREVF ERROR INTERNAL TO THE MEMmaER IS  {.283g-06 4eB800E°02 ©,858E=0]1 ~1.)22E=n]1 §:003E=02 =4.%5cBE*0] =7+3ITHEC0] =B53I9E0I

THE MakIWUM EQUILIBRIUM ERROA INTEmNAL TO THE ugmogR IS  1.)T7S5E=09

[
(=4
O




PROB (CONTDS
1201 Teo STORY REAT WITHOUT INTERIOR COLUMN o (IVE Laal

TABLE 310 ~ JOINT gOUILIBRIUN
Jolnt  ERRLX) Emmiy}l
FORCE FoRCE

1 2).704g-03 1,801&~10
2 =8+T9HE=03 «3,890E=02
3 B.500E-03 },56006809
& Jot)E=0¢ 8,4326=03
3 «].461E~04 ], 491E-07
6 deTe4E=p3 1,7848=10
T GeZ11E~03 ~4,341E-0)
6 =T, P1858<02 1,035€-08

ERRORS

ERRily
HONERT

§+960p=01
2e28dE=0])
9,680F=01
1.182g=01
~3,221g-00
'2.35!(-01
=3,088g=~01
=] ,166Fs89




02 JULY 70 = CON = HM ‘ . Prod (rONTUS
ERAMPLE PROBLEKS FOR REPORT ) 1202 Two STURY BERT = A0D INTERIOM COLUMK - i TVE LOAR

TABLE # = FRAME GEUMETRY DATA

pROB ‘ :
1202 TwG STORY BENT =~ ADD INTFRIOR COLUMN « ( fVE LOAD ,
WOLOING DATA FROM Twg SREYIOUS PROQLEM PLUS THE ¢oLLOYING
NUMBER OF JOINTS W FRANE = Q
TABLE 7 = PAOGAAR CONTROL OATA INPUT OF JOINT OFFSETS
PROBLEN TYPE 2
eROR #oOFFSET v=OFFSe?T 0 Te 14 £ fa 5 0
TPUT TRELES Jont : o JOIRTY
TABLE . NOLD. DATA ¢ROR 2

) N ©3,960€,02 9
WUMBER | LAST. PROSLEW o
(L ® YES»O & WOH

| COMPUTED JOINT COORUINATES

2 i
3 3 . .
4 i JOINT L] ¥
6 i ’
7 L2 ] 3 8. O
2 ¢ 2e278Ee 2
3. 0. 4,595E+92
QUTPUT TAGLES & 0,0006002  24270E+02
' S R S g o800E02 4.800E+02
TABLE  SURPAESS 69,6008 002 =4, 824E00)
NUMBER {1 & vYESse = . 9,000E202 2.278Ee02
i 6 9,600E002 B.218Eeg2
[ ] - T ALHUUEEZ ~l.082E402
® -’
1] wd

112




PROB (CONTD) .
1202 Tug STORY pEnT = ADD INTERIOA COLUMN = | IVE LOap

TABLE 3 = HEMBER LOCATION DATA
HOLDING ®ATs FRON Tug PREVIOUS PROaLEN PLUS THE FaLLOVING
FUNBER OF WEWBER STIFPWESS TVPES & 7

SHUMBER OF NEHBER LOap TYPES o 2

INPUT OF nEHBeR LOCATIONS

Faoe STIPF LOAD @8 Tto 1@ 1 v 10 ¢ 0
JOINY TYPE TyPe Jolut
] 7 (] L)

CONPUTED MENDER AURBERS,LENOTHS:4ND OPFSETS
WEWQER FRON  TO  GTIFF LOAD LgN@TH  XeOFF§r?  YoOFFSET

MUMB  JOINT  JOENY  TYPE TYPE

) ] 3 3 8 B.318E002 @, 2,270 62
2 2 3 3 9 R.270E+62 0, 2,270 002
3 8 8 2 & Res09£c02 ¢ 2.609€002
é & 7 3 8 2.760E003 9, 27808002
8 ¥ [} & & 2.940E0R 0, | 2e940E¢02
8 H . # B 4,m00E<08 4.0007,08 8,

7 L] 7 $ 1 4.m00E*02 4,0007s02 €,

[ 3 ] & 2 A ,mI1Ee02 4,000F,02 3,3)2€.00
® 4 s ® 2 451l€e02 4,000F,02 3o 3]2E001
19 ® 4 ¥ 6 devaole02 0. 3. 94080 02

006 COMPUTED HExBER NUMBEAS AGAEL wiTw LAST PREBLEN esé

SROE (CONTU)
1202 w0 STORY gENT = A0D INTERJOR COLUMN = | TVE LOap

TABLE & = JOINT OaTa

HOLDING OaTa FHOM Tug PREVIOUS PRORLEN PLUS THE soLLOWING
INPUT OF JOINT DATA
JOINY PFORCE{R? FORCE YD) mOMENT (Z) SPAfuB¢X) SORING(V) BpRING{Z}

® «0, -0, -0, *§o 20008€00% =Ge

ACCUNULATED JaTNT DaTa

JOINT FORCE XS FORCE (V) MOMENT(E) SPRING(XS SPRINGIV) SpRING(Z)

3 e [ D $e 10000Ee9¢ (.000£409 9o
é O 0. [ Y 100008000 (.000€099 1.000F¢99
9 G e 8, [ 1Y 2.0008,081 o0,

PROS (CONTD}

1202 Tuo STORY BENT = ADD INTERIOR COLUMN = | J¥E L0AR

TaBLE § ~ HENBEH ST FFaESS DATA

HOLOING LATA FNON Tug PupVI0US PROaLEM PLUS THE paLLOVINGS

§TIFF =00 OF PRISMATIC PRESMATIc MO AXIS oufeul ®Pye PN

TYPE ELAST 1 A caR® oPT ant FRoM 0
7 2,960g000°8, oge 3 1 -3 =9 =9
SVIFr TYPE ? CONTQ RESTAAINTS ARE Iv MERBER PRIMED ARES
FRQM 10 i A x 8y

0o -§ 100568003 2.800F¢0% 2,0n60€°00 3.000E¢00 <0,

9 =
e 1.920Ee02 80050E¢03 2.800E00] 2.000E+00 3.500E%00 =0
19205002 3.960E¢02 1.050F¢03 2.8u08¢01 a0, “de 0o

N
Py
N




TABLE & = nEMBER LOaD DATA

tCoNTOY
326% Tug STORY BENY = 40D INTERION COLUMK « L RVE LOAD

HOLOING DaTa FRON Vg PREVIOUS PROLEM PLUS TWE #niiOUING

nowe

PROB (CONTDD .
1202 | Tup 3TORY BENT - ADD JNTERIOR CO UMM = ) J¥E LDAS

TABLE 7 = COWPILATION TASLE

%G Dava

R0 . (coNTEN .
1262 Tuo STORY BT = ADD INTERIOR COLUMN - | IVE LOAD

TABLE @ = JOINT DYSPLACEMENTS AND REACTIONS

C1SPLACENENTS
JOINT  OISP IR} DISP(Y) ROYAT)Ow(Z) REACTIX)

«2:T06E=99 =35,439E~98
«6,316E£-04 =) ,495E-02
10803801 =2,4404E-02
S.67TE-03 =3,405E-6]
24026601 «4,0908-0]1
24 TO5€=99 =3 ,411E=-98
13147€=02 =1 ,8026-02
1eT25€-01 =2,008E-02
1e10TE=08 =3,262E=01

EL T YL T

RELCTIONS

RESCT Yy

T356€-06 24708800 S:439€401
«1.503e=03 0. e

=3 44503 B Be
=7,800r-0% §¢ [T
8,050¢-03 €. Oe
=2.655F=97 =2,785€+08 S.411€.01
1.0947<03 . 6o (.18
3.118¢«03 G 0o
¥e2I3T6=06 GO0 $,40%€.00

REACY (2

00
2.0595€+02
Oe
[.X3
Qe

‘PROB (CONTY)

1202 Two STORY @ERT = ADD INTERIOR COLUMN « | g¥E LOARP

TABLE @ ~ MEMBEN RESULTS

REMSER WMURBER 3 STIFF TVPE 3 LCAD TveE [
LENGTM @ 2,278E002 ALPHA & n, BETA = }1.000t*00
80ES FROM JOINT 1 T2 JOINT

ALL OUTPUT FORCES ARE wITH RESPECT TO THE NMEMBER anES

AT Joluy 1 AT JOINY 2

ARlAL FORCE @ =S,439E0ul AXYAL FORCE ® =%_439E01

SHEAR 8 =2.706E*00 SHEAR & =2,.706E00

HOMENT S 4.8)4E~02 MONENT 8 «f, 180Ee02

fN; Man [Mus EQUILIBRIUN ERKOR INTERNAL YO THE WEwaER 15 1,19)1F-06¢

HEMBER NUKSER 2 STIFF TYPE
2.278E02 ALPrs »

LENGTH ®

GOES saADN JOIMT 2 10 JOINY ?
aLL OUTPUT FORCES ARE witnm RESPECT TO THE MEMRER IXES

AnjaL FORCE » =3,454E00)

SHEAR
MOMENT

1 .6ANE*DE
1 «920E*vd
2.160€02
2.8600E02
2.8640E02
2.000€202
3.120E%02
J,360E 02

3.600€ 262 .

3.8su€eu
4,0080€¢02
44320€%02
4,560€%08
4.000€%02

THE Hak {MUM

AT JOINY 2

8 *je207E°01

«6168€-01
=8 ,926E=01
=5.,295€=9]
*2:563E<01
1.724€=p} *5:81SE=01

1.122€5n1 8.9 TdE 05"
1.720E01 ~8.047E=01

1.718E=0} “6.025E~01
LeTlgkE=al =D,905E=01
1oTh4E<0l =5$,082€=00
1.732E+01 =5 340E=0])
1.7 0E=01 =+ 861E=01
40708 =9.4203E=01

.=34565E=01
1 «2eT91E=01
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PROB (CONTD) 1'5¢ 5’J£ .' L ' ' PR onTu)
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s [} 4 3 2 2.760EeD2 €, 2o TRDF+02
IS ¢ 8 s 3 20U 0, . 24%a0Fe02
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JOINT DISPPx: DISPIT). RWOTaTiOneZ) REACT(N) REACT(Y) REACT (XD

1 3oTUGE=Y® 1,803E°99 <2,56TF=03 =3eT7G4E00 16035400 0o
2 #,306E=01 4,405E<00 ~9,6608Fx04 Oo O [
3 @e688Ea0) I, 023E208 ~4,053rade B Bo e
o Q.¢90E=0l =7,009E=03 =4,069F=0s6 Do Se '
6 0.088F=0) ~8.,211E~03 1.479F«04 0o e O
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NUNBER OF MEWBEZR LDAD TYPES » ?
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TASLE @ JO(N‘ D;spLactnEnfs AnD aEActzaus

DISPLACEMENTS

JOINT: DtSég;) . DIsPey} ROTATION(Z) REACY(X) REACT( ' 4]

2.101e«03 T.093Fs0a

12 »3,8188=03 0. fe
=8 BIEE03 Qo e :
- w1 220308 Qe B Tma
[ 14519F«04 Qe 0. o
- 0 " *6,886F-97 ~7.590E400 1.350£.02 6.UCEES02
T 4,265E=02 3,186F=03 0O fe 0
8 2 w6,323E702  3,997F=03 Q. a. O
? 2. 1.301E400 "0

2T4EwGY »b ,506E-0]1 2.068E-05 0o

N
(2]
it



(444

PROB (CONTD) . PRON (CONTU}
1208 ™0 STORY BENT HOLOING STYIFFNESS FROX 1202 ~ OEaAD LOAD 1204 Te0 STORY REMNT HOLOLING STIFFNESS FROM 1502 = DEsD LOAD

TABLE ®» = NEMBER RESULTS .
' TABLE @ = NEMBER RESULTE (CONTD)

HEMBER NUASER 1 STIFF TYPE i LOD TvRE %
LENOTH &  2,278E002 APHA & o, BETA & 1.000&¢00
90ES FacK JOINT 1 10 JOGHY 2 MEMBER NUMBER 10 STIFF TYPE 7 LOAD TvPE L4
all OUTPUT FORCES ARE RITH RESPECT TO THE wEWsER oNED LEnGTH 8 ), 960E.02 ALPHA »o 0, RETA & 1.,000E¢00
GOES FHOM JOINT 9 Y0 JOLNT .
OUTPUT QISTANCES ARE FROM JOINT 9 ALONG Twp wewpgER AKIS
AT JOINT 1 AT JOINT ? all CUTPUT FORCES anp OISPLACEMENTS ARE WlTH RESPFCT TO TuE MEMBEN AKES
ARIAL FORCE © =1.301E¢02 ANfalL FORCE = «§,197E+02
SHEAR 5 =7.094200 SHEAR o =7,004E000 . BISPLACEMENTS Fonces
HOMEN ® -0l ) o} .616€00 y .
Omel : 1e262€ Howe " ct.erckend DISTANCE  AKAL  LATERAL  GOTATIONAL  ANTAL SHEAR  MOMENT
THE MARINUR COULLIDREUN ERROR INTERMAL TO THE MEwaER IS  3.356£-08 P : Sl
0o @6 506EgL +22T4E=0D 2,600E=05 -1,331¢+01 =jc067E=1} 1+191E-10
10900501 =6.513€=01 =1s740€=03 2,719€%5 =3, TAQE40L ]+161E=01 1+238E:00
) ) 3.960€901 =6;925€¢1 =1.107E=03 2,092E=05 =6,242F201 1.966E=01 4,419€:00
MEMBER NUNBER 2 STiFF TYPE 1 LOAD Tvse 3 $.860F00) «6,502E=x0] =5+770E-04 3,3126=05 <8,780E401  2.4286-01 B,.854E400
e LT e e Loeuntce el TOBMETS Limsaiied Sielstned Tiosiieves pneeel Lianseon
OES FPROM JOINT 2 t «900E 200 =6, -0 0 -0 S,014E=0S =1,378E202  24279E-0 16873601
ALL OUTPUT FORCES ARE wiTH RESPECT 1O THE wEMEER LxEs 10200E002 «4,032Ewg] 2.174E=03 ¢.399E~0S -lza;1c°oz g-socz-o 2:240E001
) e 0805E+03 13066002 =6,674E201 3,589E03 7,922€=05 o) ,4n)Fe02 4.810E=02 2,486E401
AT JOLWY 2 a¥ S00Ee0l -3.423E003 10384E0 02 26,722€x0) 503156203 9.502E=0% =2,17166+02 =10127€=00 2443598401
S.304€ 42 107826902 =6.716E00]l T.J42E=03 ] O0VOE=Dd =2.394F*02 ©9.2256=0) 200)6E0)
AnBAL FORCE m =.e10E+0) gETi0l  §e0248001 20186403 1.900E002 =8.838E=g] 9.6l0E-03 1.196E=04 =2,546E+02 -4+O1BE=01 §.18TE<6)
SHEAR u =2.076E* -t -2115..‘ e E.oi “z-=°:§°o 2.17A€402 ~6,897Ee) 14209E=02 1.239E=p4 =2,341E+02 =4.974E~01 1.728E400
WOMENT - TaaE. s TE.223E 3.001 +922€401 203T0E*02 =6,950E=01 1 co00E=02 § 218E=08 =2, B81E*02 =4s9T4E=0] =8:124E+00
9. 923E-08 S2,37TE08L 3.105260] 8.532E.02 -
$5E=0) «7,020E=04 «2,344E*0] 3.70SE0] 1.582E40) :'?;;5‘:: ';'°:'§:°} i':3§§'°§ %‘%3?5"2 -z.q.zgoog -":;‘!-: ';'7952.”:
s » 4 s . al,980Ex0 -0 - =05 «2,5326002 =4 974€=01 2,78 4
e :g.guaog.:} .g.:::::o: :g.nu:lo: g-ﬁ!t:ﬁ: t.sssgo:: 3:9"!.“ ,1:1.0:_01 -2:0705.“ 7.808E~0S oz:giz[ooz -‘:9'“;-0 -J:n‘l!:ox
B elobs) ~9.2426-01 1:!°°¢_=‘ -212?35001 ;:66;2.96 :::g}zzo, 3.168E°02 =7.200E=0) 20)98E=02 3,094E=08 2, {2E202 =4 «9T4E=0] =4+752E¢V]
“T00E002 2.607€-01 ~9.001E01 1.204E-83 ~1.904E%0) 1.8626400 34047403 ;.gs:::g; -;.g:og-ol :.z:;::o: l.;bgg:o; “2.802€°02 ~..:;~£:o -s.1:s§-ox
26406002 2,604€-0]1 -8, 681E<01 1.706E=03 -1,081¢+0) -9.303€-01 3,082E.03 +56 cTe320E-a1  £.203E-02 2256705 -2.492E002 ~4.9E-H) ~8.1218 01
P BeoEe02 2.600E-01 ~8.192E-01 2.199E-03 -1:9031001 I 8676000 2.999Es 03 J.1e:£:ud o7379E<n) i-l SEe02 .6.010E:os 2 ,4N2E*02 -..9105-: -1-1065031
31206908 2.597E) =T S589E=gl 2 ,827E=0) =1 .2eTVE0l =1 .853F40) 2.7BE+0) 3,980E*02 o7 438E=n] 2QUOE=02 =l ,2U3E=04 =2 .,472C*02 =g o9T74E"~ o o89 1E*
3.300E20¢  2.593E=01 ~BoBISE-0L I SZTE=03 =] ,824E*01 =3 933F¢0l  24300Ee0) THg Max[MUM EQUILIURIUP EWRON INTERNAL TO THE MEusER 1S  §e26SE-VY

30006202 2.5F0E<0R "DePAVE0] . I VLOE<HD =) JT00F 0] ~2813ESO] 1 .770E+0)
3.040E008 2,586E=01. =4,982E-01 &,267E~5) -{:;ogEOOI :;.1035001 1.1355.»1
4,080E002 2.503E=01. ©3:911E=06]1 4,038€-0) =1,49T7E°0) =3.772€¢01 2.8plE+02
03208002 2,580E-00 =2.004E-01 4,403T70) =] 4448000 =4.252E0) =6,790E+02
4.5608402 2.8576=01 “10000€~01 4,2366703 =1.430C°0) =4.7I2¢*0] =1.760E003
4o800€902 2.5T6Eap) =0.113€-02 3.997E=0) <1,500C*0) =5.100F00] «2.956E+0)

THE MARTMUM EOUILIBRIUVN ERROA INTERNAL TO. THE MEZwsgR 1S  1.701g~07



PROR (CONTOY ’ . .
1204 Tw0 STORY BENT HOLDING STIFFNESS FAOW 1502 = DEaD LOAD

TABLE 10 = JOINT EQUILIBAIUN EARORS

JOINT ERR %) ERR(Y) ERR(Z}
FORCE FORCE HONENT

=1s18Bg=03 2,001g=00 1,262g-01
=28368-03 2,129C~04 5,80875-01
324453 3J,720E-0% 3,6945=0}
4 o82TE~0D =2, 445E~04 3,099g-02
w4 ¢RETE=0E 2,593E~08 «2,1955«07
=03 Z.046E~1p ~1.637E=01
T 30868E=0F 3,129E~08 ~6.197r=0}
=P USIE=0N 6.947E~00 <4 ,485¢~0} B v
=§e06TE~LL T 598E~in 1.19iF=10 S . Coie o

B s BB LR s




02 JULY 7@ o COM = Hn
EXAMPLE PROBLENS FOR REPORT

1208 Tug STORY BENT HOLOING STIFFNESS FRON 1352 ~ DEADLIVESSIND LOADS

TABLE }| = PROGAAN CONTROL DATA

PROBLEN TYPE

TabLg
HUNSER

BSBS DR

TaBLE
HUNBER

[
INPUT TABLES

HOLO DATA FRON
LAST PROBLEN
{f ® YESs0 = NGY

=)
L4
L]
-0
-
-0

OUTPUT TaBLES
SUPPRESS CUTPUT
{3 o YESod = O}

=@
Lo
=0

NUNBER OF CARRS
ADDED FOR THIg

PROGLEN

wbddds

BROS  (CONTD?
1205 Tug STORY gENT WOLQING STIFFMESS FRON 1302 = OEaDsLIVEe®IND LOADS

TABLE 7 = ComPILAYINN TADLE
TABLES (2 = &) OMITTED

INPUT OF PROBLEM NUMBERS AND wULTIPLIERS
NPROB MULTIPLIER

1202 1,2%0F¢00
1206 3 ,250E¢00
1203 1,250E+00

PROBLEN NUMBERS AND WULTIPLIERS USER FOR Tuis PROBLEN
SACOLES NUMBERS IN ORDER PROBLEMS WERE IwPUY

NPROB HULTIPLIER

1208 1,2%90g+00
1203 1.250£¢00
1204 1,250E+09

PROB (CONTOY B
1209 10 STORY HENT MOLUING STIFFWESS FROM 1502 = OEaDoLIVESUIND LOADS

TABLE & = JOINT OISPLACEMENTS AND mEACTIONS
DiSPLACEMENTS RFACTIONS
JOINT DISP(R) VISP (Y} ROTATION(Z) REACT (X} REACT LY REALT(ZY

1 =7e506E«99 «2,206E=0T7 3,025F=00 T 506E¢00 2.286E402 0o
2 SeVIBE~0l =8,086k~02 ~T,8082¢F=03 0o [ [
3 1.406E¢00 «9,290E=02 =]1,060F=02 Qo Ge G
4 $01928=0l =],399£+00 -7,566f<04 0. fe e
% 10906200 =) ,8521E%00 4.753F=04 0o Be 0o
6 1eTHEEDY o2 404E=0T <2 ,220F =06 =1 906Een) 2.004Ee02 2.228E+03
7T $edelE=0l =T7,719E=02 I,935f<03 0. 0 Qe
8 1,37192408 =)1,1B3E~-01 8,703c=03 0. Be B
9 «3.280E=02 =1,221E*00 =3,199F=04 0. 20052E401 0

N
N
=~



PROB (CONTOY : . ' #RoB (conto;

1208 Twg STORY RERT WOLOING STIFFNESS FRON 1502 = DEADJLIVES®IND LOAOS 3208 Tug STORY sENT WoLDING STIFFNESS FROM 1562 = DEADLIVESYING LBADS
TABLE @ = MEMBER RESULTS TABLE o = REMBER RESULTS (CONTD}

HEWBER NUWER ) STIFF TYPE 3
u.m

LEMBIN o  2,278C«02 Oe T RETA & 1.000Ee00 RENDER MUMHER | 1g STIFF Tyeg ? . '
SOES FRON_JOLNY 1 Yo JO LENGTH = 3.960Ee02 ALPrHA & @, BETA = j.000€%00
ALt ommt FORCES ARy ﬂm Rtsnct T0 THE NEMBER axgs GOES FRON JOINT 9 10 JOIMT .
T OUTPUY DISTAMCES aRE FaOM JOINT 2 ALONE THE MEwpER AK{g
AT JOINT 1 AV JoINT ] ) aLL OUYPUT FORCES 4MD DISPLACEMENTS ARE WITH RESoecT TO Tk WEwSER ARES
ARlaL FPORCE ® ZopGEes2 ANFAL FORCE o =i, )46€e02
sg;n' - -;osegénz :::Mt & =) 4836001 DISPLAGERENTS FORCES
HONEN ®» - L] & IE+03 :
v8i o ~B.S20E00 DISvakCE &R TAL LATERSL, mOTAYIOMaL  Axval SHEAR HOMENY

THE MaRIWUR EQUILIBRYUN ERROR INTERNAL TO THE SEMRER 15  1.3086-07

Oe =1.221Ee06: 3,200E-32 .J,wvz-u 22,842E¢0) 2.957E°3} «%.610Ca10

“o’ﬂﬁt‘ol wla2228e06 1.660£-02 o3 283Ewas 7.‘,7!"1 -1.713200ﬂ «];808E401

3.960E08] «),225E008. 1,981€x of L.uapo: B VR4ESA0 5, S42E o0

STIFF TVPE 1 5.940E001 ~1.228E008 1,232 Sa1E002 «y.022F00 -1.::;1!002

. Ac,Fm B Qe BETA ¢ 1.000E2 ‘ ToR20E48] ) R33Eep ! -a.uuca;

GOES 0 ‘& VO SOEeY ' T 94900Ee0) ~1,238E000: : 1

ALL ODTPUT r CES me wETH uesn:cv TO THE WEWBER A% T188E002 o] 248Ee00 ™
e Lo i

AR L4 Fo508E0 02 =), 00 «

1o TAZESOR =) 272Ee00 “l

AT JOINY [ 1

$1e330F02 54200004 1:980E 02 =} 2084E+00 g =} ~g3
AxIAL FORCE » <3237 Fo2001002 ~2:87TE40) 2elTaEc02 -h?‘éﬁtﬂ *307“ 61 «2,150E~03 =
SHEAR . = 02 «B:057E+9) 2eITSEYOZ «L s IOTESD0 ~2.232EmG] 2 ,204E~)) -

+208E*0 g
»‘ ge 2eSYAEROZ =1, I10E«00 =2,686E=0) «2,311€=03 =
2, 7726500 #1,330E000 =3, 1428401 »2.291€=0) <4,
2:97GE002 13828000 »3580Ewp] +Z.203E~g3
B.568ES0T «1.353Ce00 “4.010E~0) «Z.048E=03 [ 2%
2.ISBEV0T <] sI6KE200 “4,395E-0] o1 .826E-03 ®4332€%00
3.SBAER #loIT6EC00 =4, 7RUE0] 1 5ITE™0I i ,740 §e32E*00 S.069E02
3.762€002 =1 IBBES00 o4 FVIE~0] ) 2100003 -‘,77 E02 5032000 645129002
3G OEP02 «l J99E 000 =5, 192 w0] «7,566E"04 =4, 7485E+02 g,nzgou TelalEs02

8

1 1+902Ee 02
2+988E 002

Sepiel 02

S0E<gs
8,129E~p4
1.9R1E~03

b4 2:::}2.3 -:.::zien THE MaXTHUM ECUSLIBRIUM ERROR INTEQNAL TO THE MEWSER 1S  2.338£-08

J.128E%6 dLi i} . $.673E“03 =3 .639E%01 hh A¢

3.360£202 0 T.877Em)3 -:.spsm ~44258E908 5.

3.606E %0, 8.235E=03 =3 .888F . As2Q9E 403

32,8401 " ell4E=03 -3.‘;0!*03 * . Je839E«03

6080k S 590E~83 ~1,2¢70401 =9, 088201 9.26BE+02

$,.22¢% 9,561E-03 =3,225€+01 «9.TO1Ee0) <1,334E40)

4.560F $sR1IE03 3, 104E50) «].0312002 3.T41E603

‘Q“.’t. 32 g 0.7035"” -3.!6‘:’03 -1.090;00 E «00290E+03
THE mnm :outuutu- ERAON mmnm. 0 TNE MEWGER IR 3.173E=07

6Z¢




PROB (CONTD) . .
120% THO STORY BENT HOLDING STIFFNESS FAQN 12062 = OEa0.LIVE¥IND LOADS

TABLE 16 = JOINT EQUILIBRIUN ERRORS

JOINT  ERR(X) ERRIY]
FORCE FORCE

wioT29F=02 3,465E=18
wh RITE=03 6,635E=04
§.946£,.03  T7,195€-00
1+2088=04 =]1,388E%04
=1+20%E=64 S,312E~08
£0906E=03  3,820E~10
JeZ213E=23 =5,051E=04
=41 99€=03 . 1.289E~08
9 BeISTE~1]l 1 ,294E=0%

GNP s WMo

ERRZ)
MOMENT

2,81%¢=01
3033000

$.9272.01
Zed90T=0L
“4,648F=07
23,9068=0)

1 s199E400

=9:35Tr=01

=5.610E=10

972




02 JULY 70 = COW = #M
EXAMPLE PROBLEnS FOR REPORY

PROB

1206 T80 STORY BENT HOLDING STIFFNESS FROM 1302 =

TABLE t = PROGRAM CONTROL DATA
PROBLEs TYPE L

INPUT TABLgS

TABLE NOLD DATA: FROB
NUMBER LAST PRONLEM
{1 = VES»s & NO)

=9
L
P
«0
ol
=0

OUTPUT. TABLES

TABLE SUPPRESS CUTPUT
NUMBER (3} @ VES¢0 = NO)

OB DR

] Ll
$ =0
10 =0

WUMBER OF CARRS
ADDED FOR THIS
PROSLEN

wdddd 2

DEAGOLIVE LOaDS

PROB ' (CONTDI-

1208 Tw0 STORY GENT HOLDING STIFFNESS FROM {302 - OFADsLIYE LOADS

TABLE 7. = COMPILATION TABLE
TABLES 12 = &) OMITYED

INPUT OF PROBLEM AUMBERS anD wuULTIPLIERS
NPROB MULTIPLIER
1202 1,800¢000
1204 1.500E+00
PROBLEM: NUNBERS "An0: MULTIPLIERS USED FOR. THis PROBLEM
PROBLEM NUNBERS "IN ORDER PROB(ENS WERE 'THPUT

NPROB ®ULTEPLIER

1202 '1,8008000

12030,
12041, S00€200

PROB (COMTUY

1206 Two STORY AEWT HOLOING SYIFFNESS FRON 1902 = OFADsLIVE LOADS

TABLE A « JoINT DISpLACERENTS anD QEACTIgNg

01SPLACEMENTS RESCTIONS
JOINY DISP{x) OISP(Y} ~HOTATION(Z) REACT(x). REACTIV)

1 =1s991E=98 o g IE=8T 4,511F<03 1c551E201 2.931F02
2 =4, 88TF=02 '=T,820E-02 =8,432F+03 0. 0.
3 PEIE2ESD] s ) 1 9OES0]) ST FISFaG2 G0 0
4 =]962E502 <1 TTHE400 =3, 210F=04 0o -1
S 8.058E=ul =1,936€400. I T2TE=04 O» '
6  Lebb0ES98 =2 ,998E=97 ~1(S11E=96. =1 +680E00] 2¢999E402
T 24906€=03 #9,641E=02  6,6TTF=0I Oy B
B TeU03E=01 ~],4B8E=01 1.161lE=02 Os LD
9 3.621E503 «1,552E%00 4,633r=05 0, 3.105€401

REACT ()

Qo
O
iKY
Do

Qo
14511E+03
0o
[.X}
Geo

N
N
~




PROB (CONTD) iz
1206 TWO STORY gENT HOLOING STIFFNESS PROM iP202 = OEADSLIVE LOADS

TABLE © = MEMBER RESULTS

HENBER NUMBER 1 STEFF TYPE i
LENSTH 3 2,2T0E002 ALPMA & g, BETA & 1.0600E°00

SOES FROM JOINY 1 To JOINT 2
ALL QUTPUT FORCES ARE wITH RESPECY 7O THE HMENRER AxES
AY JOINT 3 AT Jolwy 2
AXEAL FORCE = <2.,931E08 AXfAL FORCE o «,7608002
SHEAR s #1o881E¢0} SHEAR s of,881E¢01
HOMENT @ 2eT40E=0]) MOMENT 2 =3,833€+03

THE MARINUM EQUILIBRIUM ERROR INTERNAL TO THE HEMAER I8  7.173E-08

HENBER WUMBER H STEFF Tvpg 3
LENGTH &  2,278E+02 ALPHA @ g 8ETA & 1.0
© GOES FROM JOINT 2 19 JOINY 3 B
ALL GUTPUT FORCES ARE WEITR RESPECT TO THE afmpeEm 3

AY JOINT 2

axlal FORCE » o1.8583E¢02
SHEAR

SHEAR MOMENT

=04 =8,173C+01 7.T20£°02 =1.860E+06
: =LeB14E=03 «6,1732+0] ],648E¢02 -]1.155E404
Be030Ee 00 =2oIBLE=33 =6.073E+0) 1.5T6Ee02 <7.670E403
<81 ©Rs1106600 «3.571E=03 «8,033E+01 [ .S00E402 <3,966E+0I

2062E=01 =2.204E¢0D «4,095E=03 ~3,a39Fe01 1.2226+0% -4.368E402
T051E+0] ~2:3062E200 «3.9L8E=03 =5,695E°01 Gea0TEOL ]¢9)3E03
1.4040E202 T,000E=pl =R.,388E¢00 <3,196E-03 -3 ,588€+01 AOBTE*0] 4.089E«0]
106808902 T.029E0] “R:451E480 ) o9TRE=)D =S, KI4E40L To96TE01 6.092E€+03
1:920E402 T,059E=0] =2,480E000 wbodL6E~04 =5,541€%6) &.140E0) T.919E+0)
201608402, T,011€x0) =2.4753€400 6,002E=04 =5,147€+01 $.337€°01 B8.568E403
2,400€¢02 T,002E=01 =2,436E+00 2,33IE~03 =5,0g8F+01 f.alTE0)l 9.044E.03
2.640E202 6,994E~qgL =2,362€¢00 I BI0C=-0T -8, p40E~0) A T6EE100 F.346E40D
248806902 6,906E<01 ~2:252E¢00 5,361E=03 =4,A%2F+0) «{cPISF+0] 9ea71E+0I
3c120E208 6,977E=01 *24100E<00 203 =4 ,689E0] =4, TIIEC0L  8.419E+03
3.360€402 . 6,968E=01 =1,9008E+00 @b o0 0Es0) =g a53Fe01 - 7,194E44
3,6006902 6,999E«01 =1.660E4+00 E202 ©4,800000) «as)T3Ee0]  S,T793EsVI
3.640C902  6,951€c01 <1 386F400 1o1USE=QR <8, 364E201 =g 0lIFs0d 4.218E003
4,0B80E*02° $.,943E=0]) ~1s00PES06  3,260E-02 <4,1726°0% =]s180E402 1.465E403
4,320E402 6,935EL0) ST BIDE=01 ' 1,205E=02 -4, 1P2E60] ©1,2526+02 -1,461E40)
4cS6GES02 6,929Ea0) =40840E=0]1 14224E-02 «4,0T2E*0) =]+324E002 40561E.03
4,8006402  §,920E<01 1,968Ea0] ),1601E=02 «4,028E+0] =1,393E¢u2 -T,83IE.u3

THE MAKEIMUM EQUILIBRIUM ERROR INTEAnNAL TO THE MEMSER IS ac0228=67

PROB (CONTD)
1208 T®0 STORY gENT HOLDING STIFFNESS FROM 1302 = OFADeLIVE LOaDS

TABLE @ = MEMBER RESULTS  (CONTD)

MEMBER NUMBER 10 STisF TYPE T

LENGTH a 3,960€+02 ALPHA & Oe BETA @ 1+000E%00
BOES FROM JOINT 9: 10 JOINT .

OUTPUT OISTANCES ARE FROM: JOINT ¢ ALOKG TWE MpwegR AN

ALL OUTPUT FOHCES AmMD DISPLACEMENTG ARE WITH RESPRCT TO THE MEMBER AXES

D1SPLACEMENTS FORCES
018TaNCE axjaL  LATEARAL  oOTATIONAL  AxiAL SHEAR HOMENT
Ge =1.9526400 =3,821E<03 4,632608 =3,105E40] =j.8592E=1) 1.TS9E=10

1.980E°01 <L 554E+00 =2, T01E=03 . ¢,6B1E*0% =9,7106F+0) 1.A28E=Y) 1.941E+00
3.960E%08 <1 255TE000 =1 7526203 4,955€208 «) 8]2F202 " 3o0S4E=0)  6+940€400
80940E°08 =1,561E000 =T} 28E=04 §,0)0E+08 <2,114F¢02 3.699¢=01 1.,377E+0)
Te920E40] =1:367E¢90 Se0loE=04  6.T26E7g8 <2,779F%02 1eT62E~01 2.130E¢01
9.900E°0] «1.574E¢00 = 1,9836=03 BoILIE=0S =3,326E+02 3eZ10E~01 '2.836E<01
1.180E902 <) 5836600 3.021E=03 ) ,030E=04 =3,0V6E€402 10993801 3.360E+0)
103068902 «1.593E400 ©.0TE«03 1.253E=04 =4 8550E402 3,756E~02 3.890E«0]
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