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PREFACE 

This report presents an analytical tool for the solution 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 

cases 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, 'neve10pment 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 repors 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. 

October 1970 
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Clifford O. Hays, Jr. 

Hudson Matlock 
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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 

compu,ter 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 soil 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 compoter 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. In 

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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Symbol 

A 

AE 

AE. 
1. 

Ci 

c 

E 

El 

e 

NOMENCLATURE 

Typical Units 

in2 

lb 

lb 

lb 

inches 

inches 

inches 

xvii 

Definition 

Cross-sectional area of member 

Axial rigidity of continuous element 
at any point 

Axial rigidity of continuous element 
i at midpoint, used for discrete­
element i 
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AE over partial lengths o~ elements 

Cosine of angle between the x' and 
x-axes 

Cosine of angle between the x' and 
y-axes 

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

Distance on element over which AEl ' 
AE2 ' Ell ' and El2 are acting 

Constants of integration 

Modulus of elasticity 

Flexural rigidity of continuous 
element at any point 

Flexural rigidity of continuous 
element i at midpoint, used for 
discrete-element i 

Effective values of EI and values 
of EI over partial lengths of 
element 

Diameter of circle which contains 
loads which are being astatically 
equivalenced 
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1b and 1b-in 

1b and 1b-in 

1b and 1b-in 

1b and 1b-in 

(]f} 1b and 1b-in 

1b and 1b-in 

1b and 1b-in 

1b and 1b-in 

1b and 1b-in 

h inches 

Definition 

Error term which· represents the 
difference in displacements for a 
member composed of discrete-elements 
versus continuous-line elements 

Error term which represents the 
difference in displacements for one 
discrete element versus one continuous 
element 

(6 X 1) matrix of end-forces on 
element i 

(6 X 1) matrix of member-end-forces 
for member k measured in member 
coordinates 
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measured in member coordinates 
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measured in member coordinates (x'­
force, y'-force, and moment about 
z'-axis, respectively) 
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in structure coordinates 
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measured in structure coordinates 
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for joint i measured in structure 
coordinates 
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forces measured in member coordinates 

(3 X 1) matrix of member fixed-end­
forces at joint i, j for member k 
measured in member coordinates 

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

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



Symbol 

i 

I 

j 

k 

[k. 1 . 1J·, 1- ,1- 1 

[k. 1 .J., 
1- ,1 1 

k pq 

K pq 

Typical Units 

1b/in and 1b-in/rad 

Ib/in and 1b-in/rad 

1b/in and 1b-in/rad 

Definition 

Integer index 

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

Integer index 

Integer index 

xix 

(6 X 6) element stiffness matrix for 
element i of member 

(3 X 3) submatrices of [kJ. which 
1 

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

Element of stiffness matrix [kJ i 
which represents the force corresponding 

th 
to the p displacement due to a 

unit value of the qth displacement 

1b/in and 1b-in/rad (6 X 6) member stiffness matrix for 
member k measured in member coor­
dinates 

1b/in and 1b-in/rad Element of stiffness matrix '[KJ k 
which represents 

th ing to the p 

a unit value of 

the force correspond­

displacement due to 

the qth displacement 

Ib/in and 1b-in/rad (3 X 3) member stiffness matrix for 
member k measured in member coor­
dinates which represents forces at 
i ,j due to unit displacements at 
i , j 

1b/in and 1b-in/rad (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 

[KJ 

y 

L 

m 

M 

M 

N 

p 

Typical Units Definition 

lb/in and lb-in/rad (3 X 3) member stiffness matrix for 
member k measured in member coor­
dinates which represents the forces 
at i, j due to unit displacements 
at j , i 

lb/in and lb-in/rad (3 X 3) member stiffness matrix for 
member k measured in structure 
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at i due to unit displacements at j 

Ib/in and Ib-in/rad (3N X 3N) structure stiffness matrix 
measured in structure coordinates 

lb/in and lb-in/rad (3 X 3) diagonal submatrix of [10 
which represents the forces at i 
due to the loads at i measured in 
structure coordinates 

lb/in and lb-in/rad (3 X 3) off-diagonal submatrix of [K] 
which represents the forces at i 

l/in 

inches 

lb-in 

Ib-in 

lb and lb-in 

due to the loads at j measured in 
structure coordinates 

Slope of EI line divided by Eli 

Length of member 

Number of discrete-elements in frame 
member 

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 

r~. } 
1 

q 

RM, RO 

S I, S I, S I 
X Y z 

Typical Units 

lb and lb-in 

lb and lb-in 

lb and lb-in 

radians 

lb/in and lb-in/in 

lb and lb-in 

lb/in2 and lb/rad 

lbfin and lb-in/rad 

xxi 

Definition 

Concentrated forces acting at Station 
i on a member, measured in member 
coordinates (xl-force, y/-force, and 
moment about z/-axis, respectively) 

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

Concentrated curvature (discrete angle 
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Integer index 

Distributed load in the direction of 
the a-axis with its intensity per unit 
of length referenced to the b-axis, 
as qx I x I, qy I X I, qz I Xl, qxx 1 , 

qyx I, q Z 1 X I , qxy' qyx' and 

qz IX I 

Concentrated load in the direction of 
the a-axis, as Qx' QX/' ~, 

~I , and Qz ' and Q , 
z 

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) 
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Symbol 

SMMT 

[T]k 

[t]t 
k 

T 

Ti 

V
l

, V2 

[W}i 

[wi} 

""1 ...... 2 ...... 3 
Wi ' W., W. 

1 1 

wi, ~, w:' 
w~, ~, ~ 

Tvpical Units 

Ib/in and Ib-in/rad 

Ib/in and Ib-in/rad 

Ib 

Ib 

Ib 

inches and radians 

inches and radians 

inches and radians 

inches and radians 

inches and radians 

inches and 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
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(6 x 1) matrix of end displacements 
for element i 

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

Displacements of station i measured 
in member coordinates (distances along 
x I , Y I , and rotation about z I , 

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
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measured in member coordinates 
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Symbol 

[W} 

x, y, z 

x, y 

I I Zl x , y , 

I x 

/I 1/ x , y , x 

xi' Yi' x. , 
J 

xo ' Yo 

Typical Units 

inches and radians 

inches and radians 

inches and radians 

inches and radians 

inches 

inches 

inches 

inches 

1/ inches 

Yj 
inches 

inches 

xxiii 

Definition 

(3 X 1) matrix of member-end-disp1ace­
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 i 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 , j 

x , Y offset of joint 
i , projection of line 
jOint i to joint j 
ture x-axis , y-axis 

j from joint 
going from 
on the struc-



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 a1ternating­

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 
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(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 coordi~ate 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 inp1ane 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. 

3 

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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General Theory 

CHAPTER 2. LINEAR MATRIX ANALYSIS OF STATICALLY 
LOADED PLANE FRAMES 

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. 

5 
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In many cases some approximation is actually made 

displacement relations as discussed in Chapter 3. 

as described by Martin (Ref 6) is the most widely 

in developing the force-

The direct stiffness method, 

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 compatibili~ 
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. 
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Plane Frame Definition 

Consider 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 

will in general have three degrees of freedom, 
.-.1 
W. 

l. 

.-.2 
W. 

l. 
Each joint (i) 

.-.3 
and W. as shown in Fig 1. 

l. 

.-.1 
Translational displacements W. 

l. 
and W~ must 

l. 

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 ~ is defined as being 
l. * 

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, ~ is equal 
1 2 l. ",,1 

(compatible) for all members intersecting at a joint. W. , W. , and w: 
compose a vector {Wi} where {Wi} is a (3 X 1) matr~x of ~tructure ~iS­
placements measured in structure coordinates. 

A frame with N joints has a structure displacement vector {W} where 

{W} is a (3N X 1) matrix of structure displacements measured in structure 

coordinates. {W} then is composed of N submatrices {Wi}. The basic 

equation of nodal point compatibility is 

{wJ = {wJ
k 

(2.1) 

* The special force-displacement equations needed for members with pinned 
ends are discussed in the next section. 
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where 

{wJ = 
k 

9 

(3 X 1) matrix of member-end-displacements measured in 

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 ~/x' and 

qx/x' acting on its full length as shown in Fig 2. The reason for the double 

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. 

F~ 
1 

F~ 
1 

= 

AE 
L 

o 

o 

AE 
L 

o 

o 

o 

o 

o 

6EI 

L2 

4EI 

L 

1_ AE 
L 

o 

I l2EI 
o -7 

I 
I 6EI 

o - ~ 

-1-
o 

2EI 

L 

I~ 

I 0 

I 
o 

o 

o 1 w~ 
6EI 

w~ 
L2 1 

2EI 

L 

o 

4EI 

L 

L -q I , 
X x 2 

_
L -q , I 

Y x 2 

+ 1----

L -q I I 
Y x 2 

(2.2 ) 
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where 

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 Ware defined in Fig 2. 

In matrix notation, Eq 2.2 may be expressed as 

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

displacements, 

(6 x 6) member stiffness matrix, 

(6 x 1) matrix of member-end-disp1acements, and 

(2.3) 

(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 

sys~em. 

ment 

and 

For nonprismatic members or nonuniform loads, the member-force-disp1ace­

equations can still be expressed in matrix form by Eq 2.3, but [KJ 

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

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

can be found by working a fixed-end-member problem. 
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A typical element of [KJ is K 
th k pq 

The p represents the th 
p row 

and q represents the q column of IKl The range of p and q is L J
k from 1 to 6. For a linearly elastic member, K represents the force cor-

pq th th responding to the p displacement due to a unit value of the q displace-
th mente Thus, the q column of 

th due to a unit value of the q 

(q = 2 and W~ = 1) in Fig 3. 
1 

[KJ 
k 

is the collection of member-end-forces 

displacement. This is illustrated for 

Chapter 3 presents the discrete-element technique for ana1yzin~ non­

prismatic or nonuniform1y loaded members and obtaining [KJ and \FF} 
k k In the rest of this chapter, it is assumed that they have been found correctly 

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 

Special stiffness matrices [K~ 
at a negligible distance from the joint. 

and fixed-end-force matrices {FF} 
k 

will 

th 
be used for the k 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 ' {F} , and {FF} as suggested by the dashed 
k k k 

lines in Eq 2.2. This then gives 

Fi KU I Kij Wi FF. 
1 

= -I + (2.4) 

Fj Kji I Kjj W. FF. 
k k J k J k 

where 

{FJ = (3 X 1) matrix of member-end-forces at joint i, 
k 

[ KuJ
k 

= (3 X 3) member stiffness matrix which represents the 

forces at i due to unit displacements at i , 
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" 

Fig 3. Nonprismatic elastic plane frame member 

8ubjected to unit displacement ~ • 

... , 
I 



{W.} 
1 k 

= 
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(3 x 3) member stiffness matrix in member coordinates 

which represents the forces at i due to unit displace­

ments at j , 

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

{FFi} = (3 X 1) matrix of member fixed-end-forces at joint i. 
k 

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 

-

= (2.5) 

Equation 2.5 gives the member-end-forces acting at joint i in member 

coordinates. The forces and 

structure coordinates before 

acting at the joint. 

displacement in Eq 2.5 must be expressed in 

{Fi}k can be added to other forces which are 

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

The transformation at joint 

in structure coordinates 

{Wi} 
k 

{Wi} 
k is given by 

i, for member k, of member displacements 

to member displacement in member coordinates 

(2.6) 

The transformation matrix for member k, [T~ , is given by Eq 2.7 (Ref 4). 

Of o 

[TJ = 
k 

-~ Of o (2.7) 

o o 1 
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where 

a .. cosine of angle between the x/.axis and x-axis, and 

.. I cosine of angle between the x -axis and y-axis • 

Simdlarly, the transformation of member forces in structure coordinates 

{F~ to member forces in member coordinates {F~ is given by Eq 2.8 
k k 

(2.8) 

where for member k 

{FJ 
k 

.. 

.. 

= 

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

coordinates, 

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

coordinates, and 

the previously defined coordinate transformation matrix. 

Since rTJ is an orthogonal matrix, it 
L.. k t 

that its transposet [TJ: is a180 its inverse 

of [TJl and [TJ
k 

in any order is equal to 

Therefore 

possesses the special properties 
-1 

[ TJ and that the product 
k 

the identity matrix [1J. 

(2.9) 

and 

(2.10) 



{wJ 
k 

Substituting Eq 2.6 into Eq 2.5 for and 
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{w.} , premu1tip1ying 
. J k 

both sides of Eq 2.5 by and using Eq 2.10 gives 

{rJ
k 

+ [Tlt {FF} 
.Jk k 

(2.11 ) 

Let 

[i .. l = 
l.l. ... k [TJ: [Ki;]k [TJk (2.12 ) 

[iij]k = [T]t [K .. ] [T] 
k l.J k k 

(2.13) 

{FFi} 
t 

= [T]k {FF i} k 
k 

(2.14) 

then for member k 

[KiiJ
k 

= (3 X 3) member stiffness matrix in structure coordinates 

which represent the forces at i due to unit displace-

ments at i , 

[ii .J = (3 x 3) member stiffness matrix in structure coordinates 
J k 

which represents the forces at i due to unit displace-

ments at j , and 

{FFJ = (3 x 1) matrix of member-fixed-end-forces in structure 
k coordinates. 

Then Eq 2.11 can be rewritten as 



16 

To satisfy the 

Eq 2.15 for {Wi} 
k 

compatibility requirement, 

and {Wj} ,to give 
k 

Summation of Joint (Nodal Point) Forces 

(2.15) 

Eq 2.1 can be substituted into 

(2.16 ) 

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 ~~ , ~~ , and P~ at joint i 

represent a vector {Pi} (see Fig 1) 1 

where 

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

Thus, temporarily neglecting the support reactions at joint i, {~i} is 

equal to the sum of {1i} from Eq 2.16 for all M members. 

= 
M 

+ I: 
k=l 

(2.17) 

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

as follows: 
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(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 

where 

[r] = (3N X 3N) structure stiffness matrix, 

{g} = (3N X 1) structure displacement matrix, 

{r} = (3N X 1) structure load matrix. 

(2.19) 

Clearly [l] can be partitioned into N
2

(3 X 3) submatrices [Kij] and 

from Eq 2.18. 

(2.20) 

and 

i " j 
(2.21) 

Thus the structure stiffness matrix is easily composed from the individual 

member stiffness matrices expressed in structure coordinates. Similarly the 

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

(2.22) 
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Joint Supports (Displacement Type Boundary Conditions) 

Suppose that any joint i has three linearly elastic support springs, with 
~1 -2 ~3 

spring constants ~i' Si' and ~i' 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 [-K] 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 [KJ. Si~i1ar1y 
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 

give 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 [rJ 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. 



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. 
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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 Eguations 

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 valid 

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 manner. 

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 valid. 



CHAFfER 3. NEW DISCRETE- ELEMENT TECHNIQUE FOR 
SOLUTIONS OF GENERAL FRAME MEMBERS 

As previously discussed, solutions for the members stiffness matrix 

and the members fixed-end-force matrix {FF} are required for nonprismatic, 
k 

elastically restrained, and nonuniformly loaded members. 

formulation from Ref 9 was used in Ref 2 to obtain [K~ 
The discrete-element 

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). ~f 

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 
..... 1 .... 2 

• and 
..... 3 

act, elastic restraints Pi • Pi Pi may 
..... 1 ,..:z ..... 3 
si , si t and si may exist, and changes in cross-sectional properties may 

occur. Each continuous element i between stations i-I 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 Eli is the flexural rigidity of 

the element at the midpoint. The terms A, E, and I 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 
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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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to 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 m+1 in Fig 4a. Each 

of the m+1 stations (nodal points) of the frame member has three displacements 
-1 -2 (axial displacement wi ' lateral displacement wi' and rotational disp1ace-

,..,,3 
ment w.). These displacements should be equal for both elements intersecting 

l. 

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 is shown 

in Fig 4b. It is composed of two rigid end blocks, two rotational springs 

with spring constants Eli/h and a rigid piston with an axial spring whose 

spring constant is AEi /2h. The term Eli is the product of the modulus of 

elasticity and the moment of inertia at the center of the continuous element. 

The term AE. 
l. 

is the product of the cross-sectional area and the modulus of 

elasticity at the center af 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 element 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 is axially deformable and has an axial rigidity of 

AE
i
/2. 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]. , which relates forces 
1 th 

and displacement at stations i and i-I. As mentioned in Chapter 2, the q 

column of a stiffness matrix is the set of reactions corresponding to the dis- _ 
th 

placements due to a unit value of the q 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 stiffness 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 Sa (q = 4 and w~ = 1) the axially deformable bar extends one 

inch, thus the force Ti in the bar is given by Eq 3.1 

= = 
~i 
2h 

(3.1) 
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Fig 5. Unit displacements at station i on element i. 
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and 

For equilibrium of forces parallel to 

AE. = __ 1 

2h 

" x 

(3.2) 

(3.3) 

All other forces are zero because of the assumed small displacements. 
-2 * In Fig 5b (q = 5 and wi = 1) concentrated curvatures and 

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

5b 

'1'1 
1 = h (3.4) 

'1'2 
-1 = h (3.5) 

The internal moments corresponding to '1'1 and '1'2 are Ml and M2 

where 

Ml 
Eli 'fl Eli 

= = 
h

2 h 
(3.6) 

Eli 'f2 -EI 
M2 

i 
= h = 7 (3.7) 

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



27 

* Shears VI and V2 will be developed at the two spring locations and 

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

(M2 - M
1
) 2EI. 

VI 
~ = h -~ (3.8) 

V2 -V 
2EIi 

= ~ 1 (3.9) 

Summing forces and moments on freebodies of the two end bars yields 

k
15 

0 

k25 
2EIi 

h3 

2EI. 

k35 
~ (3.10) = -7 

k
45 

0 

2EI. 
k55 

1. 

7 
2EI. 

k65 
~ --;; 

In Fig 5c (q = 6 and 
.....3 1) concentrated curvatures 'J!l and 'J!2 wi = 

are developed where 

'J!l 
1 (3.11) = - 2 

* Positive shear acts in the direction of positive y' on the face of the 
freebody closest to the member axis. 



28 

3 
'f2. = 2 (3.12) 

hence 

H1 
Eli 

(3.13) = - 2h 

H2 = 
3E1i 

(3.14) 2il 

and 

V1 

2EIi 
(3.15) = 7 

V2 

2E1i 
(3.16) = -7 

Summing forces and moments on the end bars yields 

k16 0 

k26 
2E1i 

7 

k36 
1.SE1i (3.17) = h 

k46 0 

kS6 
2E1i 

-7 

k66 
2.SE1

i 
h 
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Similarly, by applying unit displacements at i·l the first three 

columns of the element stiffness matrix may be obtained. Thus, 

AE. 
_l 0 2h 

0 
2Eli 

7 

[ kJ. 2EI. 
,. 0 

__ l 

h2 
1 

_ AEi 
0 2h 

2Eli 
0 .--

h3 

2EI. 
0 

__ l 

h2 

The element end forces 

{w} * as shown in Eq 3.19. 
i 

{f} = [kJ {w} 
i i i 

The matrix [kJ can be 
i 

[K~ : done in Chapter 2 for 

AE 
0 • .--1 0 0 

2h 

2Eli 
0 

2Eli 2Eli 

-;; -7 h2 

2. SEli • 2E\ l.SE\ 
0 (3.18) 

h h2 h 

0 
AEi 

0 0 2h 

2EI. 2EI! 2Eli 
1 0 .- .-

2 h3 h2 
h 

1. SEI. 2Eli 2.SEI! 
1 0 .-

b h2 h 

{f} are related to the element end displacements 
i 

(3.19) 

subdivided into four 3 by 3 8ubmatrices as was 

'* 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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[

ki _l i-I I ki _l iJ 
= '+--' 

k I k i,i-l i,i i 

(3.20) 

where the submatrices are given by Eq 3.18. 

Similarly, the element stiffness matrix for element i+l, which connects 

with element i at station i, can be divided into four 3 by 3 submatrices: 

(3.21) 

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

is replaced by AEi +l and Eli is replaced by EI i+l • 

Substituting the appropriate submatrices from Eqs 3.20 and 3.21 into 

Eq 2.18 ~ = 2) yields 

(3.22) 

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

and adding in the effect of the elastic restraints {ai} gives 

AEi 0 0 AEi +l 0 0 

2h 2h 

0 
2EIi 2EIi 

+ 0 
2!Ii ±1 2EIi ±1 

7 -7 h3 b2 

0 
2EIi 2.SEIi 0 

2EIi+1 2.SEIi+l 
- 2 h h 

h b
2 
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--1 0 0 --1 AEi 
0 8

i wi -- 0 2h 

+ 0 
,..2 

0 
-2 2Eli 2E1i 

si • wi + 0 -7 - 7 

0 0 --3 --3 0 
2E1i 1.5Eli 

8 i wi 7 h 

--1 AEi +l 0 0 w
i
_

l 2h 

--2 
0 

2Eli +l 2Eli+l 
• w

i
_

l + 
h
3 

h
2 

.....3 
0 

_ 2El
i
+

l 1.5Eli +l 
w

i
_

l 
h

2 
h 

--1 --1 
wi +l Pi 

--2 ,..2 (3.23) • wi +l = Pi 

--3 --3 
wi +l Pi 

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 yields 
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_ AEi 
0 0 -1 

2 
w

i
_

l 

0 - 2El - 2hEli 
....2 

i • w
i
_

l 

0 2hEli 
2 -3 1.5h Eli wi - l 

-1 
AEi+AEi+l+s h 0 0 -1 

2 
wi 

0 -2 3 
2h(El i+l -Eli ) ....2 + 2(El i+Eli +l )+si h wi 

0 2h(Eli+l -El i ) 2 ) -3 3 -3 2.Sh (Eli+Eli +l +sih wi 

AEi+l 0 0 -1 -lh 
2 wi+l Pi 

+ 0 - 2Eli+l 2hEli +l • 
-2 
wi+l = -2h3 

Pi (3.24) 

0 - 2hEli+l 
2 ....3 ....3h3 l.Sh Eli+l wi+l Pi 

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) stmultaneous equations. These equations will be symmetric 
-1 and have a band width of nine. Noting that the axial (w) and lateral 

~ and ;3) displacements are uncoupled in Eq 3.24 the solution may be sep­

arated into m+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 i = land 
i = m+l , fictious elements i = 1 , and i = m+2 must be assigned zero 
stiffness . 
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The axial equations are given by the m+1 application of Eq 3.25 

) 
-i 
w -i 

-1 
= p.h 

1. 
(3.25) 

The lateral equations are generated by m+1 applications of Eqs 3.26 

and 3.27. 

(3.26) 

(3.27) 

Both the axial and lateral equations are easily solvable by the method 

in Ref 3. 

Once the nodal point displacements 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 

minus 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 ~orresponding1y 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 nonuniform1y loaded 
k 

member in the frame may be obtained by a discrete-element solution of the me~ 

ber. The member is subjected to all its member loads and elastic restraints 

and the end displacements are set equal to zero by using three large spring 

values at stations 1 and m+1 • The end forces acting on the member at stations 

1 and m+1 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 e1ement-end-force) - (the dis­

cretized load) + (the spring restraint) x (the e1ement-end-disp1acement)]. 

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~ for each nonprismatic member in th~ 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 m+1 • 

The unit displacements are obtained by using three large springs at 

stations 1 and m+1 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 m+1 for each of the six solutions 

are the six columns of the member stiffness matrix. Actually only 13 of these 

36 forces need be calculated and stored. Since [K~ 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 [KJ • The 
. k 

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

siderable. Further reductions can be made if 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-disp1acements. Then any 

frame member may be analyzed as a member subject to the member-end-disp1ace­

ments, applied member loads, and elastic restraints. The solution is similar 

to the solutions for [KJ and {FF} just discussed. 
k k 

The displacements of all the stations will be found from such a solution. 

Then the spring support reactions may be found by multiplying the spring con­

stants times the negative of the appropriate displacement. The e1ement-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+1 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 conditions 

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. 



CHAPl'ER 4. CONVERSION OF ENGINEERING INPlIT 

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 
o 0 

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 Xi and Yi then the coordinates of joint j, Xj and Yj are 

given by 

= (4.1) 

and 

= (4.2) 

The member's direction cosines a and e are given by 

37 



Fig 6. General frame member. 
I 
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(4.3) 

and 

(4.3) 

where the length of the member L is given by 

(4.5) 

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 sUnilarly 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, Q is a concentrated load in the direction of the a-axis. Thus 
a 

Qx' is a concentrated load in the direction of the member x'-axis, and Qz 

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

tributed loading in the direction of the a-axis and has its intensity per unit 

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 Q and q b ' giving the distance 
a a 

from a reference pOint to Q and the distance from a reference point to the a 
starting and stopping pOints of qab 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 a and ~ and summing as follows: 

~, = aQx + aQy 
(4.6) 

Qy, = -~ + a:J.y 
(4.7) 

and 

Qz' = 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: 

«Ix 'x' = ~+~yx (4.9) 

«Iy'x' 
.. -~ + Q<lyx (4.10) 

and 

qz'x' = qzx (4.11) 
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The term q I I 
Z x (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 

(4.12) 

and 

(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: 

I X 
X = 

ex 
(4.14 ) 

or 

, .I 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 is 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 

I ,the error in replacing the original system with the equivalent system 

will be of order I 
2 

Consider a concentrated load Qyl 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: 

= 

and 

Qy/(2h - c)/2h 

= Q ,c/2h 
y 

(4.16) 

(4.17) 

~ ~ 
The terms Pi and Pi+l are the concentrated station loads required 

for the member analysis of Chapter 3 and are astatically equivalent to the 

actual load Q ,. Both loading systems are contained within a circle of 

diameter 2h ~hus the error is of the order (2h)2. 

A load parallel to the member ~, could be arbitrarily transferred to 

either station i or i+l and it would still be statically equivalent to the 

original 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: 

~ 
Pi = ~,(2h - c)/2h (4.18) 

-pi = O,c/2h 
i+l 'x 

(4.19) 

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 
• 

by Eqs 4.20 and 4.21. 
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Fig 7(b). Distributed Loads. 

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

= Q ,c/2h 
z 

(4.20) 

(4.21) 

Linearly distributed loads such as q " (shown in Fig 7(b» may be y x 
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 q, I and distributed rotation loadings xx 
q I , may be handled in a stmilar manner. The similarity of the techniques 

z x 
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, 

s , is a distributed elastic spring restraint acting parallel to the member 
x 

x'-axis, s, is a distributed elastic restraint acting parallel to the member 

y'-axis, an~ s , is a distributed rotational elastic restraint acting about 
z 

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 is caapatible with the astatic equivalencing of loads just des­

cribed. Higher order variations in El 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 in 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 HIE! and T/AE diagrams for an element may be balanc.d­

by choosing appropriate effective values of EI and AE to be used for the 

element. The term H is the bending moment at any point in the element and 

T is the axial thrust at any point in the element. Thus the H/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 

EI 
2hEIlEI2 

= c2EIl + c l EI2 
(4.22) 

and 

AE (4.23) 

The terms EI and AE are the effective values to be used for the 

element of length 2h. The terms Ell and AEI are the actual values of 

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

for a distance c2 • 

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." 



CHAPIER 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 t~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 solution. 

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. 
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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.OE + 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-old and new coordinates 

and continues. 

The second and succeeding cards give the offsets of new jOints with 

reference to previously defined joints. FOf 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 ''ro'' 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 stmulate 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 ~n 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 connection to the jOint 

is provided in Table 5). 

Distances to locations of changes in stiffness are given from the 

members 'Trom" joint and may be in either member or structure coordinates 



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. 
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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 fram 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 which permit the user to describe the member loads in the most convenJent 

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 '~rom" 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. 

Output 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 reactions. 

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 Tab1~ 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. 

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-inc~es 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 at'.d 

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 FRAMII 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 number 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, ROMST, and RDMLD which input Tables 2 through 6, echo-print the data, 

and after making preltminary computations, print the additional data described 

earlier in the chapter. 

Subroutine ROMST and RDMLD convert the member stiffness and load data 

from the input coordinates to member coordinates and from that point on all 

member data is expressed in member coordinates. The transformation to discrete 

station values is not made at this time, in order to conserve storage. 

Subroutine CaMP 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 axial 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 FSUBI which calls FSUBl2 to generate the member stiffness 

and load matrix one row at a time. (In the frame solution, GRIP2A calls FSUBI 

which in turn calls rSUBII 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. SMHT is the storage vector used and the relation of SMMT to the member­

stiffness matrix [K]k is given in Eq 5.1." 

~ -
SMMT(l) 

0 SMMT(3) 

[K]k = 
0 SMMT(4) SHMT(7) (SYMMETRIC) (5.1) 

SMMT(2) 0 0 SHMT(lO) 

0 SMMT(5) SMMT(B) 0 SHMT(ll) 

0 SMMT(6) SMMT(9) 0 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 

FSUBI which in turn calls FSUBII to furnish the appropriate stiffness and load 

coefficients. FSUBII 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 B. 
The sum of the joint loads and reactions are then computed. ~en th~ 

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 ADJNTER 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 haw 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 COHP 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 operations. 

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.regu1ar 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 equations. 

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 ADJNTER to complete the jOint equilibrium error calculations and PRINT9 

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 mdght actually exist could be easily accommodated in a 

manner stmi1ar 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 J. 
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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. In 

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 'Trom" 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 

msmher-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 column 

below joint 4, as shown in Fig 10. The resulting structure is analyzed for 

the live loads of problem 1201. 
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Dead Load: 
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.,("'41) I I 

Girde,s - 2.4 Kip/ft. 
3.0 

Columns - Q6 Kip/ft. Iy'(~) r---,I.S 
16 Concentroted Loads of 4 Kips 
Each t S Irnila, to Live Load 

Fig 10. Two-story bent with interior column. 
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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 O. 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~, 

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. 

used for the vertical members, the load would be 

columns 31-40 instead of 41-50. 

If axis option 1 were 

~/x' and be input in 
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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. Stiffnesg 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 approx~ately 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. CONCLUS IONS 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 the 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. 

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 nonlinear analysis program. 

Preliminary studies indicate that the discrete-element model reported 

herein can be extended to include not only the bea~column effect, but other 

geometric and large displacement effects as well as nonlinear material proper­

ties. 
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ERROR ANALYSIS OF DISCRETE-ELEMENT MODEL 
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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 approaches 

zero. 

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

* the element is fixed at its left end, i.e., 

= = = o (Al.l) 

Now consider the effect of load f~ only, the moment in the two springs 
1 

Ml and M2 will be found by statics to be 

3f2h 
Ml = i 

2 (Al.2) 

f 2h 
M2 ... _1_ 

2 (Al.3 ) 

* 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 Y
l 

amd Y
2 

• 2EI. 
1 

where Eli is the flexural rigidity of the element at midpoint. 

From the geometry of the model 

3 
2f~h2 

Yl +'Y2 = 1 W. = 
1 Eli 

and 

2 3hY l hY2 
2 .Sf~h3 

1 
Wi = --+- • 2 2 EI. 

1 

(A1.4) 

(AleS) 

(A1.6) 

(AI. 7) 

The corresponding displacements will now be derived for a continuous 

element. The governing flexural differential equation for a continuous line 

is 

2 u. M 
dx2 EI 

(Al.8) 

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

measured from station i-l. Note that actually yP and x N 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 E1 are the values of bending moment and flexural 

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

to be 

• J 
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M = f~(2h - x) (A1. 9) 

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

EI. as 
1 

EI = EI.(l - yh + yx) 
1 

where y is the slope of the EI line divided by Eli 

Thus, Eq A1.S gives 

2 f.(2h - x) 
1 

EI. (1 - yh + yx) 
1 

Integrating Eq A1.11 gives 

~ 
dx 

2 
f. (r 

= E~. ~ 1 
1 

~ + (1 + yh) ( ) = y 2 1n 1 - yh + yx + C1 y 

(A1.10) 

(A1.l1) 

(A1.12 ) 

(A1.l3) 

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 C1 and sub­

stituting in Eq A1.13 gives 

EI. 
1 

f~ 
1 

- (~ .. .:!. + (1 + yh) 1 n (1 - yh + vx) 
y y2 1 - yh 

(A1.14) 

Integrating Eq A1.14 and evaluating the constant of integration C2 
yields 
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2 
~. :!- + (1 + Vh)(l - Vh + yx) [In (1 - y~ + yx)] 
f~ 2y 3 1 - yh 

1 Y 

+ (1 - Vh)(l + yh) 
3 

'Y 

At the right end of the element (x • 2h) , Eq Al.14 gives 

2 

& • ~ r -2h + (1 + yh) ln (i : y~'J 
dx Eli ~ Y yh h) 

Expanding the natural logarithm function in a Taylor series gives 

2 
d fi ( 2 2 h

3 
) ~ = Eli 2h + ~ + higher-order terms 

(Al.1S) 

(Al.16) 

(Al.17) 

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 &*. 

e* • (Al.1S) 

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

e* • (Al.19) 

When m of these elements are connected end to end where 

m = L/2h (Al.20) 



the total error ( will be the sum of the m errors given by Eq Al.l9 or 

Eq A1.2l 
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(A1.2l) 

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.l5. yields an error term of 

.. Lf~ (2h)2 
1 

48EI. 
1 

(A1.22) 

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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APPENDIX 2 

GUIDE FOR DATA INPUT 
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FRAME 11 GUIDE FOR DATA INPUT - Card Forms 
Page 1 of 11 

Units of force (f) and distance (d) are indicated below all dimensional input. 

IDENTIFICATION OF RUN (2 alphanumeric cards per run) 

IDENTIFICATION OF PROBLEM (one alphanumeric card for each problem; program stops if problem number ~ CEASE) 

Problem 
Number 

I I Description of problem 
I s II 

TABLE 1. PROGRAM CONTROL DATA (2 cards per problem) Output 
Tables 

Enter 1 to 
8 

Options for 

, 
PROB 
TYPE 

J 

Hold Options for Tables 2 through 7 
Enter 1 to Hold Prior Data 

TABLE 2 3 4 5 6 7 

NlDDber of Cards added in Tables 2 through 7 for 
TABLE 2 3 4 5 6 7 

I I 
" 20 30 40 

8 Through 10 
Suppress Output 

9 10 

this problem 

(1st card) 

(2nd card) 

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 

PROB TYPE 3 -
PROB TYPE 4 -

properties of the structure do 
Offspring Probl~ - a solution 
Family Problem - a combination 
Parent Problem (PROB TYPE 2). 
Family Problem may be held. 

not change. 
of a structure previously solved as a Parent Problem (PROB TYPE 2). 
of multiples of Offspring Problems (PROB TYPE 3) and possibly their 
A multiple of a Family Problem is not permitted but the previous 

10 

10 

10 
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TABLE 2. FRAME GEOMETRY DATA (number of cards per Table 1) 

Num of Ref 
Joints Joint x-Coord ina te 

I I I I I I 
II 15 21 25 31 Id' 40 

From 
Joint x-Offset y-Offset 

I IJ I I I 
Ii 21 (dl 30 Id) 40 

TABLE 3. MEMBER TYPE LOCATION (number of cards per Table 1) 

Num of Num of 
Stiffness Load 

Types Types 

I I I I 
II 15 21 25 

From Stiffness Load To To 
Joint Type Type Joint Joint 

I I I I 
2J 

I I I 
6 10 16 20 31 35 40 

TABLE 4. JOINT LOADS AND RESTRAINTS IN STRUCTURE x,y,z-AXES 

Load II to Load II to Moment about 
Joint x-Axis y-Axis z-Axis 

I I 
6 10 If' 20 If) 30 lid) 40 

Y-Coordinate 

d 50 

To To To 
Joint Joint Joint 

I I I 
46 50 55 

To To To To 
Joint Joint Joint Joint 

I I I 
45 50 55 

(number of cards per Table 

Restraint 
II to 

x-Axis 

(f/d' 50 

Restraint 
II to 

y-Axis 

(f/d, 

Page 2 of 11 

Joint Location 
Tolerance 

I I (1st card) 
61 Id' 70 

To To To To 
Joint Joint Joint Joint 

I I I I 
60 65 70 75 80 

(2nd and succeedin~ cards) 

(1st card) 

To To To To 
Joint Joint Joint Joint 

I I I I 
60 65 70 75 110 

(2nd and succeeding cards) 

1) 

60 

Rotational 
Restraint about 

z-Axis 

If d' 70 

(All cards) 

ex> 
w 
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TABLE 5. 

(lst 

MEMBER STIFFNESS DATA (number of 
stiffness 

card Stiffness Modulus of 
of Type Elasticity 
set) I I I « 10 t fI.2 ) 20 

cards as per Table 1; number of 
types defined in this problem) 
-Blank, if 2nd Card Used l 
Prismatic 
Moment o.t Prismatic 

Inertia Area 

l J J 

Page 3 of 11 
sets of cards equal to the number of 

Num 

Restraint Restraint Rotational 
From To Moment of /I to /I to Restraint about 

(2nd and (Distance) (Distance) Inertia Area x' -Axis y'-Axis z'-Axis 
succeeding 
cards of set) I I I I A s I S I S I X ~ Z 

/I I.) 20 Id) 30 Id" 
40 U Z) ~ 11,Al2) 60 II/d2 ) 70 II' 

+ 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. S~e page 10 of this appendix for an example us~ng 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 '~romtl end. If equal to 1, the member is assumed 
pinned to jOint at '~romn end. 

eo 

If blank, the member is assumed rigidly connected to joint at nTo" end. 
to j oint a t '-ron end. 

If equal to 1, the member is assumed pinned 

00 
VI 
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.. 

Page 4 of 11 
TABLE 6. 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) 

Member loads may be input by anyone of the four axis options outlined below. Q is the concentrated load in 
the direction of the a-axis. q b is the distributed load in the direction 8 0f the a-axis and has its inten­
sity per unit of length along a the b-axis. 

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

(let 
card 
of 
set). 

(2nd and 

Load 
Type 

10 

From (Dis tance 
along Member) 

AXIS OPTION 1 

To (Distance 
along Member) 

-Blank, if 2nd card used~ 
Uniform Load Uniform Load 
II to x'-Axis 1/ to Y/-Axis 

I qx' x I I 
31 11/011 40 (I/dl 50 

Load II to Load II to 
I -Axis I -Axis x Y 

Num Cards Axis 
Follow Option 

Moment about 
z' -Axis 

60 65 

I I Qx I • q I I Qyl • q , I X X X Y X 
succeeding I i Q I • q I , 

cards of set) ~ ____ ~-.x ______ ~ ______ ~ ______ ~~~~~~~~~~~~~~~~~ ___ z~~~~z __ x~~ 

(let 
card 
of 
set) 

Load 
Type 

(2nd and 
succeeding 
cards of set) 

Idl '0 (I I. II/dl 40 (I I . (I/dl 50 " (dl 20 (ldl • III 60 

10 

From (Distance 
along Member) 

" 

I 
X 

(dl 20 

AXIS OPrION 2 

To (Distance 
along Member) 

x 
(dl '0 

~
Blank' if 2nd 

Uniform Load 
I I to x-Axis 

31 (I/dl 40 

Load II to 
x-Axis 

(I), (I/dl 40 

Card used­
Uniform Load 
/1 to y-Axis 

Load II to 
y-Axis 

(I I . (I/dl 

50 

so 

Num Card!; Axi~ 
Follow Option 

1«« 2\ 
56 60 65 

Moment about 
I -Axis z 

QZI • q I , 
Z X 

(ldl • (I) 60 

Oy 

y 
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Page 5 of 11 

(1st 
card 
of 
set) 

Load 
Type 

, 10 

To (Distance 
along Struc-

AXIS OPTION 3 

G;Blank if 2nd Card Used------. 
Unifonm Load Uniform Load 
II to x-Axis II to y-Axis 

I qxy <lyx 
]I 11/1111 40 1f/1ll1 50 

Load 1/ to Load // to Moment about 
(2nd and y-Axis z'-Axis 

From (Dis tance 
along Struc­

ture Axis) ture Axis) x-Axis 
, 

10 

succeeding x I Qy' qyx I Qr; I , qz 'x' 
cards of set) __ L_ ____________ ~.------------~L---------~--~--~----~--~~.----------~~~ 

Idl to If) II/dl 50 (Idl III 10 II 

x I Qx qxy 
30 40 Idl (f) If/dl 

AXIS OnION 4 

Distanc. I (N .... ative 
as shown her.) 

0, 

y 

Axis Option 4 is identical to Axis Option 3 except distances are in structure y-axi8 and 4 is input in column 65 
of first card. 

See page 11 of this appendix for an example using the variou8 axis options. 

The member x'-axis goes from the "From" jOint to the "TO" jOint. The ''From'' and "To" joints are determined 
by input of Table 3. 

TABLE 7. COMPILATION TABLE (number of cards per Table 1; no cards unless PROB TYPE 4) 

Problem 
Number 

• 10 

Multiplier 

(All cards) 
II 

I 
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GENERAL PROGRAM NOTES Page 6 of 11 

The data carda mUlt 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. 

AilS-space words are understood to be integers •••. 

All lO-space words are floating point decimal numbers • 

All numbers mult be right justified. 

The problem number may contain alphanumeric characters. 

. . . . 1+43211 

1-4.3218+031 

Blank fields on data cards, except the first five columns. may be used as desired to aid in coding problema. In­
formation in these fields is 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 maxUaum 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 mult 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 M'rA 

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

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

A joint number may not be deleted in a series until the Hold Option is not used. However, the joint may be 
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. 

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

Page 7 of 11 

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 1.0E50. 

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 oust 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 ..,ith 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. 
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Page 8 of 11 

In order for two members to have th~ 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 '''ro'' 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 assignment is not accumulative 
for a member in the frame, i.e., the last values of stiffness type and load type specified replace the pre­
viou. values. 

Stiffnes. and load types for a member must be specified on the same card. 

Up to ten members wi th t;he 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 jOint 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. If 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. 

If more than one card is used to describe a member stiffness type, the prismatic stiffness properties must be 
left blank. 

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

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. MI!MBElt LOAD M TA 

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 one. 

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 is 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 illustrated 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. C()otPlLATION 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. 

I 

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

Joint 

Notes: Sections must be input in order. 

Linear format is required even if only one of the stiff­
ness properties varies linearly. 

A new section must be started when a change in the varia­
tion of any of the stiffness properties occurs. 

There is no restriction on the length of a section except 
it must exceed 1/40 of members length. 

''From'' and "To" joints are set by input in Table 3. 

Page 10 of 11 

Variable Member Stiffn ... 

From To I A '.' '" '.' 
* 

0.0 ~.O .J.D '~D 1.1> 
5.0 ~.o J.e> ".0 11-.0 

* 
5.0 4-.0 ~.o '.0 4-.D 

'0.0 '1-,0 +.D b,/} D./) 

• 'O.D 16.# +,0 If.D {,p 

• Ih.o :ll.O 'I.() 11.0 
~'.O 4-.0 4.D 

3/.0 6,0 6.tI 
!! .. 
4( 

* 
l/.D Soo G.O 

36.6" g.b '1.0 • 

N 

.!! 
.~~UL~~~~~~~~~ ____ -+ ____ -+ ____ ~. 

* -' Two Cords for Sections with Lineorly VaryinQ Stiffness 

• - One Cord for Sections with Constant Stiffne .. 
\0 
\0 
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o 

Voriable Member Loadint 

14.4 

"To" Joint 

y 

It 

Page 11 of 11 

14.4 
1-4--- 19.32 ft ---....... 

10.0 

1 
14.52 ft. 

1 
From f-.::.I":'O"'::--+-U..::L::--I-.::.. •• q..::(= •• --1 l-..:...fr:.:om=-+-~_P~-f.::L&::!l..!!.......jr-:0:.!..' ~qr'!..!rf'-l From To 

0.0 

o - One Coni for eor.c.lhuliICI Loedl 

• - One Cord for Sections with IMIiform Loads 

* - Two Cords for Sections with Linearly Yory'nv Loods 

Notes: 

There Is No Restriction on the lenvth of a Section Elcept thot it Must Eaceed 14, ~ the Millmber's lenvth. 

"From" ond "ro" Joints Set by Input in Table 3, 

Sections Need Not be Input in Order. 

Concentrated LOads May Not be Input at a Distance of 0.0. 
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APPENDIX 3 

PROGRAM FLOW CHARTS 
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SUMMARY FLOW DIAGRAM FOR FRAME 11 
.I 
1 

I READ NPROB and problem identification-, 

r-< NPROB .. CEASE ~ .., 
No Yes 

1 ( Tenninate Run) 

I READ and PRINT Input Tables I - 7l 

< Family Problem ") 

l Yes No 

Calculate members stiffness and 
Superposition solution fixed-end-force matrices 
for joint displacements I and reactions of frame 

Fonn and solve frame equilibrium 
equations for joint displacements 

I 
Compute joint reactions 

I 
Store joint displacements, 
reactions, and loads for Parent 
and Offspring Problems 

) 
y 

I PRINT joint displacements and reactions (Table 811 

<.. Family Problem ........ 

I Yes No 

I Compu te member results I 
Superposition solution I I 
for member results IStore member results for parenti 

and Offspring Problems 
) 

T 
I PRINT member results (Table 9)1 

I PRINT joint equilibrium errors (Table lOYi 

J 
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FLOW DIAGRAM FOR FRAME 11 

Dimension variably dimensioned 
parameters 

Dimension COHHON BLOCKS 

Set constants corresponding to 
dimensioned storage 

Calculate additional constants 
for dimensioned storage 

---=~ ___ --J 

CALL FRAMII 

Program dimension. may be easily changed as 
indicated above. See the program listing and 
the notation. 

Need be changed only 
in this routine 

Change in all routines 
in which coamon 
blocks appear 

Change to match 
above changes 

Main subroutine 
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FLOW DIAGRAM FOR SUBROUTINE FRAMII 
I 

[READ run identification, print program and Subroutine FRAMII 
run identification is the main routine 

1010 of, and is called by 
I READ NPROB and problem identificati°rll program FRAME 11 

No NPROB - CEASE Yes 

~ 
~ C Terminate run) 

I READ Table 1 data5J (program control 

1050 
IPRINT run identification, NPROB, problem,! 
identification and Table 1 

r<HOlding data on first Yes 
problem of run 

'" PRINT Error Messagel ~ -

< ITYPE :a 4') T 
( 

No Yes ( GO TO 9800) 

Family Problem 

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

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

NOTE: 
If fatal error is 

CALL JNTDAT - READ and echo PRINT Table 4 found in routines 
(joint loads and restraints) accUlllUlate data JTCORD thru IU»n.D 
and print accumulated data program goes to 

9800 and searches 
for an idependent 

CALL ROMST - READ and echo PRINT Table 5 problem. See next 
(member stiffness data) convert distances to page for 9800 -
member coordinates 

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

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

I Yes 
No ...... Fatal error found in COMP ./ "1 9800 

PRINT "solution abandoned "i 
~ 

i ~ ITYPE = 4 ...... 
No ./ Yes READ and PRINT cards a1pha-

numerically until first 

DO for JJ - 1, NM ) Each member 
five columns of card are 
not blank I 

I ;ill..c ISTT = O>----No I 
No r-<.. CEASE card ~ Yes 

I 
I 
I 
I 
I 
I 
~ 
I 
I 
I 
I 
I 
I 
I 
L 

Yes r No ITYPE c: 3 C Terminate) No 
I Independent problem >--"] Yes ./ ISTT ~ NSTL ~NO Yes 

~O TO 1050) 

Yes ...... JJ - 1 >jNO Family rrob1em 
'\ 6800 ( P ISTT = IST(JJ -0/ Yes CALL SUM1 - solution 

No by superposition for 
frame joint displace-
ments and reactions 

CALL FORMST - Form member I 
stiffness matrix 

5700 
I CONTINUE ) 

Yes ./LTT • 0 ........ 

T N°1 
CALL FORMLD - Form 

Izero member fixed- member fixed-end-force 
end-force matrix matrix 

T 5800 
-------- CONTINUE ) 

I 



Set control constants for frame so~ion I 

Solution of frame 
equilibrium equations 
begins here 

No = -1 

Problem 

Regular 
Parent 
Offspring 
Family 

Yes 

ML IT'lPE 

0 1 
1 2 

-1 3 
4 

Retrieve RM and RO 
from storage for 
Offspring Problems 

CALL GRIP2A - Form and solve frame simultaneous 
equations for joint displacements W. GRIP2A 
calls FSUB1 which calls FSUBll. FSUBll forms 
frame stiffness and load matrix and furnishes 
them to GRIP2A for solution 

ML = 0 
Yes 

.. 1, NJT 

6500 

(Family Problem) ---

Store RM and RO 
for future Offspring 
Problems 

Each joint 

Set OXX, OYY, OZZ equal to appropriate 
term of solution vector W 

r---­ Each jOint 

6600 

L_ Compute jOint reactions as spring 
restraints times the negative of the 
corresponding joint displacements 

109 
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No 

No 
ITYPE • 2 

ITYPE II: I 

Yes 

Yes 

Start new series of problems 
for superposition 8olutions 
of jOint displacements and 
reactions. 

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. 

Family Problem 

No 
Yes 

PRINT Table 8 (joint displacements 
and reactions) 

r--­
L Compute sum of joint loads and reactions 

When the member-end­
forces are subtracted 
away later these 
become the joint 
equilibrium errors 

Solution for forces 
and displacements in 
members starts bere 

No 

+ I 

~~~~Start new aeries of 
problems for 8uper~ 
position solutions 
of members 
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Yes 
Family Problem I'l'YPE • 4 

r---­ Member solutions in 
groups of six 

I 
I 
I 
I 
I 
I 
I 
j 
I 
I 
I 
I 
I 

1--- 6 Each member 

I 

• I 
I 
I 

JJ is member nlDllber 

CALL MEMRES - Solve for member forces and displace­
ments at the twentieth points. Subtract off member­
end-forces to complete calculation of joint equi1ib­
rilDll errors. PRINT Table 9 (member results) 

L ___ _ 
Yes 

ITYPE • 1 

Store member results 
for six members 
for future family 
problems. 

CALL SUM2 - Solution 

L ___ _ 

by superposition for 
member forces and 
displacements at the 
twentieth points. 
Subtract off member­
end-forces to complete 
calculation of frame 
joint equi1ibrilDll errors. 
PRINT Table 9 (member 
results). 

No IP10 • 1 

PRINT Table 10 (joint equi1ibrilDll 
errors) 

Yes 

• 
Return for next problem 
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No 

FlDo4 DIAGRAM FOR SUBROUTINE JNTCORD 

Yes 

... 1 
Yes 

1 NJT 

READ and OX, OY, TOL 

1240 

Holding data 

JNTCORD ca lled 
by·FRAM11 

No new data 

READ and PRINT NJT 

, ... - - - - - - - - - - - DO N2M1 
~~~~~--~~~~ 

For (NC02 • 1) cards 

I 
I 
I 
I 

READ Jl, OX, OY, (J2(II), 11 • 1,7) 

PRINT Jl, OX, OY, (J2(II), 11 ... 1, NJNZ) 

, - - - - - - - - •• DO for 11 II: 1, NJNZ 

NJNZ is number of 
joints specified on 
one card 

Compute temporary 
values of coordinates 

No 
I X(J2Il) > 1.0E50 >----~Y:-e-s-~~ 

located 

I Joints 
: located 
I previously 
I check for 
, error 
I 

ERX • ABS(X(J21I) - XT) 
ERY • ABS(Y(J2II) - YT) 



, 

No 

\..------ ............ _- 4500 

\..._---------
9800 

r----- ..,;;;DO;';;"";;;';;;;"';;;''''';;;;''''''';;.L.....:.;:...=....,I' 

I 
I 
I 
I 
\.. PRINT Print joint 

coordinates 

113 
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SUBROUTINE MEMLOC 

rPllINT table headingl 

r 

C 
- DO for 1 - 1, MNST ) 

DXS(I) - DYS(I) ! 1.0*£50] 

I c- DO for I • 1. MllLT ) 

- DXL(I) - DYL(I) ~ 1.01-.£50 I 

1 
_---=Y~e.::.s<./ KEEP3 - 1 or ITYPE - 3 ....... >-_..;,;N~o __ 

....... ./ ~ 

Subroutine MEMLOC 
called by FRAMll 

Set offsets for 
stiffness types. 

Set ofhets for 
load types. 

I NM - 01 

y 

] READ and PIlINT NST. Nt T""I 

I 

J 
Ilead fir.t card in 
table. 

,- - - -- DO for JJ - 1, N3M1 ) For second and 
I I succeeding cards 

I 1=R.EAD====J=l=, =I=S=TT=,==L:IT=,==(J=2=(=I=I)=,==I=I =-==1 =, =1=0:)1 of Tab 1e 3. 

I I IPRINT J1, ISTT, LIT, (n(Il), 11 - 1, NJNZ)l 

I I I (-----NO-·~ DO for 1 -Il. NJNZ) 
Yes 

---</ KEEP3 - 1 or ITYPE - 3 )-">----1 

NJNZ is number of 
members specified 
on one card. 

1 I 

f I 
I I 

r------- DOforK-1,NM) 

i No./ "Old ~mber" ......... 
Yes 

I t 
I I 
I I 

l. 4400 ( J 
CONTINUE) No I~-----~-;"; 

4425 

I Jll (NM) - J1 I JT2 (NM) - J211 

I 
I, IST(NM) - ISIT 

LT(NM) - LIT 
\. LL ___ _ 

J ~ ITYPE - 3 and IST(K) # ISIT~ 
. Yes J 

IIST(K) • ISITI f 
LT(K) • LIT I paINT error .lIaRel 

4900 
.... C-O-NT...I.1NUE---~) 

I 

I 
( GO TO 9900) 
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I 5100 - 5200 
Sort members bystiffne •• type unless "holding 
Table 3 or problem i. a~ offspring 

I 6000 
( CONTINUE ) 

I 
I 
I 

--------- DO for I • 1, NM ) 

I 
+ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 
IDX • X(J2I) - X(Jl)1 

DY • Y(J2I) - Y(Jl) 

No I r ISITT· 0/ 

No "' r < DXS(JSTT) > 1,0*£50> 

I ERX • ABS (DXS (ISTT) - DX~J S tif fne88 type 
ERY • ABS (DYS (ISTl') - DY) repeated, check 

I for .imUar 
orientation 

ERX or ERY > Tl'OL :::. 
Yesl 

No 
I PRINT Error Measagel 

"' I I Average old and new I 
offsets ( GO TO 9900) 

l 
No Y 

( 
./ LTl' • 0 ......... ........ / 

No "' Yes 
/ DXL(LTT) > 1.O-rE50 .>---r 

I FRX • ABS (DXL(LTT) - DX) I Load type 
ERY • ABS (DYt (tTl') - DY) repeated, check 

I for similar 
orientation 

I 
I 
I 
r ERX or ERY > TTOL :> l 

IPRINT Error Measagel 

I 
I l_ 

, I Average old 
offsets 

and new 1 

l 
---------

C GO TO 9900) 

6600 
CONTINUE ) 

I 

For each member 

Compute offsets 

Yes 
Null member .tiffness 

Yes 

First time this 
.tiffneu type 
encountered in -

this problem. 

DXS (ISTT) • DX 
DYS(ISTl') • DY 

Yes 
Null member loading 

• 
First time this 
load type 
encountered in 
this problem. 

I DXt(LTT) • DX 
DYL (tTT) • DY 
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r­
L_ 

DO for I • 1, lIST 

Compute half band width 
of frame 

9800 

PRINT member numbers. 
"From n and uTa" joint8 I 
length8 and off8et8 

9900 

Par each 8tiffne88 
type 

Par each load type 



SUBROUTINE JNTDAT 

Offspring Yes ./ ITYPE = 3 ........ 
........ ./ 

Store joint restraints] 
from last problem 

"-
No 'I 

-( KEEP4 = 1 ./ ( 
IZero joint datal 

Yes No <: NCD4 '"' 0 ........ 
./ 

1240 
C CONTINUE) 

No data 

No 

Yes 

No 
........ 

Subroutine JNTDAT 
called by FRAMll 

Holding data 
l Yes NCD4 = 0 ......... 

./ 

IREAD and PRINT data and 
accumulate data Do for eac:h data card) 

., 5000 
( CONTINUE ) 

Yes No Offspring /'ITYPE = 3 ....... 
( No new data 

Compare joint restraints 
with last problem, if 
not the same PRINT Error 
Message and terminate problem 

y 9800 
( CONTINUE ) 

No Yes <: KEEP4 c: 1 :::: ') 
Data same as PRINT accumulated joint 
input for this data for all joints 
problem with non zero data 

J 
y 9900 

C CONTINUE) 

(RETURN) 

117 
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All 
ini 

new data 
tiate controls 

( 

SUBROUTINE RDMST 

I 
IPRINT table heading') 

I 
N0e< NCDS -0 ....... 

"' No 
./ KEEPS • 1 

I 
t 

DO for I • I, MNST 
I 

INCSl(I) • -11 
I 

'---- NCDS(I) = -11 
I 

I NCS .. 0 I 
\. 

I 1300 

r 
I 

--
No 

Stiffness type 

IDO for JJ .~, NST) 

I 
NCDS(I) .. -1 ./ 

I 
I 
I, 

I 
~ 
I 

previously defined 
( 

1 READ and PRINT firs t ~ 
card of stiffness data 

No I 
./ NCDST > 0 ....... 

Prismatic 
member only 
one data 
card 

I Store temporary values I 
I 

I NCDS (1STI') • 0 I ,---
I 
~ 

Subroutine ROMST 
called by FRAM 11 

Yes 
No new data "'\ 

( GO TO 9900 ) 
Yes 

Hold ins data 

For each stiffness type 

Yes 

Yes Nonpris matic 

2400 
member 

1 Store temporary valuesl 

I NCDS (ISTT) .. NCDST 1 

DO for II • I, NCDST ) 

1 NCS • NCS + 11 

Yes 
• 1 

No 
( II 

For 
each 
card 

I 
I 
I 
I 
I 
I 
I 

I I NCSl(ISrr) - Ncsi 

I ~ 

I 



I 
I 
+ 
I 
I 
I 
I 
I 
IL 

I 
I 
1 , 
I 
I 
I 

READ and PRINT one 
card of nonprismatic 
stiffness data 

Convert distances tol 
member coordinates 

Check for illegal I 
data 

L ___ _ ,....-""""'-_-...4.500 
CONTINUE) 

r--............ ....,..",..,.~4900 
- -- ---- -- ---- -- -- CONTINUE) 

( 9900 
( CONTINUE ) 

I 
( RETURN) 

119 
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SUBROUTINE RDMlD 
Subroutine RMLD 

I called by FRAMII I PRINT table headingi 

No I Yes No data 
<NCD6= o and KEEP6 .. 0 

l 
Yes No C GO TO 9900) 

NCD6 .. 0 ....... 
') 

No new Yes No KEEP6 .. 1 ....... Initiate controls data Holding ..., 

data DO for I ... 1, MNLT ) ( GO to 9900 ) ( Yes I 
NLTl - 0 ....... , I NC6l(I) • -1 1 

I I No '-- NCDl(I) • -1 I 
l 

1 NC6 .. 01 
J 

Y ,--- DO for JJ • 1, NlT) For each load type 

No NCDl(JJ) - -1 ........ Yes 

I ./ ) Load type 

I 
previously defined ( 

l~ and PRINT firstl 

I of load data 

I No Yes ./ NCDlT > 0 ....... 

~ 
Uniform ( loads only Variable 

I " 
~/ 

lAXOPT - yJ 
loads 

I 
2 3 

~ I ~ 

I No change I Convert uniform Convert uniform 

I 
in loads loads to directions loads to directions 

of member axes and intensity of 

I 
member axes 

J 
I 
I 
I 



I 
I 
t --- DO for II c 1, NCDLT r 

I 
READ and PRINT one card of non-
uniform load data 

~ 
I 
I 

Yes 

I 
1.-------J..------. 
I ~o change 

l.n loads 

I 
I 
I 
I 

Convert distances to 
member coordinates 

2800 
Check for illegal data 

IAXOPT = 1 No 

Yes lAXOPT .. 2 

Convert distributed 
and concentrated 
loads to directions 
of member axes 

l----

or 

L ____ _ 

121 

For each card 

DEL = 0 No 

Convert distributed 
loads to directions 
and intensity of 
member axes 
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No data 
in Table 

SUBROU'IINE COMP 

IT'lPE -

SubToutine COMP 
call ed by FRAM11 

r-__________ ~2r_------------~3r_----------~ 
Regular 

1200 
CONTINUE 

r-
I , 
I 
• I I I 

I 

Parent Offspring 

Check for IT'lPE 
out of order or 
problem number 
repeated in a 
series 

DO for J • 1, NCD7 

READ and 
NPr, ZMT 

DO for I 

2600 
CONTINUE 

Yes 

L _____ 

No 

For each card in 
Table 7 

For each load 
case 



123 

SUBROUTINE FORMST 

I FORMST called by 

Set temporary control constants FRAMll 

for stiffness type which is having 
its stiffness matrix formed 

I No 
Prismatic Yes NCDST = 0 

members Nonprismatic 
members Compute constants for I Compute constants and I member solutions for 

axial stiffnesses stiffness values 

NO----"'IPINLT Yes and IPINRT - 0/ 

I 1800 
Compute flexural 

~ stiffness values for 
I Zero flexura 1 member with rigid 
stiffness values connections at both -

I 
ends 

Yes IPINLT and IPINRT = 1 'I.. 

No Nember 
pinned CALL DISCST -

1 at both Discretize stiffness 
Compute stiffness ends data for nonprismatic 
values for members members 
pinned at one end 

l Store member-end-
""' 2000 restraints STI - ST6 

(CONTINUE ) 

Set member- SX(l) - l.OE + 99 
IIFORM = 0 I end-restraints SY (1) .., 1.OE + 99 

to 1.OE + 99 SZ(l) .., 1.OE + 99 

(GO TO 99001 for six member SX(MP1) .., 1.OE + 99 
solutions SY (MP1) .., 1.OE + 99 

SZ(MP1) .., 1.OE + 99 

Zero pinned end 
rotational 
restraints 

) 

,. - - - -1 DO for I = 1. MPZ) 
• I Zero member loads I 
\ 
, • - . ~ QX ( I ) :. QY(I) • QZ(I) • 0.01 

I 
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Yes 

1.OE+99 

et st1 ness 
values equal to 
member-end-forces 

Set stiffness values 
equal to member-end­
forces 

;;: 0 

Lateral solution for 
unit rotational disp­
placement at ''From'' 
joint 

Compute member-end­
forces corresponding 
to lateral solution 

3600 

Axial solution for unit 
displacements at ''From'' 
joint 

Lateral solution for 
unit lateral displace­
ment at ''From'' joint 

Compute member-end­
forces corresponding 
to axial and lateral 
solution 

No 
Member pinned at 
''From'' jOint 

Zero stiffness 
terms for pinned 
connection 
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SUBROUTINE DISCST 

I r-- DO for I III 1. MPZ ) 

DISCST called by 
FORMST, FORMlD, 
MEMRES 

I 
\..._ SX(I)'" Sy(I) = SZ(I) = 0.01 

F(I) = AE(I) ... 0.0 I 
Zero discretized 
member stiffness 
terms 

Yes 

r 
II = II + 1 
XR = ... XRS (II) 
FRT = FL(II) 
ABRT = ABL(II) 
SXRT = SXL(II) 
SYRT = SYL(II) 
SZRT ... SZL(II) 

\ 

Yes 

I
II ... 2 I 
Xl ... TB.I 

Yes 

1

12 .. HP11 
X2 ... o.of 

ICOUNT - 0 
NC52T ... NC51T - 1 + NCDST 

II ... NC51T - I 

1050 

II = II + 1 
XL = XLS(II) Read dat 
XR ... XRS(II) card ima 
FLT = FL(II) 
AELT = AEL(II) 
SXLT = SXL(II) 
SYLT = SYL(II) 
SZLT .. SZL(II) 

XR =U.1f No 

l 
Variable stiffness FRT = FLT 
section, read data AERT = AELT 
from next card 
images 

1110 

IeOUNT = 0 

First section 
of members 
stiffness 
data 

XR .. ZL 

Las t section 
of members 
stiffness 
data 

I 

No 

SXRT III SXLT 
SYRT ... SYLT 
SZRT .. SZLT 

III .. 12 + I 1 
xl ... TH - X21 

J 
No 

ZI2 .. XRITH + 1.0 
12 .. Z12 
X2 .. XR - 12*TH + TH 

J 

a from one 
ge 

Uniform 
stiffness 
section 

Interior 
section 
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I 
I~ • 12 - III 

CALL L1NSTF - Distribute FI stations 11 to 12 

CALL L1NSTF - Distribute 
AE stations 11 to 12 

Ye~SXLT • 0.0 and SXRT - 0.0') 

CALL LlNlD - Distribute 
SX Stations 11 to 12 

Yes 
SYLT • 0.0 and SYRT • o.o~ 

( 
CALL LlNlJ) - Distribute 
SY Stations 11 to 12 

Y~SZLT - 0.0 and SZRT - o.o~ 

( 
CALL LINlD - Distribute 
SZ stations 11 to 12 

~ 1 ~ 

1330 
(CONTINUE) 

Return for 
next section I X2L • Xl I of data 

Yes 
"II < NC52T->--") 

No 
( 9900 

(CONTINUE) 

[RETURN) 

No 

No 

No 

Distribute bending 
stiffness 

Distribute axial 
stiffness 

Distribute axial 
restraints 

Distribute lateral 
restraints 

Distribute 
rotational 
restraints 
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SUBROUTINE LINSTF 

Yesi ____ -C~~JE~--!N2°~ r XL .. 0 

LINSTF ca lled by 
DISCST 

First section 
of members 
stiffness 
variation 

No 

Linear variation 
of stiffness 

Compute s of stiffness 
variation 

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

r -- L-D....;.O.....::..;;:...:.-=---=.r:..:...::J......::~~ 
I 
I 
I 
1 
I 

Compute stiffness at 
midpoint of remaining 
NQ elements 

\..._----

Yes 
Uniform stiffness 

ness 
in section 

jump in 

r- DO I ~~~~~~~~~ 

I 
I 
I 
I 
'-----

equal to 
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SUBROUTINE LINLD 

I 
slope Compute 

of linear 
variation 

IDQ • (QR - QL)/(XR - XL)l 

DQ 
IQ2 '" QR 1 
Q1 • QR - DQ*X2 

Yes , ABS(Ql + Q2) • 1.0E-10 No >-) 
( 

Z • XL+ (Xl/3.0)*(2.O*Q2 + 
Q l) / (Q 1 + Q2) 

QI • 0.5*X2*(Ql + Q2) 

(CALL. CONLOII 

I Q1 '" QL 1 
Q2 .. QL + DQ*X1 

Yes I 
<. ABS (01 + 02) < 1.0E-1O >-) o 

r 
Z • XL + (Xl/3.0)*(2.0*Q2 + 

Q1)/(Ql + Q2) 
QI '" 0.5*X2*(Q1 + Q2) 

rCALL CONlD 11 

Yes 
NQ .. 0>-] 

No 

r 
,- ---

I 
DO for 11 • 1, NQ) 

I 
I 
I 
I ~ Q1 • Q2 1 I Q2 • Q 1 + DQ*"l'H 
I 
I I I Yes 
I " ABS (01 + _~21 < 1.0E-10 ~ 
I 
I 

I r 
I Z - XX + (TH/3.0)*(2.O*Q2 + 
I Ql)/ (Q1 + Q2) 
I 

I QI • 0.5*TH*(Q1 + Q2) 
I , ., 1990 • '- - - - - - -- CONTINUE) 

~ 
(RETURN) 

I 

. 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 adjacent 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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I 

SUBROUTINE GRIP2A 

DO for J • 

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

lito - - - - - - - U:Q~::..:r="" 

Compute displacements 
W by recursion 
equation 

GRIP2A ca lled by 
FRAMll. FORMS! J 

FORMID J MEMRES 

FSUBl calls FSUBll to 
furnish SU and F for 
frame solution or 
FSUB12 to furnish SU 
and F for member 
solutions 

129 
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SUBROUTINE FSUB12 FSUB12 called by 
FSUBl 

No I Yes Moment Lateral EVEN NUMBERED EQUATIONJ 

1 Force 
Yes Yes No MI.- -1 Ml .-~ No ( 

1 ( 
SU(l) • TH*F(IP1) SU(l) • 0.0 SU(2) • -2.O*F(IP1) Stiffness SU(2) • 1.5*F(IP1)*HSQ SU(3) • -TH*(F(I) - matrix SU(3» • -TH*F(IP1) F(IP1» coefficients SU(4) • 2.5*(F(I) + SU(4) - 2.0*(F(I) + for one row F (IP1» *HSQ + F(IP1» + SZ(I)*HCU SY(I)+HCU 

Y'" 

FF • QY(l)*HCU J Load term FF • QZ(I)*HCUJ 

., 
(REl UlUO 



SUBROUTINE FORMLD 

1 
Set temporary control constants 
for load type which is having its 
fixed-end-force matrix formed 

FORMLD called by 
FRAMll 

131 

~Y~e~s~<J~~~~~~~~~~~)-_________ N~O~ __________ ~ r NCDST ; 0 or NCDLT = O~ 
Pr isma tic ( _______ , 
member with ~ 

uniform I I 1 d Compute constants and 
oa s axial fixed-end-forces 

I 
rIPINLT o and IPINRT - O~ 

Yes 

1 
Zero flexural fixed­
end-forces 

I 
1 and IPINRT 

Compute flexural 
fixed-end-forces 
for member pinned 
at one end 

L 

1 
Yes 

Compute flexural fixed­
end-forces for member 
with rigid connections 
at both ends 

l 
Compute flexural fixed­
end-forces for member 
pinned at both ends 

2000 
C"C-O-N....I.T--INUE---;;""') 

Nonprismatic or 
nonuniformly 
loaded members 

Yes 

Stiffness 
data already 
set up for 
this member 
from solution 
of stiffness 
matrix 

r 
IFORM = 1 No 

Yes NCDST .. 0 

Discretize pris­
matic stiffness 
data 

2500 

CALL DISCST -
Discretize stiff­
ness data for 
nonprismatic 
member 

) 
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I 
Store member-end-restraints 
STl - ST6 

Set member-end-restraints 
equal to l.OE+99 for fixed-
end-force solution 

Zero pinned end rotational 
restraints 

1 2700 
(CONTINUE) 

Yes 
NCDLT • 0 

No 

IDiscretize uniformJ 
member loads 

3000 

T 
BCAll AXIAL. 

ICALL GRIP2BI 

ICALL MEMEND I 

Izero end-moments fori 
pinned-end members 

(RETURN) 

'I 
Call DrSCLD -
Discretize general 
member loads 

J 
Axial solution for 
member loads 

Lateral soluti on for 
member loads 

Calculate memb er-
end-forces whi ch 

forces are fixed-end-



QX 

QY 

Q2 

I 

SUBROUTINE DISCLD 
DISCLD called by 

I FORNLD , MEMRES 
, ----- DO for I - 1. MP2) 

I 
I 
I , 
'--1QX(I) = QY(I) = QZ(I) = 0.01 Zero discrete 

INC62T - NC61T - 1 + NCDLTI 
II = NC61T - 1 

II = II + 1 
XL = XLL(II ) 
XR = XRL(lI ) 
QXLT = QXL(II ) 
QYLT = QYL (II) 
QZLT = QZ 1 (II ) 

Yes No /XR 0.0 "-r 
II = II + 1 Variable load 
XR = XRL(II) section read 
QXRT = QXL(II) data from 
QYRT = QYL(II) next card image 
QZRT = QZL(II) 

l 1110 

Yes T No 
XL XR 

Concentrated 
loads call 

nCALL CONLD I CONLD to dis-
tribute to 
adjacent stations 

(CAll CONlD I 

ICALL CONLD I 

1 
II < NC6zT ~ 

r 
(RETURN) 

member station 
loads 

Read data from 
one card image 

QXRT = QXLT U 
QYRT = QYLT 1 
QZRT = QZLT s 

Distrib 
loads 

ll:ompu te II, 12, NQ 

niform 
oad 
ection 

uted 

I 

I~LL LINLD - Distributel 
QX stations II to 12 

~CALL LINLD - DistributeJ 
QY s ta tions 11 to 12 

IICALL LINID - Distributel 
QZ stations II to 12 

133 
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, 
I 
I 
I 
I 
I 
I 
I 
I 
I , 
I 

SUBROUTINE FSUBll 

1300 
I.ITN" (J14 - 1)13 + 1 

FSUBll is called by 
FSUBl 

Compute joint number for 
which equations are being 

. formed 

No J14 .. j JTN - Z Yes Form stiffness matrix 
three rows at a time SSL 

Skip for every 
2nd and 3rd row 

( 
- ------ iDC tor 1 .. 1. NM) 

) 
Each member 

No 
M b . •. ~ em er lntersects at JOlnt ) 

"From" joint 
at JTN 

( 
Form member transformation 
matrix DC and its transpose 
DeI 

Y~ JTZ(l) .. JTN 

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

Form FMM which adds to 
structure load matrix 
at JTN 

2500 

Transform SMM to structure I 
coordinates SMS 

Transform FHM to structure I 
coordinates P'MS 

FSS (1) .. FSS (1) - P'MS (1) 
FSS(2) .. FSS(2) - FHS(2) 
'SS(3) .. FSS(3) - FMS(3) 

lSSLJl.l) .. .ssLq~~) + .5MSJl.lJJ 
[SSL(3,3) .. SSL(3,3) + SSL~3,J)) 

No 

''To lf joint 
at JTN 

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

From FMM which adds to 
structure load matrix 
at JTN 

Two calls to MATH33 

One ca 11 to MAOOl 

Add in (Subtract) FMS 
to structure load 
matrix FSS 

Add in SMS to structure 
stiffness matrix SSL 
only symmetrical terms 
required for diagonal 
submatrix 
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Skip for submatrices 
to left of diagonal 

Yes JTN ~ JTl(I) and JTN ~ JT2(I)~ 
No 

ifF "j' ( No liTo" joint rom 01nt r JT2 (I) = JTN 
at JTN 1 at JTN 

Form SMM which Form SMM which 
goes to right of goes to rigl,t of 
diagonal in structure diagonal in structure 
stiffness matrix stiffness matrix 

) 
T 

ITransform SMM to structure Two calls to 
coordinates SMS MAOO3 

LSSL I, ISTP) = SMS (l,l)J Place SMS in 
ISSL3. ISIP + 2) = SMS (3,3) I structure st iffness 

matrix SSL 

\_--------
3500 

CONTINUE J 

Add joint loads to structure 1 
load matrix 

Add joint restraints to I 
structure stiffness matrix 

Shift structure stiffness 
matrix SSL 

4000 

Form one row of structure 
stiffness matrix SU4 from 
SSL and load FF 

~ SU4(l) .. O.O~ Yes Zero on diag 
displacement 

onal 

ISU4(l) - 1.01 undefined 
FF .. 1.0E+99 

J 
y 4500 

lCONTINUE) 

( .K.t; UKN ) 
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SUBROUTINE HEMRES 

I 
MEMRES called by 

rJJ>NM Yes FRAMII 

No 1 Yes 
Yes ( ISIT .. 0' 5100 

r-(JJ = 1 No ,··IDO for IJ .. 1. L7) . 
• 
I 

No Yes , 
"........-<., ISTT .. ISTT(JJ - 1) 

, - - - • -I DM (IJ. KK) .. 0.0 1 

1 (GO TO .2..2.QQ) 

Set temporary control 
constants for member 
whose final results Stiffness data alread are being found 

I 
set up from solution 

No last member 
Y~NCDST = 0' 

I 
Discretize pris- CALL DISeST -
ma tic member Discretize stiffness 
stiffness data data for nonprismatic 

member 
) 

r 2500 

Istore member-end- I 
restraints STI - ST6 

Set member-end-restraints to 
1.OE+99 for solution of member 
for member loads and end 
displacements of frame solution 

Izero-Pinned-end I 
rotational restraints 

Set up transformation I 
matrix DC 

2700 

Yes ITT - 0 
No 

Y 
of 

Zero 
member 
resu Its 

IZero mem oer loadsl rSet control constantsl 
No loads on 
member 
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Yes 1 
( NCDLT - 0>-"JNO 

IDiscretize unifOrm] 
leads on member . CALL DISCLD -

Discretize general 
member loads 

3000 J 

[store member-end-I 
loads QTl - QT6 

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

Set member-end-loads equal to 
1. OE+99·': (disp lacement) to enforce 
joint displacements on members 

Repeat above for 'To jointl 

Axial solution of member 
ICAlL AXIALI for axial loads and end 

Final 
soluti 

member displacements 

ons Lateral solution of membe r 
ents 

I 
I 

, , 

,. - -

". - -

~GRlpm for lateral loads and mom 
and end displacements 

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

------~DO for I = 2. MPl ) 

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

3400 
- - - -- - --- --ICONTINUE) 

Repeat above for end stations I z 1 and MP21 
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I 
,--------- DO for IH = 2, MP22l) 

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

3000 
.. - - - - - - - - - - --I CONTINUE) 

IRepeat above for end stations IH • land MP221 

lset member-end-forces FlM, F2M equal to end I 
axial forces. shears and moments 

Subroutine 
ICALL ADJTER I FIM and F2 

Output at every 
second station 

ADJTER transform 
M to structure 

coordinates and subtracts 
equilibrium errors from joint 

Iselect largest station .1 
equilibrium error STAERR 

I~et DM equal to member results for storage I 
on tape for future Offspring Problems 

Yes 
IP9 = l~ No 

lCALL PRINT9 - PRINT .I 
Table 9 Member Results 

T 9900 
(CONTINUE) 

(RETURN) 
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02AO 
02A(\ 
OlA(\ 
02AR 
1I1JL(I 
OlA(I 
02AO 
02J\./> 
02JLO 
02Jl(\ 
02JlO 
02JLO 
OlAO 
02Af' 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
( 
( 

c 
c 
c 
( 

c 
c 
c 
c: 
c: 
c: 
c 
c 
c 
c 
c: 
c: 
c 
c: 
c: 
c 
c 
( 
( 

c 
c 
c 
( 
( 
( 

c 
( 
( 
( 
( 
( 
c: 
( 

I ,\'till 
"Yf'I:\. n. I' u .. . 
U .. . 
J • .1.1 • .J.J.J 
.11.1 

"". .III,,, 
.nil 
"",I •• ",,1' • .II. 
.Ill 
.In 

I: 
I.U"~Y 
Uq 
U 
I. 
Ltl .. "n "'-1.01 .• u.. L7 
1.11111 
1.11112 
I.'I'M' 
M 
..." ... -, ........ , ..... ... , 
MIlICI 
MlllC6 
." 
-.( -., ..... 
... s' -. ... , ... " ""u. 
IICOL I .. tICDL T 
IICOS ••• ""'S' 
1IC0l-tK.O' "CIII'. MCIt6 
Iil(SU J. NO 

",sn. KIt' 

wc.lI .. "'6 
wc.n. "'In .. ,... 
"I 

...... P11 "" .... UM 'YfIIE lIP "hIClUS "'OII.[M 
fiRst AIIO LA" ItAUOII '"SIOf: Sf(lIOII 
11 •• 
n •• 
U"(GI. 1IIDleirs 
S."OI to AI. IrllIA" ,OR(r AIIO M()M('" 
1000AHORS 
.I - • 
1-01 ,LM f'Ga "1'" ..... 11 10 LARG( 
JOIII, .....:. 
, .. .lOlli' 

AI5OUI1'( VAL .. ,. OI",lIIlICl IN JOI .. I 
.....-0. CIP MP8rU 
IlIffGl. 11IDE. 
ICIII.O .,,0lIl$ ,. 'A8l.U I·Y 
a.cr. .. IIIOlHIIDPI PtIOeLIM 
U.,UC. 11IDE. 
111'1:60 1Il0l. 
LOAD ,\'till 
OIMeIlSION LIMI" 
L'I •• 
U -:I 
Ll - , 
..... ,. ILDIIII'I III Mf'" 
lVoIluue HIMln. v ..... CIP ID.I 
IVoIlIMUM HU.,,,, v .... CIP I. _. I 

COMIIIIDL ....... nl'U LOAD Gl'1I011 
M - • 
MAlIMUII v ... HIMnllO RIll lie, 
MAIlIMUII VM.Uf pflMinCO 'OII llel 
IlAaIMUII VAL. pflMl nm RIll II", 
MAllIMUM VALUf H-lnlO 'Olt IIL( 
MAllIMUM VALUf H-,nlO 'OIl lILT 
MAllIMUM'VALUf HIIMlfTlD 'OIl !III 
IlAaIMUM VALUf HIIMUUD ,OIl "Sf 
M • 1 
M. I 
IM.2I12 
_" - I 
IIIUI'IK. CIP (AlIOS '* T f'OU.OW '01 LOAD T ",r 
..,.... CIP CARDS IMAT 'OLLOW 'OR 511' tyPE 
~l. CIP (AROS III 'AaLES 2-1 
.... E. CIP CAllOS .UD I .. TAlUS. AIIO I 
"""IE. CIP (AROS I" fAeLf • AIOOYJr THE 
~f. CIP STI" IYPES (VAIIAILl SII"I 
'IItiI AIIO LASI CARD """HI 01' VARIAILF 
ITI" OA'A '01 MrMalR 
.... EI 01' (AIIOI Ilf TAILE I AlIOYr THr 
.... (1 CIP LOADS TYPES (VARIAILE LOAO~I 
'lIST AltO LASI (ARD MU118fR 01' VAR'ABLE 
LOAD OAIA '01 "': .. ER 
I.JlCH TO CMOOSf APPIOPI'Al[ 'SUII 
... nGfR INDlJl 

DZAft 
DIAO 
OIAD 
DIAD 
DULD 
OIAD 
D7AD 
OULO 
DIAD 
DIAD 
DIAD 
DIAD 

2AD 
DULD 
OULD 
DIAD 
DIAD 
DIAD 
DIAD 
DIAO 
DltAO 
DIAD 
02AO 
DIAD 
DIAD 
DIAD 
DIAD 
DIAD 
DIAO 
D2AO 
DIAD 
DIAD 
O'A" 
112AII 
Ol'A(I 
D1A .. 
02AD 
02AD 
D2AD 
D2AD 
(,1.AD 
82AD 
02AD 
01AD 
DlAD 
D1AD 
IIlAII 
D2AD 
01AD 
D2AO 
OIJLO 
OlAO 
D2AO 
D2AD 
D2AD 
"2A" 

( 

C 
c: 
( 

c 
( 

C 
C 
( 
C 
( 
( 
( 

C 
C 
( 
C 
C 
C 
C 
C 
C 
C 
( 
( 
( 
( 
( 
( 
( 

C 
C 
C 
( 
C 
C 
C 
(; 

C 
C 
(; 
(; 

C 
C 
(; 

C 
(. 

C 
C 
C 
( 

C 
C 
(; 

C 
C 

11.1111 

If .II 
.. I. ...... 
"1.( 
lILT 
.... n -.. 
,.,.( • I 
• ... RWI I. JlPfi I 
IIQ 
NSf 
"Sf I. 
N:tN! 
1I:lMi 

"II' N,. ", 
PRAI' I. lORAn 
PIAl 
P.,I .. PRn 
PI" 
QC.t 

"I 

..11-011 

... , Ie OTe It OZI 

.. ac .. OYI.C I. 
IIZLI • 
.. a T .OYLI. 
OZLI 
... 11. OYRI. 
"ZII 
.... , Ie onl I. 
QUI I 
0 •• ,. OYYI. OZll 
1.110 OZ 

AMI • I. ROc I 
R.I ,. RYI I. IZI 
R.III .. IYy, ,. 
Rlli I 
$1.1 I 
IIoI'ICC • t 
SM' • I 

........ R Off 110M ztltO JOINTS CIft DATA CAlli) 
lULU I., fll DIAO 

tIUM8(R OF 'R~ JO'NIS 
"UM8fR 01' sa_IAN[OUS (OUATlOIIS 
"UMBfl OF LOAD CASfS 
IlUMBII 01' LOAD IYP[5 
NL f FOR LAS I I'tIOBL[M 
HUMBfR 01' 'RAME MfMtl(IS 
NMI6 

D1JLD 
01.JL0 
DIAD 
OlAD 
D2A" 
D2AD 
Ol.JLD 
OIAD 

LIST OF PROaL(M NuMeE.S RESULTS 
PROBLEM NUMBER IAlPHA NuMeERICI 

SAIlt'O 'OR DIAO 
OIAD 
OIAD 
01AD 

NUM8fR Off EUM[NTS I(""""'IIG ,N SfCTlCIft 
NUM8ER OF Sfl" TypfS 
NST '01 LAST pIOBLEM 
NCOI - 1 
NCO' - I 
COMllIIOL .HCH CY(LfS 10'.' 
ALTEIIIATIIIG SWITCHfS 'OR TAP[S 2.' 
PIISMATIC Afl I 
PIIS""C ARfA 
PI'$MATI( '1 I 
PRISMATIC I40MENI 01' IIIERfiA 
COtICfNlRAT(O S'ATIOtI LOAD OR sPR'NG 
(OtIC£IIIIATEO LOA~ OR SpR'NG 8£IWEEN 
SUTlClftS 
tllTENSIIY Off LOADING OR R£STRAllff AT L('T 
ISTARTI A8D liGHT IElIOt Of SE"'OtI 
LOADS OR II(Mlfl EIIO STAlIORS 

• IIfM8(1 STAT'OtI LOADS 
IIfMllfl LOADS AT (OGU 01' Sf' TlONS 

DIAD 
IllAD 
DIAD 
D2AO 
GlAO 
DIAD 
OlAO 
DIAD 
OlAD 
OIAD 
OIAD 
OIAD 
1l2AO 
D2AIl 
DltAt! 
D2AD 
GlAD 

VAlUIS 01' OIlLI '.OYL' I. 
01' SfCTIOII 

2AD 
AT LEFT IsrARTI D2AD 

02AD 
VAluES OF 0.1.1 I. 
IEIIOI 01' SECTION 
JO'IOIT LOADS 

OYLI I. OZL' I AT RI6NI 02JlO 
OlAO 
02AO 

TEMPORARY VALuE S OF 00' I. OYY I •• OZZ 
'NTENS'fY OfF LOAD'NG OR RrSIRA'"TS AT 
BfCi'NIf'1IICo AND [110 OF [l£M[lIf 
RECuRS,ON MUlflPL'lRS 

I SIA1'ON REACT'ONS 
.IO,N' IfACTlONS 

*IJL" 
D2AO 
01AD 
02.JLD 
OIAO 
02JlO 
02AO 
02AO 

VECTOIl OfF STlF,ICSS MATRI. D2A" 
H[HIER sr'F'lffSS MATR'CES 'N COMPACT 'ORM OlAD 
IIfM8ER STlffllESS MArRI. I).)' 'N MfMtlER 02JLD 
(OORD'N""ES Ol'AD 
SIIIGLE MEMBERS ITI""ES~ MATR'. 'N 02JlO 
COI4PACT V[CtOR fORM Ol.JL(' 
_MHR STIffNESS MATRIa UUI '" "?AI' 
SlRUCluRE COORDINA'ES ~2JLO 
STRUCluRE S1 'ffNfS~ MnR'. !'2.JLD 
s,.lIC1ft vALUE or ~TI'f"E~S 02.JLD 
lAR6fST STA"OtI EQU'LIBR'uM ERROR 'N 02JLO 
MEMBfR MJl!' 
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( 

( 
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( 
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( 

( 
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( 
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( 

( 
( 
( 
( 
( 
( 

( 
( 
( 
( 
( 
( 

( 
( 
( 
( 
( 
( 
( 

( 

( 
( 
( 

( 
( 

( 

STL. STR 

STTI. STTZ 

STh 51t 
WI I. SU.II 
SKI .. SYI I. SZI 
SaL I .. SYLI I. 
ULII 
~aLT. STLT. SlLT 

SIRT. STIlT. SlRT 

SIll .. SYYI .. 
SUI I 
SIlT. ~YTT. SllT 

Tel 
T MIl. TAUZ 
TEl'Ph TEMPZ 
TH 
TOl. 
HOI. 
UI 

UClIIC .. UGYI 
UClxTo UQYT 
UlI .. uzc 
V 
VlI .. VZI 
1111 I 
-11 .. IIIZI 
XI I. YI I 
XL 
XLLI 
ILSI 
IR 
IRL 
XRSI I 
IT. YT 
I. 

IZL 
1I 
lil. liZ 
ZL 
lLLI 
lUI 
lLl 
lLI 
lMI .. l"T 

STIFFNESS AT LEFT ISTARTI AND RIGHT I£NOI 
OF SE(TlON 
STIFFNESS AT MID POINTS OF PARTIAL 
ELEMENTS AT 8EGINNING AND END O~ 
ADAJA(ENT SE(TIONS 
RESTRAINTS AT ME~ER END STATIONS 
(OEFF OF STIFF MATRII 10Nf ROWI 
HEMBER STATION ELASTIC RESTRAINTS 
VALUES 01 511" SYI .. 5Z1 I. AT EDGES 
OF S[CT IONS 
VALUES OF SaLl I. SYLI I. SHI I AT 
LEFT ISTARTI OF SfCTlON 
VALuES OF SIL I .. SYLI I. SZLI I A TO 
RIGHT IENDI OF SECTION 
~INT RESTRAINTS 

TEMPORARY VALUES OF SIll I. 5YYI I. 
SUI I 
AIIAL THIIUST OUTPUT VALUf 
(ONCENTRATED ANGLE (HANGES IN ELEMENT 
TEMPORARY VALUES 
ELELMENT LEN&TH 
JOINT LOCATlOII TOLERANCE 
Z*TOL 
TEHPORAR· MATRII USED TO OBTAIN TRIPLf 
PRODUCT 
UNIFORM MEMBER LOAD5 
TEMPORARY VALUES OF UClII I. UO'r I 
AIIAL FOR(ES OM ENDS OF ELEMENT 
SHEAR FORCE OUTPUT VALUE 
SHEAR FOR(ES OM ENDS OF ELEMENT 
DISPLACEMENT VECTOR FR(IIII GIIIPZA 
~NTS ON E"IIS OF ELEMENT 
~INT COORDINATES 
DISTANCE TO LEFT ISTARTI OF SE(TION 
DISTANCE TO L[FT ISTARTI OF LOAD SECTION 
DISTANCE TO LEFT ISTART! OF STIFF SECTION 
DISTANCE TO RIGHT IENOI 01 SECTION 
DISTAN(E TO RIGHT IENOI 01 LOAD SECTION 
DISTAN(E TO RIGHT IENOI 01 STIFF SECT 10M 
TEMPORARY JOINT CDORDINATFS 
OISTANCE TO CONCENTRATED LOAD FROM 
STATION 
LENGTH 01 PARTIAL ELEM(NTS AT ENDS OF 
SE(TlONS 
12 FROio: .. AST 5[CT 101. 
FLOATING POINT I 
FLOATING POINT 11 AND IZ 
MEM8ERS LENGTH 
L[NGTH OF HEHBERS 8Y LOAD TYPE 
LENGTH OF MEMBERS BY STIFF TYPE 
lL·ZL 
lLZ·lL 
LOAD MulTIPLIERS 

02AO 
02JLO 
01JLO 
02JLO 
02JLO 
02JLn 
02JLfI 
02.1\.0 
02.1\.0 
02.1\.0 
02JLO 
02JU' 
02JL(\ 
02JLfI 
01JLO 

1.1\.0 
02AI' 
02.1\." 
02.1\.0 
02JLI' 
02AO 
02JLO 
02JLO 
02JLO 
02JLO 
02JLO 
02JLO 
02.JLO 
02JlO 
02JlO 
02JlO 
02.1\.0 
02Jl.0 
02.1\.0 
02Jl.0 
02JlO 
02JlO 
02JlO 
02JlO 
02.1\.0 
02Jl.(I 
02JlO 
02Jl.0 
02.1\.0 
02.1\.0 
v2Jl~ 

02JlO 
02.1\.0 
02JlO 
02JLO 
02 Jl.0 
02JLO 
02JlO 
I'lJll' 
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APPENDIX 5 

FORTRAN LISTING OF PROGRAM 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!
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P.UGMAM '.AMEII IIMPU,.OU'PU,.,APfI.'APEZ.'APfJ.'APE., 
C~ .. , - 'HIS D'lIVI. ~T OIMEII$IC*S P.OGIIAII 
CUftMl .. , - '0 CHAM&E OIME .. SIONS CHANGE C*LT 'HIS D'lIVE. ANO OIME"SIONEO 
(QMMt. .. , - ,-.". ILOCItS I" APP.OPRIATE SUBROUn .. U 
COMME", - VAIIIAILE IlAMES 011 110' CHAIiG£ I .. OIME"SIOMEO COMMON ILOCU 
COO4MI'" - OIIlE"SIC* GuiDE OIME"SION GUIOf - OIME"SION GuiDE 
COMME'" - RMIL,. L.. ROIL.. MIL.. $LIL'. lUlL •• 
COMMl .. , - DII,L'. •• OII'IL' ••• 
COMME"I - COMMON IILOCltll .... .JT! 
COMME"I - CUMIIOM ,ILOCIt" IMIlLI. 
COMME'" - CDMMOII IILOCU' .Met. 
C~ .. , - COMftOII IILOC .. " • lIP" 
C~ .. , - C_ IILOCIt', .MPZZ' 

C ...... IILOCItZI 
COMMOII IILOC".' 
COMMOII IILOCIt" 
COMMOII IILOCK., 
COMMOII IILOCIOI 

DIME"SION AMIZ,.ZZII • • O.ZZ~ •• 
DIMEhSl~ ON.IZ'"" OMI.IZ' ••• 

Mlllll • SLIZ" • 

COIIMUM '~DCItI' •• "I. T. ",. 
Z UII. ".. .. •• "I. STT' ",. 
, OTY' "I. OIl. ",. • ••• "I. 
• ER •• , " •• I.TT. " •• ERll. '" 

COMMutI IlLOUZI OXSI '0" OTi. 10 •• 
Z DCZS. 101. PWFI '01. P.AE. 10" 
, IOPOP. 10 .. IPIIIL. 101. IPI •• '0" 

CuNMuM '~" O.L. 10.. 0"'1 101. 
Z DeZLI 10 •• UO.' 10.. UDTI 10 •• 
, Me ... 101 

COIIMUM IIL~.' .J'I'IIOI. 
Z 'DMII,UO ... 

COIIMUfo IILOClttl 
Z SIlL. H .. 

COMMutI I~DCIt" 
Z OIL 11101 

• LSI "I. 
In.. '". .LLIlIOI. 

COMMutI I~~" F. .Z .. 
, SII .". OIl. 42'. 
, II .Z" All .ZI. 
• D1I.ZI. UII.ZI. 
I VZI.ZI. MZI.ZI. 
• •• I.Z.. .TI.Z .. 

COMMUIl IILOCIt., IIPln.z .. 
COIIMUM liLOCIt" 'IZII. 

Z DT'.ZII. DI'IZII 

.JI2IIIO •• 

"SI " •• 
SILl "I .RLIUO .. 

AE •• ". 
OYI .". 01 .,.. 
YICU .. 
ER.I.Z" 
R11.ZI 
IIIIUI 
VIZII. 

..1 ?I •• 
SIll fllo 
.YT, ,,,. 

ILSI 10'. 
1le01! '01. 
IKU. '01. 
ILL. 1010 
IKDLI 101. 

IITlIIOIo 

PL. ,", 

GaL 1110 .. 

P •• ". 
OZI .Z'. 
0.1 .". VII·Z ., 
ERTI.". 

.. teU" 

111"511 I_, 
IIIIIC" 
IMM.C. 
I-II 

sunol 

OYTI fl •• 

0 ... "" .u. '". 
DCISI '01. 
IAaoPSI '0'. 
SIIC. '0.1)1 
DCU.' '0'. 
IA.oPL' ~o •• 

LTlUOIo 

AEL. fl •• 

OYL.uo •• 
IY •• ,.. 
A • • Z'. 
OY •• ,.. 
UZI.II. 
ERI I.". 
O.TeIiIo 

COIIMOIl I ~IO I ISL ".'01 
COIIMUM I~ltll ItEEPZ. ItEEP', ItEEP •• 

Z "YK. IICOZ. MeO,. MeD •• 
, IMAII. "CIIM. ... II.JI. 
• M. lIP" IIPZ. ISn. 

ItEEPI. 
1le0!to 
1151. 
Ln. 

.EEpt. ItEIP'. 
1IC06. "CO,. 
"L'. lOt.. 
ITTPEL.IO.J. 

I IILC. IPI. IPh IPIO 
COMMUM IILItZI IIL ••••• I •• Z.II.IZ.~.H.IH.HSO.HCU •• ZL 
C~ '1L1t" MM,JI ... S' .... LI ........ IIMCI.MNC •• MO.JI.II .. LC 
C~ ,ILIt., "l.SIZ.SI,.S' •• SI'.SI. 
COMMUII IILltli .. sua 
COMMUII I RI I IlL. IlL • .JI 

I FURMAI I .?H ............... MuSI IE GaIAIER IHA .. OR EOUAL 10. 
Z 11M MIIU' .......... ,. ZSH REOIIIE"SION DRIVER I 

Z ,~, I 46H ••••••••• II MUSI IE All EVE" I .. IEGER LESS 'HA". 
Z 'OIl , ..... ,,, - I ...... I.. ZSH REDIME"SlC* DRIYER 

COMMEII' - M' OIME"SlON LIIIITS 

".JEO 
,./IPO 
,./IPO 
,./IPO 
lUPO 
ZIAPO 
lll/lPO 
ZUPo 
ZIAPO 
lUPO 
ZUPO 
n/lPO 
nAPo 
OI/lPO 
OUPo 
UFf:O 
UFEO 
UFEO 
UFEO 
ZUAO 
Z6J/IO 
Z...,.o 
ZUAO 
26.JAO 
ZUAO 
Z ... O 
".JAO 
ZUAO 
26.JAG 
ZU/IO 
26.JAO 
26.J/IO 
Z..,AIt 
ZU/IO 
1,....0 
1,....0 
11l1li0 
O9.JEO 
11I'I1II0 
11l1li0 
OIAPO 
26.J/IO 
".JAO 
ZU/IO 
UFtD 
I'FEO 
26.J/I0 
O'FEO 
ZU/IO 
OUI'O 
OI/lPO 
OI.JEO 
OI.JEO 
OI.JEO 
OI.JEO 
I6MTO 

... .JI· fI 
COMME"' - - HU!i.I IE 6RIAIER lHA" OR EOU/IL 10 II .. .JI 

1'1 .... • 1'0 
IF 1_ .L'. ....... , I PRI .. I 

MSI. '0 
IINLI· '0 
... c' • fI 
... c •• UO 
MO.JI • • MNLC • ZI 

(OMME'" - II IlUST BE All EYl" I .. IEGER "UMlER LUS 
M • 60 

IF 11'1 .GE. 1' .... .JIIl - II' PRI .. I l 
IF II 111/"." ."E. I'll PRI .. I Z 

COMI'I["I - COMPUIE (OH$I/I .. IS 
IIPI • 1'1 + I 
IIPZ • II + l 
-U • IIPZlZ 
_ '.IIO.JI + Z 
MHII • _ + I 
LI • IIPZ 
LZ Z·IIPI LJ _ 
L. _. 

L. • ..... .JI 
L' • , ..... Z • I 

IHAIl ' ....... .JIIl - I 

COMME"I - SU8~TlNI FR""" IS THE NAIN SUIROUTlM[ OF PROGRAII FRAI'IEII 
CALL FR,,"II I RM, .0. V. SL. SUo OM. DIll, LI. LZ. L', L •• 

Z L •• L' • 
EIIO 

O6APO 
16MYO 
O6/1PO 
OI.JEO 
OUPO 
O,/IPO 
O6/1PO 
O6/1PO 
06/1PO 
l6.J/l0 
161'1TO 
Z6.J/IO 
OI.JEO 
OI.JEO 
I6MTO 
26.J/IO 
26.J/IO 
ZI/lPO 
26.J/IO 
ZI/lPO 
I1FEO 
lI'EO 
"'EO 
lI'EO 
Z6.J/IO 
ZOI'IRO 
,./IPO 
OIAPO 

I/IPO 
Z6.J/IO 

C 
C 
C 
C 
C 

. .................................................................... . 
SUI~TI"E SUlllOUIINE SUlROUIINE 

" C 
...................................................................... 

SUlRUUllME FRAIIII ..... RO. v. SL. SUo 01'1. OMI. LI. LZ. 
Z L •• L' • 

COIIMENI - SUlROUTIME FRAIIll IS THE NAIN SUIlllOUTl"E 01' PROIiRAII 
OIMENSIUIl RMIL,.L.' •• 0IL", VIL'" $LIL' •• lUlL •• 
DII'IE"SI~ OI'IIL, •• ,.OI'IIIL'." 

FR/lI'IE 11 

bIIlE"SIOM SMM'II".,QHM'I.' 
OIMEhSI~ ,,"11401. /lNZIII •• 
COMI'IUM IILOCltli al ,~ •• 

Z 1I11I'~ 10 S .. In. , 
, OTTI ,~.. OIl. ,~ •• 
• ER •• I nl. ERTTI n •• 

COI'IIIUN IILOCItZI O.SI ~o •• 
Z DCZSI ~')I. ...FI ~o •• 
, IOPUPI ~Olo IPI .. L. ~Ol, 
(OMM~" IILOCItJ, D.LI ~Ol. 

Z DCZLI ~Ol. UO.I ~o •• 
, NC6I. ~o. 

C~ IILUCIt., .JIIII~O'. 
Z FOMMIlSO." 

/IN,U •• 
TI n •• 
STTI '~I, 

R ... '". 
ERUI n. 

MPROBIZ •• IIESII •• 
0 •• 1 "I. OYTI 
Sll I ".. 0" I 
RTTI ".. Rlll 

'" . '" . '~ .. 
DTiI ~o •• 
PR/IE I !00 I. 
IPI"AI !0O" 
DTLI '0', 
UDTI !0o., 

.JIZIUOIo 

ZLSC '0" 
"CDS I '0'. 
IICHI '0'. 
lLLI '0'. 
NeOLI '0'. 

OCISI '0'. 
IUoPSI '0" 
SMeI ,o.n. 
DCILI ,0" 
I/IZOPL I '0'. 

OI/lPO 
UPo 

Z./IPO 
OI/lPO 
I",AO 
26.J/IO 
O • .JEO 
nFEO 
I'FEO 
I'FEO 
n,ro 
Z6.J/IO 
Z6.J/IO 
ZOI'ITO 
Z6.J/IO 
Z6.J/IO 
26.J/IO 
26.J/I0 
26.J/IO 



C_ IM.CIC&tI ..... '". ......... Pl.1 nit .-LI nh '6JAO 4 UHIlIAC".' alAC'1Y1 aIACUlI.1I I 'OPIO 
I .... ".. IYLI..... liLt '" :I't • .IAO .'Z ,oRMAt 1, ••• ,.61 ••• ,. lOfIO 
C~ 18LOCK., ",Lll'O.. .aLII,ol. "LIllO.. GYLll'O.. '6.1AO .61 ,ORMA, I 4'" TAIILI .0 - .10 ... , fGUILllIIIl1II' PttOI'I .111. ""0 

, OIL'.IO. 76.1.0 Z 40H .10 ... , flll".1 fall.., I faRI1Io,. 2upo C_ ,~." ,. 4'.. .... 4'.. ........ "'1"" '6JAO , __ ,OtIC( ,0ItC1 ... f""". hAl'O 
I 'U 41" •• 4Z.. OYI 4'.. .1 4'10 AI 41.. Z6.lAO 
• 01 4Z.. All..... Dl 4:1" oa. 4Z'. DYI 4Z" I6.lAO 

OA'" nlS'Ult IIlSTl210 Ufnnl. 1'15"41 1 lHe ...... 11 •• M. 10.110 
2 ~ , ,~O 

4 0.1.14'" U1l4Z" Vlt4Z" 11114'10 UZ"Z" 1 ... ITYPEL • 0 OT'fO 
• VIC 41.. III 14' to la.IU" ""'.4Z" lauu.. 1,...0 COMMr .. t - MEAO aIM 10 ....... ' HOGRM 10 AIIO aIM 10 24A1'O 
• a.l6l.. a'l.4'" "14" .... alAO tz. 1 .... 111 .. II • It 401 ot.IEO 
...... ~" 'IUto v.n.. ..CllI. DllflUI. I_ P.,,,T 11 26.1AO I .,.,'U... on II It 1_ P.,,,, 1 26.1"0 
C_ , ... 1.1.1 Qf~. 18..,. Crr"4. 1tICf'f. 1tI1 .... CHP,. Z6.JAO pal'" II. IAlllIli10 II • to 401 ot.IEO 

I IT.,... MCOIt !KO'. 1ICD4. IICM. lito.. !ICD" Z6.1AO C ...... , - II£TUIIII .. at '0 ilIAD IIIlII "uet.IM 24'" 
• .MM. I~. ... 1LIt. .. ,. ..,. 'OL. Z6.1AO 10.0 aEAD 14. IIPROI. IM2CII •• II • 1. 1.' ot.IEO 
4 II..... ..,. I .. ". Ln. ITYftn.I D.I. IZf"IO COMMr'" - I' .... ROe • crag. lIMU'''TI RuM 24""0 
• ac. ..... I". IPI. nno I' ..... 0811 •• 10. l'IS'lll .AHO • ...-oaCZ' .10. l'f5'1'.. ot.IEO 

C __ nIA/lII .... , .... " .... , ..... .-c ......... noMl,C OlflO Z flO TO .... ot.IEO 
C_ /llLlt1i .... OU" CQIIIME:", - 11IPU' .. ICMO "1'" "0GIlM COM,a. DATA I 'AeLf •• 2'" 
C .... , •• , a ...... .I. OIAPO alAO 100 •• tYPf.KI£PZ.KlfPJ.KIIP4.KffP,.KlfP6.KffPl.IP •• IPI.IP10. 1 ... 0 

• ,...,., .... ............. II - 0IlV DICit - IiIInocc_n • Z6JAO Z "'DZ."'O,.~".~D!.MCD6."'D' 2",AO 
, ........ 011 DAft • "AUI '01 "AGO 1010 pal .. t 11 Z6.1AO 

10 ,_, 1M .... ll1H.-'.... I ,6.lA0 pal'" n. IM.UII ...... 401 ot.IEO 
•• ,OMA, I IMl .. 0. IIIH'-'.... lUAO pal'" .,. MPROa. IAIIZIIII •• 1 • 1. 1.1 ot.IEO 
11 'OIIM'. 'OM I ....... H ... t lwl. 1,~.klIPZ.MCOZ.KIIP,."'D,.cf!P •• IICD4.KfIPS.~o" '6JA0 
lJ , .... ,. no 10M • • ..... Z ua ..... "'CI6.cIl ..... "'D'.IP •• I' ••• P10 1,..... 
14 'OIIM' « AI. Mo '.0 11M. A2 ..... C ...... , ~ CHltCK 'OR ILLIG/IL DATA I .. fAlILI 1 2'""0 
11 'OIIM' """'" '- .0 'II .... M •••• I,.... /101 • • .... 
I. ,...,., .""... .. 'C!I*TDh ,. •• Ah M •••• ITM. AI. '" • ..,... 

I' II'YPE .~,. 1 .011. ITYPI' .G'. 4. flO to .Z10 04MY0 
I' IKtlP2 eLf. 0 .011. KIIPZ •• ,. 11 GO '0 .220 04MY0 

IT , .. , .A .. M .... M.nM./IoI' M.II. 
lu ,000000,..lIt IGLUf •• "._0 •• KAIICM GP All I_Pl_ .. T ".lAO 

I' IKUP, .L', 0 ,0It. Kif" .G'. 11 flO '0 .z,o 04MYtI 
I' IKlfP4 ,L'. 0 .011. kllP4 .G'... GO '0 .2Z0 04MY0 

, 1 .. NOII.b .",_ ".lAO I' IKII,. .L'. 0 .011. KIE" .S' ••• GO '0 .Z'O 04MYtI 
• 4'" ' ............. CAllOS ... InICAlllllO I. KIIlCH. , .... I' ICffpt ,L'. 0 .011. KflP6 .G'. 11 GO '0 .220 04MY0 
4 "~I 2UAO I, ICIIP' .L'. 0 .011. I.EfP' .G'. 11 GO '0 .Z20 04MY0 

II , .. , .".,.. ....... OPTlOIU lillY • ClIIICUIO OM 'laST 1'110. OTno I' IIPI .L'. 0 .011. IPI .G'. l' GO to .Z'O 04MY0 , 1,...,. CII' IIUII • 01'[0 I' laPl .L'. 0 .0tI. IP, .G',.' GO TO .2'0 06MYO 
., ,_,. _ ...... 0. MUI' • I,," to I. I ... 4 I IMIftO If IIPIO .Lt. 0 .011. IPIO .GT •• 1 GO to .2'0 04MY0 
U 'OI1lIA' I JIM MOL.D OPT ..... II'IUS' 01 1 011 0 • CMMO If IIIICOI .ll. O. 100 TO 1240 .....,0 " ,oaM' I ,... I'll, .. , .TIOIIIS "' .. , K 1 0It. • ...".0 I' INCO, .ll. 01 GO to U40 04MY0 " ,0IIIeA, I ..... IIUMKII CII' CAIlO' ADIIt'D c ..... , • IIPolTlYfI ...".0 If ule .. ,U. O. GO '0 1240 04MY0 

100 , .... , ., •• 1'., •••• ,., •• '1'.' •• '.' .". • ... I' I~D' .LT, 0' GO '0 1240 04MY0 
.0. ,OI1lIA' •• I'..,SH 'ABLI • -~ co...-oL DA'A.,. 26.1AO 2 ..... PIICIeLI:. TYPe.II."'.Z' ..... '...,T '.IS.", ,0Ma0 

I .0.. 41tt ''''U ND&.D DATA ,aOM lIUMIIIa CII' C"DI.', ,6.1.0 

., INC06 .Lf. O. GO '0 1240 ...".. 
I' 'NCO' .If. 01 GO '0 1240 04N'tO 

KfK( • KEIP2 • CIEP' • K(IP4 • KfIP' • KEfP6 • KEf'T OT,(O 
4 10.. 41" ...... LAST "011&.1" ADDrD ,0It tM'S .,. 26.1AO 
, 1(,.. 4'" 11 • 1'[S.o • 110. PIlOBU'M .,,. 26JIIO 
• 10..... ,.10 ••• ,.1 ••• 1'.,. to •• ," , •• 0 •• 1, •• , •• 1,.1. 26.1.0 
, 10..... 4.tO ••••• t, ••• ,.,. .0 •• ," ,.10.,".1, ••• ,.1. 26JAO • .0..... ..to •• I, •• , •• I'.,. 10 •• ," , •• 0 ••• , •• ' •• 1'.". I_ 

., I nYPEL .lCh 0 .AHO. KIKE .1If. 0 I GO TO 1200 01'fO 
LO '0 1!00 1'[0 

CQIIM("l - A,,"t PIiUBLIM.gARCM fOR INDI'EIID£lIt l'llOOLIM Z4'" 
12uO pa ... , ~1 .,'fO 

bO TO "~O 01'10 • n.. llHGU1"'" , ..... 15.11. ,0MIt0 
1 loa, "" TAllLI .......... OUtPuT.,. .,...0 
I 10.. , ... IIUIIBI. It. YI •• O •••• ". • ... 0 
• 10 •• ,. •• 10 ••••• ,.tO •• '" •• 10 •• 1,.,.10 •• ," 10.101,'.1 ."'0 

Itt ,OMA,. I0Il tMlLl • - .JO ... , DISPUKt: .... " AIIO _ .. CTl0JI5 •• Off 0 
, ",.20.. • ... ,PUu .... ,.. ..... 10M _A(flCllfI.II. 'OflO 

IZIO pa ... , 'Z ~O 
GO to .eoo 4N'tO 

IZZO PIIIII' " ~O 
GO to '100 04MYO 

1"0 ,a ... , '4 04MY0 
GO TO 9100 CWlYO 

• ••• .ttuO ... , OlsPl.. OIIP.'l' aOTATlOM.U. ,0MIt0 1240 palllT " ~o 



.. 

&0 TO 9100 04MYO 
1'00 COMTINUE 09FEO 

IAeAM • 0 26JAO 
COMMENT - IAIAM • I INDICATES FATAL ERROR fOUND IN SUBAOUTINE 24APO 
COMMENT - PROBLEM AI,,"DOIIIED III $fARCH Of All INDEPENDENT PROBL,M 2UPO 

., IUEP5 .EO. 0' NSll. 0 26JAO 
COMMENT - MAIN PROGRAM STARTS HERE 24APO 
COMMENT - $KIP TA8LES 2 - 6 fOR FAMILY PAOBLEM 24APO 

If I HypE .EO. 4 , GO TO 4000 09F[0 
PRINT II l~JAO 
PRIIIT 16. ""011. 1 ..... 21111. II • h 111 09JEO 

COMMIIIT - SUBROUTIIIE JTCORD INPUTS ~INT GEOMEtAY DATA ITABLE 21 24APO 
COMMEllt - CHEC~S fOR lAD DATA. COMPUTES JOINT COORDINAtES.ECHO pAINTS 24APO 
COMMENt - DATA AND PRINTS COMPutED JUINT COORDINATES 24A'O 

CALL .J"OIID 2 6.1.0 
IF 1 IA8AII .EO. I I GO TO '100 26JAO 

PRlllt 11 26JAO 
PRINT 16. 1IPttOII. 1 ..... 21111. II • I. II' O'JEO 

COMMEllt - 'I.eROUTUIE MENLO<: INPUTS LOCATION OF StlfFIIESS AIIO LOAD Z4A'O 
COMMEIIT - TYPES III FRAME ITAIILE U .CHEC~S FOR lAD DAtA.COMPUTf'S MEMBER 24A'O 
COMMEIIT - ftUMBERS.LlMGT/4S OFfSETS AIIO DIRECTION COSINES.ECHO PRINTS DATA24APO 
COMMEIIT - AND PRllltS COItPUTED MEMBEA NUMBERS.LENGTHS AND OFFSETS 24A'O 

CALL MEMLOC 76JAO 
IF 1 rAeAII .EO. II GO TO 9100 26JAO 

pRIIIT 11 26J.o 
PRlllt 16. RPR9B. lAIIlIIII. II • I. II' O'JEO 

COMMEllt - SUIROUTIME JIItlMT INPlltS ~IIIT LOADS AIID RESTRAIIITS Z4APO 
COMMENt - CTABLI 4t .000C~S FOR BAD DATA.ACC\.IIIUI.ATl:S .JOIIIT LOADS AND 24A'O 
COMMEllt - R£$TRAlllt5.ECHO PRIIIT' DATA AND PRllltS ACCUMULATED DATA Z4APO 

CALL .JIlT OAT . 26JAO 
I' I lAeAN .lO. 11 GO TO 'aoo 16JAO 

PRIIIT 11 26JAO 
PRlllt 16. MPR08. IAIIlIIII. II • I. II' 09JEO 

COMMENt - SUIROUtllIf. ROMSt INPUTS MEMIIER STlF'IIESS DAtA ITABLE 510 24APO 
COMMENt - CHEC~ ,OR BAD DAtA.COMytRTS IIUIUT DISTAHClS TO MEMe!R 24APO 
COMMENt - COORDINAtES AND ECHO PRINTS DATA 24A'O 

CALL ROIIst 26JAO 
I' « lABAN .EO. II GO TO '100 26JAO 

PRINt 11 26JAO 
PRIIIT 16. 1IPR08. 1,,"2111,. II • I. III 09J€0 

COMMENt - FOIl 8M) OAtA. COIIvtRtS LOADS AIID DISTAIICES TO !llENeER 24A'O 
COMMEllt - COORDINATES AIIO ECHO PR lilTS DATA 24A'O 

CALL RDMLD 26JAO 
If • IA8AA .lO. 11 GO to 9100 26JAO 

4000 COMTlNUE 'F(O 
PRlllt 11 'frO 
PRlllt 16. 1IPttOII ....... 2 •• 1,. II • I •• 1' O'JEO 

COMMEllt - SUBROUTlME ca.. INPUTS "'ERPOSITION DAtA HA8LE TI fOR 24APD 
COMMEllt - fAMILY .-oeLEMS.CHEC~S FOIl 8AO DATA,SETS uP STORAGE FOR FAMtLY24APO 
COMMlNt - $OLutlOMS. ACCl.f4uLATl:s PRDllLE MUl.TlPLIERS.ECHO PR"ITS DATA 24APO 
COMMEllt - AIIO PRlllts ACC~ATl:O PRDllLEII HuLn .... IERS 24APO 

CALL Co. I NPROB I 09FEO 
IF I IAe,," .EO. I I &0 to 9100 09HO 

ItYPEL • ITYPE 09FEO 
COMMEllt - SItIP FUll 'AMILY PROBLEII 24APO 

IF C ItYPE .[0. 4 I GO TO 6100 O'fED 

COMMENT - F~M MEMBEA StiffNESS MATAICES AND MENeEA FI.EO-END-FOAcr 
CI)MM£NT - M"TAICES 

00 5100 JJ. I.NM 
ISfT • UTUJ' 
L Jt • L TI JJ I 

COMMENt - S~IP FuA NULL MEMBEA 
If tl~TT .EO. 01 GO to 5150 

COMM[Nt - S~IP fUR OffSPRING pROBLEMS 
If IITYPE .EO. 11 GO TO 5~~0 

COMMENT - S~IP FOA STiffNESS TVPE~ HELD FROM LAST PAOBLEM - NOTE THAT 
COM4ENt - If TABLE 5 I S MOT "EPT NSTL • O. 

If IISTt .LE. NSTLI GO TO 5550 
I' IJJ .EO. II 60 TO 5500 

COMMENt - S"IP FUA STIFFNESS TYPE AEPEATED IN THIS PAOBL[M 
IF IISTT .EO. ISTIJJ - III GO TO 5100 

COMMENT - SUBAOUTINE fORMSt CALCULATES STIffNESS MATRI. fDA BOTH 
COMMENT - PRISMAtiC AND VARI"8LE CROSS SECTION MEMBEAS AHO STOAES IN 
COMH[Nt - COMPACT VECtOR SMMTII. 1.1" 

5500 CALL FOA~T I AM. RD. W. st. SUo SMMT. Lt. L', L4. L6 
00 5510 I. 1.1, 

5510 SMeIISTT.I' • SMMTIII 
GO TO SlOO 

IfORM • 0 
CONTINUE 
I' IlTT .EO. 01 GO to 5150 

COMM£IIT - SU8ROUTINE FORItLD CAlCUl.ATES F III[D-EIID-FORCE HATR I. FOR 
COMMENt - IIDtH PRISMATIC U'UFORMLY LO.-or:D MEMBERS ANI) ALL OTl4ERS 

CALL FOfIMLD I AM. RO. W. SL. SUo FOHI4T. 1.. .. Lh L4. L6 
00 5110 1. 1,6 

5no f~'JJ.1I • 'OHMTIII 
GO TO 5100 

COMMfNT 
5750 
5110 
5800 

- SET 'laEO END-fORCE-MATRIX TO NULL MATAIX 'OR HULL LOADING 
00 51,0 I. 106 

'~IJJ.I' • 0.0 
CONTINUE 

NSlL • NST 
COMMENT - STAAt ~LUTIOH ot' ,R/lN JOI"T EOUILIBRIUM EOUATlOIIIS 
COMMENT - SET CONTROL CONSTANTS fOR ,RAME SOLUTION 

IH8 • "IDJ • , 
ill • '-NJT 

If 'HYPE .EO. 11 ..... . 
If IHYPE .EO. 'I ..... . 
I' tlTYPE .EO. '1 ..... . 

HfSUB • II 
REwiND 2 

o 
I 
-1 

COMMENT - READ 11M AND AO Of'F TAP( 'OA OFfSPRIIIG PROBLEM .F I ...... IIE. -II GO TO 6100 
AE~ 121 IIIRMII.JI,I· I.IMBI.AOIJII,J • I.NLI 

6100 CuNTIHUE 
1'.0000NT - CALL 6AIP2A ,UII SOLuTlOM ot' ,RAM( JOINT [OUILlIIAII.f4 EOUATIOItS 
COMMENT - .. RIP2A ~VES BOTH FRAM[ JUINT EOUILIBRIUM [QuATlONS AND 
C~ENT - MEMaER EOUILIBAIUM [OVATIONS - 6RIP2A CALLS fSU81 ~ICH CALLS 
I'.OMMENT - fSUBl1 TO SLT uP fAAME [OUATIONS OR FSuBI2 TO SET UP MEMBER 
COMMENT - EUV"TluNS 

CALL GIIIPlA I RM, AO. W. SL. SUI Lh L4. L6. IH8 • 
COMMENT - _RITE RM ANO RO ON TAPE FOR PAAENT PROBl.EM - tMEY WOULD 8E 

24APO 
24APO 
26JAO 
~bJAO 
2bJAO 
24APO 
ObAPO 
12MYO 
~OI4YO 
24APn 
24APO 
24APO 
24APO 
24APO 
2bJAO 
24APO 
24APO 
24APO 
OIlA'O 
26JAO 
21MYO 
26JAO 
26JAO 
26JAO 
26JAO 
24APO 
l4APO 
OIiAPO 
26JAO 
llfEO 
26JAO 
24APO 
26JAO 
llfEO 
26JAO 
26JAO 
24APO 
24APO 
26JAO 
OIiAPO 
OaAPO 
OIlAPO 
OIAPO 
OIAPO 

IlAPO 
24APO 
09JEO 
OIAO 
09JEO 
2UPO 
24A'O 
24APO 
24APO 
24APO 
ISMVO 
24APO 



COMME.' - DU'IIOYIO aT .... rw ICILUTlCIIIS I' _T STOMO 
I' I'" .10. 01 GO TO .,00 

WRITE III II'~'I.~I.I' 1.IHlI.ROI~II.~ • l'''LI 
uoe COIITI_ 

~ • 0 
C ..... , - TIIA...,I • .IOI.T OIPLAClIC"U '110M w TO 0 ••• on. 011 

116 6'00 I. 10 .." 
~ • ~ • 1 ......... ~, 
~ • ~. 1 
on ..... '~I 
~ • ~ • 1 
0&%'1' ••• ~, 

6'" ca.T1_ 
C ..... , - .... ,aIt .... , .ACTIOIIS 

.... 00 I. 1...." 
.... 11 • 1IIIIIeD •• lllel-I.OI 
RYY.I, • snlll~Y'llel-I.OI 

.. 81 RlIIII • 1l1'lleall'lle l-l.OI 
C ..... , - "I' ,. ........ NGeLP 

I' • ITY" .10. 11 .. TO , ... 
C ..... , - ITAII, .. IIRlb OF ",",D051T1_ IOLUTlOIIS 

I' '1"" .10. " ~WIND 1 
C ..... T - STOllE .1011., OlsPLAClIIPTS •• "CTlOIIS.AIID LOAOS 011 TAH '011 
C ..... T - I'AII~T AIID Of"sPl .. 1IIi Noet.£N 

.. ITI II, • O~.II.on.II~IlIII •••• III~III.RlIIII .... II •• 
, on .... OIl.... 1·1..." I 

eo '0 ' ... .... CCIIfTl_ 
C"".T - SUBItOUTI ..... 1 DOES IUPPf'OSITIOII SOLUTlOII , ... '.M( 
f;CItM.T - AI., DISI'LACDIE.'S AIID .ACTI_S ,aIt 'MIL' NOIIUM 

CALL .... 1 
• ,GOO CCIIf'I_ 
C ..... , - .... ., TAAI • I' IIIOUISTID 

., '11" .ID. 11 eo TO " .. 
... 1.'11 
... 1., 16, ....... ..,.111. II • 1. 1" 
"'I.T 111 

.. nlO I. 1...." 
, ...... 1., II'. I. 01 •• 11. DYTIII. 011.11 ..... 11. RYT.I'. Rlllal 
,... COII'I_ 

CONIE'" - ca..un ,aIt IACII .101.' - TIll .... OF """'-In AI"T LOAD 
C ..... , - MD TIll RlACTlOII - _. TIll """ONIATE 111 .. 1. 1_ ,IIIICES ARI 
C ..... , - MIITIIACTED 'ROllI 'HII SUM THE .U4.LT 1$ THE .IOI"T ECluILIIIIIUM 
C ..... , - (DOltS 

"., '7'''1) I.' ._ IT 
Eaxa.11 .011111 ••••• 11 
.. n .... on .. I • RYYClI 

",0 (R11.11 .011.11 • RlI.11 
C ...... T - ITAII, SOLUTIOII 'OIl ..... R RlSULU 

~. 0 
C ..... , - MlMNIIS AlII .." I • .-.S "" 51. 10 RlMA.U U. II wRITTE" 011 
C ..... T - TAP( OIl L.OIIa OIIWlY RICOIID 

RM6 •• ~ - 11/6 • 1 
C ..... T - ITAII, ICw •• 116 III' ",",IISITlOII IOLUTI_S , ... I'A.PT PROIILIM 

., II'Y" .10. " •• 1 .. 4 

, .. APO 
0..,10 
OIAO 
"'10 

, .. ApO 
, .. APO 
ZI~O 
06MI0 
OIAPO 
06MR0 
OIAPO 
06MI0 
OIAN 
06MI0 
, .. APO 
lewlO 
lewlO 
lewlO 
U'IO 
, .. APO 
1'1'(0 
, .. APO 
IUlO 
, .. APO 
, .. APO 
l6A:O 
1",10 
lewlo 
WID ,4APO , .. ..­

UI'(O 
lewEO 
, .. APO 
1,.., 
I ewEll 
09.1(11 
lewEO 
lew,o 
10Ft0 

I"" , .. ,\PO 

' ..... 0 , .. APO 
, .. APO 
'-0 '_0 ,­'_0 
' ..... 0 
lIMO 
, .. APO 

' .. AN 06APO 
, .. APO 
IUIO 

COMME"T - KIP '011 '''''ILY p.OILlM 
I' IITYPi .10 ... , GO TO 7900 

COMIC"T - 00 I" CiIIOUI'S OF S II 
00 7,OU "I' 1. ~ 

COMIC"T - 00 '011 IACH MEMII. OF &.~ 
DO 7 .. 00 ••• 1 •• 

~~ • ~~ • I 
CQMM("T - $ .. IIOUTIMI ICHRES COMPUTES ICMIf •• UUL TS , ... ALL MEMiUS 
CCIMM("T - I" ,1tAI'(. SUBTRACTS Al'l'1IOP.IATE IIl .. E. EIID 'ORCES TO C~Lt:Tt: 
CCIMM("T - CALCULATlOII OF ~OI"T IIIULI. E •• OIS ""0 P.I"TS OUT MI .... E. 
COMME"T - REaULTS 

, .. APO 
1,...0 
, .. APO 
1_0 
'''&PO 
,OMItO 
11IMIt0 
, .. APO 
, .. APO 
, .. ,\PO 
, .. APO 

CALL ICMRlS I 011. ~~ ••••• M •• 0. W. SL. SUo NPROS. A"'. 
, L,. L4. L6. LT I 

T400 COIITI_ 
COMME.T - 511.1" '0lIl IIUUUIt PllOOLl. 

I' liT'" .10. 11 GO TO 7'00 
C"""T - STORI RlSULTS ,0lIl SIX MlMlE.S 

Ll.OIMOO 
OIAPO 
1,..0 
, .. APO '_0 
, .. ,\PO 

w.1T1 141 IIOIIII~ ••• ,. I~ • I.L7 I •••• I •• I 
7100 COIITI_ 

GO TO '000 
7900 COIITI_ 

COMME"T - IUt.OUTl.. JUI'I OllIS Jul'(RPOSI TlOll SOLUTlOli FOR MlMeE.S 
COMM£"T - ,.,. 'A"ILY PII8IL£I'S.S .. TIIACTS API'IIOPIIIATE MrMIIE. END 'ORas 
UIHMlloT - TO CUMPLUE CALCULATIOit ew .IOI"T EOUILleRlUM E.II ... AIID PAINTS 
COMM£'" - MlMl:R RESULTS 

CALL SUM' IDM.OIIT.LT.~.M'." ... OO I 
.000 COIIII_ 

CCIMM("T - .. RI.T TAIIU: 10 UOI"T EOUILIIIIIUM t:llRORS'I' .EOUESTEO 
I' 11 .. 10 .10. I' GO TO "011 

"RI"T II 
".I"T 16 ........ 1.-,111,. II • 1. III 
pRI"T 16Z 

DO 'lDO I' 1 • ..,T 
11~ "RI"T a,z. I. 11.1111. 1."111. 1.11111 
1100 COIITI_ 

CCIMM(" T - .n UIUI '011 III w "IIOOL£I' 
.~ GO TO 1010 

COMME"T - ~UTI"" AIIAIIDOII[o - $lAIICH ,0lIl "IOtH"OE"T p.GIILEM lEG INS 
COMME"T - H[R[ 
•• 00 PRI"T 50 
•• 10 II[AD 17 ...... . AlII. IAMlIIiI. II • I. III 

, I' I .... OOU' .NE. IT[ST,,' .011. MPROII"I .NE. ITEST,"" 
GO TO 91 .. 8 

p.I"T 17. NplIDII. AN'. 'A"'III" II • I. II' 
GO TO 9110 

••• 0 " • ___ ~." .~~. ITE~T"I •• NO. NellOO," .10. IT'STI1', 

•• uO 

, GO TO 9.00 
RIAD I"~. IT'''I •• [[ .. ~ ... [ .. , •• II ...... II .. ,.lIlp ••• I[p7.IPI.lp9.lpI0. 

, "CO'.MCo,.MCD4."CDI.IICD6."C07 
.111 • 11[1', • .111', •• 111' .... 111'5 •• 111" •• EIp7 

I' 11111 .10. ° .AMD. IT'l'l .LI. 'I GO TO 10'0 
1'.1'" 17. "PROO. A"'. IAN'III'. II • I. III 
P.I"T lUO.IT'pl •• E[p'.KI[p'.KElp .... Elp'.KEEp ••• I[p7.lp •• 'p9.11'10. 

, "CD' .MCO' .MC .... II(DI."CO' .NC07 
GO TO '"0 
COIIT .. lUI 

I~" '_0 
,OMItO '_0 
''''1'0 , ... PO 
, .. APO 
, .. APO 
15M0 
1,..0 
, .. ,\PO 

'5MO 
'5MO 
OUEO 
'5MO 
'IM.O 
'IHRO 
1,..0 
, ... PO 
,,~O 

'UPO 
'4APO 
'UAO 
O9~EO 
10..0 
O9~EO 

09.Jt:0 
l'~AO 
09.1(0 
09.1(0 
I)MIO 
,,~O 

'UAO 
O9FIO 
09.Jt:0 
UAPO 
llAPO 
,UAO 
26.1AO 



C 
(. 

c 
c 
C 
c 
C 

U.lAO 
'6.1100 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SUllICIUt 11ft: suellOUT II!!( SU8110UUNE r.USItQUlINE 

...................................................................... 
~WTull .ITCOIIO 

COMM(IIT - $W.OU1INE .ITCOIIO I""IITS .10 I liT GEOMU.' DATA I tABU U 
COMM(IIT - CHf;CIl' '0« aAO OATA. Co..-uTU .xl1"T COOIIOI"At(S.ECHO PlIlNts 
COMM("T - OATA AHO '.,IITS COMPUTED .I01"T COORDIIIAt£S 

UJAO 
2.APO 
24APO 
2.10"0 
16.1100 
nno 
UHO 
nno 
I1HO 

OIM[ .. ,lo. .121 1 I 
C~ leLUCllll II 151. ,. 751. 

2 011. Ute 'III nit snl?S1t 
, 0'" 151. 0211 lSI. • ••• 751. 

OUI 7". 
SUI 1St. 
.Y" "'t. 

onl 7110 
OUlnl. 
IIlll 711. 

_ UIII lSI. E.". lSI. (.UI 7S I 
C~ leLllll IlEE'2. kEE". K([P_. KffP5. 

2 ,T'''. 1IC02. NCO'. 1le0_. "COS. 
, .AaAII. I'OIIIM..... ".110 IISTt 
• M. "1. *'2. ISTTo Ln. 
5 flLC. I'.' 1'9. IPIO 

kEf'.' 1t[(P1. 
1leD6. NC010 
liLT. tOL_ 
I"'!!L.ID.I. 

C~ leLIl" MN.lT.MII'T ..... LT ..... H.MNC5.MIIC •• MD.lT.MIILC 
• 'CHIMAT 1 ,," tABLE 1 - '.AM[ GlOMftllY DAtA _1/11 

IQ 'ORMAT 11OX"','I.I'.'1.2EI0.,.10 •• £10.'1 
II 'OIIMAT I 'ZH lUMBER ~ .xl1"tS I" 'RAM[ -.15.,. 

2 JON .E'[.[IICE .IOIIIT IS .I01"t .15. 514 AT • 
, .... -.EI2.,.IOH AND' - .EIO.,.I ., •• 
• 2'" ~'"T TOLERAIICE I' .fIO.,.111 

12 'ORMAT .IOX.I','I.ZE10.,., •• 1151 
II ,ORMAT I 10 ••• ,.51.2Ell.,.51.1151 
1_ ,oAMAT • 2'R. 2'" llIPUT Of .IOIIIT Of'SEts .11. 

2 10.., ... '.OM 1-oF'SET Y-oF'SEt .,x. 
, JI" to TO to to to to TO .1. 
_ lOR. ,"JOIIIT. '2R. ,".IOllIt ./1 

., ,oAMAT •• 11.1.'1 
I. 'ORMAT' 10 •• 1'1 

16.1100 
210.1100 
UJAO 
I Zf'fO 
tlHO 
OTHO 
Z6.1AO 
16.1100 
16.1100 
"'.lAO 
26.1100 
,..1100 
16.1100 
16JAO 
16.1100 
'6JAO 
'OMRO 
10l4Il0 
26.1100 

U ,ORMAT I_aM 
2 1'" THE 

"OU)fNG DAtA 'ROM t"E "EvIGUS "GIIL[M PLUS. 
'OLLOWING • III 

16JAO 
2 • .1100 
lUAO 

1. ,ORMAT ., ... MUM8[1I Of .IOI"T' ,. '.AM( •• '5.1111 
Z6HCOMPut(O .xlIIiT C00II01"ATEs. II. 101, l' ,oAMAT ,,/1.101. 

2 
20 'OIUI#tT I 
Zl ,oAMAT I 
" or ....... , • 
ZJ ,ORMAt • 
'0 ,ORMAT I 
Jl '~T I 
_O,oAMAT ,I 

2 , 
50 f'OII:MA' 

2 .11 ,UflMAt 
2 

ZSH.xlIIlT I '( ,II 
.... .IOU" *lM8[IIS *1ST BE 'OSITIYl 

101.lSo2Ell.,1 
.11.. "'I ... T "JIiIIII'II<, I"."" 'Il)t I t)(jlT'" • 
10M 1lIOII( I 
..oN .., DATA Hf;LO 011 11(100 III TABLE Z I 
'ON IICIMe£II Of CAIIO$ III tABLE 1 MAY IIOT EQUAL 
U" TYP£ , 'IIoeLEM SHOULD HAY( 110 CHAH6ES ,H 
1'" COORDINATE' .1. 
,... 110 CAIIO$ ALLOWED III TAeL( I • 
.JH .I01"T ~R ABOVE GREATER THAll IIUMIfll, 
ZON (W .leU .. T, ,II fRAM( I 
_... HUMBEII CW .IUIIITS ,N 'IIAM[ GREATER THAH, 
I ... 'TOIIAGf ALLOWS I 

nJAO 
'_0 
2 • .1100 
' • .1100 
16.1100 
"0."1\ 
16.1101' 
26.1100 

& I 0914'(0 
.IOIHT.26.1AO 

26JAO 
""JAO 
26JAO 
26.1100 
26.1100 
16.1100 

70 fURMAt I 
1 

)~H • ANO Y OFfSETS FOR JOINT, 11, 
ISH ARE 80TH l[RO' 

Iv ,ORM"T I 

1 
1014 JOIH'. IS, 10 ... HA!I'. 1101 I>lIfvlOUSI¥ IIIEEI. SP£C. 
~HIfIEOI 

90 fuR"At I 
1 

)2H ERRUR IN )..OCAHOH Of .IOINt • U. 
40H EXCEEDS THE TOLERA"CE ~P£CI'IEO AeoVE .1 •••• 
)OH THE [RROR IH • DIRECTION IS .[10.).1 •••• 
)OH THE [RROR IN Y OIR(CTION IS .£10.)1 

) 

• Iuo fOR14At I .OH tOLERANCE -UST BE A PO~ITIV[ NuM8ERI 
PRINT 9 

If INC02 .EO. II ~O to 1100 
If I NCDI .LE. 0 .10110. ~EEP2 .LE. 0 1 60 TO 8)00 
If IITYPE .[0. ) .AND. NCOl .NE. 01 60 to e.oo 
If INC02 .NE. 01 100 to IISO 

COMMEHT - hO N[~ DATA 
PRl"t It 

1150 

PRINT 13 
r:.c. to 9100 
COHtlNUE 

.JNTL .. 0 
IF IKEEP2 .[0. II 60 to 12'0 

(OKM[Nt - ALL NE~ OATjI - SET COOIIOINAtfS EQUAL TO I.OIE~O 
DO IlO .. 1 • I._.IT 

IlUO XII •• yfll • 1.01E~0 

COMMtHt - READ 'IRSt CARO Of TABLE 2 
II[AO lC.II.lT • .II.D •• Oy,TOL 
PlIlHl II.NJ1.JI.OI,Oy.TOl 

I' I TOL .LE. 0.01 GO TO 9000 
If IJI .L[. 01 GO TO Izeo 
If IJI .~T. "JTI GO TO ISOO 

(OMME"t - CUMPuTE COORDlllAtES Of REFEREIICE .10 I liT 
XI.l1I .. Oil 
YIJII .. OY 

60 TO ".0 
COMMEHt - HOLDING DATA 
(OMMEHt - READ fiRSt CARD Of TA8Lf Z 

12)0 READ 16.H.lT 
PRI"T 11 
PRIH' ... II.lt 

CONtJllUE 
I' IH.lT .Gl. MM.lt, GO TO 1.00 

HIIIT I. 
HZMI • HCOZ - I 

CQMM£H' - "'" 'OR $oECOIIO AHO $U{,CHOIHG (AAU Of TAIILE I 
00 .900 .IJ .. I,IIZMI 

o£ AD J1. JI ,I"X .DY ,I '211" .11.' • TI 
I' 1.11 .~T. II.lTI .IHTL" I 

H.lNl .. 0 
00 121t.. II .. 1.1 
If IJ21111 .Gt. II.lTI ,/NTL .. 1 

12111 I' IJIIIII .IIE. 01 H.l1Il .. H.lhl • I 
P.I .. T ,' • .I1.0R .OY .1.12111,.'1-1.11-'"11 

If 1.11 .LE. 0 .011 • .1211' .L(. 01 60 TO e200 
CUMME"T - (H[CK " F.OM .IOIHT HAS 8EtH LOCATED 

HUO I' IXlJII .GTo 1.OE~01 60 TO 8800 
., 1 01 .[0. 0.0 .AhO. OV .EO. 0.0 I GO TO "00 

26.1100 
16.1100 
21:1.1AO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
O.MYO 
16.1100 
09MYO 
26JAO 
26JAO 
26.1100 
29APO 
26.1AO 
16.1100 
UFEO 
16.1100 
16.1100 
16.1100 
19APO 
26.1100 
26.1100 
29APO 
26.1100 
16.1100 
o ... vo 
2('.IAO 
26.1100 
29APO 
26.1100 
26.1100 
26.1100 
29APO 
29APO 
16.1100 
26.1100 
26.IA0 
26.1100 
26.1100 
26.1100 
26.1100 
29APO 
26JAO 
,. IAn 

26JAO 
26.IA(I 

. 26.1AO 
26.1AO 
16.1100 
Z6.IA0 
16.IA0 
29APO 
16.1100 
26JAO 

..... 
V1 ..... 



I. l.Jlln .10 ... ~ TO 0'" 
CCIMMlRT - 00 .011 ALL .101,"5 SPlCI,no 011 TMIS CAItO 

DO .. DO II- IoILlR, 
CCIMMlRT - COMPUT, TIMPOI"T V~U[S ., COORDINATES 
,no at - alJII • oa 

1'T • TIJII • OT 
RII - JIIIII 

I' IJIII .LE. 01 GO TO 1101 
I. lalJIII. .6'. I.OOE'O. GO '0 4Doo 

CaNMERT - JOIRT P«£VIOU$LT LOCA'ED COMPu'E DIFFERENCE BETwEEN o~o 
CCIMMlRT - LOCATlOil A .. !lEW LOCAU" ERa AND ERT 

IRa - AB5IaIJIII. - .TI 
IRY • A85ITIJIII. - TT' 

I. I Pa •• T. TOL .011. ERT .GT. 'OLI GO TO .. 00 
CaNMERT - AVIRAG! OLD AND REV ,00RDINA'ES 

alRll1 • 1.'.laIJlll' • a" 
YIJIII. - O.'.ITIJIII. • T" 

~ TO .'00 
CCIMMlRT - JOIRT IIDT ""vIGUILT LOCAnD 

4000 aiRIi •• aT 
TIRII. - 1'T 

.'DO COIITIIUI 
JI • RII 

.. DO COIITlIUI 
4.00 COiTIIUI 

~TO'''' 
0100 PlURT t1 

~ TO'1OO 
0100 PIIIRT ,0 

~ TO '100 
1100 PIIIR' '0 

fiG TO "00 
04110 PIIIRT 40 

fiG TO "00 
1500 PIIIRT '0 

fiG TO "00 
.. 00 PIIIRT 60 

~TO"" 
ITOO PIIIR' TO. JI 

fiG TO 9100 
.... PIIIRT 10.Ja 

fiG TO 'TOO 
I.DO PRIN' .0. JIII.IRa.ERT 

fiG TO 9100 
.DOO PRIRT 100 
,TIIO IAIM - I 

... fO .... 
.100 COIITINUI 

PIIIRT I' 
CCIMMlRT - PRIRT .IOINT CCIOIIeIIlATU AJIO CMECK 'OR .IOIRT NOT SPECI,nD 

DO .. SO I • 10"'" 
I. lall •• 6'. I.OE'O .011. Til •• GT. I.DE'O' GO TO .140 

'I'D PIIIRT 'l.l.all •• TIII 
fiG TO ,.., 

.040 PIIIRT n.1 
IAIM. I 

l6JAO 
l'APO 
l6JAO 
l'APO 
l6JAO 
l6JAO 
16JAO 
16JAO 
lUAO 
19APO 
,.APO 
l6JAO 
lUAO 
"JAO 
19APO 
lUAG 
lUAO 
IUAO 
Z9A1'O 
l6JAO 
lUAO 
IUAO 
lUACI 
IUAO 
IUAO 
lUAO 
,"TO 

"'"' lUAO 
1,"",0 
IUAO 
IUACI 
IUAO 
lUAO 
lUAO 
lUACI 
IUAO 
76JAO 
lUAO 
16JAO 
IUACI 
IUACI 
l6JAO 
.. MYO 
4MTO 

16JAO 
l6.JAG 
IUAO 
"JAO 
'.APO 
IUAO 
IUAO 
lUAO 
lUAO 
IUAO 
l6JAO 

C 
C 
C 
C 
C 
( 

C 

.. U 

.IISO 
99110 

COlI' .,IUE 
COM"NUE 
COM'IMUE 

REtuRN 
ENO 

l6JAO 
l6JAO 
l6JAO 
l6JAO 
l6JAO 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Sl.eROU"NE SUBROU'INE SUBROUTINE 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SUiRGUTIN( ~OC l6JAO 

COMMt:N, - SUBRGUTINE MEILOC l"Uts LOCAUOM or SU"NUS AND LOAD l4APO 
COMMt:N' - TYPE5 IN FRAME I'AOLE ' •• CKECKS 'OR BAD DA'A.COMPU'ES MEMBER l4APO 
(OMMENT - NUHbERS.L[NGTH5 OF'sETS AND DIREC"ON COsINEs.ECHO PRINTS DATAl4APO 
(OMM(N' - AMO PRINTs COMPuTED MEMBER NUHlERs.LENGTHS AND O"SfTS l4APO 

DINENSIOM JII 10 • 76JAO 
COMMON IILOC&I, al "'. TI ".. oaal ".. QYTI ".. I"EO 

, "UI Ttl. 5.al "to STTI '51. SUI '51. Dnl '51. U'EO 
, DTTI n.. DIll '51. "XI '51. RTTI TS.. RU I '51. UrEO 
'4 E"al " .. IRnl '51. ERUI '"~ UrEO 
C~ lOLOCKI, oa51 '0.. DYSI '0'. ILSI ~O.. DCISI 10.. l6JAO 

I DClil 101. PR'I '0'. PRAEI ~O •• NCDSI SOl. IAaoPSI '01. l6JAO 
, IOPOPI '0'. IPINLI '01. IPIN.I ,o1. NC'II '0'. SMCI '0.1,1 lOMTO 
C~ 'ILOCK" oaLI 'D'. DTLI '01. ILLI ~.. DelLI '0'. 16JAO 

, OCJLI '0', uoal ,o1. uoYl ,o1. NCOLI ~O.. IAxoPLI '0'. 16~0 
, RC6al '01 16JAO 
C~ IILOCK41 J'lllto.. JTIII'O.. 15'11'0" LTII'O.. l6JAO 

, .GRllII'O... lUAO 
C~ IILKII &lEP,. KEEP'. &lEP4. K"". &lEP6. KUP'. 16JA0 

, lfTPI. IICO'. NCO'. 1IC04. NCIIt. MeN. MeD'. "JAO 
, IABAR. I'ORM. MR. NJ'. RST. NLT. TOL. 16JAG 
4 II. ..I. ",. ISTT. Ln. ITTPEL.IDJ. UrEO 
, NLC. IPI. IP.. IPIO UrEO 

CORMuh 'OLK" RRJ,.RNST.RNL,.MNM.RNC,.MNC6.RDJT.RRLC O"EO 
6 'ORMAT I,a. '11,.la •• la. 11'1 'OMRO 
, 'ORMA' IU. '11S.lal. lX. lIS. nll.1I ,OMRO 
I'OIIIIAT I ,".Ioa. 40H COMPutED MERIER IlUl'!8ERS.LENGTHS.AND OF'. '_0 

I 4H,ETs.".46M RERI£R 'ROIl TO STI" LOAD LENGTH '_0 
, UH a-or.", T-o"5fT .,. '_0 
4 ,~.... JOIN' .101 NT TYPE TYPE.'II '_0 

• '~"T I 40H TABLE' - OI£MBU LOCATION DATA ./1" "JAO 
lQ 'ORMAT Iloa.I,.,a.I'1 26JAO 
II ,ORMA' I 40H NUMBER or OI£RBER 5TI"NESS TTPES '.IS." 16JAO 

I 40H N~ER OF MERBER LOAD TYPES • .,./1" 26JAO 
11 fVKMAT I ,a.II.'a.~.~.~a.1UI,1 26JAO 
I) 'ORMAT I ,a.I,.,a.1.,.,a.IOI,1 l6JAO 
14 ,~, II,a. 16H INPuT or MEMIER LOCATIORS .". l6JAO 

, ,OM 'ROIl STI" LOAD TO TO TO TO ."JAO 
, ,OH '0 '0 TO TO TO TO.,. l6JAO 
4 "M JOINT TYPE TTPE .JOINT.'II ,OMRO 

I' ,ORMAT 141H HOLDIIIG DA'A 'ROIl TH[ PREVIOUS PROBLEM PLUS. l6JAO 
I UH 'ME .ot.LOVIIIG • ,II l6JAO 

II 'OR~' 1".4'H ••• COIIPUTED REMBER NUMBERS MAY NOT AGREE WITH. OIMYO 
I ,OH LA5' PROIILEM ••• OIMTO 



I. 'ORMAT 111.tOK ••• COMPUTED MEMiER NUMIERS AGREE wITH LAST PRoel. 01"YO 
I 10..0. ••• • OI"YO 

20 ,oRMAT .t" JOINT NUMBERS MUST RE POSIT lYE 26JAO 
2} ''''''''T 10H IIIOIIE 1 26JAO 
2t 'URKAT 11K MEMIER wITH STI"II[SS TYPE .It. 'H AND LOAD. 26JAO 

2 '" TyPE.lt.I.J2H WAS SPECI'IED AS GOING ,ROM. 16JAO 
, "" JOINT .It. 9H TO JOlllt.lt.I,11H PROGRA" DOES. 26JAO 
• 16H NOT ALLOW THIS oRDER TO eE REyERSEOI 26JAO 

21 fORMAT I 11K TYPE , PIIGB!.EM DOfS MOT ALLOW ANY CHANGE I .. Sh26JAO 
2 I1Kl"NESS TyPES 'ROM LAST PRoaLE".I. 16JAO 
, JI.. LAn PItOISLE" 010 MOT SpECI'Y TYPE.lt. 26JAO 
• 10K STI" 8ETWEEN JOINT.lt.IOK ANO JOIN"" 1 26JAO 

10 ,ORMAT .OM Il1O OUA MELD OR READ IN raeLE , t 16JAO 
J1 ,oRMAT tOM NUMlIU fJIF CAROS IN TAeLE , "AY NOT EOUAL 1 09"YO 
to ,oRMAT .IK JOINT IIUMlIER AeoVE GREATER THA .. NUleER. 26JAO 

2 10K 0If JOINTS IN 'RANE t 26JAO 
61 ,oRMAT tlK NUMlIER Of ST1"II[SS TYPES GREATER THAll STORAGE.26JAO 

2 lK ALLOWS 1 16JAO 
62 ,OIIMAT .~ NUMlIER Of LOAD TYPES GREATER THAll StOllAGE. 1UAO 

2 lK ALLOWS I 26JAO 
11 fORMAT .~ STI"NESS AIIO LOAD TYPES MUST If POUHYE. 16JA" 

2 , NUMBERSt 26JAO 
12 'ORMAT tlK STI"NESS 01 LOAD TYPE AIOVE GREATER THAN TOTAL.26JAO 

I tOK IlUM8ER Of STI"NESS OR LOAD TYPES sPEC I' lEO ABOVE I 16JAO 
lJ ,oRMAT 11K YOU CAMCIT HOLD UI" THE LOAD wITHOUT SOME STIFF • 26JAO 

2 tOKNlSI - I' STI" TYPE • 0 - LOAD TYPE MUST • ° 1 26JAO 
1. ,ORMAT tK 1.' 26JAO 
'I ,OIIMAT. tOK ERROl III C1F,sns '01 MEteER 01 SU"NESS TYPE. 26JAO 

2 U.I •• 1K THE X MD Y OI'sns 'GIl THE MEMBER enWUN. 26JAO 
I lK JOtNTS.lt. 'H AIIO .1,.1. 26JAO 
• .ttI DO fIOT AGRU wnH PREviOUSLY OEF'I .. EO O"SETS. 26JAO 
, .~ '01 A MEHllER Of THIS tYPE. wITH111 THE ALLOWEO,I. Z6JAO 
6 tlK ERROl CIF TWO TIM[S THE JOINT LOCATIO .. TOLfRANC.26JAO 
1 ltCI 26JAO 

92 ,ORMAT I .tK ERROl IN fJlFnns 'OR MEMBfR Of' LOAD TYPE. 26JAO 
2 U.I •• 1K THE: X .... Y fJIF'SoEU 'OR TME IlE.MBU eETwH", 26JAO 
, lK JOINTS.lt. tH AIIO .1,.1. 16JAO 
• .ttI DO HOT AGREE wiTH PREVIOUSLY OE'I"EO Of'SETS. 26JAO 
t .. K 'OR A MEMBER Of THIS TYPE. wlTKIII THE ALLOWED.I. 26JAO 
6 tlK ERROR fJIF TWO TIMES THE JOt"T lOCATION TOLERAIIC.Z6JAO 
1 1... 26JAO 

COMMfNT - PRINT TAILE .. ADI.. 01"YO 
PRINT t 26JAn 

I' INCD' .EO. 11 GO TO 1100 O,"YO 
I' INCD' .LE. 0 .AND. KEEP, .LE. ° 1 GO TO 8,00 26JAO 

nO! • 2.0- ... 4'.M. "lJAO 
COMN[NT - StT Of,saTS ,01 IT'" TYPES 01"YO 

110 1100 I. It ... IT 0,.1>0 
HOD DXIIiI • DYllll • 1.01UO O,APO 

COMN[NT - sIT Of'SETS 'OR LOAD TYPES 011llY0 
110 lUO •• It ..... T 03ApO 

UIO DilL .. , • Dnlll • I.OIUO O,AI>O 
I' IKElP' .ME •• 1 GO TO lItO 25 A 1>0 

PRINT 11 26JAO 
lItO CONTI.ul 26JAO 

COHMEln - "" IS NUMlER 01" M£ .. EIIS ACCuMULATED AIilO MUST MOT CHANGE 01111Y0 

CUMM£NT - fROM PREYIOUS PRoaLE" FOk oFFSPRING PROBLEMS 
I' IKE£P) .EO. I .O~. ITYP£ .EO. ,. GO TO 1160 

"" • 0 
11.11 I.OMIINUE 

I' INCO' .Ni. 01 GO TO 1180 
PRI'" 2J 

GO TO 6000 
1180 JIITl • 0 
1150 COItTl NUE 

COM"fNT - REAO 'iRsT CARD III TABLE' 
READ 10 ... " ."LT 
PRINT 11. NST.NlT 

l' INST .GT. "NSTI ~O TO 8610 
l' INlT .GT. MNLTI GO fO 8620 

PR1"' I" 
N)"I • NC03 - I 

00 ".ull JJ • 1."3"1 
CONM(NT - MEAD 2ND ANO 5UCClEDING CAROS I" TABLE , 

READ 1,.Jl.ISTT,LTT.IJ21111.11 • 1.101 
I' CJl '~' ... JTI J"TL • 1 

"J"1 • 0 
00 1210 11 • 1.10 
I' 1.121111 .GT. IIJT' JIITL • I 
I' IJ21111 ... E. 01 .. JNZ • NJ"l .. 1 

Ul0 CUJlllNUE 
C~Nl - ~RlhT 1Il10 AND ~CEEOING CARDS IN TABLE' 

pRlhf l'.JI.I$TT.LfT. IJ21111011 • 1."J"1 1 
If 1.11 .LE. 01 GO TO 8200 
I' IJ.TL .EO. 11 GO TO 8~00 
I' IliTT .LT. 0 .OR. LTT .LT. 01 GO TO 8110 
I' IliTT .GT. JIST .OR. LTT .GT. MLTI GO TO 8120 
I' IliTT .EO. 0 .A .. O. LTT ."E. 01 GO fO 81'0 

C~NT - 00 'OR IlUl48ER Of HE"BER5 SI'(O,.EO 0" OfoIE CARD 
00 "500 11. 1."JN1 

J211 • J'II .. 
I' CJll1 .LE. 01 GO TO 8200 
I' IKEEP' ."E. 1 .A .. O. ITYPE ... E. '1 GO TO .... 25 

III'4L • "" COMMENT - 00 fQR [ACH MEteER 
OU .... 00 K • I.,," 
I' 1.11 .EO. JfllKI .AIIIO. J211 .EO. JT2CKI GO TO .... 10 
I' IJI .Eo. JT211(1 .AHO. J211 .Eo. JTlIK! GO TO enD 

.... 00 CONTlIIUE 
CoO TO .... n 

COMMENT - ~O ME"IER IPREYIOUSLY GIVE" Sfl" AND LOAD TYPEI 
(OMI4[N, - 'AN 101)' "W'."GE Sflff T¥pr FOR ""'SPClI"G pR!'el£" 

.... lv I' IITYPE .EO. J .ANO. ISTIKI .IIE. ISTfl GO fa e2TO 
IS'IKI • l$tT 
LTIKI • LTT 
G(I TO .... '0 

COMME'" - "EW MEMeER IMeR[ASE ... 
.... 2' 111'4 • 11M .. I 

JIlI""1 • Jl 
JU 1""1 • .1211 
15T1 .... 1 • 15fT 
LTI""I • LTT 

01l4YO 
25APO 
l!\APO 
25APO 
O'APO 
26.JAO 

)APO 
26JAO 
26JAO 
OI"YO 
26JAO 
16JAO 
26JAO 
16JAO 
26JAO 
26JAO 
26JAO 
01"YO 
26JAO 
26JAO 
26JAO 
26JA" 
26JAO 
,OAPO 
,OAPO 
01"YO 
26JAO 
,OAPO 
7r.JAO 
26JAO 
26.JA0 
26JAO 
01KYO 
26JAO 
~6JAO 
,OAPO 
2~APO 
25.,0 
OI"YO 
26JAO 
26JAO 
26JAO 
16JAO 
76JAO 
01"YO 
('IMYO 
26JAO 
26JAO 
26JAO 
76JAO 
01"YO 
76JAO 
16JAO 
76JAO 
2UAO 
l6JAO 

....... 
VI 
W 



•• un ..... '1' to '0 .. " 
C~II' • 10M CAllI .of CltAIGE '011 All OFF$NltIIG NOeLE'" 

I' IMM .IIE. RlllLI GO '0 1"0 
•• ,. c.nfiIUE 

.. I • -'I" 
.,00 C.UfiIUE 
.'00 C.flfiIUE 

., 1~££PlI .EO. 1 .011. ITYPE .EO. 111 to '0 6000 
... , • I 
u:. • 0 

1100 c.n_ 
COMMEII' - ICMI' ....... aT IU" 'TI'E III AIeU"" 0II0£1t 

IJ. I'" 
COMMlII' - ICMI' , ...... 'HI .ES' 01' 'HI .... I. US, 

DO 1100 ..... I".MM 
., "IT."" ..... ~~. to TO U" 
., I"" .EO .... ,. to '0 'ITO 

nIT ... 'UIJ" 
.. ,,' • .IUU .. " 
II" • I.TII.I" 
LTT • UII"" 
nil In .... T1C",,1 
""CI .. T .... T'I"". 
IITlln •• IITI"". 
un .. " • L'I ..... 
nil"'" • .IU' n""" • ... ," ,Sf C"", • "" 
LTI"" •• U' 

'ITO .n . '.1' • I 
"00 C.T.IUE 

u:. • u:. • 1 
•• Iu:. .u. U" to TO I." 6000 C.,,_ 
DO 6600 •• loMM 

II" • Ilnu 
u, • L'II' 
.II •• n, ... 
.II • .lUlU 

COMMEIIT - CGIIPV1'l WUU. 
O ...... ,.. - ., .... 
DT • T, .. ,I. - TI.I,I 

a' I,S" .10. O' GO TO 6.00 
I' 10&l1'IT,' .G'. a.orlOI to '0 60'0 

(ClMMEII' - etCa '011 nlO ,. ..... WllM 5 ... snFFIIIISS ''tt'E ltV' OIF'IMllf 
r~ .. , - '.'''.'A"OII$ 

I ••• ABIIO.II.I'" • O •• 
E.' • ABIIOTIIII'TI - DY • 

•• Il.. ..,. TTOL .011. liT .G'. 'toLl GO TO 1'10 
D •• IIITTI • O.,aIOlSIIS'fl • 01. 
DYII.I'" • O.laIOfSIIS"1 • OT' 

to to uoo 
.utV c.n_ 

o.".ln •• O. 
0'11."'" • OT 

.100 C.TIIUE 

l'lAPO 
011'''0 
Z')APO 
nJAO 
16.lAO 
26JA" 
26,JA0 
01111'1'0 
l6,JA0 
l6JAO 
26,,"0 
01...,0 
l6"AO 
01...,0 
'6"AO 
l6.lAO 
26"AO 
l6.JAO 
l6.JAO 
nJAO 
26JAO 
l6JAO 
l6.lAO 
l6"AO 
26.1AO 
l6.JAO 
26,JA1'I 
IUAO 
'6.JAO 
I6.lAO 
26.JAG 
16"AO 
Z6.JAQ 

~­OJAPO 0'_ 
O'APO 
OUPO 
O'APO 
_'1'0 
OJAPO 
OJAPO 
OJAPO 
O'APO 
01111'1'0 
"1""" 
n"At' 
'6"AO 
'6"AO 
Z6"AO 
26"AO 

JAPO 
OJAPO 
'6.IAO 
'6.lAO 
OJAPO 

I' I L" .EO. 01 60 TO 6'00 
IF 10KLILt., .6f. 1.01'0 1 GO f~ 6Z00 

COMMEII' • CHICK FOR fWO M£Me(AS WIT" SAIII( lOAD T'I'Pf ItVT OIFF[II[IIT 
COMMEII, - URltN'A'IOMS 

(II •• ~SIOILILTTI - OXI 
(11'1' • AltSIOYlllffl - 0'1'1 

IF 1(11' .Gf. TTOL .OR. EAy .6f. TTOLI GO TO "20 
a.Lll'T •• O.~.'OKLILffl • DKI 
OYLIL", • O.~-IOYLILTT' • 0'1'1 

GO '0 nOO 
UOO CONflMIt'. 

OUIL'" • 01 
OYL I L '" • 0'1' 

61100 CON' lllUl 
6600 CON'I!IUI 

00 '600 I ..... Sf 
CDMM£II' - CUfIIIPutl LltllGtHS A" OIIl[CTIOII COSIN£S 'OR Sfl""£SS TYPES 

ILSII •• 10ISIII-oKSII •• 0'1'5111-0'1'5111 I ··0.'1 
OC1SII1 .0XSI"'ILSlll 

'.00 DC2S1 II • OYS I,I/ILSIII 
DO ""'0.. I • I .... ' 

C~ .. , - c.....-un LltllGt"r. AIIO O •• UTlON COSIII£S 'OR LOAO ,""Is 
ILLII, • 10XlIII-ollll •• OYlIII-OYLI" I··O.~ 
OClll" • OUIll/llUl1 

"h.O DelL II , • OYLlIlIIlllI' 
.0 .. ' •• 
10.. •• 

CCIMM[", - CClMl'Un ....... IWIO wiDTH W FltA" 
D4I "00 I • I.MM 

10 .. t • lABS 1.1'1111 - "'211'1 
I~ II..,' •• T. 10.11 10". IOJ' 

"00 CU.TlllUl 
IF II.., .G' • ...,,, GO '0 ano 
GO TO 9100 

1100 Pit I'" lit 
60 TO 9100 

I2C1O PIIII'" 20 
fOCI '0 noo 

12to PIIII'" 2t. IST,.J,II.Jl 
GO '0 "00 

12'0 P.III' 2,.IS'T."I."211 
1'00 Pili'" ,,, 

CoO '09100 
1t1l0 Pili"' ~O 

GO '0 .100 
11610 Pltl.' 61 

\00 '0 9100 
1620 "111111' 6Z 

coo '0 9100 
IUO Pltl'" U 

GO TO 9100 
1120 PIIII'" 12 

GO '0 9100 
IUO Pltl'" ." 

GO '0 noo 
1'.0 "IN' 16 

OJAPO 
OJAPO 
0101'1'0 
OIMYO 
n"AO 
l6"AO 
2f>"AO 
26"AO 
l6"AO 

,APO 
'APO 

l6"AO 
I6.JAO 
O'APO 
OJAPO 
OUPG 
OIMYO 
I6.lAO 
I6.JAfl 
O'APO 
OJAPO 
01""0 
I6.lAO 
I6JAO 
OUPO 
I6JAO 
I6.lAO 
01...,0 
flUPO 
''''AO 
KJAO 
OUM 
26"AO 
16JAO 
"""'0 
"''1'0 

16,,1110 
I6.lAO 
l6.JAO 
".lAO 
""AO 
"JAG 
l6.JAO 
16.JA0 
nJAO 
'6JAO 
26,JA0 
16JAO 
76"AO 
16,JA0 
l6.JAO 
76JAO 
U,JAO 
16,JA0 
,,"AO 
16.JAO 



GD to .100 
1.10 P~IMt 'l.IStt.~I.~al 

IiiO TO '"00 
I.ao P~IMT .a.~TT.J'.Jtl 

IiiO to 9100 
9100 IASM. , 

IiiO to .too 
.100 COMtlMUI 

PlUMt I 
C~MT - ~IMt MEMBER MUMII~S.'~OM AND TO ~IMT •• LfN6THS A~ OFFSETS 

DO .111 I • lollM 
IUt. liT." 

I' .,.tt .EO. 01 GO TO .... 
P~IMt 1. I. ~tl'll. ~ta'll. I'TI'I. LT'I,. fl.IISTTI, DWSllsTTI. 

a onus" I 
GO to .1"" 

•• 10 P~IMT I. I. ~Tl'll. ~ta'll. 1"11,. LT'II 
'111 COMtlMUI 

I' IltY" .10. , .OR. If[P, .fO. 1 I to '0.880 
PRIMt 1. 

10 to .toO 
•• 10 P~IMt I. 
9900 COMt I NUl 

~EtURM 
E*> 

26JAO 
06MRO 
16JAO 
06MR(I 
lUAO 
16JAO 
26.JAO 
26.JAO 
26JAO 
0104'10 
26JAO 
26.JAO 
26JAO 
)0MIt0 
'-0 16JAO 
)OMItO 
2UAO 
0104'10 

104'10 
lMYO 
104'10 

76JAO 
26JAO 
26JAO 

C 
C 
C 
C 
C 
C 
C 

·.·· ........... ········ .. ····· .... ····f· ..... ······.·········· ....... . 
sueROUT .... S~ROuTIM sue~OUTlllf 

...................................................................... 
.ueAOUT .. " ... TOAT 

COMMEM, - S~AOU'fINl .. tOAT INPuts .JaIM' LOAD' AIID AUTIAIIIU 
C~"T - nAaLE 4100CCU 'OR Mil IIAfA.ACC~TU ~IIIT LOIID' 11.110 
COMMEM' - NES'RAIMT •• ECHO .. lilTS 011.'11. MD PRINT. ACCUMULA'ED DATA 

COMMUM lalOCIII XI lS.. VI lSI. a. II I lSI. QyYI lSI. 
a IoIU. 111. ,XXI 111. SYYI lSh SUI nl, 0 ... UI. 
I OYYI ""h Oll. 1110 111111. nl. lin. nit Rll I 7S1. 
4 EAXX« "" I • E~YYC "" Ie EllUl n I 

COMMuM laLlll lflPa. 'lEP,. 'fEP4. If['I. 
a In". Meoa. Mell,. IICG.. IICGS. 
• lABAN. I'OAM. 11M, M"T. NST. 
• M, MPI, ""a. ISTTo LTT. 
I MLC. 1.1. aP.. IPI. 

«fPl. IIfEP7. 
ItCD6. IICOT. 
Nl" TOI.. 
ITYP(l.1 OJ. 

cnMMr* Il!Ill" .... 'T ..... CY .... LT .... M ... "'r •• _6.14ft ' .. • .... 1 C 
1 'ORMA' C IS" 'AIIE A5 INPU' '011 THIS PAOOI.(1I1 
•• ORMAT C ISH TMLl • - JOIII' GATA.1I11 

la 'ORMAt C IX.II.II10." 
III 'ORMAt C 11,,11.1£110" 
14 'ORMAT I all.aON IMPUT OF JOI'" DATA.III 
11 .ORMAT .,X. ',"JOtIlT 'OIICE«1I1 FOIICEIYI MOM[N'lll • 

a 'SH "~INGIIII SPRI1I61YI SP~IN6lll .1/1 
II .ORMAT II.alX,ltH ACCuMULATfD JOI"T 011.'11..,,1 
17 ,QlllMAT 4ItI HOlDING DATA FROM TM( PREylOUS PAOOl.fM PLU!>. 

a Uti TIC 'OLLOWING .111 

26JAO 
2411.11'0 
HAPO 
24APO 
I'FED 
, "fO 
I'HO 
UHO 
UJAO 
26JAO 
26JAO 
11'£0 
nHO 
..,7"'0 
06HO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
16JAO 
16JAO 
26JAO 
26JAO 

10 FoRMAT 
U FORMAT 
27 FOR .... t 

)$I! 
10 .. 

S,," 
10H 
.OM 

I Is.. 
141ft 

JOINT NUMBERS MUSt ~E POSITIVEI 
NONE I 

TYPE 3 PROBLEM OOfS HO' ALLOW ANV C .. ANnE IN • 
2 , SUPPORtS .1. 

30 fORMAT 
~u F"RMAT 

2 "''-1ft OE 

RESTRAINTS ,,11.'1 NOT CHANGE FAOM LASt PROBLEM 
NO DATA I 

JOINT NUMBER ABOvE GAEATER THAN NUMBER. 
JOI"'S IN FRAME , 

PRINT , 
IF (11Yp( .NE. ,1 60 TO 1110 

(OMME"" ~ iTORE ~"t AfSTRAIMTS FOR OFFSPRING PRoeL£MS 

1110 
IUO 

DO 11~ I. I,NJT 
'-•• 111 • SXII'II 
faYVll1 • SYYIII 
'-11111 • Sllill 

(QllTlIIU( 
CQllltlMllf 
I' ~ElP4 .fO. 11 60 TO 12'0 

COMMENT - 1'"0 JO'NT DAtA 

llOO 

DO I.l'OO I • 1. MfIJ' 
0 •• 111 • DYyH I • OU (II • 0.0 
' •• 111 • SVYIII • Sllill • 0.0 I' INCo. .ME. 01 GO TO 1140 

PIIIINT JO 
c.o TO "000 

COMIIf'" - HOLOIIlMO DATA 
1210 PRI .. T l' 

1240 

I' IMe04 .ME. 01 60 TO 1240 
'RI'" n 

100 TO '100 
CQIITIIIIU£ 

PIIIN' 14 
PII'''T IS 

DO 490" II... I't(I)4 
(OMM€NT ~ 11[11.0 AND PIIINT ONE DATA CARD 

RfAO l~. 1,0 •• T.OVVT.OZZT,SX.T.SVVT.SZ1T 
PIIINT 1'. 1,0 •• T.OYYT,OllT.SX.,.Svvt,SllT 

I' II .~T. HJTI GO '0 "00 
I' II .LE. 0 I GO TO 12CO 

COMME"'t - ACCU"UlAT[ DATA 
0 •• 111 • OUIII 
OVV I II • OVY' I , 
Olllll·OUIII 

+ 0 •• , 
+ OVY' 
+ OllT 
+ SoU' S •• III • 50 •• '" 

SVYIII. SVVIII + 50VYT 
"lill • ~lllil + <"T 

(0te1111UE 
COteT IIIU( 
I' II'VPE .ME. '1 GO TO 6000 

(UMMEht - L~AIIE ~INT RfS,RAINTS WITH I.AST PROBLfM 'OR O"SP~ING 

~91i0 
60110 

00 "'O~ I. I.NJ' 
I' ItA.'111 .Nt. S •• ,III 
I' IEAYVIII .NE. 5'1'11111 
I' IERU III .NE. Sil c 1 J I 
CQllTINuE 
CONTI MIlE 

GQ TO 1170 
GQ TO 1210 
GO TO 8270 

76JAO 
26J"O 
26JAO 
'12MY" 

I 02MVO 
0204'10 
lUAO 
26JAeJ 
16JAO 
02"'10 
"'04'10 
tl2"Y(\ 
OlMYO 
02MYO 
02MYI' 
0204'10 
0204'10 
26JAO 
..... '10 
l6JAO 
26JAO 
26JAO 
0214'11) 

204'10 
204'11\ 

"'04'10 
26JAO 
OlMYO 

lMvO 
0104'10 
16.JAO 
26JAO 
UJAO 
26JAO 
0_0 
26.JAO 
16.JAO 
16JAO 
26JAO 
0_0 
16JAO 
26.JAO 
16JAO 
26JAO 
26JAO 
7"J"0 
16J"0 

1"'10 
0114'1(\ 
O"MYO 
0104'10 
0114'10 
0104'10 
0214'10 
-lMYI\ 
0104'10 

,...... 
VI 
VI 



uuo 

.270 

nllo 
tlGO 

60 '0 tlOO 
PIIIIIT .to 

CiC.l TO 970\,1 
PRIIIT .tT 

60 '09700 
PRIM' 50 

IAIIAM • 1 
GO '0 9900 

91,,0 COIIflNUE 
COMMEM' - PAIMT ACCU"JI.AT£O JOIIiT ou. ,1111.£% It I~ THf s ... r A< 'OIP,,. 
COMMEMT - fOR THIS PROBLEM 

9UO 

9nll 
"60 
99\,10 

PRINT 16 
If IKEEP •• EO. I' GO TO 9820 
If INCo •• [0. 01 GO TO 9900 

PRINT , 
GO TO 9900 
COIIflNU[ 

PRIN' 15 
. 00 tlW I • 1. MJT 

If COAICII .ME. Ot GO TO 9.50 
If 10YYIII .ME. 0' GO TO 9.50 
If 101111' .NE. ~I GO TO 9.50 
If 1$Alllt .NE. 0' GO TO 9.50 
If ISYYII, .NE. 0' GO TO 9.50 
If 1$Z1111 .Af. 01 GO TO 9.50 
GO TO 9160 

PRINT 1'. l,oxallt~YYllt.olllll.JX.III.$YYIII.JIIIII 
COIIllNUl 
CIIfITIItUl 

II£lUIIN 
UO 

16JAO 
16JAO 
16JAO 
16JA., 
16JAO 
26JAO 
16JAO 
16JAO 
16JAO 
O·"VI' 
O."YO 
'6JAO 
16JAO 
1)1'4YO 
UJAO 
26JAO 
~6JAO 
2'APO 
26JAG 
16JAO 
16JAO 
26JAO 
26JAO 
'6JAO 
UJAO 
UJAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 

C 
C 
C 
C 
C 
C 
C 

...................................................................... 
SUlIlOUT III[ SUBROtIT I NE 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
5UBRW"NE ItDMST 

(OMMENT - SUBROUTINE ROMST INPUTS MEMBlR STiff MESS OAT. ITAIII.E $1, 
CVMMEM' - CH[C~S fOR 11100 oATA.COMvlRTS IIiPUT DISTANCES TO MEMetA 
COMMEMT - COORDINATES AltO ECHO PAIMU DATA 

COMMU/t 'IILOC~', oKSI '01. oYSI '01, 
2 DC2S1 '010 PAfl '010 PRAEI 501. 
, IOPOPI tOlo IPINI.I tOl, IPIMR I 501. 

CUoMMuft IIILUC~', Xl51 "It XRSI It,, 
, 5XLI 151_ 5Y1.1 "I. SlI.l HI 

lI.SI 501, 
NCDSI 501, 
NC511 to" 
fl.l 1,., 

ocn, $01, 
IAKOPSI SOl, 
SMeI SO,llI 
AEL 1 lSI, 

COMMUN leLK1' K[[P.t. KllP,. XEEP •• XEEP5, XEEP6. XE£P7. 
NC06. NC07. 
NI. T. TOl, 
ITYP'L,IOJ. 

2 I TYPE ,NC02, NCO', NCO.. MeO', 
, 110111011. IfOllM, .... , MJr. NSTt 
• M. ..,1, "P2, ISH, I.TT. 
, IILC, IP., IP9, IPIO 
C~ '.L~" MNJT.MNST,MNLT,MIIM,MIIC5.MllC6,MDJT,MltI.C 

9 fUR..,., I .OH TAIII.E , - "EMIIER SllFfNESS OAT. 
I' fORNAT I 5X,I'.110.',10.,2El~.,,~K.51'I l' fuR""T I 5a •• ,. 'EIO.','I,.5 •• 21,1 

Z6JAO 
2.APO 
2 •• PO 
2.APO 
26JAG 
26JAO 
ZOMYO 
Z6JAO 
26JAO 
Z6J"n 
26.1"0 
,.J"" 
UHO 
11F£C 
()l"EO 
Z6J"0 
'OMRO 
lOMRO 

1. fUMAT 
Z , 
• 

15 FORMAt 

111,.001 
'OH 110 
.OH 
)OHCARoS 

C I OX,lE 10.]1 
C 'K,lEll.1I 

SlifF 
10)(15 
TYPE 

OPT 

MOOOf' 
OUTPUT 
ElAST 

OPT 

PRISMATIC PRISMATIC, 
PIN PIN. I, 

I A 
fROM TO .111 

16 FOIIMAT 
11 FUR"AT I .8H HOLDING DATA FROM THE PRlvlOuS PROBLEM PLUS. 

2 
II FOAMAt I 

2 

I~H THI FOLlOWIMG ,III 
1.20H STIFF TYPl, 15,6H CONTo,'It, 

.OW Rf~TPAIOIT~ A~' ''I ".~p'p PP'~'~ •• ~~ 
) )X •• 7H FROM TO I 

• )OH Sit SY 51,/ 1 

n FOR"AT I 10H MONE I 
25H NO DATA IN TAIILE' • 

,I-
A 

o.MYO 
)OMRO 
'OMAO 
)OMRO 
Z6JAO 
26JAO 
26JAO 
26JAO 
o."YO 
t'\AUVt' 

02MYO 
02NTO 
2UAO 
JlMRO '0 FOAM", I 

U fOR ..... T I 
12 fORMAT I 
"FOR"AT I 
'1 FORMAT 1 
'2 fOR""T I 
" fURM"T I 
,. FUR"AT I 

51H ~£R Of CARDS TO FOlLOW MUST NOt II, 
),H OUTPUT OPtiON MUST liE 0 OR 1 I 
,OH PIN OPTION MUSt liE 0 OR II 
,'H STIFF DATA MUst START At 0.0 I 

NEG"T IVE lO<IoAPO 
o .... io 
O.MYO 
JlMAO 

1 
" fORM.oT 

2 
56 fORlOAT , , 
" fOR .... T 

2 , 
51 fORMAT 
60 FORMJOT 
., fOAMAT 
6' fUII""T 

2 
11 FuR"AT 
72 fORMAT 

2 
PRINT 9 

.OH STifF OATA MUST STOP AT lNo Of "E"81 
'OH STIFF SEOuENCE MUST liE LONGER tHAN 1/.0 sP,," 
'OH STifF DATA MUST BE SPlC1FIEO CONTINUOUSLy.IE • 
"H fROM olST MUST EOUAI. LAST TO OIST I 
.8H NO CARDS IN TA8LE , BUT 5TIFf TYPES NOT 101.1.. 
10H Si>ECIFIEoI .9" All. CARDS SPEClfllO fOR TAIILE , READ BUT ALL. 
26H STiff TYPES NOT SPECIFllo.I, 
.1H CHECX CARD COUNt AMO NUMBER Of STIFf TYPES. .1" ALL STifF TYPES SPECifiED BuT All CARDS NOT. 

5H R[Ao,I, 
.1H CHECX CARD COUNT AMO NUMBER OF STIFF TYPESI 
.OH AXIS OPTION MUST EQuAL 1. 2. OR, I 
50H NEGATIvE VAluES Of' A I ARE NOT PERMITTEol 
.5H STIFF TyPES MUSt liE IN A5CENOIItG ORDER I 
50H IF 2MO CARD USED FOR STIFF TyPE. PRISMATIC I • 
20H AND A "ust IE 0.0 I 
.OH STIFF TYPES MUSt NOT liE NEGATIvE I 
.OH STifF tyPE GR£ATER THAN TOTAL MUM8ER OF STIFF, 
20K TYPES SPECIFIED I 

IF I~[[P' .EO. 01 NStl - 0 
COMMEMT - FAAME MUST HAVE AT lEASt ONE StifFNESS TYPE 

ll'o 

IF INCD' .LE. ° .ANO. ~EEP5 .LE. 01 GO TO 8)00 
IF 1"'0' ,NE. 01 GO TO 11'0 
IF IIiST .11[, "STLI GO TO 85'0 

PRIIIT 11 
PRIMT 21 

GO TO 9900 
COM fI ItUE 
IF IX[[P' .[0. 11 GO TO 12.0 

COMMENT - ALI. N[W DATA 

1100 

00 lZ~ l-l,MIIST 
",'1111 - -1 
"'0511" - I 
MC5 - 0 

GO TO U'O 
1l.0 PRINT 11 

JlMRO 
UMRO 
,.MRO 
UMRO 
29o\PO 
29APO 
29APO 
,oapo 
'OAPO 
'OAPO 
'OAPO 
'OAPO 
,OAPO 
02"YO 
UMRO 
02MYO 
02NTO 
UMRO 
'IMRO 
UMAO 
26JAO 
hAPO 
0....,.0 
26JAO 
16JAO 
29APO 
16JAO 
26JAO 
26JAO 
16JAO 
26JAO 
O .... YO' 
Z6J"0 
16J"0 
26JAO 
.tf>JAO 
26JA(I 
26JAO 



IUO 'O'ITlIIUf 
PIIIIIT 14 

IICllt • 0 
COMMlII' - 00 '011 (AC" ITI" TYPE 

00 4900 ~~ -1.1IS' 
COMMlII' - SltIP '011 STI" nl'( PIt(YIOUSLY 0['111[0 

I' IIICDII~~1 .1Il. -11 GO TO 49,0 
I' I~~ .[0. I' GO '0 1'00 
I' I~~ .(0. III'L • I' GO ,. 1,00 

COMMlII, - Pllll1, !lEV HlAOING '011 'IIIST 5'1" TYP[ Of 'lIoeL[M AND AFTER 
COMMlII' - ~Y(IIY MOIl PRISMA'IC 5'1" TyPE 

noo 
l' IIICDII~~ - I' .G'. O. PIIIII' 14 
CO'ITlIIUI 
I' IlICllt .10. IICDt. 00 '0 1560 

COMMlII' - AIAD AND PIIIII' 11' CARD 'OR STI" TYP[ 
II(AD 12. IS".I.PIII,.PIIA,.IICDST.IAXOPT.IOPOPT.IPIIILT.IPINAT 
PIIIII' 1'. II".(.PIII,.PIIAT.IICDST.IAXOPT.IOPOPT.IPINLT.IPINRT 

I' IIAIOP' .L'. 1 .011. IAKOPT .GT. ,. GO TO 8~10 
I' IIICDI' .L'. O. GO TO 1'10 
I' II~' .L'. 0 .011. 10~' .GT. I. 
I' IIP111L' .L'. 0 .011. IPIIILT .GT. I. 
I' IIPIIIII' .LT. 0 .011. IPIIIIIT .GT. I' 

1IC1I5 • IICllt • 1 
COMMEII' - MUL'IPLY A AIIO I ay I 

PR" • [ePRIT 
PRM' • [ePIIA' 

I' I~ .11(. II'" eo '0 .. to 
I' III" .G'. III" GO '0 11ZO 
I' III" .L'. D. GO TO 1110 
I' IIICDST .0" O' GO '0 Z400 

COMMlII' - PIlISMATlC Mr .. lll - 110 CAIIDI 'OLLOW 

GO TO 1120 
GO TO 1"0 
GO TO 1"0 

COMMIII, 
I, IPR', .LI. 0.0 .011. PRAll .L[. D.O' GO TO 1660 
ITOR( 'IMPORAIlY iliAD III YALUIS 

"'111'" • PII,T 
PRMIII'" • PIIAI' 
IICDIIIST" • 0 
IAXOPIIII" •• IAXOPT 
10POPIII'" • IOPOP' 
IPIIILIII'" • IPIIIL' 
IPIIIIIIII'" • IPI"" 

GO '04"0 
2400 CO'ITlJaIl 

COMMlII' - .... "ISMATlC MrMBU - IICDST CARDS FOLLOW 
I' IPR" .G'. 0.0 .011. PRA[T .GT. 0.0, GO TO 1610 

COMM[II' - s'ORI '[MPORAIIY R[AD III VALUES 
IICDSII~'" • ~n'T 
IAXOPIIII" •• IAXOPT 
1~llIn. • IOPOPT 
IPIIILIII'" • IPIIIL' 
IPIIIIIIII'" • IPIIIIIT 

PIIIII' 11.11" 
COMMEII, - DO '011 lAC" ADOITIOIIAL DATA CARD FOR THIS STII" TyPE 

DO 4too II. ItIlCDST 
IICt • IICt • 1 

I' III .[0. I' IICtlIIS'" • IIC' 
I' IlICllt .EO. IICDt I GO TO "60 

26JAO 
2foJAO 
29APO 
04MYO 
26JAO 
04MYO 
06MYO 
2foJAO 
74APO 
04MYO 
04MyO 
76JAO 

.. MY(' 
29APO 
041041'0 
04MYO 
'OMRO 
10APO 
O .. MY(I 
O .. MYO 
041041'0 
04MYO 
1 .. PO 
04MYO 
'ONRO 
1_0 
26JAO 
26JAO 
26JAO 
26JAO 
04MYO 
10"PO 
0 .. 1041'0 
26JAO 
26JAO 
16JAO 
16J"0 
26J"0 
16JAO 
26JAO 
26J"0 
l6J"0 
041041'0 
10APO 
O"MYO 
.,,, 'If'" 

26~"0 
16JAO 
16J"0 
26J"0 
l6J"0 
0"1041'0 
26J"0 
26J"0 
'6J"0 
7Q"PO 

COMMENT - READ AND PRINT NUN PAISMATIC 5TI'FNESS WALU[S 
II[AD 15. XLSINC~I.KRSINC~ •• FLIN(5'.A[LIN(~'.5XLINC~I.5YLINC51. 

2 $lLINC51 
PAINT 16.aLSINC~I.KR)I~(~I.FL.NC51.AELINC~I.SKLIN(~'.5YLIN(~', 

1 SZLINC~' 
NCllt • NCR~ • I 

I' "ELINCS! .LE. 0.0 .011. FLINCS! .L[. 0.01 GO TO 1660 
(~NT - MULTIPLY A AND I BY E 

FLIIIC51 • E'FLINC51 
AELINCtl • E'A[LINC51 

C~NT - CUNVERT DISTANCES TO MEMBER COOIIOINAT[S 
GO TO 12100.2100.26001. IAXOPT 

26110 XLSINC5 •• XLSINC5I'D(2SIISTTI 
aRSINC51 • XASINC~I,OC2SIISTTI 

GO TO 2100 
211.0 aLSINC5' • XLSINC51,DCISIISTTI 

xRSIIIC51 • XASINC51,OCISIISTTI 
21uO COIIIT IIIUf 

COMMENT - CIi(CK FOR BAD OA TA 
TH • ILSIISTTI/M 

IF III .[0. II GO TO 1200 
I' .. LSINCtl .NE. XASINC~ 
I' IXLSINCS! .NE. 0.01 GO 
IF IXLSI1IC5 - II • TH .GE. 

- III 60 TO 1540 
TO 1300 
XIISIN(51 I 60 TO 8510 

Gel TO 4000 
IF IXLSINC!>I 
If IXASINCS! 
If "L)INC~I 
(ONTINU£ 
CONTINUE 

.NE. O.UI 60 TO .510 
.EO. 0.01 60 TO .. 000 
• TH .Gl. KRSINC~II 60 TO .510 

- (HECK FOIl STIFF hOT STOPING AT [NO OF M[~[A 
[AALII. All IILSIISTTI - XASINC511 

I' IEARLII .GT. ~.I·THI GO TO 1520 
aASINC51 • lLSllSTTI 

COIITI....,[ 
IF INCAS .LT. NCD~I 60 TO 1510 
GO TO 9900 

IJ;'O PIIINT 'C 
W TO noo 

811" PIIINT 11 
100 TO noo 

112u PAINT )l 
GO TO noo 

IUO PAINT" 
60 TO noo 

."'0 PRINT U 
100 TO nOD 

lUll PRINT ~2 
W TO noo 

IHU PIIINT ~) 
6U TO 9100 

8~40 PRINT ~" 
IoU TO 9100 

n~u PRINT ~~ 

GO TO noo 
8~61.l PRINT ~6 

041041'0 
26JAp 
26JAO 
26JAO 
26JAO 
29APO 
0"1041'0 
041041'0 
JONRO '_11 
G4NYO 
04NyO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
04NYO 
26JAO 
IUPO 
14APO 
14APO 
20APO 
IUPO 
IUPO 
20APO 
14"'PO 
14APO 
l6J"O 
06..,.0 
26J"0 
21APO 
16J"0 
26J"0 
1UPO 
"6JAO 
26JAO 
26J"0 

4NyO 
041041'0 

41041'0 
041041'0 

.. MYO 
O .. NyO 
26J"0 
26JAO 
16JAO 
26J"'0 
26JAO 
26J"O 
26J&0 
16JAO 
2tAPO 
29""1' 
29""0 



.. TO'MO 
B,.,O .. IIIIIT ,., 

10 TO .., •• .,.0 "'lit ,. 
10 TO , .... 

•• ,0 .IIIIIT ., 
IIiO TO ,.,.. 

... 0 "lilT .0 
10. TO " •• 

BUO .. II I lit • ., 
GO TO not 

.no ""'IIT 71 
GO '0 'YM 

• .,,0 .. IIIIIT 'II 
,JOO 
1t00 

IAIM • 
(OIIIn-.,,; III'''· ., 

2.IoPO 
,010"0 
,0loPO 
'0/0 ... 
'0/0-"0 
2UAO 
2U40 
26.1100 
lUAD 
.. UAO 
1'6.140 
.. 6JAD 
hJAO 
hJ4 0 
ZoIoJaO 
ZoIoJAO 
24APO 
76.1100 
1'6.1100 

( 
( 
( 
( 
( 
( 
( 

...................................................................... 
SVIMIOUTI .. [ 

...................................................................... 

"*""'''111 ..... (QMMf;IIT - sutllOUT'lII.... IMOUtI ..... 1I LOotID DAU ItA .... I' .. (Mt:CCS 
CQMMf;IIT - fGll 8M) OAT .... CC*V[IIT' LDAOS AJID O'UIoNCU TO .... I'. 
CCllMlltIlT - (OO'IIU,..,., ..... I'(HO PIt,"t. OAU 

(0MMuM I1IL00k~1 DALI 101. OYLI '01. lLLI '01. DCllI '01, 
2 octLI 101. UOal '01. UOYI '01. IICOLI '01. ,Io.O'LI '01. 
, NC.1I ta, 

C ......... 11ILOCI:6I lILL11101. III1LI1'OIo OIILI11010 on.UIOI. 
Z cw.. .. ,01 

( ..... IIILI." qa:",. a.n:PJ. 11K .... 
I IT,,". NC.,. NCO'. 1IC04. 
, lMAII •• , ..... _. IIJto 
• .........,. Isn. 

IIIE[I'I. lIEf .... ItI'pt. 
lKot. IICDt • NCO" • 
list. lilt. TOL. 
L ttl n"PlL •• OJ. 

, ... (. ..... • .. ,. '''10 
, ..... 11I.1t11 ....,T ..... r..-.&.t ....... MC.I.MIC •• lC).Jt .... L( 

, 'OIU'IAT I __ tMlLf • - .... I'll LDAO OloU 
II ,UllMAt I ,a. ". 1011. lf10.,. ' •• 11' I 
lJ 'OAMAT I III. I'. lfll.J. II' I 
.. ,000M4T III.toM LOAD UIII'UIIM UIII'UIIM 

, I. ,.... TYPe 011 flY 
, III 

I' ,oaMAT 110 •• 'f10.,. 
1. 'OAMAt I '11.1[11.'1 

.1111 

10.1$ 
npT 

n ,QfIMA, I UM IIOLDla OAtA '"0M tHl "[1110111 PltOk!," PLUS. 
Z 11M T" 'OLLOWI ... • /11 

1. 'OIIUT III.lOlt LGAO t'I'H .11 •• " (ONTo.I.2 •• 
I ".. nOM to QII QY 
, ~OM 01 • III 

lJ ,OIIU' 10M NONE I 
'4 fOllHAt I." NO OATA 

26JAO 
24APO 
I .. PO 
24APO 
2UAO 
nJAO 
hJAI 
26JAI 
2UIIO 
16JAO 
".lAO 
h.lAO 
UHO 

"'1"-01f(0 
16 .lAO 
OI.lEO 
"MllII 

• 26.1AO 
, , .. ,an 

16.1AO 
I'6.1A(I 
16.1ao 
26.1AO 
16JAO 
01"'''0 
26.11.0 
leoJAO 
26JAO 
n"no 

'2 ,ORMAT '~M lOloO sptClflEO IEyQNO THE ENO OF H[~8fR I 'IMRO 
" fORMAT ~OM LOloO SEQUEIICE MUS' It lONGEIt THIoN 1140 SPIoll I 31M1t~ 
,. 'ORMIoT ~IM lOloO SPECIfiED loT NrGIoTIVE OISTIollC( IolONG ME~81'IMRO 
'~fORMAT I 4'M TO OISTIollCE OF lERO IMPLIES THIoT IT I~ 'IR~T. 'I1oPl\ 

Z '~M CARD 0' TWO CIoRO SEQUEIIC£ AND NEllT CIoRO Will HAVE ,ROM.,. 11APO 
, 20M OISTIoNCE OF ZERo I llAPO 

~6 fORH~T I ~OH all CIoRgS SP[CIFIEO 'OR TIo8LE 6 R(AO eUT 4Ll • 29APO 
Z 2~HLOAO TYPES NOT SPECIFIED .1. ,OAPO 
) 46H CH[CK CARD COUNT AND NUl'BEIi 0' lOAD TYPES I 30loPO 

" fUR"AT 41H 110 caRDs III TAelE 6 PUT ALL lOAD TYPES NOT. 19APO 
2 10M SP[(IFIEOI 19APO 

'1 ,uRMAT ~IM All lUIoD TYPES SPECI'IED IUT alL CAO~ NOT READ ,OAPO 
2 .,. 46M CH[CI CARD COUNT AND NVM8ER Of LOAD TYPESI 'OAPO 

,. ,uRMAT 40M aXIS OPTION ,""ST 8E I .... " OR 4 I 'OAPO 
6U ,0IlMAT 'I~ NUMBER OF CARDS TO 'OLLOW MUST NOf If NlGaTIVEI041oPO 
61 'OR"'At 41M CONCENTRATED LOADS aT 0.0 'R£ NOT PEIiMITT'~1 n4MyO 
6~ fORMAT 4'M LOAD TYPES "VST B[ IN IoSCEIIOI~ ORO£Il I 'IMltO 
6' ,uRMAT ~OM I' lND CARD uSED 'OR lOAD TYPE. uNI'ORM loao • 'IMRI! 

I 20MIIALU[S "'UST 8E: 0.0 I ,.MIIO 
11 ,uRMAT '6M LOAD TYPES MUST NOT B[ NEGIoTIYII!I 'IMRO 
J2 ,uRNAT 41M lOAD TYPE GREATER TMIoN TOTaL NuN8(1l OF LOloO. 'IMRO 

2 16M TYPfS SP[ClFllOI )lMRO 
COMM[ht • PIII"T TAeL[ H[AOING O~MYO 

PRINT • 16JAO 
I' 11[["6 .[0. 01 IIL'" • ° 14APII 
I' I-co. .[0. 0 .ANO. KE[P6 .EO. 01 GO TO 1110 0.'[0 
GO to 1120 04F£0 

1110 P.,,,, ,4 4'(0 
I' IIILT .11[. 01 GO TO 1,10 191oPO 
IiO TO ... 0 "(0 

IIl0 IF IIICD6 .NE. D' GO TO Ino 04HO 
I' IIILT .N[. NlTll GO TO .,.,0 19APO 

Pltl .. T If 16JAO 
PRINT 2' '6JAO 

GO TD 9900 , • .11.0 
ll!O CONTIMU( leoJAD 

l' 11[[1', .[0. II GO TO 1240 16JAO 
CQOOMlllt - ALL 11[11 DA TIo 0 .... '1'0 

1160 1>0 Ill)(. I. I.MIIt. T 06MY0 
1le61111 • -I 26J100 

1200 NCOL I II. - 1 26.11.0 
NC6 • ° 26.11.0 

GO TO 1"0 '6.11.0 
"4U PRINT 11 l6JAO 

I' I .. l TL .[0. O. GO TO 1160 06MYO 
11'10 ' .... fl""[ '6 ..... 0 

I'RINT I" 26JAD 
NCII, • 0 '.AP" 

CQfM'" - 1>0 'OR [A(M lOAD TYP[ O~...,O 
DO 490~ .1.1 .I.IILT 16.11.0 

CQfMII' - SIUP '011 lIMO TYPU. M[LO 'ROM PltEvlWS PROBLE'" ~MYO 
IF INCOLI.I.lI ."E. -11 GO TO 4900 'I6MY" 
l' C.lJ .[0. II GO TO "00 '6.1AO 
I' IJ.I .[0. NL TL • II GO TO nOD lUPO 
I' ... COlIJJ - 11 .G'. 01 PRINT 14 26.1AO 

Uuu (UNflNU[ ",",,,,0 



'. 

I' lila ••• 10. 1ItD61 GO TO ., •• 
CQI«IC.T - IllAO MID PIII.T f III$T CAIID fOIl LOAD TYP( 

III .. 11. LTT.UQIT.UD,.T.NCDLT.IAIOPT 
PIII.T a,. LTT.UQIT.UD,T.NCOLT.IAIOPT 

I' IIAIOPT .LT.a .01. IAIOPT .GT. 41 GO TO .,t. 
!llCII. • .CII. • 1 

I' ILTT .6T. ILTI GO TO "10 
I' I LTT .LT. 01 GO TO "lO 
I' I~~ .~. LTT' GO TO •• '0 
I' IIIe000T .LT. 0' GO TO HOO 
I' IIICOLT .6T. 01 GO TO 1400 

C .... , - UMI'OAM LOAD$ -." 
I' IIAXOPT .EO. I' GO TO l'OO 
I' IIAIIaPT .EO. ZJ GO TO 1400 

C ...... T - AXI .. OPTlOII , aIt • - COIIy(IIT U.UfOItIIt LOAM TO DllI(CtlOllI 
CCINME.' - AlII) l.n.$I1" 11# MEMBER AI[S 

TEMPa • AaSIOClLILTTl1 
TEMPI. AaSIOC1LILTT" 
UDIILTT,. UQlTeDC1LILTT'.T(MPI. 

I uoYTeDCILCLTT'.T£MPa 
uoYILTT' • ~11eoclLILtT •• t[MPI • 

I uoYTeoclLcL"'.'(MPa 
GO '0 a ... 

C .... , - "X" OP1I0II I - COllV£II1 UNafORM LOADS 10 DIlI(cnGIIS fJI 
C .... , - MEM8l11 AlE .. 
a... UDlCLtT •• UDI1eocaLcun • UQT1-OClllun 

uoYILTT' • - UQIT"OCILIL'" • UQTteoclLCLTT. 
/IiO '0 I ... 

C ...... , - All .. OPTlOll I - LOAD$ ALLIIEADT I. MEIeEII AlES 
l'dO UOXIL " •• UQI.1 

uoYCL'" • UQ'I'f 
I.M lit_lUll. 0 

IAIOPLIL1" • IAIOPf 
GO 'o.toO 

C ...... , - VNltIMU LOADI. 
'"'' COII'U.,I I' (UQI' .... 0 .aIt. UDY' ••• 01 GO '0 "'0 

1IIt_IUU .. IIItOU 
IAXOPLCL'" • IAlOPt 

PIli.' U. Lff 
C ...... , - 00 ,aIt IACM ADOlf 10000L CAilo 11# LOAD fTII( 

00 .'00 II. hlllCM.' 
IIIC6 • lit. • 1 

If III .EO. at IIC4IoUL n' '. IIC. 
I' CIIe".EO. 1KIIft. GO TO .,.. 

'--:", - ..... ,,1:' • ..., Pllt'" _J!'!trOllM ',"'" n""A 
IlEAD U. ILLCIIC.' .XllLIIIC ... OIU.O'fLT.onlllC •• 
PIIINT I •• ILLIIIC.,.XllLCIIC.,.OILt.O'fLT.OILIIIC •• 

IleM • lilt.. . I 
'M • .lLL CL'" 1M 

C ...... , - "*ftll' DllfAIICU '0 ..... COORD1M'U 
GO ,. 1,.00.,.00.,100.1'-". IAIOP' 

,.00 aLLlIIC6, .I1LCc.c.'lOClLILTt. 
XIIlI.c..t .. I.LIIIC.'lOClLlltT. 

GO '01100 
IlUO ILllNC6t • ILLIIIC •• 1OC1LILtT. 

nAPO 
OSNYO 
O"NYO 
16JAO 
'OAPO 
19APO 
'6JAO 
lUAO 
l6JA" 
O"MYO 
lUAO 
05MYO '_0 
l_O 
.,"1'0 
0,..,,0 
16JAO 
,.JAO 
UJAG 
16~A(I 
lUAO 
I.~AO 
16JAO 
OSMYO 

'MYO 
16~AG 
'.JAO 
lUAO 
05M\'0 
16JAO 
lUAG 
l6JAO 
16JAG 
16JAG 
0,..,,0 
IUAG 
,.JAG 
16 JAG 
16JAO 
lUAO 

,..,,0 
2UAO 
l6JAO 
16JAO 
19APO 
,.ar,fitV" 
16JAO 
16Jjl" 
191.1'0 
lUAG 
01""0 
11APO 
16JAO 
lUAO 
lUAO 
lUAn 

lUO 

11'0 

2'" 

""O 

IRLI"C.' .. IRLINe"/DCILILTT. 
COIITlf4U[ 

- CH[C~ fOR ILL[6AL DATA 
I' IILLINC" .LT. 0.0, GO TO 8,"0 
I' IIRLINe" .GT. ZLLILTT •• O.I"TH' GO TO "10 
If IIRLINe" .EO. O.G. GO TO l838 
I' III .EO. l' GO Te ,.10 
I' 'IRLIMC6 - l' ."[. 0.0. GO TO 1810 
I' IILLI"C" ."E. 0.0. GO TO 'S'O 

DEL • IIILI"C" - ILLI"C' - 11 
GO to .. no 

DEL .. IIILINC •• - ILLIIIC.' 
I' IDEL .EO. 0.0. GO TO ,.,,0 
I' IDEL .LE. TH' GO to .,'0 
GO to 11"0 

D£L II 1.0 
I' III .EO. I' GO TO 2.,,0 
If IILlllIC" .EO. 0.0 .AND. IRLlNe6 - I' .[0. 0.01 GO TO 
COIIUf4UE 
I' IIAIOPT .EO. II GO TO 2900 
If IIAIOPT .EO. 1 .OR. Q[l .EO. 0.01 GO TO l'~O 

16JAO 
lUAO 
O~,",YO 

llAPO 
<'IAPO 
21APO 
0",","0 
1IAPO 
21APO 
l1APO 
21APO 
2lAPO 
lIAPO 
21APO 
21APO 
21APO 
D"MYO 

COMMENT 
COMM[NT 

8610 D"MYO 
21~0 
21APO 
11AP~ 

OSMYO 
OSNYO 

- AI'S APTIONS , OR " - CONYERT OISTRIButED LOADS TO OIIl£CTIONS 
- ANO INtlNSIT,. OF MEMBER AKlS 

t[MPI • AeSIOCILILtTI' 
TEMPI. AeSIOC2LlltT" 
OILIN(.6'. OILtOOCILILtT'"t[MPI. 

OYLTOOC2Llltt'"t[NPI 
OYLIN(.6' • -oILtOOC2LILtT'.TEMPI • 

OYLtOOCILllTt'"TENPI 
GO TO 29'0 
COIIUIaIl 

- AilS OPTIOII I 01 COIIClNtIlAt[O LOAOS - COIIYEllt DISTRUIUTEO 
- AND COIICrNtRAtlD lOAOS TO DIRlCTION! OF MEMBlR AilS 

OILINC.' • OILt"OCILILTT' • OYLt-DC1LILTTI 
OYLINC., • -oILtOOClLllTt •• OYLT-OCILILTtl 

GO TO 19!10 
29QO CONtl1all 

COMH[hf - AilS OPTION 1 
OIL I NC. I 

19'0 
4,;.0 
,,9UO 

OYLIMC61 
CONUf4UE 
CUllTlf4UE 
COIIIU f4UE 

- lOADS ALlR[AOY I" MEMBlR AilS 
• OILT 
• OYLT 

I' INCR, .LT_ NCD6' GO TO e,eo 
GO to 9toO 

~"ln P.,"T U 
'-0 to 9'00 

'''0 ""I"T " 
GO to 9'00 

""0 PIII"T "" 
GC,I TO 9'00 

n,o ""I"T '" 
'-0 TO 9100 

'!l60 PIII"T ,. 
GQ TO 9'00 

"'0 PIII"T " 

Z6JAO 
2UAO 
lUAO 
2UAO 
2UAO 
26JAO 
16JAO 
26JAO 
OSMYO 
OSNYO 
2UAO 
2UAO 
lUAO 
2UAO 
O!lMYO 
2UAO 
lUAO 
2lAPO 
lUAO 
lUAO 
OIMYO 
lUAO 
1UAO 
'FlO 

26JAO 
16JAO 

9FEO 
26JAO 
21APO 
llAPO 
nAPO 
<,'APO 
19APO 



C 
C 
C 
C 
C 
C 
C 

10 YO .700 .,.. ".-T ,. 
10 TO .100 11M "._T ,. 
60 TO .'00 

1.00 "._T •• 
60 TO .700 1 •• 0 ".-T •• 
fiG TO 9700 

1.'0 "I-T ., 
10 TO .100 '.,0 "._T ., 
10 TO .100 

Ina "u" n 
fiG TO .100 

IT'I "I-T n 
9100 
.. 00 

IMAII. 1 
C .. TI_ 

an.. aT 

79 .... 
,O.PO 
,O.PO 
,O.PO 
,0""0 
...,.0 
.M.,O 
....,0 

0....,0 
76.1.0 
76.1.0 
76.1.0 
Z6.1AO 
76.1.0 
76.1.0 
76.1.0 
76.1110 
Z6.I.0 
7 ..... 
76.1.0 
Z6.I.0 

...................................................................... 
IUPOUTI .. M*IIOUTI. IUlllClUT I. SUllIlOUT lilf 

...................................................................... 
lU8lloutl .. CCIIIP I .... I 01f[0 

C~-T - ~ROUT." CCIIIP I .. UTS SUI'!IU'OIlTloa O.T. \TABU 11 fOIl Z •• PO 
CORM[IIT - f"".U ..... U'I.OCCItS faa !lAO OA"'.IETS uP STOIIAG( fOIl fAMIL.,Z .... O 
CDMIII[IIT - SULUTIOII .. ACCUlllLAUI ptIOfJU .... TlPlIEIIS.(CMI) PIIIIITS D.'" 
CONIII(IIT - AND "I_TS ACCUMULAT(D PIQ8L(M "ULTIPlI(RS 

O.NEII$IOII .... I'I ... TI'I 
C ....... IIILOCI.II "IU.U. IMIZlI 
COMIiIOII I~II ~((PJ. ~((..,. ~([P •• 

, n.,,..;. IKD,. IICD'. 1le04. 
I IAIIM. Ifc.t. .... IUT. 
• M. _.. -20 ISTT. 
, ac. 11'1. IH. 11'11 

1[(1',. 1((1' •• 1((1'1. 
IleDt. lie... IIC81. 
liST. liLT. TOL. 
LTT. IT.,~.ID.I. 

C ....... I.,." ""T.MllSToMIILT.-.-c,.": •• MDJToMLC 
• fOllMAT I ISH TAilLE 1 - CCMI'ILATlOII TAIU .1111 

I. fORNAT I ISH .. DATA I 
II fORNAT I JDH TAIIL[S I' - 61 OMITT(D .//11 
U fOlUlAT I.... ~011lG D.'" fllOM Ttl[ "(vIGuS PIIGIIL!M Plus. 

Z '"w ~ f",'_!1I!C; • III I 

Z •• PO 
Z".1If' 
09.1(0 
09.1!O 
01'[0 
01f[0 
01f[0 
Uff(l 
l1HO 
01HO 
01f[0 
01f[0 
1(If'[O 
01'[0 

11 fORMAT 'OM I .. UT fill "OIlUM IIUIIIII[IIS AIIO ~TlPLIUS. 
,,~""O 
01HO 
01f[0 , II., •• ,OHMPROI MULTIPLI(II.II I 

I. fOllMAT 1' ••• 1 .... 10 •• (10.'1 
I' fOlUlAT 1' ••• 1 .... (10.'1 
I. fORNAT I 1111. , •• 

, 'OM ..... LEM ____ liS AIID "UL TlPlIEIIS US[I) fOIl THI S. 

10.1[0 
09.1[0 
1.,[0 
1111"[0 
1111"[0 J lOtI "CIIIl(M .1.,.. • ,0tI PIIOBLEM IlUlllKIIS III 01111(11 PII08l[MS wt:R[ IIiPUT 

, II. nN ..... 01 MULTlPlI[II.1I I 
I. fORNAT ,0tI .. CAIIDS III "'IIL[ 1 - ~(SS PIIOIIUM T.,P[ .. 

• 1111"[0 
lono 

I 01f[0 

'0 fORMAT 
.." fORMAT 
'" fOllM.T , 
60 fORMAT , 
10 fOllNAT , 
10 f<IIIAAT 

2 
90 foRM", 

Z 
PIII_T • 

'OH PIIOIIL1M 
.tH PROIIL[M 

'''P[ , MUST fOLLOW. TYP[ 2 011 T.,P[ 'I 
T.,P[ .. MUST HAV[ O.T. III TABL[ 11 

IIlf[O 
01"[0 

'OH PIIOBL[M T.,P[ .. MUST FOLLOW • TYP[ 2. T.,P[ ,. 
10HOll TYP[ • I 
.. 6H • PIIOIL[M IIUMII[II MA., IIOT 8[ II[PO T[D III •• 
,OH 5(111[5 Of II[L.T[O PIIOBL[MS I 
to.. UOR.Ii[ LIMIT"'IOII ON IIUIIIII[II OF CaNS[CTUT!V[ 
2tH TYP[ , PR08L[MS [aC[[O£OI 

• 01"[(1 
01F[(1 
01HO 
01f[~ 

SOH L.ST PIIOBLEM •• S IIIOT T"P[ • - H[IIC[ O.T. C.II • 

• 01HO 
01f[0 
01f"[0 
01f[0 
09'[0 
01f[0 

ISH IIOT I[ H[LO I 
ZOH PIIOIL[M lIuHII[1I •• ,. 20M H.S IIOT 8([11 WOR~[O. 
'SM III THIS S[III[S Uf II[L.T[O PIIOBL[MSI 

If[O 
If IITY"'; .LT •••• ND. NeOl .11[. 01 GO TO "60 
~ TO I IZoo •• O~O. 1060. IZSO I IT.,P[ 

CDIIIM(~T - I'.,p( • , - ~.II[IIT PIIOBL[M - 'IIIST PIIOBL[M OF S[RI[S III VHICH 
CONIII(IIT - TM( 511ffll($S fill TH[ STRUCTuR[ DO(S IIOT CH.IIG[ - TH[ R[SUl TS 
COMo4f:IIT - ." TM( P~IIT .... ITS OFfSPRl1IG .R[ STOII[O so SuPP[RPOSITIOII 
CDIIIM(IIT - $OI.UTroItS UII H MAO[ fOR ,.MIL., PRDIIL[MS 

01F[0 
01f[0 
0""'"0 
O~M"O 
O~M"O 
O~M"O 
01f[0 
09.1[0 
09.ln 

10~U ac • I 
..... 11 • ""'011 ClI 
.. 11.,1 ...... OIIIZI 

GO TO lZOO 
C~IIT - IT.,PE • I - OffSPRl1IG PROBL[M - SO .. UTIOII Of P.II[IIT ,011 
COMo4f:IIT - LUoiO CIHIDITIOII 

1060 If IIT.,P(L .[0. Z .011. IT"P£L .[0. '1 GO TO 1010 

1010 

Z 
1100 

GO TO 1,.0 
DO llOO I. loIIlC 
If INPROIIII .[0. "'11.11 •• IID. IIPIIOIIIZI .[0. ""11.711 

GO TO 11600 
COlI "IoU( 

ac • IILC • I 
If lac .6T. MMLCI GO TO 1100 

IIPIIILC.II • IIPIIOIIII 
_IIILC.ZI • .,.IIOIUI 

COIIIM(IIT - IT"P( • I - 1I[&uL.1I PR08L[M 
12;'0 COIITlac 

PIII_T 11 
coo TO .... 

1'[0 
.IIOTH[IIO"'.,O 

0",.,0 
01f[0 

IF[O 
01'[0 
09.1[0 
119.1[0 

If[O 
01f[0 
01"[0 
09.1[0 
09.1!O 
O~M"O 
01F"[0 

COMo4f:IIT - I"'PI •• - f.MIl., PllOIIL[M - suP[IIPOSITIOIl SOLUTIOII OF 
COIIIH(IIT - ~ ~RDuP Of II[L.TfO OFfSPlIlNG PROIIL[MS AIIO POSSI8L., TH[III 
COMo4f:IIT • PAllfliT 

If[O 
01F[0 
O~M"O 
0",.,0 
~.,O 

01F"[(I 
01F"[0 
01F[1" 
111'[0 

12~0 CQIITIIoU( 
If INCOl .fO. 01 GO TO ... 00 
If IIT"PfL .[0. I .011. ITYP(L .[0. 01 GO TO II~OO 
If 'IT.,PEL .Lf .... A~ •• frp1 .r~. II GO TO ~~OO 

PIIIIIT 11 
If 1~[fPl .[0. II GO TO I'~O 

COMIII[IIT - Z(lIv IllULTIPLlfRS 
PU I'Z~ I. I.HLC 

.,20 ZMlIl • 0.0 
GO TO 1..00 

IUD PIIIIIT lZ 
l"uO C~TIIIU( 

PIIIIIT U 
C~HT - Ml.O .... PRIIiT PROBL[M HuHII[RS .NO MULTIPLI[RS 

1f[0 
01f[0 
MMY, 
01'[0 
01f[0 
IIlf[O 
1f[(I 

01f[0 
If[O 

O~"'.,o 

..... 
0-
o 



00'000 ... 1 .MCO' 
RlAD I.. ..,.un 
PRINT lJ. ' ... vet 

COMMl"t - $lARCH fOIl PlI08LlM IIUMHR III LIST 01 ,.OIUM "UMIEIIS StOllED 
DO 1600 I. 1 .... C 
l' I .. tlll .10. "11.11 .AIID. NPTI" .EO. 111'11.'11 

I GO TO noo 
'600 COIItlMUE 

GO to'" 
COMMlllt • ACCUMULAtl MULtlPLllRS 
1'00 IMI" • 111111 • LNt 
)000 COIItlMUE 

PR •• t •• 
(OMMlllt - NI.' ACCUlU.Ate:O MULflPUPS 

00 1100 I •• oIILC 
'lUO N.llt .t. ~11.ll. "PII.ZI. lM111 

10 to HO. 
.. 00 .... , ,. 

10 ,. "OD 
"60 PRlllt '6 

10 ,. , .... 
.... pltlll' •• 

fiO '0 , .... .t .. Nll1t t. 
GO t. "00 

..... NIII' .0 
IiO ,. ,,.. 

n" N,"t ,. 
IiO ,. nOD 

.... plt.lI, •• 
IiO '0 , .... 

"00 plt'", 'o.MrY 
".. IAUII • 1 
"00 RUUIIII 

E .. 

OlffO 
O"ffO 
Olf[O 
O!IMYO 
OTft:O 
09J[O 
09J£0 
nTHO 
OTfEO 
OSMYO 
OTfEO 
OTHO 
Q?fEO 
O~UIIYO 
07fEO 
nf[O 
OlfEO 

7fE" 
0.,,£0 

Tf[O 
OTffO 

TffO 
OTffO 

lfEO 
O"EO 

THO 
OTfEO 

TffO 
OlffO 

TfEO 
OTPlO 
O"'fO 
OTf" 

Tf£O 
OTPfO 

C 
C 
C 
C 
C 
C 
C 

...................................................................... 
~I" SUI'IIICIUT lilt: 

...................................................................... 
.... ltGUu. 'ORMS, I _. 110. ". Sl. SUo s.-t. La. lh U. L6 

C~II' - SuaROutINt: 'ORNS' CALCULAtES STI"IIESS MATRIX '011 80tH 
COMM[II' - NUNlIC AIID VARIABLE OIOSS KCTlOI! MNIIf1IS Il'1O 
(~~"' - ~~DAct YfCtOR S~tCI. '.1'1 

D'"II1SIOII '""1.1. ~'I"I 
O'M"SIOM ",L,.L.I. IIOIL.I. "IL.I. SlIL',. SUIl.1 
(QMIIIUI 'lII.oatl, OXSI tOIo OUI '010 nSI '010 

, DCZS' SOh .. ,. 1010 pRAfI sOlo litO" toh 
, 1a.a.1 tot. 111'1 .... '01. 111'1"1 '01. IICtll '01. 
C_ , .. oat., IILSI".. IRSI nl. FLI 'It .. 

, S~I TSI. SyLI "I. SILl '" 
COMMON 'BLOCK', '1 .'1. AEI .ZI. 

Z Sli .,1. oal .". 0" ., .. 
, 81 .". All .". DI .". 

SII .". 
011 ., .. 
OIl 4". 

SlO11£S I" 

DeUI SOl. 
IA.oPSC '01. 
iMCl so.nl 
AEI.I ''I. 
5".'10 
AI 411. 
OYI 421. 

O.APO 
Z4APO 
2.APO 
2~f\PO 

0""0 
O'APO 
2UAO 
2UAO 
IIFEO 
lUAO 
t6JAO 
tUAO 
U,JAO 
ftoJAO 

4 Ole4ZIt VIC4". 1/114". 
~ I/,C4,,, V,14'1. fRXI421t 

V1l4,1. 
ERY'UI. 

V'14'" 
[lIlI4'I. 

6 IIXI_ZI. IIY1421. Rl14,\ 
CuMHuN IBLKII ~E'P2. ~EEPJ. lEE~4. 

, UYPE. HliD.2. NCO .. IIC04. 
J lABAN. I'OR ... M. NJt. 
_ M. MPIt MP2. IStt. 
~ NLC. I.... 1 .. 9. 1"11 

lEtP" ltE~ •• lEEpf. 
NCO'. IIC06. NCDf. 
N5 T. NL 1. 10L. 
LTT. ITYPEL.IOJ. 

COMMuN 18L~21 XL.xII •• 1.Xl.11.IZ.IIO.H.fH.H~0.MCU.X2L 
CO"MUM IBL~JI MNJT.~NST.MNLt.MHM.MMCS.HH(6.MDJ1.MNLC 
COMMON I8l.l.1 $tl.StZ.STJ.Sf4.SfS.5T6 
COMMIM IIIL~" ..,sue 
COM""'" I III I IlL. tIL. Jl 

COI'M"T - SEt ft:MPORAIIY (OIItIlQL COIISUIIU ,DR S1Iff lYPE un 
IPIIILT. IPIIILIISTTI 
IPINllf. IPINlIllSftl 
lL • nllu,ftl 
pRn • HfI" ft I 
PIIAE' • HAEIISt'l 
IICDS' • NCOSllStti 
",Sit. II(SIIIIftl 

I' INCOSf .NE. 01 GO to 2100 
C~NT - pRI$MAflC .. MeERS 
COMMENT - CQMPvtE CONSTANTS AIIO AllAL STIFFMfSSES 

ILZ • hell 
llJ • 1L2eZL 
SMMtill • PRAET/ll 
5MMTIZI • -$MMtlll 
'""tIIOI • $MM"II 

I' IIPIIILT .EO. 0 .AND. l'lIIRT .EO. 01 GO TO 1800 
COI'IMlIIT - UItO 'LEIIUIIAL. STI,,"'" I/ALUES 

$MMTI.I • $MMTC., • SMMTISI • SMMT'61 • 0.0 
SMMTlfl • IMMTII' • SMMTltl • SMMTIIII • 0.0 
S"MfIIZI • SMMTIIJ' • 0.0 

I' CIPIIILT .EO. 1 .ANO. IPlllllt .£0. 11 GO to 2000 
C(lt4M£IIT - C,,"PuTt: fLOuRAL STlffllESS[S FDR MfMII£1I 'IIIIIED At ON[ 

~TIJ' • J.oeplI,T/1LJ 

C",,""T 
CQM04f;II' 

11"0 

$NMTIIII • SMMTI)I 
S"MTI" • -,""TI" 

If II'INRT .EO. II GO TO If 00 
S"M'16' • J.o-,R'T/lI.2 
SMMTI1'I • -5MMfI6' 
SMMTI1JI • ).O.'Rft/lL 

1.00 TO lOOO 
SNMtC41 • J.oepR,T/ILl 
S"MTlfl ~ J.O.PRFtllL 
$MMT,., • -$MMtI41 

GO fO 2000 
- C~fE 'LEllul/AL SfI"IIEUES FOIl M[MII[II VITH RI610 
- CUHIIof:.CTlUNS AT BOTH ./GIIIU 

~t"1 • IZ ... PRfl/ILJ 
~f'.1 • 6.o-pRfl/l1.1 
$MMfl'l • -$MMtC,1 
$MMtI6' • S""T,41 
S"M"f' • 4 ..... RfT/IL 
,""Till' -SMMT141 

EIID 

1"""0 
1",,110 
1114110 
l6JAO 
Z6JAO 
Z6JAO 
12F[0 
13FEO 
Z6JAO 
07rEO 
,.JAO 
OeAPO 
OU'" 
UMYO 
2.JAO 
,.JAG 
,.JAO 
Z6JAO 
2.JAO 
2.JAO 
2.JAO 
2.JAO ,,...,0 
IJMYO 
,.JAO 
"JAO 
,.JAO 
l6JAO 
,.JAO 
l6JA" 
11IIIY0 
2UAO 
l6JAG 
l6JAO 
,.JAO 
1,...,0 
Z6JAO 
Z.JAO 
l6JAO 
ZUAO 
Z6JAO 
Z6JAO 
26JAO 
"JAI) 
l6JAO 
26JAO 
l6JAO 
,..,AO 
IJMYO 
UIn"O 
2UAG 
26JAII 
l6JAO 
'6JAII 
l6JAO 
,.JAG 



IMMT •• , • o.,e~", 
IMMT",' • INNT'" aMMT,., • • -~T'.' 
.-.T ••••• INNT.'. 

IMe I'oa. 0 
.. '0 .9011 

1100 Ca.'I.ul 
COMMl., - ..... ISMATIC MME.S COtMI., - COMPUTE COIII'AIITS '011 Mf: .. n SOLUTlOIIS '011 SfI""ISS VALu€S 'N· alii 

" ••• ,e," 
ttIO· ..... 
MCU • NSOIIII 
... a-tIP. 
I'oa· • 

COMMl.' - SUIIOUTIRE DISCIT DISCRfTIZIS MfNBE1t STI""ISS DATA ,. AI. 
COMMl.' - P. 5Y. AMI II 

CALL DIICS' • tIC"T. tICIIST. ZL. L' • 
CQMR[.' - 5T01a ME .... IND RESTRA,.TI IT' - ST. 

5Tl ..... I 
5T1 • 5Y'" 
5U • SI .. ' 
5T.·5 ..... .. 
5T1 • 5Y' ... 1I 5' •• SI'''''' 

C~.' - a, ...... EJe .'STllAI.TS TO 100( .. , POll SI. MEMIIVI SOLuTIONS 
P .... 51."''' • 1.0199 
5Y •••• IY."" •• I.or •• 
SI ... • 51'''''' ••• or •• 

C .... , - ZPO PII •• D IND ROTATI" RISTRAI.TS 
., • IPINL' .Eo. ., II ••• • 0.0 
., • I .... ' .10 ••• SI ..... , • 0.0 

IL' •• 
IL· • 

C"'In - ZPO _E. LGM15 h. oy. OZ DO '.00 •• ..... , 
'.100 .11 •• GYII •• QUII • 0.0 

cCIMNE.' - AlI~ SOLUTI" '011 ""IT UIAL DISP\JlaMf.T AT '110M JOI"T 
........ 0 f" 

COMME.' - SUIIOUTI .. AlIAL SOL""S '011 AXIAL DISl"UCfNfllU Of IOI:IIIIU 
CALL U ...... ILT • 

OIIUI • 0.0 
GYU •••• oor" 

CQMR[.' - LATE"" SOLuTiOll '011 ~IT LATERAL DIPUCEIII(IIT AT ,ROIl ... T 
"lUll • • , 

rOlelfIl' - ~MIUT'. &IIIPIA SOlVfS '011 LATIRAL "1~Pl.An""TS .,,1) 
COIIME.., - IIOTATlOIIS Of .... [.S 

CALL "I.,A • ~. 110. W. IL. SUo L'. L •• L6. , 
orU' • 0.0 CQMR[.' - IUDIIDIIt I .. II[":ND SOL""S '011 IND 'OIlers 011 ME"IR 

C~L ..:..:.., • W. "... L6 • 
CQMR[II' - M' 5T1'PII€$S _L~S EDuaL TO Mf:IIIIIR-fIlD-'OIICfS 

"""'" • ,""U. SIIM",I • ,"" ••• SlIM"" • ,"".,. SlIM".' • '"".,. 

Z6.IAO 
lUAO 
16.JA" 
lUAO 
16.JAO 
Z6.JAO 
Z6.JAO 
UMYO 
1)Ny0 
Z6.JAO 
16.JAO 
Z6.IAO 
lUAO 
Z6.JAO 
lUAO 
1,..,0 
I,"Y8 
IIHO 
,JIIIYO 
lUAO 
Z6.IAO 
16.JA0 
~6.IA0 
16.JAO 
76.JA0 
.,..,0 
lUAO 
lUAO 
lUAo 
'''YO 
lUAO 
16.JA8 
16~ 
Z6.JAO 
1,...,0 
lUAO 
lUAO 

''''''0 
16.JAO .,...,0 
lUAO 
16.JAII 
lUAO 
1",",0 
OUPO '.,...,0 
1"'"'0 
I~""'O 
16.JAft 
1,..,0 
08APO 
IJIIIYO 
16.JAO 
16.JAO 
16.JAO 
16.JAO 

SMMT.' •• 'MM'" 
$MIIIT.61 • 'MM.61 
ML • -I 

I' 'IPI"LT .EO. O. GO TO "00 
COIIME"T - URO STI"NESS TERMS 'OR PI".D COIIIlECTlOIIS 

SMMT U,' • 0.0 
SHM"?! • 0.0 $MIll"" • 0.0 
SHIIIT." • 0.0 

IioO TO 1600 
COIIME"T - LATERAL SOLUTI'" '011 UIIIT ROTATI'" AT ,_ .JOI"T 

n 110 OZIlI • 100E •• 
(OMME"T - S~ROUflll( GRIPlA SOLV£S '011 LATERAL DI5Pl.ACI •• U AND 
COMM["T - ROTATIO.S Of M[MBERS 

CALL CiIIIPlA • RM. RO. lit Sl. SU. L,. U .. L6. , 
OZ. II • C.O 

COIIME"T - S~ROUT III( I'I[Mf:ND SOLV£S '011 IIID ,ORets 011 I'I[ .. IR 
CALL Mf:Mf:1ID • 110 'MM. L6 I 

(OMII[.T - SET STI,fNUS YALu€S [OUAL TO ... IR-fIlD-'ORCU 
SMMT", • 'MM." 
$MIIIT.81 • 'MM", 
$MIIIT •• , • 'MM.61 

.600 ... T • -I 
COMM[_T - A.,AL SOLUTION ,OR UMIT A.,AL olsPLACIM["T AT TO JOI'" 

0.''''11 • 1.0[" 
COMME.T - S~RUUTlIIE AUa&. SOl.VU '011 UIAL DISPLACEM["U Of I'I(MI[R 

CALL All.. • ML T I 
D ........ 0.0 

COIIME"T - LATERAL iOLUTl'" '011 ~IT LATERAL DISPLACIM["T AT TO ... , 
OY,"'II • 1.0E99 

CUMII["T - SueROuT III( GRIPIA SOL"'" '011 LATERAL DISPl.ACI.IIU AIID 
COMME.T - ROTATIONS Of M[M8[R, 

CALL CiIIIPIA • RM. RO. W. SL. 5U. L,. L •• L6. , 
GY .... " • 0.0 

COIIM("T - S~ROUTlIIE MEMf:1IO SOL"'" '011 IND 'OIIa, 011 ME .. IR 
CALL 1'I[Mf:1ID • W. 'MM. L6 I 

COIIM(IIT - SfT STI""Eu YALu€S EQUAL TO ... IR-fIlD-f'ORCn 
SMMT'IOI • ,MM,., 
SMMT.III • '"".,1 
SMMT",I • '"".61 

" "P'NRT .[0. 01 GO TO "00 
(OMME"T - UR" S""IIEU TERMS 'OR pl".D CONIIfCTIOIIS 

SMMTl6 •• 0.0 
SIIIMT!" • 0.0 
SMMT.UI • 0.0 
~"MTlI~' • 0.0 

IioO TO .900 
COIIM("T - LATERAL SOLuTION '011 ~IT ROTATlOII AT TO .JOI"T 

)1110 OZ''''II • I.OE" 
COIIM("T - S~AOUTl"E GIIIPlA SOLV£S 'UII LAURAL DISPl.ACIMf:"U AND 
COI'IM("T - ROTATIONS Of Mf:M8ERS 

CALL CiIIlplA • AM. RO. W. SL. SU. L,. L •• L6. , 
oz ....... 0.0 

(OMME.T - S~AOUT ,''[ Mf:1'I[1tD SOLvES 'UII IIID 'ORCES 011 IOI:MII[R 
CALL M[M[IID • w. 'MM. L6 I 

(OIWoIE"T - Son STI,,"US VALu€S EOUAL TO 1OI: .. IR-fIlD-f'ORCIS 

16.JAO 
Z6.JAO 
16.JAO 
16.JAO 
I'''YO 
nAGO 
16.JAO 
16.JAO 
16.JAO 
16.JAO 
IJIIIYO 
16.IA0 
1,...,0 
IJIIIYO 
I~IIIY(I 

16.JAO 
I'IIIYO 
IlBApO 
I ,"YO 
16.JAO 
I6.JAO 
16.JAO 
lUAO 
IJIIIYO 
lUAO 
1,...,0 
Z6.JAI' 
Z6.JAO 
1,..,0 
16.JAO 
1,..,0 
IJIIIYO 
ISMYO 
16.JAO 
1,...,0 
OUPO 
1)Ny0 
lUAO 
lUAO 
lUAO 
Z6.JAO 
IJIIIyo 
nAGO 
nAGO 
l1AGO 
Z6.JAO 
nAGO 
IJIIIYO 
16.JAO 
1,...,0 
I'IIIYO 
I~"YO 
I6.JAO 
III'iYO 
OIApO 
IJIIIYO 



SMMTII'I • 'MMI61 
"UO CONTI NU[ 

RnUIIII 
£1eI 

26JAO 
26JAO 
26JAO 
26JAO 

C 
C 
C 
C 
C 
C 
C 

...................................................................... 
SUIIROUTlII£ 'U8I1OUTJII[ 

...................................................................... 
SUSRUUTINE DISCST , IIC'IT, IICDST, IL, ~II 

COMM[IIT - 5U8ROUTIII£ DISCST DISCRITIZ£S IIlMBIR ITI"IIE$$ DATA ,. AE, 
COMM[IIT - U, S1'. AIID SZ 

COMMUII I8LOC~" XLS' "I, xRS' "I. FLI '". 
, 5XL' "I. S1'LI "I. SZL' "I 

COMMQII 18L~" '1 .,1, A[, .'1. IXI 411. 
OU 421. 
OXI 4,1. 
WII4U. 
[111'141'. 

$1'14'" 
AI 4'10 
01'1 4,1, 
U2I421, 
ERl 1421 , 

, S'I 4'1, OX, 4'1, 01" 4'1. 
, .1 4'1, All .,1, 01 4'1, 
• OZI4'1, Ull4'1. YI'421, 
, Y,I.'I, W,'421. £RXI.21, 
6 RX'421. RYI4'1, .21421 

COMMUH I.L~11 ~EEPZ. ~E'P'. KEEP4. 
2 I TYPE , IICOZ. IICO', 1le04, 
, IAIIAN. I""'" MM. IIJTt 4 II..... .." un. 
, !!LC. IPS, IPt. IPIO 

~EP', 
IICD', 
lIST. 
LTT, 

Ilf£P6. ~[[P'. 
1ICD6. IICDl, 
liLT. TOL. 
I lYPU, IOJ , 

COMMUN IIL~" XL.XR,XI.XI,II,II,IIO.H,TH,HSO.HCU,X!L 
COMM[IIT - ,IRO IIlMliR STI' .... 'SI DATA 

1020 

COMM[IIT 

00 10'0 I • I ... ' sanl • 0.0 
&YIII • 0.0 
SZIlI • 0.0 
"III • 0.0 
M,II • 0 •• 

COIIflllU1 
1(0l.Il' • 0 
llel" • IICI.' - 1 • IICOST 

11 Gon ..... KIlt '0 IleUT 
II - IICtn - 1 

10'0 "-".1 
COMM[IIT - RIAD DA'. ,.OM OMI eAJilO I .... CO( 'STI"II[$$ AT LEFT 01" SlellOliI 

IlL • XLS,III 
JIIII • OSIIiI 
"U • FL'1I1 
MLT - AILf III 
IxLl • IXL .... 
S1'LT - SYL'1I1 
SILl - SlLn .. 

I .. '0 .111. 0.01 GO '0 l10e 
eOMM[IIT yAltI~ STI'''.'' $1"1011 RUD 011[ CARD IIIME ISTI,'II[$S AT 
C_"T - RIGHT Of' MctlOMI 

11-11+1 
... 0.1111 
... , - FLIIiI 
MIlT • AEL,"1 

U,to 
lZlIYO 
lZMYO 
,6.IAO 
26JAO 
26JAO 
76JAO 
26JAO 
IVIIIO 
I JNIIO 
I'llMIlO 
26JAO 
26JAO 
26JAO 
UI'[O 
."tel 
26JAO 
1,,"0 
26JA(t 
2..",0 
26JAO 
21JAO 
26JAO 
26JAO 
26JAO 
26JAO 
.t6JAO 
1""0 
26JAO 
26JAO 
11MY0 
26JAO 
26JAO 
26JAO 
.t6JAO 
26JAO 
26JAO 
26JAO 
26JAO 
1,,"0 
1,,"0 
.t6JAO 
.t6JAlI 
26JAO 
26JAO 

SIIR' • SlL I II I 
SYRT • SYLIII' 
SlllT • SILl III 

GO '0 1110 
COMMlIIT - UIIIFORM S'I"II[SS SEC'IOII S[T STI'FII['S 011 IIIGHT [QuAL '0 
COMH£II' - stlff",SS 011 LE,t 

II vO FIIfT • ,1. T 
AERT • AELl 
S~lIt - sXLt 
SYIIT • SoYLt 
SlIlT • SlLT 

1110 COIITIIIUE 
l' Ilc~t .11(. 0 I GO TO 1210 

COMMlMt - FIRst SEC'IOII Of MEII8£RS STIFFIIESS DATA 
ICOUIIT • I 
II • , 
Xl - TN 

GO TO Uto 
1210 COIItl1lU£ 

11-12+1 
XI • TN - Xl 

12'0 COIITIIIU£ 
I' IIIR .ME. ZLI GO TO 1160 

COMMEII' - LAST SECTIOII Of MEMBERS S'lfFlltSS OAtA 
IZ - "I 
112 - 0.0 

GO to uto 
U60 lI2 - III1/TH + 1.0 

U • 'U 
x2 • IIR - II-TH + TH 

UfO IIG • IZ - II 
COMMt:IIT - SUSllOUTlII£ LIIIST' olSTRIBUTES , AIIO AI 

CALL LIIIST' , 'Lt. fR', ,. 'TT2. 1.1 I 
CALL LIIISTF IAELT. AEII,. Af. A[TT2. 1.1 I 

COMMEIIT - suallOUTIIIE 1.1111.0 DISTRIBUTfS SX.SY.Sol. Ox.OY. AMO or 
I' ISIIL' .[0. 0.0 .AIID. SIIRT .EO, 0.01 GO '0 1110 

CALL 1.1111.0 • SXL T. $XII,. SII. 1.1 I 
1"0 I' I$YLT .(0. 0.0 .AIID. SYR' .EO. 0.01 &0 TO 12'0 

CALL 1.1111.0 I In.To SYRt. ,yo 1.1 I 
1"0 I' I.,LT .(0. 0.0 .AIID. SZR' .£0. 0.01 GO TO 1"0 

CALL LIIIUI I SILT, Slllt. Sit I. I I 
1"0 COIITIIIUE 

XlI. • X2 
COMMEMT - "ITuRN FOIl IMAGE Of IIExt DATA CARD I' II LESS tHAII IIC~2T 

'Ouu I' III .Lt. ""2TI GO TO 10'0 
9'UO CONTIIIU£ 

RUuRlI 
Elel 

26JAO 
26JAO 
26JAO 
26JAO 
IJMYO 
1,"1'0 
26JAO 
26JAO 
26JAO 
'6JAO 
26JAO 
26JAO 
26JAO 
1,"1'0 
26JAO 
26JAO 
26JAO 
26JAO 
11"1'0 
26JAO 
26JAO 
26JAO 
26JAO 
I]MYO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
'6JAO 
26JAO 
1"'1'0 
IIFEO 
11'£0 
I 'JIOIYO 
IIMYO 
II'EO 
IIMyO 
II'EII 
11"1'0 
II'EO 
26JAO 
26JAO 
"MYO 
26JAO 
76JAO 
26JAO 
26JA('I 

C 
L 
C 
C 
C 
C 
C 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SUllROUTlME suaROUTIIIE 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SU8RUUTIIIE LIIIST' ,StL.S'",ST.StT2.LII 11'£0 



COMMl.' - ~INI LI •• " DI.faIIUffS , AND AI 
OIMr".a. S'ILII 
C~ leL~1 XL •••••••• ,.ll.l'.'O.M.'M.HSO.HCU •• lL 

" IlL .... 0.0 I GO '0 11~0 
COMMlM - ,.a" .. una. ~ .MOI .'L • 0.0 

If" • 1.0 
I.~ Ca.'INUI 

I' I ,T •• 10 •• 'L • &0 '0 1110 
COMRlM - LI~ S'I" .. " IICTIa. 
co.-.., - CALCULA,r SLOPE OF LINEAR STI".ISS YARIATIo-

0$ • IS'. - "LI/'''-.LI 
COMRl.' - '1.'" rLIMDI' I'M LOMoI 01' SEnlOll 
COMMl.' - CClMPUlil U'IU1Yl sn".us 01' IU"U' COIISlDEIl .... ~ AT 
COMMl'" - SfAa, OF Irena. 

.U. IfL 
"'I • "fL ..... . 
." •• 0. ... "'1 • S'I' 
1'1111 • "~",,eS"'I/'.lL.S'" •• '+S,Tll 

I' 1.0 .10. 0 • .0 '0 IISO 
11 .. ·11.1 
11 .... II. ID 

c ..... , - IIIMI •• _ ID ILlMr.", 
CCRIE., - CCIMPUT£ "",,.... A, "10 .... M 01' rLlN:M 

00 11141' • liP •• IIPMD 
IU • "" 
'" • "" • Ose," II.. ",.1 •• O.Ie IS'l •• tll 

.,10 COII'IIUE 
"U • a" 
.ta • ",. "'1 • 41 .... "'1 • 1'" 

11.. .0 '01000 
C ....... - .. ,_ """!lUI. unlOll 
C .... '" - fI.1f £LIJIDIT "" LGIllIoI ., SECTIOII 
CCRIE'" - COMPUT£ U'IC"1IIl S",,.Ul ~ [LI'" co-slora._ ~ AT 
CCRIE'" - ',AIIt ., IIC"OII 

13110 "ft •• "fL 
,'11 ••• 1'~S"le"""/I.lLe"'1 • II+S"'. 

II 1.0 .10. 0 • _ , •• 160 
U .. l • U • 1 
11 .... Il • ID 

C ..... , - IIIMI .... ID ELI"l.'" MAWI: CC*SY"., lin"." 
00 llSO 1 • 11"1. IIPMO 

II" "'II' • "L I,.. .", • ,,'L 
'0_ L~fI~ 

.n ... 
1_ 

U...,O 
II fED 
16.1AO 
16.1AO 
I1MYO 
16.JAO 
16.1AO 
16.JAD 
26.1AO 
.,",,0 
1'""41 
16.1AI" 
11MYO 
1'""0 
I""YO 
16.1AO 
16.1AO 
'6.1AO 
16..IAO 
,6.lAO 
16.1AO , ..... 
""YD 
1'""11 
16.1AO 
'6.111.0 
I6..IA0 
16..lAO 
26..IAII 
,6..IAO 
,6..IAO 
26..IA0 
26.JAO 
1,..,.0 .,...,.. 
IYf'tO 
IYf'tO 
16.111.0 
16..lAO 
,6.111.0 
26..1AO 
26.1AO 
IYf'tD 
16.1AO 
16..lAO 
26..1AO 
l6.l"0 
26.1AO 
26.IAO 

C 
C 
C 
C 
C 
C 
C 

-..-............................................................ ... 
JU8IIOUf ... IUIIICIU'III( SUIIIIOUTlIIF 

...................................................................... 

SUBRUUTl .. E LIIIU) I Ql.. 011. D.L 11 
COMMl"' - SUBROUTINE LINLO DISYRIBUTES S •• SY. Sl. Q •• Ot. AHO OZ 

011'1!:IIS1ON OUII 
COtMIlII 18Lf.ZI lIL •• :t.:lh.Z.IItU.IIO.:t.'H.: .... :teu •• lL 

COMM£"T -CUMPUTE SLop( OF LINEAR VARIATION 
00 • 1011 - OLIIIIII - .LI 

(~NT 

COMMEN' 
C~N' 

- (~PUTE CONC[ftTRATtP LUAP OR RESTRAINT FOR ELEMfNT AT RIGHT 
- LNO OF S[CTION ~I. DISTANCE TO LINE OF ACTION 1 AND CALL 
- (~LO TO DISTRIBUT[ TO AP.lACfNT STATIONS 

01 • 011 
01 .0- - ~Il 

I' A8S 101 • OIl .LE. 1.0(-10 I GO TO 100~ 

II' 
CALL 

CONIE'" - SAN 
10~ 

IF 

I' CALL • 
10" I' . 
14110 

l •• R - ., • 1."1.01-".0-0, .011/101 • OZI 
01 • O.' •• Z.IOI • OZI 
A8SIOII .Lt. 1.0(-141 I GO TO IIIII~ 

COMLO • 01. I. O. 1I I 
AI AllOW( 'OR !Lt."T AT LEFT rill) 01' $fetiOil 
01 • 01. 
01 • 01. • 00-11 
ABS 101 • OZI .LI. 1.0(-10 I GO TO 1041. 
I •• L ••• 1/'.411+".0-0, .011/101 .0'1 
01 • O.~ •• I.IGI • 0,1 
ABSIOII .L[. 1.0[-10 I GO TO 1009 

COMLO I 01. l. O. LI I *' .(0. 0 I GO '41 lOGe 
I •• IL • 11 

CONIE'" - ~ AI ABO¥( FOR RENAINIMG NO ELEIIENTS 
00 1.90 II • h. 

GI .02 
OZ • 411 • 00-'" 

I' AB'IO, • 02' .lE. 1.01-101 GO TO 1990 
l •••• I'H/,.Clo.,.O.OI • 011/101 • OIl 
III • III • '" 01 • D,'.~IOI • ~,I 

CALL CORLD I 01. I, O. LI I 
1.90 COMTI.ut 
2000 COliTlIIU£ 

RUuRlI 
(1110 

111'(0 
l5MYO 
UFEO 
l6.1AO 
I"..YO 
16JAO 
I"..YO 
ISMYO 
ISMYII 
U.JAO 
16.1AO 
16.1AO 
76.1AO 
l6.1AO 
16.lAO 
IIFEO 
15MYII 
26.1AO 
16.lAO 
16.JAO 
,6.IAII 
:I'6.1AO 
16.1AO 
I If EO 
16.IA0 
16.lAO 
UMYO 
16..IA0 
26.1AO 
76.1AO 
UMYO 
16.1AO 
26 ... 0 
26.1AO 
llff:O 
lUAO 
26.1AO 
26.IA0 
26.1AII 

C 
C 
C 
C 
C 
(. 

( 

...................................................................... 
SI.IIlIltOUTIM SIJ8ROUTIM 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SUIIH..vIIMt. COfIILD • ~I. l. >10. LII 

COIIM[.T - $U8R~TIHE COIILV DISTRiBuTES COMeE"TRATEO LOAO OR ELASTIC 
CQllMEIIT - ~I~ RES'RAINT '0 AO.lACENT STATIONS I Alii) IPI 

"IM£"SI~ OOILU 
CUIIMUII ,Blf." XL.IR •• I •• ,.11.12 ••• H.TH.HSO.HCU.X2L 

II • 11TH • 1.0 
I • II 
C • I - I-'H • TM 
IPI • I • I 
00111 • 00111 • OI'ITH - CI/TH 

IIFro 
15"'111 
I""YO 
11'fO 
26.1AO 
l6.1M 
26.1AO 
OI.110 
1I1,Jl0 
OI.110 



II£TURII 
£110 

OOllPll • QOIIPII .Ol-</TH OIAO 
26.JAO 
26JAO 

( , ...................................................................... 
SI.8RooTlIll SUB.OUT llif SUBROUTINE 

( 
( 
( , ...................................................................... 
( 

SuaRUUT III! A.IAL I IlL T I 
(OfIMlIiT SUlllooTlIll AXIAL SOLV£S fOIl AXIAL OlsPLA(EIIEIiTS Of MEIIBER O. 
(OMMlII' - SUI.oo'UIl AXIAL ILTS UP STlffll£SS (DEff IBB. ce. 001 AND 
(0fIMl1I' - UIAD ff AIID SOLYIiS fOR 011 USING .£(URSlYE SOLUTION Of 
(OMMEIIT - PIltYlooS a(AM (~~ SOLUTlOIiS IIOTlIIG THAT AA • ££ • 0 

(OMMUA laLOCKTI fl 621. AEI 621. sal 621. SY1621. 
Z Sll 6ZI. 0111 6ZI. OYI 621. Oll 621. AI 621. 
I a. 6ZI. All 6ZI. 01 621. Dal 621. DYI 621. 
6 DlI6ZI. U116ZI. Y116ZI. W116ZI. UZ1621. 
, YZI6ZI. W216ZI. £.aI621. [llY16Z1. £IIZI421. 
, 111116ZI. .YI6ZI. RlI621 

(OMMUII iaLKal KEEn. KRPJ. KE£P6. 
Z ITT~. NCD2. IleDJ. 1le06. 
I IMM. ara.M. 11M. IIJTo 6 II. ..I. ..2. "n. 
, ILC. IPa. IPt. IP10 

KE£"'. 
II(OS. 
liST. 
Ln. 

QEP6. KEEPT. 
lleo.. II(OT. 
lilT. TOL. 
ITYPfL.1 OJ. 

(OMMUM I~I JL ••••• a •• Z.II.12.IIO.H.TH.HSO.H(u •• lL 
0111 • -1.01 IMI21 • saill-THI 

1100 

2000 

ZlOO 

alai. -DIII-A£IZI 
Alii. - Dlll-ollill-TH 

DO ZOOO I • Z.MPI 
IPI • I • 1 
""·1-1 

If IlL .£0. -11 GO '0 1'00 
.. • - Mill 
CC • Mill. A£IIPll • $Ill "-TH 
DO • - AEIIPlI 
O£ ....... 111111 • ce 
0111 • -1.0/0£'" 
alII • OllleoD 
AlIlI • 0111-. 
" • OIIIII-'H .u .DIII ... f 
Alii. Allll-AIIIIII - A2 

(o.n"a. 
O.I"Z I • 0.0 

UU Z'cM1 L • 10 .. I 
I • ..Z - L 
,Pl. I • 1 

DIIIII • Alii. allleollllPll 
II£lURA 
£110 

26JAO 
l5I1YO 
I,"YO 
I,"YO 
UIIYO 
26JAO 
2UAO 
26JAO 
1_0 
1,..0 
1_0 
26JAO 
26JAO 
26JAO 
12fEO 
lJfEO 
26JAO 
26JAO 
2UAO 
26JAO 
2UAO 
26JAO 
26JAO 
2UAO 
26JAO 
26JAI' 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
Z6JAO 
7'JAO 
26JAO 
2UAO 
26JAO 
26JAO 
26JA0 
26JAO 
26JAO 
26JAO 
26JAO 

( 
( 

( 

C 

...................................................................... 
SUlIIOUTIII£ Sl.8l1ooT 111£ SUBIlOUTlII£ SUIIIIOUT I liE 

( 
( 
( 

...................................................................... 
SUlMUUTIIiE GRIP2A I .11. RO. W. SL. SUo Ll. L4. L6. II I 1511YO 

COMM(IIT - ~RIP2A SULVES BOTH ,RAME JUINT EOUILIBRIUM EQuATIONS AND 24APO 
COMMEIIT - MEMBEII EQUILIDRIUM EOUATIOMS - G.IP2B CALLS 'SUBI WHICH CALLS 24APO 
COKMEIIT - 'SUBII TV 5£T uP 'IIAIIE EQUATIONS OR F~12 TO SET UP IIEMBER 24APO 
COMME"T - EQuATlOIiS 24APO 
( • • , , , s , , , , , , IIEVISION DATE. 07 APR 70 DAT~ 

(--------RIIIII.MLI • ROIIiLI • WIIILI • Slllli • SUIII+II -._- DIMENSiON GUIO£ 
( ilL 1$ ORD£R 6APO 
( ... "L MU$T BE GREATER THAll 2 06APO 
( II I~ HALf-WIDTH I .I • 2-11 + I I. WHEII£ .I IS THE BAND wIDTH 06APO 
( --. II MUST BE GREATER THAll I 06APO 
( RMI I RE(URSIOM MUL TlPLl£RS 06APO 
( , toliSTANT TERM 'OR THE l-TH ROW 06APO 
( W I SOLUTION YfCTOR 06APO 

0111£11$1011 IIRILJ.L'I. IOIL'I. WIL'I. $LILli. SUIL41 O,APO 
(OMMUII /1111 ilL. IlL. .I I 20JA9 

.II • 1 llA. 
III • II - I IIA. 
MP • II + I II All 
IILItI • ill - I IIAIl 
IlL"" • ilL - II IIJLB 
11 • 0 25A. 
Il • I 25JLI 
U • I 25A. c······ .. ············ .. · .. ··· .... · .. ··· ... ·· .. ····· .. · ... ·· .. · .. ·· ............. . 

( (AL(ULATE .ECURSlOIi NUL "PLIERS • c······ ... ······························ .. ········ ... ······ .................... . 
$LIII • 0.0 07APO 

(ALL flUal I SUI f • II. L6 O.APO 
If I IlL I 210. 100. 100 llA' 

100 RIIIII.II • -I •• I SUIMPI 25JL. 
DO no I· 1 • III 25A • 

la • lIP - I 25JL. 
IIMII.lal • SUI1." 25A. 

ISO (011" IIU£ 25 A. 
ROlli • SUI II 06APO 

ZlO Will • 1111111.11 - I ~ I IlA' 
DO 100" J. 2 •• L llA' 

.11 • .I - I 07APO 
If I J.GT.II I .II. III 06APO 
DO 250 I. 1 • .II 07APO 

IB • .II • 2 - I 07APO 
$LIIBI • SLIIB-II 07APO 

~50 ~YIITIIIU£ o,~ 
$L 111 • SUI II O'AP" 
.II • .I IlA. 

(AU. flUal I SUI f • II. L6 I OMPO 
.11 • .I - I OTAPO 

" J.GT.II I .II. III 06APO 
If IlL I no. 290. 290 IlA, 

290 la • .I • III 25JL • 
If I. - IlL - I I 299 • 295 • 292 25JL. 

292 11 • IJ + I 75JL. 



zn II • II - 1 2S.Jl.1I 
IZ • JZ • 1 2S.lLII 

Z99 II • IX • U 2S.lL~ 
If • II 07APO 

DO .00 I. JZ • M lS.lLII 
"'11.111 • SUII... lS.IllI 
II • II - 1 ZS.lLII 

JOO C'*TlMIl 1I.IlII 
11101.11 • "'Ill D6APO 

00.00 L. 1 • .11 06APO 
'fMP • ~IM.J-LI • ~1~ • .I1 06APO 

l'II~I.Lf.MLI "'IL.~.l-LI. AMIL.M+.I-LI • 5LILI 0 TfMP 06APO 
LXX. 1 OlAPO 

If I If.G,.l I LXX • If OlAPO 
If I If.G'.l I IE • If - I OlAPO 

LXX • LXX • L 07APO 
DO"O I. LXX. M 06APO 

............. " .............. " • AMII-L • .J+M-II 0 IEMP 06APO 
no co." IlUf 06APO 
4110 COIIIIMIl llAI 

IF I .I.G,.M I IMIM • .II. IIIMIN • .I1 • SLINI 0 RMIM • .I-MI 0 SLIMI 06AP' 
IMIM • .I1 • -1.0 , IIIMIN • .I1 II.IlII 

C C~UTf PIlr:LIMIMRY VALUE FOR 111.11 ZS.llI 
1'0 IIUI • 0.0 IIAI! 

00 100 I. 1 • .11 lIAII 
111.11 • 111.11 • ~1M-1 • .I1 • 111.1-11 IIAI 

100 COlI" MIl 1I.Ili 
I' I .I'.'oM I 111.11. 111.11 • 10l.l-NI 0 1I1.1-NI OlAPO 

111.11 • IMIMo.lI 0 I 111.11 - , I 11.1l1 
1000 C'*IIM1l IIAII 

c·················· .... · .. ····· .... · .. ·· ... ·· .. ···· .. ··········· ............... . 
C CALCULA'f AECURSION (QuA'ION 0 
c········· .. ··· .. ····· .. ······· .. · .. ···· ... ··· .. ··· .... ···· .. ···· .............. . 

C 
C 
C 
C 
C 
C 
C 

It • 0 !lAIL 
00'000 L. 1. MLMl 06APe1 

.I • ML - L 06APO 
TEMP • 111.11 06APO 
111.11 • 0 C6APO 
It • It • 1 I1A II 

00 nOD I. 10 Ml 06APO 
111.11 • 111.11 • RMIN-I • .J+II 0 WI.I.,I 06APO 

If I l.fO.1t I GO '0 noo 06APO 
noo C,*TlMIl IIAII 
ZZOO I' I .I.Lf.MLMM I 111.11. WI.l1 • ROI.lI 0 WI.I.MI 06APO 

111.11 .... IM • .I1 • 111.11 • 'EMP 06APO 
'000 C'*IIMIl ItAII 

.~tuAN II.lLII 
Ell) IIAII 

...................................................................... 
SWIlOU'INf SWIilOU"Nf SWROu'INf SU8ROU'INE 

...................................................................... 
IIIIRII'" IIIl '1UB1 I SUo ", M. L4 I OIlAPO 

COMMENt - SUBAuutlNE Fsu81 CALLS fSUBII fOR FRAME SOLutiON AND FsuBI2 
COM"£NT - FOA KEMBER SOLuTIONS 

DIM(NIION SUIL41 
COMMUH leL~SI NfSUB 

IF I""SUB .EO. 111 'ALL FSU811 ISu. FF. L4. OIl 
IF I""SUB .EO. UI CALL FSUBU ISu. FF. UI 

RETuRN 
ENO 

I~OIYO 
nOlYo 
OIAPO 
OIAPO 
08AP(I 
OIAPO 

SAPO 
RAPO 

C 

'" C 
...................................................................... 

C 
C 
C 
C 

iSoUBAUUTlliE SUBROUTINE _IIOUTINE SU8ROUT INf 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SUBROUTINE FwelZ I SU. FF. L_ I 

CONKElit - SUBAOUTINE 'SUBIZ 'uRNISHE5 IIIGHT 51DE OF SYMMETAIC STIFFNESS 
COMNlIIT - OIATAIX SU ANO LOAD TERM F TO ~III~2A FOR OIE0I8fA SOLUTIOII 

OI"£NIIOli SU IL4 I 
COMMENT - j.l IS EOUATIOII NUMBER - SUIII 15 

C~ leLUC~ll ~I _ZI. AEI _ZI. 
Z 511 4ZI. OXI 4ZI. OYI _ZI. 
, SI 4ZI. All _ZI. 01 .ZI. 
4 u114ZI. U114ZI. VII.21. 
S VZI4ZI. WZI'ZI. ERXI_ZI. 
6 AXI4ZI. AYI4ZI, RZI_21 

LA5T TEAM IN 
5XI _21. 
Oll _ZI. 
ox, _Z I. 
WII.ZIo 
EAYI4ZI. 

BAND ON RIGHT 
SYI_21. 
AI _ZIo 
DY, _21. 
U2'_2 It 
EAZI_ZI, 

COMMYM leL~ZI XL.xR.XI.x2.11.12.NO.H,TH.HSO.HCU.XZL 
COOCOCUII I R I I Ill. ML. .II 

.1.1 • .II 

.1.1.1 • .I.11Z 

.11.1 • Z 0.1.1.1 
IF 1.1.1 .EO • .11.11 ~O TO 600 

COMM(NT - UOu NUM8[REO EOUATION FOR LATEAAL ~ORCE (OUILIBRIUM 
I - .I.1/Z • I 
IPI • I • I 

COMNlNT - SU foOT REOUIRED FOR OF'SPAING 

so 

IF IIIL .EO. - II Gil TO SO 
SUIlI 0 THoFIIPIl 
SUIZI • -z.OOFIIPII 
sunl. -THoIFIII - FIIPIII 
SUl41 • Z.~ol'lll • ~IIPIII .5YllloHCU 
FF • 0'1'1 I 10HCU 

"'" TO '00 
~\.IU CUlCTIIIUE 

COMMENT - EvEN NUMBERED EUUATION FOR MOMENT EQUILIBAIUM 
, • .I.11Z 
It'I-I·1 

COMM(II' - SU "'" REQUIRED fOR "'FSPRING 
IF lOlL .[0. - II GO TO 6S0 

SUI II • 0.0 
SUezl • I.So'C/PP"'5Q 
SUI'I. - THo'II~11 
SUl41 • Z.soIFIII • FIIPIII~SO .Sllil "",U 
". QZ I IIOHCU 

CONTlIlUE 
Al TuRll 

OUPO 
I"'YO 
I "'YO 
OUPO 
1901YO 
26.1AO 
Z6.1AO 
26.1AO 
I )MAO 
nOlRO 
I)MRO 
Z6.1AO 
OUPO 
09APO 
OUPO 
26.1AO 
26.1AO 
I "'Y~ 
26.1AO 
Z6.1AO 
I"'YO 
Z6.1AO 
Z6.1AO 
76.1AO 
26.1AO 
26.1AO 
26.1AO 
26.1AO 
26.1AO 
I"'YO 
Z6.1AO 
Z6.1AO 
I "'YO 
Z6.1AO 
Z6.1AO 
Z6.1AO 
Z6.1AO 
26.1AO 
26.1AO 
26.1AO 
Z6.1AO 



26.1AO 
C 
C 
C 
C 
C 
C 
C 

...................................................................... 
5UBIIGUT11il Sl.8I1OUTIIil SI.eIlOUT 111£ 

...................................................................... 
SUlROUl.1Il f'CIIIMLJ) I .... ..,. W. SL. SUo fa.. • llo l'. l •• l6 

CCIIIIIOIT - ~11Il fCIIIMLD CALCULAT£S flll£D-£ND-fORC£ MATIIIII fOR 
COME"T - iIOTH "1~TlC UltlfCIIIRL1' lOADED "EMKRS Alii) ALL OTH£IIS 

D.M[~IQN "ILI.l ••• ROIl6I. Vll ••• SLILII. lUlL •• 
D~~I" 'DMIII •• 
C~ I8LGCXII DaSI 10 •• 

I DCZSI 10._ "'1 10 •• 
I IOPOPI to •• IPI-li 10 •• 
COIIIIUII IMJlCItJI Dill I ,0 •• 

I DCZLI '0._ UCla I 10 •• 
I IIC6II 10. 

COIIIIUII 11IL0Clt1i 
I SIILI 1510 
C~ 1aLOOt61 

I G&LIlSO. 

aLSI7I1o 
SYLI ',to 
IIU.IUDh 

D1'SI 1010 
"All 101. 
IPIIIIII ICI. 
Q1'L1 tOIo 
UlWI 50 •• 

111151 751. 
SZLI7I1 
III1LIlIOIo 

COIIIIUII laL0Clt71 fl .,1. A£I .,1. 
I Sli .,.. DKI .,.. 01'1 ., •• 
J BI .,1_ All.,.. DI ., •• 
• DlI.,I. UII.'.. Vll.' •• 
I vII.,I. W'I.'.. £11111., •• 
• axl.,.. 111'1.,.. All.'. 

nSI tolo 
ReDSI 1010 
IICUI 1010 
ZLLJ 1010 
IICOlI 1010 

fLl TlIo 

GIlL I ttO 10 

SIll.". 
All .,10 
DIll ., •• 
VI 1.," 
fIt1'l., •• 

DClSl 101. 
IAIIOPSI 101. 
SMCI lo.nl 
DCIl I 101. 
IAlloPll 101. 

All I ,tI. 
DYLIUDIo 

51'1.,1. 
AI .,10 
01'1 .21. 
UZI.,I. 
(Ill 1.' •. 

C ....... IMJtII It£(Pl. !tED'S. Itup •• 
I 111'". IICDI. ~". 110M. 
I IMIM. I,.... ... ...T. 
• It. ..I. ..,. ISTT. 

ItfrPl. lIe". 
UTe 
LTT. 

Itf£P.. 1t££P'T. 
IICC.. lIeD" 
aT. TOL. 
IT YPn..1 D.I. 

• ac:_ ..... I". 11'10 
C~ 18LltZ1 XL .... al.IIZ.ll.II • .a.H.TH~.HCU.1I1L 
CCIIIIIUII /8UlII ..... ' .... ST.MLT_.NllCI.MIIC •• ICIJT_lC 
CCIIIIIUII IBL&41 S'I.STI.STI.ST •• STI.ST. 
CCIIIIIUII 11IL""1 ., sua 
COIMUII I III I IL ...... 11 

COIeIE_T - KT 'PIPOIWI1' C'*,IIQL COIUTMTS fOR LOo\D T""£ IINICH IS 
CCIIIM£JI' - MAVI_ ItS '1~lID-fOllC£ MATIIIII fORMED 

IPIIL' • Ipialisn. 
Ipl.at • Ipl"IISTTI 
ZL • ZL5l1sn. 
..wt • ,.,115'" "AE' • PIIAfllSTTI 
ReDST • ReDiIISTT. 
Rell' • ReIIIIST'. 
UCla' • UClaiLn. 
uon • Ull'tILnl 
IICIIL' • IICJIL I L" • 
Re.I' • Re.IIL". 

I' IIICDS' .1Il. 0 .... IICOlT .ME. 01 GO TO 2100 
COIeIE-' - "IIRA'IC M[1C8[1I vlTH UMlfOlM LOADS 
COME_T - ClMPU11 COIUTNITS ,.,., AIIIAL fllI£D-f'lID-fORC£S 

ZLI • n-n 

OeAI'D 
Z.APO 
2UPO 
OeAI'D 
OIlAPO 
26.1AO 
r6JAD 
201C1'0 
26.1AO 
Z6.IA0 
26.1AO 
26JAO 
16JAII 
l6.lAO 
26.1AII 
16JAO 
l6.1AO 
16.IAO 
1"'0 
1~ 
1_0 
16.IAo 
l6.lAO 
l6.1AC 
Uf[O 
1"£0 
I6.lAII 
O"f£O 
26JAO 
OIlAPO 
OIlAPC 
1_0 
1_0 
26.JAO 
l6JAO 
16.1AO 
26JA­
~~JAn 

l6.IAD 
26.1AO 
26JAO 
26JAO 
26.1AO 
26JAO 
26.1AO 
1...,,0 
1....,(' 
26.1AD 

fOMMll1 • - C.I-UQXT-Zl 
f~I.1 • F~III 

If IIPINlT .£0. 0 .AND. IPINIIT .EO. O. GO TO 111'0 
COMMlIiT - LEII~ flEIIURAl FIXED [lID fOllCES 

fOMMI,1 • FOMMI61 • 0.0 
If IIPIMLT .£0. I .AND. IPI_RT .(0. 11 GO TO 1600 
If IIPINAT .(0. II GO TO 1"00 

C~NT - COMPuTE flEIIURAl Flx[J-E~o-FORCES FOIl MEM6EP PINNEO AT 
C~NT - FIIOM .IOIIIT 

fOMMlli 
fOMMltI 
FOMMI61 

• -O."'·U01'T-Zl 
• -O.62I-U01'T-Zl 
• U01'T-Zl2/1.0 

COMM£IIT 
C~IIT 

16110 

foG TO 2Il00 
- C.-.PuTE fLEIIURAL flxED-END-FOIICES FOIl M[M9ER PINNED AT 
- BOTti .IOINTS 

F~'21 • -O.I-UC1'T-Zl 
fOMM111 • fOMMI21 

foG TO 2000 
CIIMfIIlNT - C .... PuT[ flExuRAL flxED-£NO-FOIICES FOIl MEMBER PINN(D AT 
COMI1ENT - Til .I(.o1"T 

1'110 fOMMCZI • -0.621·UOYT-,l 

C~NT 

COMM£"T 
II"" 

1000 

fOMMIJI 
fOMM11I 

foG TO 2000 

• -UQTT·lL2/11.0 
• -O.",euo1'T·Zl 

- CUMPuTE fLEJluRAL flIIED-END-FOIICES FOIl MEMBER wITH RIGID 
- CUIONECTI~ AT BOTH JOIIITS 

FOMMIII • - O.I-UQ1'T.Zl 
fOMMIII • -UC1'T.ZL2/IZ.0 
fOMM111 • fOMMIII 
F~161 • - fOMMI,1 

cOlIn .. 
coo TO 9900 

Zl DO COliTlIL!!: 
CIIMfIIl"T - _PIIISMATIC OR ~lfOll"&.1' lOADED IEMB£R 

If 11fORlC .lD. II foG TO 2"00 
TH • ZLIIC 
to • O.I-TH 
ocs.o • -HCII • HSoeH 
.... letCPl 

I' INCOST .111~ 01 GO TO 2.00 
CIIMfIIlIlT - DISCRETlz£ PRISMATIC STIffNESS DATA 

DO 2'0~ I. I~I 
511111 • S1'''I • SZ.II • 0.0 
AlIII • PIIAET 

2'wO fill' IORFT 
All" • Fill' AE.MP2' • FIMP21 • O.C 

foG TO ltoo 
COMM£IIT - MUNPRI$MATIC MEMB£R 
COMM£IIT - SU8ROuTIIIl DISCST DISCR(TIZES MEMB£R STIFFN£SS DATA F. AE. 
COMMEIIT - ~x. 51'. AIID Sl 
2.~0 CA~L DISCST I IleIIT. IICDST. Zl. LI. 
UioO CONTlI'iUl 

COMME~T - STORe MEMBE~ £MU RESTRAINTS STl-ST6 
STI • SIIII' 
STI • 51'11' 

26JAO 
26JA(I 
26JAO 
16M1'0 
26FEO 
26FE(I 
?6JAtI 
16M1'0 
1""1'0 
26JAO 
26JAO 
26JAO 
160'11'(1 
16M1'0 
110"1'0 
?6FEO 
?bFEO 
16M1" 
1"'1'0 
160'11'0 
16JAO 
26JAO 
76JAtI 
16"1'0 
16M1'0 
16M1'0 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
26JAO 
1"'1'0 
26JAO 
26JAO 
?6JAO 
26JAO 
?6JAO 
16JAC' 
26JAO 
160'11'(1 
26JAO 
26JAO 
76JA(I 
lbJAO 
26JAC' 
16JAC 
16"1'[' 
16M1'0 
11>011'0 
IIHO 
26JAO 
16M1'0 
16JA[, 
26JAO 



sn • &llli 
ST •• SIII .. 11 
STs • SYI"1I 
ST •• sze .. 11 
.... 1 
... T • 1 

COMMEIIT - ~T MEMlER-£~UTRAIIITS EQUAL TO 1.0E+99 'OR 
COMMEIIT - IoOLU"CMI 

salll • SIII"ll • 1.0E99 
STili. STIMPll • 1.0E99 
&l111 • SZI .. 11 • 1.0E99 

COMMEIIT - ZEAO PINNED END ROTATI~ RESTRA1"TS 

2708 

I' IIPI~T .EO. 11 Sllll • 0.0 
I' IIPI"T .EO. 11 SZI"ll • 0.0 
COl" I IaIl 
I' I.cOLT .... 01 fiO TO Z900 

COMME"T - DISCRETIZE ""I'ORM .... ER lOADS 

2100 

00 Zloo I. Z.II 
011111 • UQU-T" 
OYC II • UO'I'T-T" 
QlIII • 0.0 
GIII .. ZI • O1'I"ZI • OZI"ZI • 0.0 
GIIlll • 0111 .. 11 • O.,-UQIIT-," 
01'111 • OTIMPll • O.'-UOTT-T" 
OZlll • OZIMPll • 0.0 

50 TO .000 
COMMEIIT - _I'ORII L0AD5 

16JAO 
16JAO 
76JAO 
26JAO 
16JAO 
16JAO 

FIXED-END-FORCEI6MTO 
16MTO 
'6JAO 
26JAO 
16JAO 
16MTO 
'6JAO 
'6JAO 
'6JAO 
16JAO 
16MTO 
26JAO 
16MTO 
16JAO 
"JAO 
26JACI 
26JAO 
16JAO 
16JAO 
Z6JAO 

COMMEIIT - SWROUTlIll DIICLD DI$CII£TIZU &E1lERAt. IlEMKR lOADS oat GT. OZ 
16MTO 
1.....,0 
11' EO Z900 CALL DIICLD 1 Nt.1T. NeeLT. Zl. LI I 

'OUII C"'TlIaIl 
COMMEIIT - AJlIAl 5OLU"'" '011 ..... R LGAOI 

CALL Alii.. I ... T I 
"SUB. 11 

COMMEIIT - ~TPAL SOLUII ... 'OR lIE .... LC)ABS 
CALL GIIIPZA I .... RO. W. SL. SUe L'. L •• l6.' I 

COMMEIIT - CALCULATE MEIIKR-£IID-fORCES WHICH ARE EQuAL TO flIIED-£ND­
COMMEIIT - 'ORCta 

CALL IlEIIEJe I W. I'OMM. L •• 
COMMEIIT - lEAD EIID-t4OMEII" 'OR "IIIIED EIID IlEMlERS 

II' IIPIIILT .EO. 11 'OMMI" • 0.0 
II' IIPI .. T .EO. 11 'OMMI.' • 0.0 

9900 C ... "..-
RETUIU! 
EIID 

Z6JAO 
1.....,0 
'6JAO 
OIAPO 
1.....,0 
I~""O 
16M\'0 
16IIY0 
OIAPO 
1.....,0 
2.JAO 
Z9JAO 
26JAO 
16JAO 
"JAO 

C 
r ...................................................................... 
C 
C 
C 
C 
C 

5UBIIOUTlIIf SUBROUTINE 

...................................................................... 
MI8RW"1Il DISClD I .c.n • .cOLT. lL, Ll I 

COMMEIIT - $WIIOUTlIIl DISCLD DISCRETIZES GEIlERAl IlEMlER lOADS OX. OTt Ol 
CUMIIUII I.LUCk., IIll11'DI. XRlll'OI. Olllll'OI. OTlII~OI. 

Z OlLU'.' 
C~ IBLOCKYI ,I .". AEI .ZI. Sill .ZI. STI.,I. 

11'EI 
ZZMTO 
26JAO 
16JAO 
16JAO 

, SZ I "21. 011 I .. , I • OT, .. 21. 
, BI "2" Ale .. 21. 01 .. 21. 
.. DZI"". UII"'" VII .. 21. 
, V21 .. , I. V2l'" I. ER .... 21. 
6 RIII"ZI. RTI"". Rll .. 21 

COMNuN IBl(11 (EEPZ. ~EEP,. KEEP ... 
, I TYPE, lieD'. NCO" IICD", 
, IABAII, I FORM. NM. NJT. 
.. II. MPI. "P2. ISTT. 
, tlLC. IPI. IP9. IPIO 

OZI .. 21. 
DXI .. , I. 
VII .. 21. 
ERTI .. 21. 

AI .. 11. 
DTI .. 21. 
U2 ... 21. 
ERl I'" I. 

~EEP'. ~EEP6. (EEP7. 
NCD5. NCD6. NCD7. 
NST. NlT. TOl. 
lTT. ITTPEl.IDJ. 

COMMYN IBL~" IIl.IIR.1I1.X2.11.11.NO.M.TH.MSO.HCU.Xll 
COMMEIIT - ZERO MlMIIER lOAD DATA 

00 1020 I. loMP, 
1020 011111 - OYIII - OZIII - 0.0 

1Ie.'T • NC61T - I + IleDlT 
II - 1le6" - I 

6O£S I'R", NC61T TO NC6,T 
11-11+1 

COMMENT - II 
10'0 

COMM[IIT - qAt) -~TA fROII OIIE CARD IMAGE IlOADS AT lEFT OF SECTION I 
IL - X\.ll111 
lilt - allill 
GllLT - OXl I III 
cr'flT - OYllli1 
-OIL T - OZlllll 

If UII .1Il. 0.01 GO TO 1100 
COMMENT - VAIlllo11LE lOADIIIG 6E" 1011 READ OIIE CARO INAGE IlOADS AT 
COMMEIIT - ~r~ Of SECT 10111 

1100 

1110 

11-11+1 
IIR - alllli 
nRT - Dill I II I 
oar.T - OYllll1 
OZRT • OIL I II I 

CiO TO 1110 
OIlRT - OIlLT 
OWRT - OYLT 
OZRT • OlLT 

COIITI"-
IF I III .NE. IIRI GO TO '100 

COMMENT - CUNCENTRATED lOADS CAll CONlD TO DISTRIBUTE CONCENTRATED 
COMM[IIT - lOADS TO ADJACEIIT STATIONS 

21uo 

CAll COIILD I OX\. T. Ill. OX. l I 
CAll COIIlD C OYlT. Ill. QT. II 
CALL CONLD I OlL T. Xl. OZ. II 

GO TO ZlOO 
COIITlIIUE 

III. Xl'T" + 2.0 
11 - Ul 
III - II.T" - III - TM 
ZI2 - IIR'T" + 1.0 
12 - ZIZ 
II' - IIR - I,.T" + T" 
110-12-11 

COMM[NT - UISTRIBUTION lUADS CAll LINlD TO DISTRIBUTE lOADS STATIONS 
COMMENT - II TO I' 

IF IOlllT .EO. 0.0 .AND. OXRT .EO, 0.01 GO TO 2150 
CALL lllClD I Dill" OXRT. OX. II I 

'6JAO 
16JIIO 
I,..." 
1,...0 
I,NRO 
"JAO 
"JAO 
"JAO 
12FEO 
.,FEO 
"JAO 
I,"TO 
26JAO 
16JAO 
16JIIO 
16JAO 
I~MTO 
26JAO 
15MTO 
26JAO 
"JAO 
2.JAO 
"JAO 
16JAO 
16JAO 
I~""O 
15MTO 
26.10\0 
l6JAO 
26JAO 
26JAO 
26JAO 
16JAO 
16JAO 
26JAO 
26JAO 
26JAO 
16JAO 
I~MTO 
I ,"TO 
IIHO 
I I FECI 
IIF£O 
26JAO 
"JAO 
16JAO 
16JAO 
26JAO 
26JAO 
26JAO 
26JAO 
16JAO 
I~MTO 

I~"TO 
11MTO 
IIHO 



.. 

21'0 " 100LT .EO. 0.0 .A.a. O,.T ,[0. 0.01 GO TO 2160 
CALL LI"~ I Cl'n.T, O1'IlT. 0.. LI I 

2160 I' 101LT .£0, 0.0 .AND. OIRT .[0. 0.01 GO TO 1100 
CALL LI~ , OlLT. QlRTo Ole LI I 

1100 CONTIMU£ 
.000 I' III .LT, .cllTI GO TO 10'0 
"00 CONTIMU£ 

R'TUIt .. 
INO 

llMYO 
1lFEO 
llMYO 
lllf[O 
26JAO 
26JAO 
26JAO 
26.1AtI 
26JAO 

C 
L 
C 
C 
C 
C 
C 

...................................................................... 
SUlllGUTI .. SUBAOUT 111[ 

...................................................................... 
,UBIIOUU" ...... I W. If", ... I 

CCMMIIiT • suallDuTlIII .... NO CAlCUUTU IfORCES ON 1Il10 or: MIMKII uSING 
COf'IM£"T - DI'PLACE .... " 1f0Utl0 1f!tON "MB[II SOLUT 1011 

Ol .. -.ION '""CII. WCLII 
COMMQN IILOC~ll 'C 4l.. AIC 4l,. 

Z 511 411. 011 42', OYI 4ll. 
, •• 4Z', All 42.. DI 4l,. 
4 01.421. UI142.. Vll4l,. 
I VZI4ZI. w114ZI. [II~14ll. 
6 AI,421. RYI4Z.. AII4Z. 

SlII4ZI. 
OZI 411. 
D~I 4Z1. 
111I4Z1. 
[RYI4ZI. 

5Y14110 
AI 4Z1. 
OYi 421. 
UlI41,. 
IAI"II. 

C~ 1~~11 ~II'I. ~EE'" ~1['4, 
Z ITYPI. MeDZ. MeO,. 1le04. 
, .MAII. I'''''', MM. ".Ito 
4 ... MPIo MPZ. ..n. 

UIPI. 
lieD'. 
N5To 
LTT. 

~I[PI. lEI'l. 
1le0i. .cOlo 
"LT. TOL. 
UTPlL.l0J. 

, IILC. I,.. I,.. IP 10 
COMMUII 18L~1 1L.~R.II.aZ.I •• IZ.MQ.".T".H5Q.MCU.IZL 
C~ laLl41 "I."Z.",."4.$T5.5TI 

CCMMIIiT - COMPUTI AX'AL E ... If DIlen 
lOX • Dill •• OXlll 
~ 1" • -AlllleoDa/'" • 'TI'D~III - 0.111 
DOl .011"11 - D~I"" 
,"" I ••• AlIMPI"DCa/'" • ST4001IMPII - OAI",II 

CCMMI'" - CONVERt 'IIPLACE"'"'' If~ GRI'll IVI TO LATEIIAL AIIO 
COMM[HT - AOTATIONAL OISPLACEME .. ', or AIIO 01 

CCMMIII' 

I 

DYIl •• VIU 
NUl. WIU 
.,.,IZ •• WI" 
NIZ •• WI4I 
DYI"I • WIZ ... I. 
NUU • WIZ"" 
OTIMPI •• W'Z'''' • II 
OZIMPII • WII ... ZI 

COMPUTE CUltYA TUitU 
TAUI. IDYll'· DYIIII/" • Il.'-OZIII + O.'OOIIZII 
TAUZ • -1.,.,11. - DY1111/" • 10,"OZlll • 1.'0011211 

COMPuTE LAtERAL AIIO IIOTATlOMAL fIIO IfORCfS 
~ 'I, • 'III-'TAU2 - TAUII/HSO + 5T2-0YIII - OYlll 
~ t, •• 'CZI-' -I.'-TAUI • 0.,-TAU111H • ST'OOIIII -

OUlI 
'AUl. IDYtMP11 - ""1.""" - 11,"011141 • O,"OZIM'l'l 

OIA'O 
lSMTO 
ISMTO 
OIAPO 
26.1AO 
16JAO 
16.1AO 
1»1110 
IIM'IIO 
1»1110 
26.1AO 
16JAO 
26JAI 
121"[0 
uno 
16.lAO 
IUAO 
lSMTO 
16JAO 
26.1A. 
16JAI 
26.1AI 
U'""O 
l~MTO 
26JAO 
l6JAO 
'-6JA. 
26JAO 
16.1A" 
l6.1AD 
16JAO 
".lAO 
lSMYO 
16JAO 
16JAO 
I""'D 
16.1AO 
16JAtI 
26JAD 
'UAO 

1 

I 
R[fUltli 
END 

tAUl • -IOYIMPll - OTIMII/H + 10.~-OZIMI + 1.S-DlIM'111 
fMM 1" .. '1"'II-ITAUI - TAU11/HSQ + ST5-0TIM'll -

OYlMPlI 
fMM .11 • FIMPII'C - O.~·TAUI + 1.~-TAU11/H + 

st6'011MPll - OllM'11 

16JAO 
16JAO 
26JAO 
26JAO 
16JAn 
26JAO 
26JAO 

C 
C 
C 
( 
C 
C 
C 

.•...•.•.•.•..•......•................................................ 
SU8AOUt 1111 SU8AOUtlIlE SU6IlOUTINE SuellOUtlNf 

....•..•.•••.......................................................... 
SUOMUUTIH£ 'SUBII I SUI. F'. L4. IHB I 15JLO 

COMMENT - ~ueauutiNE 'sUBII FURNISHES RIGHT SIDE Of SYMMETRIC STI'FNESS 21MTO 
CIIfUIt"T - ""TIIU 5U AlII) LOAo JERK , TO 6AI'lA FCA FRAME SOLUTIOM 21MTO 
COMMEN' - 5U IS UHf ROw OF STIF'NESS MATIlIX AND F 15 CORRESPONDING LOAD 21MYO 
COMME .. T - 'SUOII If CAMS S51 I' ROwS 0' SUI AND FSS I) LOADS I EyEAT TWIIlD 
COIIIM["T - CALL Fl0f4 GRIPZA AIIO FURNISHES SU ANO F FOA EACW CALL 

OIMENSIOK ~IL41 
OIMENSIOK SMMt,.".SMSI,.".OCI,.".DCTI,.,I.T"I,.". 

1 ,MMI',.lf5SI",'MII', 
eOMMuN IILOC~II XI ",. 

Z ullI 1~1. SX~I 1'1. 
, DYYI 15.. Dlli 1". 
4 £RAa, 1", [IlTYI ",. 

COMMUh I8LOC~ZI OISI '0', 
2 Oe2s1 '01. PRifI '0'. 
) 101'01'1 ~I. ,'INLI '0'. 
C~ IILUC~" OAL I '0 It 

I D<2LI SOl. UO~I SOl. 
, HUll 101 
C~ I.LOC~41 JTIII'OI. 

I FOHMII'O.I. 

YI lSIt 
5'1''' lSI. 
III1AI nit 
ERUI lSI 
OTSI ,010 
P,IIAI I ,0 I. 
",HRI '010 
DYLI !>Olo 
UOTI SOh 

Jllll!OI. 

OIIltl lSI. 
SZZI 151t 
ATTI 111. 

ZLSI 501. 
Ne051 '01. 
",eSlI SOl. 
ZLLI SOl. 
IICDLI SOl. 

ISTIUOIe 

OTT! lSIo 
OUI nlo 
RZZI 1110 

oel$l 501. 
IUIIPSI SOl. 
SMCI so.nl 
DelLI SOlo 
I AltOPL I 501. 

LTlUOIo 

C~ I BLOCIO I 55L 
C~H I.L~II ~I['l. 

2 ITT'£, 1le0l. 
, IAiAN. 1lfORM. 
• M. "'1. 

110'01 
It[E'S. 
!lCD'. .... 
14'1. .,9. 

KEEP4. 
NCO •• 
IIJT • 
ISn. 
!P10 

lEE"~. It£E'6. ItEEP1. 
NCDS. NCD6. NeDl. 
liST. lilt. TOL. 
LTT. ITTPEl.IDJ. 

~ NLC. 1'1. 
eOMM"N I III I .... KL. 

NL4 .... 
....... KL 
.114 .. .II 

.II 

Ilf IJI4 ,ME_ 1 I GO '0 1'00 
COMMENT - ~£I C~5TANT5 UN FIRST CALL FROM GAIPlA 

1 ..... 1 • I ... 1 
Utl1 .. 1'" - 1 
SoMMU.21 .. 5MN1l.)J .. SoMMI2.lI • SMMlhll .. 0.0 
OCIIo,. .. OCI1." .. OC".1I .. OCU.ll .. 0.0 
OCTII." .. OCTI2." • OCTI,.11 .. oeTI,.ll .. 0.0 
ocn." .. tlCT.,." .. 100 

- CUM~uT£ .IOINt HUMBEA 'OR WHICH EOUATIONS ARE BEING FORMED 
.ITN .. IJI4 - III' + 1 

- ~KIP FUR EVEAT SE(OND AND TWIRD EOUATION ICALL 'ROM GRI'l.' 

llMTO 
21MTO 
11MTO 
21MTO 
llMTO 
UFEO 
UF£O 
.,'EO 
UFEO 
16JAO 
16JAO 
2OMTO 
16JAO 
16JAO 
26JAO 
26JAO 
16JAn 
OIAPO 
26JAO 
26JAO 
26JAO 
UFEO 
131'EO 
OIA'O 
08A'O 
OSAPO 
OSAPO 
'6JAO 
11MTO 
26JAO 
26JAO 
lOMTO 
16JAO 
16JAO 
16JAO 
2IMTO 
26JAO 
21MYO 



If I~l. .NE. I.~TN - II GO TO 4000 
COfNIIT - ZERO UL AND fU 

00 1400 I • 10 I 
00 1.00 ~ • 10114"'1 

1400 151. I I .~, • 0.0 
fiSll' • fSSII' • '551" • 0.0 

COtIMENT - 00 'OIl EAC" MEMER - ADD ITS STlFFIiUS NATRIX AIID LOAD MATRtx 
COtIMENT - INTO STRUCTURE StiffNEsS "ATRIK 55L ANO LOAD MATRIX '55 

00 1100 I. 1 .... 
If I ~T1II' ,11£. ~t" .AND. ~TIIII .Mf. ~TN , GO TO '!OO 

.IfT·lIteU 
COfNIIT - $&IP fOIl IlIAo&. ..... EII 

If I IITT .EO. 0 • to to "00 
COfNIIT - fOUl T~TlON MAtlill AlII) IfS TRANSPOH 

DCI1.l •• DC1IIISTT' 
DCI1.11 • DCIIIIITT' 
DCII.l' • - DCI1.11 
DCII.I •• ICI1.I' 
DCTII.l •• ICI1.1' 
DCtll.l •• DCII.1I 
DCTII.l •• DCII.I' 
DCTlI." • DeIl.1I 

If C ~TIII' .ro. ~TN'.OO to ,'00 
COfNIIT - $&IP fOIl WflNl1IG 

If I ML. .la. -1 , GO to litO 
COtIMEIlT - fOUl '* fOIl ..... R wlf" fROM .JOINT AT .JOlin ~TIl 

'*C1.11. SMeeI5tt.l' 
'*CI.I.. SMelllTT.II 
SIIM""'. SMeIISTT ••• 
'*1,.1.. SMeCISTT.4' 
SllMc"". INC.ISTT.,. 

C"""lIlT - fOUl ,... fOIl ..... 1.11 WlfH fllOM .JOINT AT .JOllit .lTN 
litO fMNll.. fOMMCI.11 

,..CI'. fOMM.I.I' 
f....... fOMMII." 

GO TO 2100 
1100 CONTINUE 

COtIMEIlT - KIP fOIl .. fsPRl_ 
If C ML •• I!.e. -1 • to TO l,tO 

C"""lIlT - fOUl SlIM fOIl MEMHR WITH TO .JOIIiT AT .JOINT ~TN 
SllMI1.l' • INCIISTT.IOI 
,*cl.I, • $MCIIITT.I11 
..... ,., •• INCltlTt.lll 
,*1,.11 • SMCUln.U, 
..... , •••• SMeIISTT.1" 

C"I'IMM(IIT - fOIl" F'" ftlll MI£ ...... R lin" to JOIIiT AT JOINT ITII 
,no F .... I,. fOMMI I •• , 

fMNII'. fOMMII.,' 
fMMI". fOMMII.,' 

ItOO COIlTlNUI . 
If I ML. .ro. -1 • GO TO 't'O 

COfNIlT - T.......,.a.M SlIM AlII) fIlM TO STRUCtURE COOIIOINATES SMS AIID FMS 
CALL MAt"" I DCT ...... til I 
CALL MAt"" I flit OCt $oMS I 

21'0 CALL ""TlUl I OCT. 'MM. 'lUI 
COtIMENT - AOO c$UltllACU IN fNI to $fRUCTURE LC».D MAtRIK '5$ 

<'6~AO 
21MYO 
26JAO 
26JAO 
26JAO 
llJAO 
21MYO 
21"YO 
16JAO 
26~0 
Z6JAO 
2114YO 
29JAO 
21"YO 
l'6JAO 
26JAO 
16JAO 
Z6JAO 
16~AO 
26JAO 
16~AO 
16JAO 
26JAO 
21MYO 
0\14110 
2lMYO 
zOMYO 
2OMYO 
2OMYO 
ZOMYO 
ZOMYO 
21MYO 
ZOMYO 
ZOMYO 
2OMYO 
Z6~AO 
2lJAO 
21"YO 
0!14II0 
21MYO 
2OMYO 
IOMYO 
ZOMYO 
2OMY!' 
2OMYO 
llM'I'O 
2lMYG 
21"YO 
21MYO 
Z6~AO 
0!14It0 
Zll4yo 
ZOMYO 
ZOMYO 
ZOMYO 
21MYO 

F5SCl' • '5511' 
FSS«21 • FSSI<" 
F5S1 JI • fSSI" 

COMMENT - SKIP FOR OF'SPRING 

- fMSC II 
- FMSIZI 
- FMSI)I 

If 1 ML. .EO. -1 , GO TO ,!OO 
COMMENT - ADO IN SM5 TO DIAGONAL SU8"ATRIX OF 5Sl - S~TRICAl TERMS 

SSLI1.l1 • SSlll.lI + SMSI1.1I 
SSlll.21 • S5l11.21 + SMSII.2' 
SSLel,', • SSLll." + 5MSII." 
SSLI2.ZI • SSlI2." + S"SI2.2' 
SSle2." • SSll,." + SMSI2." 
S5LI'." • SSll'." + SI4SI'." 

COMMENT - SKIP fuR SlIM IIHI," ARE TO lHT Of DIAGONAL 
If IJTN .GE. JT1111 .ANO. JTN .G£. JT21ll' GO TO '~"O 
I' IJTZIII .£0, JTN, GO TO 2100 

CQMMEI'tf - FI,IIIM $14M FOR fl(M8ER WITH FROM JOINT AT JOIIoiT JTN 
SMI1.l1 .. SMellsn. II 
SMCZ.ZI • SMellsTt. ~, 
$MMIZ.II • SMeIIST'.6' 
Sl4l41,.2, • SMCIIS'T." 
SMI'." .. SMeIISTT.9, 
GO TO '000 

COMMf:"T - FI,IIII4 .foMI4 fOIl MEMIIER WIT" TO .JOIIiT AT JOINT JTN 
211.10 ""11011 .. SMellsn.21 

$MMI'.ZI .. SMellstT.~, 
$MMIZ.I, .. SMeIISTT." 
.... n.21 .. SMClIsTT.61 
SMI'." • SMeIISTt." 

'000 CONT INUE 
C~NT - TIIAN$I'oaM $111M TO StRUCTuRE COORDINATES 5145 

CALL MAt"" I oct ...... tU I 
CALL MATMJ, I Tn. OCt $145 I 

COM..: '" T - PLACE 5145 I" SS.L 
~Il • IAls I~T211' - Jtlil" 
15TP • '.~ZI .. 1 
SSlC I.UTPI 
SS.LU.I5TP + 11 
SS.LIl.lStP .. ZI 
SSL 12 .IS TP I 
5Sl1 hUtP .. 11 
SSLI2.ISTP .. ZI 
5SlU.lStP, 
SSLU.lsTP + II 
SSL I JoI5'P + 2' 

'~wO CONTINUE 
£~E"T - ""U I" JOINT I.OADS 

FSSIII .. FSSIII 
fU12' .. fSs12' 
FU." • ,ssn, 

COMMEN, - SKIP 'uR OffsPRING 

SMSlloll 
SMSI102 I 

• SMSI1." 
• SMSI2.lI 
• S"SI2.I' 
• SMSIZ." 

SMs".11 
SMSIJ,21 
SMSIJo', 

+ OXXIJTNI 
+ OYYIJTN' 
+ Qlll~TN' 

I' C ML •• EO. -I I 60 TO ~OOO 
COMM£"T - ADO IN JOINT RESTRAINTS 

SSLII.lI • SSLI .. II + SXXlJTIII 
SSL12,21 • SSl12.21 + SyyeJ'NI 
SSll,.)1 .. SSLI'." + slllJTNI 

COMM£~T - Sl4lfT SSL TOFACIlI'ATE 08TAINING 50 FROM 2ND AND 3RD ROw 

20111YO 
20111YO 
20111YO 
21"YO 
05MRO 
Zl"YO 
20lIl YO 
2 OM yo 
2OMYO 
2OMYO 
20111yO 
20111YO 
ZlMYO 
OI'EO 
'6JAO 
21MYO 
2OMYO 
2OMYO 
2OMYO 
2OMYO 
2OMYO 
26JAO 
21"YO 
2OMYO 
2OMYO 
2OMYO 
20111YO 
2OMyO 
16JAO 
21MYO 
2OMYO 
2OMYO 
ZlMYO 
29JAO 
26JAO 
2OMYO 
2OMYO 
2OMYO 
2OMYO 
ZOMTD 
2OMY!' 
2OMYO 
2OMYO 
2OMYO 
26JAO 
Zl"YO 
Z'fJAO 
Z'fJAO 
<'lJAO 
21"YO 
05Mlt0 
21MYO 
2VAO 
27JAO 
21JAO 
21"YO 

..... ..... 
o 



• 

COMM(.II. - ~ "It. 
UQO 

DO,.oo I. I .... 
$~4J.11 • SS/..(l. I .. 11 

DO '700 I. 1.IH01 
1"-1,.1, • S~CJ.I .. 11 
Sw,.U.IH&PU • $~("IH8Pll • SSLII.I ... ,,, • 0.0 

(Oft'INUl 
Nil" JI4 - "J'" • , 

., I ........ (0. -I • GO TO •• 00 
(OMM(.fI, - UIP fOIl: QfFSl'ItING 

ID • IHlt!'l 
COMM(", - fUit.M ~ fROM "CMilIItUJI Of U&.. 

.... 

.. iIIO 
CCIfW<Irll, 

DO .,00 I' 1,lteP. 
iU4111 • U,L 'NUh liP 
18 • III - 1 
" • ' .... nuzSl 

- SUP fCNII Au.. BUT Off$N1NG 
If ,,, •• GT. -I I c;o TO ... ,0 

COHH(_, - (H(eL fOR UMDfflNEO DISPLA(EHfN' 
I, C NUJ .fa. I .... ND. DXlUJYN, 
If I "II' .[0. 1 .... ND. oY'I'IJrN, 
I' C "II' .[a, J .AND. OllIJTJt, 
c;.o TO .~o 

It • lHePl 
I' Iauc.CIO .11[. 0.01 GO TO ,..,00 

'" '"''E''' Of .[Q. 1.0[" I 
.£0. 1.0[9, I 
.£0. 1.OE" I 

THIS O'""I'AI"'<; 
GoO TO •• '0 
CiO fa 44,0 
(;0 fa ••• 0 

COMMl_' - ZERo UN DIAGONAL Of MAT".I - DISPLAC["!'" UftDff' .. fO - Sf' 
CQMNtll' OI5PLAC~NT [OUAL TO 1.0[.,9 

404.0 
.)00 

IU4,1Ii.1 • 1.0 
" • 1.0(99 

C'*TlNU( 
.[T~ , ... 

2l"TO 
21JAO 
2TJAO 
17JAO 
17JAO 
18JAO 
l~J"O 
O~MRO 
O~"'-:O 
1 1",,0 
OIAO 
11"'''0 
n",AO 
01"'£0 
OIAO 
2 ' ... AO 
1114"0 
('I~MftO 

21"'''0 
OIAPO 
ClIIA"1'I 
OIAPO 
O~"RO 
O~""R(' 

o~ ... n 
llltVO 
21"'''0 
O~~O 

O~,.O 

O~M_r.o 

l6JAO 
16JAO 

( 

( 

( 

( 
( 

( 

( 

...................................................................... 
~ItOuTIMl SUlNlCUT1_e; 

....••...••..••...•.•....................................•............ 
$U •• U.~.I1IMl ..... TMJI. C A'" M, ( .. I 

(OMIC"T - THIS ~-OUT1"" "..,.,UPlIU A UJ MATltII • .urI. 1I"'(~ A 
(~.l - S1J MAT_I_ .8M. 10 ,.OOUC[ A )1) MAT_'I .CM 

OIMUIoSlOfil NUJ.)I.B"U.U..cflll1.U 
DO HI. I •• 
DO II ,J. I •• 

(M'I.JI • 0.0 
UIJ ,to If.. ItJ 

(ltll .... ' • ""11.1.1 .............. Ou ..... ' 
U "*ll .... 

.. ( TUfUI 
(10) 

26..1"" 
1 .... AO 
16JAti 
H~JAO 

'.JAO 
2.JA('\ 
16JAO 
J"J"O 
26 .... 0 
7.JAO 
2.J"0 
1.JAO 

( 

( 

( 
( 
( 

....................................................................... 
J,lAtIlOUT'1iI( SUIIItOuT 'fI[ SUlIitOl" 'Iff 

( 

( 

.......•.....••............•.......•.........•..................•..•.. 
~UBKUUl H~[ MA1101 10 AM. BY, (Y ) 

{'-'""'Ch, - l"'~ ~UBROUll"( "lAf'PLI£~ A ,.J KAfft,I .AM. flM(S A 
{UMM[", - 'Xl MA,RI •• 8Y ,0 P.ODvCf A JXl ""'''Ill .(Y 

l)."EM~'OM A"C)." .8YI)1 .(YO I 
00 ,n J. I,) 

(YII t .. 0.0 
D02'.·I~' 

(YIII • A",IIo.".YI.o .. (YI(I 
H (ONll"Vf 

R[luRM 
'NO 

2.JAO 
16JAO 
1.JAO 
16J(0 
26JAO 
26~('I 

2.JAO 
OIAO 
2f.J"0 
2f. ... AO 
16JAO 

( , 
( 

( 

( 

( 

( 

......................•..............................•......••........ 
~IMROUI 1"[ ~U6ROUI' "E 

...............................•..............•....................... 
~U6~VU11"E ~UMI 

(OMM("'T - ~u8ROUT 1"[ ~~I 
(.Cl-\l4.t.HT - Jvl"'T DJ~Pu.(EIIIII("T~ 

(uM""" IElLV(':I, IL 7"1. 

OO[~ ~u"'[""'OS"IOH ~OLuTIO'" "01': FRAMF 
ANO R["(II~$ FOR F"M'l'l' PROBL[K5 

"I ..,,.. 011.1 1~h 0'1''1'( 1~" 
2 ... lll T~I, ~".L 7"" ~'I''I'I 1~" ~lll 1511 0 ...... ' 7~1. 
J 0"'1'1 HI. Olll 1~1. lI; ... ltl ..,,.. A'I''I'I 1". RIZI 1~'. 4 tRltat 1",. [R""I 7~I, 
C~~ 'bL~(':4' Jlltl~OI. 

2 '0tVI1 UO •• I 

~RlZl nl 
..I124no .. 

Col'tMVk '8L~.' "PI1I.11. Z"'211 
(V"" ... M 'B~~l' ~[[PZ. ~E[P). ~E[P •• 

2 ""P[. M(U2. "'(0). M(04. 
J IABA", "OI':M, MM, "..IT, 
4 M, MPI. "'P2, I~Tl. 1.11. 
~ IIL(. ,P" ''',. '_10 

REIIII"O 1 

.,' 11 ,01, 

C[[P6. C[[P1, 
"C06. IIIICD1. 
"loT, TOL, 
If'l'P[L.1DJ. 

(c...wt["T - ZlMu JUI"T el~Pl.A([M("I$."(A("OIII~.AftO LOAO~ 
~ Il~u I .. I, flJT 

D .... , I I • D'I''I'III' Ollill • a.o 
""'XIII •• '1''1'111 • "llill .. 0.0 
0_1.111. o"nlll • UHIII .. 0.0 

!.KI 'UII: [A(H PRU8L[M IIlSuL U _At ~TOII(D rOIl 
00 2.''- J .. J ...... ( 

'Of"tt( .. f ,-Ral.,[II'1''I',(_ZZ .AMO f~ AR( IIfOT "1£(0(0 fOA TVI'( 4 PAoeL(M 
(OH"CHI AW[ usto A~ ~I[~ I ... N(AO 1M YAlUls ~ O'''PI.A(fM(Ml~. 
(~U" - 'I[A(fU,-'s AMO lOADS f."" TAPf " 

KLAO It I f l.Alll.lll. LIt 'I' 'I' I II. (lttl")' ro. .. ,.,MII.II. f()M/"II . 1I, 
1 fUMMII.,). fOMMel •• " fO""II.~I, fO~II.f.l • I • I."JI I 

(~~_T ~~I~ fUR lERO ~LlIPll{1I 

(~". 
If I lNIJI .[0. 0.01 GO fO ,Ioro 
MIAUPLY "1oC) i .... 
0011.001 I .. 1. "Jl 

01.X111 0 ...... ( II 
0'1'''111 O"YIII 
OlZll1 Drz", 
R"'XlII RI.X111 

• ZI'IIJ,·[R"'.1I1 
ZNIJ'·[.""1I1 
Z~I..I I ·E.ZZt' I 
ZMIJ,·fOl'U'l('.11 

11F[0 
24APO 
21oAPO 
I ]F[O 

"'[0 
UHO 
l)fEO 
2 • ..IAO 
16..1AO 
09J£0 
Ilf[O 
I1rEO 
IlrEO 
IlfEO 
1 )'fO 
16JfO 
101'1'1'1'1 
11F[0 
1l"f'[0 
I1l'"[tI 
I1r[o 
2(»01'1'0 
l'f[O 

.... D 2OH'I'O 
lOH'I'O 
101t'l'0 
I~J(O 

IU£('I 
lOM"O 
llHO 
2OM"1!I 
..,1'"[0 
UI'"[O 
I'HO 
l,no 
\ lffr' 



ItYT.lJ • RY'UII • l'UJI.,.QMIIIII"" 
HUll. IUl.U • DCIJI"'~UI.JI 
~Iflt • ax •• 1t • Dt.JI ... QMIIIII .... GYTt., • o.y'll • ,"4JI"'QMlllle,.~. 

QU'1I • QUt'l • DUJI.,OMUI ... 
1100 . cewtU.C 
1.(,0 COIIn_ 

.ET ..... ... 
11F[a 
IlF[n 
UP-[I 
uno 
11HO 
12F[O 
11F[0 
llHO 
IlF(O 

c 
c 
c 
c 
c 
c 
c 

......... .-..... _ ................................................. . ........ , .. ~TI_ SUMOUTINI WEWtOUT. H[ ....... . ........................................................... .. 
.M8ItWt._ ""1 e I'll, .J..j, lI. ..... ItO. III, s.L. $U. ,...,.. 1IItZ, Ll.N~ 

~ LI, L., L6, Ll 1 
CCINt[., - 14AItOUT111l1l ...... Co..u'lS IIIIIf"P .ERl-l5 fOIl ALL 1III[1e[ItS 
CC»ft:.T - •• "IIAJIIIE. s.a1tU.CU AP'PItO"RT"'( ~ .. " Ele FQIIIoC[S 10 '~L£T[ '0fIIW..' - CALC\LAIIOM 01 oIOun (UtA •• "~ AIIID .... 1"11 OUT ..... E. 
(OfIIW..T - ~'I 

DIIIIIIf~IOM "ILJ,L". ~1L6' •• ,L". $lllJI. SOIL.' 
DI"EN$IOM DC".,I. ~f'., 0"$1'). DM'L" •• 
0'._11011 ,.~.tl. rl""1 
OI"EII$IOM AIR'" •• """1.1. 
~ 11L0C&11 at 't •• 

I IAU:I n.. $DC " .. 
J DYYI ?tl. IlLI "., 
• [lIaS, It.. tan' nl, 
~ I~I 0&51 '01, 

Z DCZI' ,Q,. ,.., '0., 
J lOPQpI tol. lPI~1 ,01, 
C~ /IM..G(111 DaLI MI. 

I DCZLI '0'. uga. '0'. 
I ",Ie !to, 
C~ ~0CL41 J'I'I,OI. 
~ 'CNelIUO ... 

, ....... ~DCI." 
I IILI?tt. 

cOMlGII ~, 
, on II ,0. 

COMlGII lat..OQ." 
2 ILl .. ,.. 

I .1 "'It .. DU"," 
, W".llt 

• Rx''',11 

"'-II Mit 
.nf ",. 
a..LIUO,. 

,. -.z .. 
QJ;I 41h 
AU .,ft 
\.n ,Alft 
V114Z •• 

RT'." • 
TUI" 
DlJllll 

VI " .. 
ITTI 7'1, 
1tXJ.1 ,", 
[RZll ",. 
DTII '0., 
II'ItAI!:C SOl, 
IPU .... ,Ole 
DTLI '01. 
UOWf '0'. 

JTlIUOIt 

JtJ:.1 ,'It 
ULI ", 
ldlLI no'. 
ALI "ZI. 
QT. "2)' 
oc ", •• 
'WlIal,. 

~.,"", 
1U1." 
'WIll I. 

.. U, 

.. 11 ..,., . 
ll., so •• 
-CDSI 'CII, 
-C'II '01. 
ILL. ""It 
-CD&.. ,01. 

nJrUOh 

nl ",, 

axLll'O, • 

IU .,., 

011.',. 0.' 41'. 
111._11. 
[.., ... 11. 

on. 
0 ... .... ..",. 

''', . 
DellI "0" 
UXOPIC !OI. 
SRCI "0.111 
DelLI ,Olt 
IAI&OP'LI ,,01. 

LTlUOIt 

MLI ",. 

5'(1 .. 11. 
A •• ,1. 
O'(e 41 •• 
lI11_71. 
(_z.alle 

OUlll1. C~ 181.~" 
I PnCZlh 
c~/""'ll 

I lnP'f. 
I , ........ 

~P2. I;n:"". Ilt£~ •• 
1ICD2 • ':DJ. NCtM • 1"''*'.... 1iU'. 
~I. ",I. lSTT. 
I~" .,... t~JO 

k[~"'. C((~6. ~[("'. 
-CM. !ICDI. "'01. 
kll. lILT. TOL. 

• •• L'l. IlTpt"L.IOJ, 
, NL.C. 
c~ 'BLI.ZI XL.J.R.al,XZ.Jl.Tl.MO,H.'H.kSG.HCU.xll 

oaA"o ,.""" , .... r:oo 
, ..... PO ,.-
0'''1'0 
0"'''0 
71_0 
Iino 
'''[CI 
'''[0 
1 "[0 
IV'£O ...... 
l6JAI ,'""'. ,OJ'" 
UJAO 
,OJ'" 
l6JAO , ..... 
l6J .. O 
UJ ... o 
16JAO 
26.JA0 
IlI"RO 
'_0 
I1Mao 
I~PO ,,... 
,-.> , .... ,_a 
'_a ,_a ,_0 ,_0 
'_0 ,,..0 

C~~H laL~)1 MHJ'.MNS1.MhLl.HNH.~C".~6.MDJT.MHLC 

'OMMV~ 'IL~.' STI.STZ.S1J.Sl •• Sl,.Sl, 
,~/IN.UI ,..~ 

C~ I ". I ..... ML. Jl 
",,12 • MlPlll 
MlP211 • "'''22 - 1 
"'1 • M - 1 

., C ......... CioT, ",10 60 "'0 )100 
ISfT • ISTIJJI 
LTT • LTIJJ' 

If I IS" .[Q, 0 I GO TO SlOO 
If IJJ .. [0. l' GO TO lJoo 
I' elSTT .. 1If. ISTIJJ - J, I GO to 1S00 

cONiII[ln - SqP "'0.: Ml"'B(1t ,,"leH HAl S"'fIC( SllHMlSS UP'( AS LAST M[Merlt 
ML • -1 
.... T • -1 

c;.o TO 2,o0 
(OMTl"-'f 
S[T '["'~'( eOH,ItOL ,ONS''''~'S 

IP'''LT. lPI"Lelstll 
,PIMItT • IPINaelsll' 
IL • b..IClS1T, 
PAn • ""IIUlI PIt"" . Ptt"'£l15UI 
MeDI' • IICOstls," 
Me"t • 1CC"'lsl" 
'H • lL/III 
H • O .. !t.'M 
H50 .... H 
tteu • H$O+t'I 
"'- . ,.... 

I' INCDI' .1tE.. 01 60 lO 2 .. 00 
(!.A'C"T - PRI.sAoIIo.TlC MlMBl.1It DIS'lIl£ll1[ flll[1efJ. 1,,''''NUs O"U 

D\l 2:JOU 1 ..... 2 
~III • $'(Cl •• $.1.1, .0.0 
10(111. PRA[' 

lJOO "111 • ""'T 
Ultl • '111 • AEI~" • FI~11 .0.0 

GO TO 2"~0 
'~II' - ~PRI~'" M(MalR OI$<RETli[ M[MI[" STI''''N[SS D""A 

1_00 CALL DIICS' I N,,11. ~OS'" ZL • Ll I 
,"00 (ON'I~ 
,~"'" - HOR[ I4(III6EJI-[~-It[STR"IH'S SfI - sa 

STI SIIlI 
I'Z ..s'(U' 
SI] • SlIII 
..sY. $-x'_11 
..s" $'( .... 11 
iT6 SI .... .. 
.... 1 
"'-1 • 1 '0MMf"'" - Sf' M["O[R-f~-a[$,aAI~'i [QuAL TO 1.0[.99 ~~ 'I~"L M(M8[~ 

,CINt[~T - SOLu1 lOll 
SICll 
S'( 11' 
$lUI 

He"ll SY,""'" 
sltMPl •• 

1.0[99 
1.0[99 
1.0£99 

IJMRO 
,.... 
-.J 

IlMltO tv 
OI!IA"O 
nUDO 
I6"tDI"I 
2OM"0 
'..,MIIO 
16I41t0 
' ..... ._. 
, SMRO 
1601ll1t0 
16Mao 
160","0 ,_a 
I JMItO '_0 ,_0 
I6JII'rO '_0 ,_a 
l)dO '_0 
11MRO 
'.,...RO '_0 '","0 
IlMRO ,_0 
I ""ao 
' .... 0 ,_a 
16oM'(0 
• ""110 ,-. 
lllMlIO 
')MRO ,,. .. 
1 ]MRO 
16oM'(0 
)]MRI'I 
IlMRO 
16ooMvO 
IlMRO 

'''''"0 
1 ).'4RO 

'_0 ,-. ,,,,"a ,_0 ,_a 
lbM,(O 
IbM'(O 
ll1MRO 
IlMRO 
1 )MRO 



COMMENT - l[RO PINN[O fNO ROTATIONAL RESTRAINTS 
IF IIPINLT .fO. 11 51111 • 0.0 
IF IIPINRT .fO. II SlIMPII • 0.0 

COMMfNT - UT uP M[MKRS TRANSFORMATION MATRIX DC 
DCI1.'1 • OC12,'1 • OCI',ll • DCI',21 • 0.0 
OCn,,. • 1.0 
OCll,ll • OCISIISTTI 
DC 11,21 • OCZS"S" I 
OCIl,II • -OClh21 
DCI2,21 • DCI1,II 

HOO CONTINUI: 
If ILTT .M&. 0 I ~ TO 2710 

C~IIT - lDO ~R LOAOS fOIl LOAD T"'f HRO 
00 n20 I. l .... z 

lUO 01111 •• OTlIt • calli' • 0.0 
GO .TO '000 

(OMMfNT - S[T COIITROL COIISTANTI 
l7,0 UOIIT • UOlIllTTI 

UOYT • UClTllnl 
IICOLT • IICOLllTTI 
MC6IT • NC6lllTTI 

IF IIICOU .M&. 01 GO TO 2toO 
C~NT - IMIfOlUlLT LQlMU .... ER OISCR(TIH MOIIIfR LOADS 

00 2100 I. 2 oN 
011111 • UQIIT-TH 
0" III • WU-TM 

2100 azUl • 0.0 
O.IMPZI - O"I~II • 011"'1 • 0.0 
GIIII •• "I~II • O.I-UOXT"TH 
GYIII _ 0.,1"11 • O.I-UOVT"TH 
cal II I - OZI"" • 0.1 

IiO TO '000 
COMM(IIT - ouanlu .IIOM. ICMHR lOADS 

2900 CALL OISCLD I NC6IT, NCOlT. II • II I 
'000 COlI TI NUl: 

COMMI[NT - STOItL MVl8E1t-f~OADS on -OT6 
OTa • 011111 
Oll • 0.,111 
OT, .01111 
OT~ • QIIII.1I 
OTt • O'tIMPlI 0" • OZI-" 
.Ill • .IT1I.1.11 

COMM(NT - RT MlDl8(I-fIlO-OI$PLAC[M[NTS IN STRUC"-'I! COORt>INAT[S D"'S 
COftMI!IIT - EGUIIL TO STIUC~[ .IOIIIT OlsPUCE"£NTS AT 'ROM JOINT 

OMIIII • 011111.1111 
OMSIZI • oy.,I.l111 
OMSt'l - Dlll.llll 

COftMI!N T - TIIA..., 0ItII DMI TO OMM AT, 10M .10111 T 
CAl-I. MAT"'I IDC.OMS,OMMI 

COMMlNT - MT fliEJ'al!R ~OAOI TO l.ot:+99 lIICS OMM AT fROM .IOINT 
OI.UI • OMMIlI-I.ot:9t 
O'tlll _ OMMI21-1.0[9t 

IF IIPINLT .[0. II 60 TO '120 
Olill - OMMt'I-I.O[9t 

IiO TO IUO 

16MVO 
I ''''A 0 
13MRO 
16"'VO 
13M1I0 
1)"'"0 
I,"'AO 
1 ''''"0 I,MIIO 
13MAO 
I'MRO 
I )MRO 
lWOIVO 
17>4110 
1''''"0 
I' .. AO 
16MvO 
1".0 
1_0 
I,MAO 
13MIIO 
1_0 
16MY0 
13MRO 
I,MAO 
13MIIO 
1_0 
1'""0 
1,..110 
I )MIlO 
I,MIIO 
1_0 
16I4vO 
1_0 
1_0 
16I4vO 
I,MRO 
IlMilO 
1_0 
1]'4110 
1_0 
1_0 
"8AI'I' 
lWOIvO 
16MVO 
011 A"" 
OBAPO 
OBAPO 
16MY0 
1_0 
16I4VO 
llMllO 
1_0 
1604110 
1'""0 
I6MIIO 

OZI1I • 0.0 
(uHlIHUE 

H20 
Jl~" 

(OHMENT - REPEAT A80VE FOR TO ~OINT 

CALL 

~21 • ~T21~~1 
OMSl11 • OXIII~211 

OHSI21 • OYVI~211 
OHSI'I • OZZI~211 

MAT.., I 10(,OHS,O","1 
OIlIHPII • O","III"I.OEtt 
OV IHPII • t)MICI21"I.OE.9 

I' IIPINIT .EO. II GQ TO )220 
OZ U4PII • OMM" 1"I.OE'9 

coo TO )HO 
H20 OlIHPII • 0.0 
J2~O CONTIMUE 

CVMHE~' - fiNAL AalAl SOlUTION OF HEMBEI 
CALL AXIAL I MLT I 

"'~ • IZ 
(OMM(NT - filIAL LA T[RAL SOLuTlOII OF M£Nerl 

CALL <iIIIP2A I RM, RO, W, SL. lOU. lJo L •• L6" I 
(OMMf~T - SET M["B[R LATERAL AND ROTATIONAL DiSPLACEMENTS EOVAL TO 
(OHM[HT - SOLUTION VECTOR W flOM GRIPlB 

)JOO 

00 "ou I. 1, "PI 
~ • l-I 
.... 1 • .I - I 
OYIII • WIJM1' 
01111 • WIJI 
UIIlI • UIII4I'll 
VillI. VIIMI'21 
'11111 • WIIHPll 

(OHMENT - OU FOR EACH INTERIOR 
00 )400 I" l,I4I'1 

IPI • I • I 
1"1 • I - I 

• U21l1 
• V2111 
• W211' 
STATlUft 

COMMENT - COHPun AIIIAL. SHORT[NI'" 
0011 • 011111 - OXII"II 

• UlIMPll • 0.0 
• V21141'ZI • 0.0 
• wllHPZI • 0.0 

COKH(NT - (~PUTf AalAL FORCEs ~ £NOS Of [L[MENTS 
UZIII • AEIII"OOa/TH 
UIIII • - UIIII 

C~NT - C,,"PuTE CuRVATuRES 
TAUI lOTI" - OV""II"" 

2 0.1-011111 
TAUl -IOYIII - OVII"III/H + 10.'-oZ IIHII • 

2 I.I"DZIIII 
COKM£~T - CUMPuTE SHEARS AND MOHfNTS ON ENOS Of ELEHENTS 

WIllI. FIII"I-I.S"TAUI • 0,'-TAU2 I/H 
W1111 • 'III-I-O.S"TAU! • 1.,-TAU2 11M 
V2111. 'III-ITAUI - TAUl IIHSO 
VillI _ - V2111 

(OHM[NT - C~PUT[ STATI~ R[A(TI~S 

111111"11 • -SIIII"II-0XIIHII 
IIYIIMII • -SVII M11.0VII"11 
R1IIMII • -SlIIMII"OZIIMJI 

COHM(HT - (UHPUT£ STATION EOUILIBRIUM [RRORS 
ERIIII"II .0XII"11 +IIIIIIHII - UlllMIl - UIIII 
[IIYII"11 .OYII"II +RvIIHII - V211MII - VIllI 

I 6MII II 
16M1I0 
16I4VO 
08APO 
OBAPO 
OBAI'I' 
OBAPO 
IlHilO 
I lHIIO 
I,MIIO 
1614110 
I lHIO 
I6MIIO 
16M110 
16I4RO 
16HVO 
I1MIO 
MAPO 
16MVO 
!SHVO 
16MVO 
16I4VO 
16M1111 
16MII0 
16HRO 
I6MIIO 
1,"110 
I,..RO 
1_0 
1,..110 
I ,,"yO 
I )MilO 
IlHilO 
J]HIIO 
16HVO 
OI~lO 
16MVO 
OIAO 
1"""0 
16HVO 
I,MIO 
1_0 
1,..110 
I,HRO 
16HVO 
1,..10 
1,..11(\ 
1_0 
1"""0 
I,,"YO 
1,..110 
I,..RO 
I,..AO 
IbMYO 
I}MIIO 
1",,1(1 



PZtIM.1 • OlIU'lI .. Z ""11 - .211M'1 - 'I" I, 
""'0 COIITfMll[ 
C~.' - RI''''' UOW UIIZ I _ 

YUZI • 
IIIIUI • 
UZ t"'l1 
Y2t"'11 
111.2:1"'11 • • • 

,~ (NO S"'HOfIIS 
UltZ' • STleoKll1 .. "1 
YIUI • ~U·DTC11 - ou 
Will •• S1)-oZ ell .. on 

U21"11 • S,..DJtIMPll 
• Y21"" • S".OTI"" 
• '1121"''' • S".D11_U 

C.~N' - 00 ,"" EY'f1tT Uc.OfII) .NU'I"" STA,U* 
DO ,.00 1M _ Z''''Z21 

I - I • Z 
1'1-.·1 

-014 
-on 
-QU 

C.ON4C:N, -~ AWQAGrt: UIAL ,o..cr.IHlAll,A. 8(""" MOM[NT 
'11M) O."'UZII, .. UII".I' 
YII'" • -o.~IYZIII .. VIII'II, 
"'IIH'. 0.~I.2'11 .. "111".'1 

COMMN, - OU,~ DllI'I..AClJiI(JIU 
O.'IIHI • Dalll 
O'(H'''' • DTtU 
DlffIH' .01111 

,. 00 cOIn I MIl[ 
COMN.N, - 1t1"tA' UOW ,"" (lID "ATlOII'$ 

"U • -UIUI 
Wtll • YIUI 
... (1) _ 11UI 
NUII.OI:I1I 
D'I"U' • DTel' 
NTiII • DZIlI 
TI"Z21 1A1"'I' 
WI"UI • -¥2'_11 
... ,"'Zll. ~ZI",11 
Da't",,121 • DJI~II 
DT'I",,2ZI • Of''''I' 
DlTC_21) • DlIMPII 

CQIMI;N, - c~Tl M(te[1t (.., ',*cu 
,UlIIi -Till 
'UI12I· YIII 
flMn, ........ ., 
'Z", I, • """ZII 
fl"UI -v,_u. 
r2MI', '-1"'Z21 

(~N' - ~RouTI.[ ADJ,(l 'ItANIIDRM5 ~K8[1t rNO FORC[S A~ SueT'ACTS 
CDMME~' - rRON ~I.' [QUILlaltlV" EaR""5 TO ACC~AT[ ~IMT [OUILI8a,U" 
COMMlN' - (1UtOAA ,a.. ,1lAI« 

\.ALL AO.Jlt.R' "1M_ t2", .Jrl • .J ... , • .J11tJJ', Qc.ISIISII', 
2 DCti((lTTl I 

(QIMI;NT - (OMPUTe: "'JIJUIII 1CIIA.IIIIIIII!JM ("1Hl0it , .. Mt:"'l' 
111ol'_ • Q .. o 

)140 

00,.00 I. 2.-
rw._ • .uSU_a,111 

I' 1( ••• Ll. "A(.It, 60 TO "100 
STA£" • ( •• 
ll •• ",SI(It'1111 

I' I~'l .ll. SlAllt'l 60 TO ".0 

I~RO 
IJMRO 
lW4TO 
:I'~ItO 
2,MRO 
2,"RO 
2)MRO 
2)M1t0 ,_. 
IT"'O 

, ""'. ZC!ll4RO 
\ 1,.0 ,-. 
U.NTO 
1 'tMitO .-. .-16M'tO ,_. ,_. .-. .-. , ...... . J, ... O ,-. 
:1',"_0 ,-
11MRO .-. ,_. 
,,._0 
Z,.._O .-. .-. .­...... ,_. ._. ..... , ,-, .-. ._, 
1"""0 ,.,...,0 , ..... , 
; )"ao 
1.".."0 ,.,...,0 
11'''''n 
11M1tO ,-. 
11'1'111110 
11"1110 
I1M't.0 
11""'0 

~lA(RR • Ellt 
UR .A8SIER111I' 

H IERIt .LE. STA(RIt, GO 
UAERR • (ltR 

CC»IITINUf 
COHT INU( 

TO ,lIO 

I J • 0 
C,",,(IlI' - 0" U STuRA.r.l 

DO 410,", I"· 
VAltlA8LE ,aa 
1.16'22 

0.00 

I.J • I.J • 
Dt'III.J.a;.1:1 
I.J • I.J • 
Df'III.J.1:1:1 
I.J • I.J • 
Df'IC IJ.I:I:I 
I.J • I.J • 
Df'III.J.1:1:1 
IJ • I.J • 
Df'III.J.I:I:' 
I.J • ,.J • 
OMII.J.,u., 
,.J • JJ • 

• DI.1(IHI 

OTTf JHI 

02TUMI 

TC 1141 

IIMtl ... 

OM ""'.") ITA[. 
CDMME'I!T - ... RI'" TAll[ t Mt:Mllf.a Q"kLl' " 1II[01,l(31(D 

I' tlpt .10. II ~ '0 '900 
tALL "IIIIT' C DI'. Ll. AN2. ,J~, 1:1: • "ttItOI 

WoO 10 9toO 
CO«ITlMU( 
{[It~ N(Mellt 1t[5WlTS 'OR {[IIIO $11"_(3S TTPf AMO ~" MCM~(R~ 

- u$LO TU , III OUT <iflOufos 01' $1;1 
00 520~ IJ. I.l' 

OMC I.J.I:I:' • 0.0 
CONTI NUt 

R[TUIIN ,.., 

11 ... 0 
1't!'lltO ,-. 
llHRC\ , ...... 
1't.0 
17MRO 
1614"0 ,-. 
I TMRO 
1 TMRO ,""'. .-. ,,,... 
17M1t0 
11M1III'I ._. ._. ,_. ,_. ,_. ,_. 
,-, 
'.,.. ... 0 
Z~"'O 
2~"'0 ,-.-, .... . , .... , ,-. ,_. ."... ._. ,_. 

c 
c 
c 
c 
c 
c 
c 

. .................................................................... . 
S IAJItOU 11 Mf 

...................................................................... 
$w.c"",1IfII( AO.JT[1t ,,. .. '2" • .JI • .J2. DCI. DCll 

C~MT - ~UbROUTIN[ AD.JT[R 'RAMsrOR"S "EkB[R-EliIO-FORC[S TO ST'UCTURE 
I..~'" - .. "ORO' ..... I[S AtIl> SLAlTlAO~ 1"1II0fI APPAO~IA'E JOTln EOuILIBRIl." 
C~liIT - [aROR FOR rRAN( 

u,M(I'OI~Iv.. tiM., .. , 1"' .... FUI ,I. rl~"1 
I.IJM[HSU .... DCT.,." 
C~ 18lUC<11 •• l~', 

} ~~: j:!: :;;: :::: 
", l'U. 
S"". 1, .. 
ilia. I "~I. 

(RU.I 't". IItTTI ",. EIII121 nl 
rUR" TRAH~sl 0' M["8EIII TIII.NSI"~ATION ~ATRls 

DCT,.." 0(",.]1. OC""11 • D(TI).lI 
DCTIJ,'I 1.0 . 
OCTI1.11 D<'1 

• 0.0 

.-, 
2(111TO 
2"""0 
2"""0 
21 ",ao 
21.0 
"no 
l,nD 
l,reo 
1'''(,0 
ZOM.,O 
11_0 
~ 1"1110 
ll_o 



OCllld, - ~, 
OC'U." • DC.Z 
OC'U,11 • OCI 

C~ .. , ... ''''''i1~ "MKR-£IIeO-f"CNtCIs ... T 'ROM JOI"T TO STRUC" ... IIt( (OOII:D 
C ... u. MA'",I IOC",.M.,n. 

CCM4("T .. AC(""'-... TI .JOIMT f.OUll..leRluM ORa. ... T M[Me(It~ FROM JOIMT 
(R .... c.JlJ • UUCJII - ,.SII' 
[IIt""'JI' • [RTTIJII - 'Isn' 
(!t.l.ltJll • PUI,," - ,,,n. 

(~, - TIitA"SI'OIUI MI[~"-£ND-f'ORCIs ... T TO -'OI"T TO ~TRoC T"-r COO'tD 
(,AI.I.. MATIICJI IOCT,'lJII"IS' 

CCM4(", - ""''''''-'''11 .JOI'" (QJll..lial"" UIIOII: AT Ml("MBUS TO JOr"T 
U.UC .. IU - UUI.lrZI - "SUI 
[lltT'I.JZ1 • £aVYIJaI - ,zsezl 
(lIlllJ21 • (IIUIJaI - 'ZSI" 

21""0 
21MRO 
11HRO 
1CIIIYO " 
11"1t0 
lOMYO ,_0 ,-. ,-­
lOMYO , ..... 
lOMYO ,_. ,­,_. 
21-.:0 
21-.:0 

c 
c 
c 
c 
c 
c 
c 

._--................................. -. __ ..... _ ...... __ ._ ...... . 
1la1tOU'1'" " SUlltouT t II( 5U11.ROUT'IW . _ .... -....... -.... _.-. __ ................ _ ........ _ ......... . 

~TUIt: IUIQ tDM.M'.Ll ..... AIlZ.1tPIlOa I 
C"""I.' - ~~"I( SlJIQ DOES ~1l10Jl SGLUTlOII ~ ~ERS 
("""IMt - fOIl fNClLT ItItOllDU.SWTItA(TS ~utf. M(1IfIIII[1t flilO fOilas 
C"""IMT - TLt ~T( CALCl&..AlJOII Of .101., lOUILIU'UII EII:ROII: ... iIIO PII:I"4TS 
Co-I:", - MLMeU 1I£su.. ,So 
Co-I:"T - RUULTS .. "(.IGUS ~ iUlf STC.f. C* TAP( 4 
Co-I:"T - tAP£J, 2 AND , AU. USLD to IMICItLUI: Iff"ICIDK"T 0# T&P! 
CCR4IMT - QP£ .... "OIQ, 

DIIICI!fl$ICWI IDftIL 1, ... IDIfllLh61 
DIIICI!fl$fCWI FlMI'.h FltIlJl 
OIIlCl!"SICWI ""2lla,. __ UI 
c'*"OII 1"8LQCK.l1" D"" ~Ol. 

I DelSI ~D'. ~c ~O" 
:t IcPOf't IOJt ."1-'1 ~Oh 
C~ 1"8L~1 J'ICI~OI. 

2 'a.lII~D'" 

D"tIC '01. 
ItIlA( I ~Ol. 

'''11&11:1 to •• .tTll"." 
C~ ~I "'lll..zl, 1"1211 
C~ leLA., l..E£Pl' 1.f:[PJ. 11("4. 

Z ,TTN.. 1le0l. 1le0,. 11(0.. 
J IABAR. ff~. ~. ".JT, . M..... "'z. ISTT. • "'C. I.... I". 1"10 

1..1"'·Ll-1 
I..TIIl • l' - I 
Lnq.·l'-' 

.&IIlum z 

.(.1110 , 
II:UlllIO 4 

CgMC", - CUM. T.vt: J 

u. 
DO UC IJ. I ... ' 
00 na U I .. 

DJlI rJ~1 • 0.0 

11..S1 ~Ol .. 
MeOSI UI. 
Me'IC ~Ol. 
[STUMr. 

OCISI ~Ol. 
'A.0I'"51 '0 I. 
~I '0.111 
LYI"OI. 

Uf", .. I:[DI'T. 
II(DI. MlCD1. 
"LT. tOt... 
nYP(L.IO.J. 

,,­,....., 
"...., ,...., 
2 .... PO , .... . 
I'J(O , ..... ,­,,­
I1J[0 
26.JAO 
Z60JAD 
Ilf(O ,..,.., 
U,JAO ...... ,-. ,-­,-. ,_a ,-. 
llMaO 
11_0 
2"«0 ,-. ,-. 
1'..1(0 '_a ,_a ,_a ,-. 

'" 
.. 

IIIIItITl 
R(WIHQ 

Z2~ II. 1 ...... 
1)1 CIDMlloJ.l.lI. loJ • 1.1..11. u. 1 •• 1 

• "42 .. , 
., .. 2 

COMM(NT - ~ 101 eACH PRoa~E" Vl'~ R(~I..TS STo.fD 
[)Q :Ug oJ ". \ ..... C 

(OHMINT - ~{T S"U(HfS 10 OPT1"IH HAliIOl..tMG. ~ TAPf~ 2 MD , 
If Ikl .(O. 21 60 TO no 

"' .. J "Z .. l 
60 TO 2" 

2)0 al • S 
", • l 

2" CQtIITI"UiI. 
DO lIO II.. 1 ,111M, 

COMM('" - READ -I6ULTS ~_OM T ... Pf _ 'OR ~1. MEMBrll:S 
II:(AD ,41 '1~' "(.J.cr;,. loJ • I.I..TI, Itlt .. 1.61 

DO 1.0 I:e.. "J,' 
00 hO 1.J' lell 

COI'MlIIIT ....... TIPLY II:[~T) '011 SU "£Me[R~ e.y MlA."P~tf.RS 
2_0 l)IoI'II.J.", " , ZIiI'.JI·OMIToJ.1t1t1 

(OJItMf."T .. _ua SoUl' 0* 0*, TAP[ Z 0111 , fOR ~I J; Mf"5(RS 
'EAD '111)1 IICI'IIJJ.C51. loJ • I,LT!, Itlt • 1.61 

00 24.0 u., l .. 
OOZ.,I",I.I..T 

CQMIIII[IIIIT 1000 TO ..... 
OfIflJ.c.«1 • QIIIIIJ.1t1t1 • Df(l(IJ.Ite.1 

2U (Qtlltlla,ll[ 
COMMt."T ... 50&111' ""'TIL LAIT I..OAD CASf 

" , .... LT .... " fioO TO 160 
If III .10. I .... ,.,. Ke. .[0. I I JJ. 0 

"u.JJ.1 
I' I"U .5T. ~I .0 10 Z60 

UlT • UTt.l..lI 
" II"" .1.0. 01 fioO TO 1,0 

JI .. JtIIN' 
...2 .. JTZIN' 
Del .. 0(151ISTTJ 
DeZ .. DellllSTT' 
flMll1 ~f •• ItKI 
f,MUI. ~f"ItK' 

1'1"1S' • -0."6.ItK' 
'2MII. O"IL T","KIt' 
f2Mtl' ~ILtM1.1te.1 
f2Mt, •• pMILTMI.ItKI 

C~~T .. ~CC~LAT( JOlhT [UUll..tBRIUIiI [RIliUllt5 
CAl..I.. 4OJT(1I: I f~". flMt JI. JZ. OCI. DCZ • 

C~"T - "'1'" T .... I..( , MlMBU II:UU'.T5 " R(OU($TEO 
I' II'" .10. II GO TO Z.~ 

(,AI.L ""lilT,. , PM. 1..'. A"2. JJ. Itlt • MPJtOe 
1.0 (OJIlINUl 

" IJ .[0, NL(I ~ TO z.~ 
C~IIIT - waiTE SUM QtII TAP( 1 0« , FoR ALL SUT I..AST LOAD CASE 

wltlT( INlI IICMIIJ.ItIt'. IJ. I.Ll'I. Itlt • 1.61 
Z'O (OJITIINU( 

,-. ,-. ,-. ,-, ,-, ,-, ,-, ,-, ,-, " ... , ,-­,_. 
" .... 
lOMRO ,_. 
, ..... 
16.JEO 
.6JEO ,-. ,-. 'ONT. ,-. 
191'111'0 ,-, 
21-':0 ,_0 
1""1'0 
1111111'0 
2U_' ,-. ,,­,_. 
,,­,-­Zl .. , ,_. 
11_ 
11.MA0 
U.O 
11"0 
2)"0 

" .... 
21""0 , ..... ,_0 ,_0 ,-. ,­'_0 
19111'0 '_a "'­"",", 19MYO 
21""0 '_0 



c 
c 
c 
< 
< 
< 
< 

1lIY1.. , 
II[VI" 1 "0 ca.rl~ ... -.... 

,-. ,-. 
1Qf1111:0 ,-. ,_. 

...................................................................... 
-. ... s.waouTIM( S ..... RO.JT t N[ ........................ --........................... -.............. .. 

ItaIlOUT'. PII'''' •• DIll. LT. PI, .J.J. u: ..... oe 1 1"""'0 
ce-.:J" - .loI.eIMJUTUIIl PIIIII1. Pll:IMU Jl'l[JII!!IU U$tA.T50 ,01: ALL ""'(11$ 19MYO 
Ce-.:MT - ,I ... ft II CALLED ,011: lACH IIIDIWUIUAL Mf1IIIER ........ JJI 1""1'0 

DIMltl$la. DNIL1,,1 OlNYO 
DlMEII$JOII AIIInl ....... 12. llJIEO 
c~ IM.OCJ." OKII ,DI. DYII to" nil '-CI.. D(UI tOI, l6 . .J~ 

, DCJSI 'OJ. ...arl to.. "A!:I tGJ. .eOSf so,. UJOP~I '01, HJAO 
, '0I"0f>1 NI. 'PTIILI ,01. 1'1_1 '6" .elll 10.. ""'1 ~O.lJl 11'[6 

(oMMQa IIL~_' J, ••• tol. JT2t.'OJ. IITIINI. Lrll~OI, 2.JAO 
J ''''1 Ito... J,JAO 
C~ Ikllli Uln, urp,. I:(fP_. ur". n[ .... I:!'IE"', 1)MRO 

J ITTPl, filC.DI. lieD'. "CM. lie.". .eM. IICDT. l~ 
, , ....... , lfOIIIII, ... aJT. tl$T. ....... TOL. 1)MRO " ....h .. ,. ISTT. LTT. 1TrPn..IDJ. llNRO 
S ILC. • ... , ,.... I .. " lJMtO 

II ' .... r ''''1 •••• l"I--11IIM I ,~O 
I. ~r "~/11," .. .aa leo-TD,. " •• AI. Al. ,X. "&4. AI. II. I~O 
,. ,0000r 'JOM ,~ • - .... __ TI .llIt 1~ 

U ~1 • ~ TAeLI • - ~It 1t(S4ATI leo-fDl .,111 ,0MIt0 
•• IOIMA, C I'" MEMB[a ~ca •• t •• ," s,." 'TPl.l~. 'OMRO 

2 I'M lCHllD I,", • It • ,c..o 
U ~T 11M N:~ ..... PI,".I!Mf STI" "Pl_". ,OMRO 
T. ,OIMA, 1~ L~," • ,(II.,. I~ ALPHA •• [11.', ~~ , 1" .'A . ,fll.' • lc..O 
•• '~1 20M 5O!:S , .... .JOI"' • ." 9H ,0 Jal.".". l~ •• ,QIttU., ,.... OUTPuT DIS'AJlCU AIIr ,.... JOlin. I', n-o 

J • ,,.. IIL~ 'HI: tRMeDI.u.1S I "JII1fI:O 
., '~T Mt4 0UT0V1' DTSTAJKE.S All'f ntGM JOI", IS. )~O 

I J," AL~ , .. I1RuCTuR( x-"XISI . n_o 
., ~1 ,.... OUlfI'UT DISTAtlClES .. I[ ,MJM JOI", IS. )OMItO 

J I'" AL~ TMI SlRUCTURE Y-Axl" 2~M1t0 
10. 'altMAr _9ft AU. OJTPUT ,0000CES A'-' DI5JtLACfIlEN'S .... [ WITH. I'!lMRO 

I 10M II:fJll'£C' ,0 Tit[ M(M8U Ar.(S .1111. H"'O 
, 2.X. 1'" OJ$~AC~NlS • 11Y.. 1H Fa-(ES.II. 2~HR~ 
_ NtI DISf.IIIC( A:lIAL L.AT[ItM. 'OTATI O .... L ,~O 

, 10M AllAl. SHEAII' ",,""T .11 2"""''' 
111 ,~, ,.,TU1.'. n_o 
JOI ,4lIR*, ..... AU. OU",,1 ro«CIES M( WiTH .(5Plcr '0 THE. 1""0 

J .,.., ~ AX(S ,II • • 'X. n .. o 
J 10M .. , ..IOIMT ,It. UX. IOtt AT JOI.T , Ihll.~h ,~O 

_ ,,.., AXIAL ,.0IIe.( •• fll.,.,x. ItN AUMo fOltCf •• [11 .. ,.1'-0 
, I. IX, I," IH[Aa •• fll.l,'X. ItN SH(AoI .... (It.,.lO*tO 
• I. Ix ..... ~, •• (ll.,.!tr. I'" ~T ... f1I""l_APO 

101 ,~r I/.~ 1M( MJI"" (OUILUIRlII" [_01: un( ........ TO THIE. '51'11:0 

, 10H 1'I:[M8[~ Is, [11." 1/1) 
"PH "'PJ/J 
L1"U'L1~1 
L11Q'L1-l 
LJ"'_LT_J 

C~~T - ~IP fa' COMPL(ll OUTPUT 
If I I OPOP 41 STT I .(0. 0 I GO TO 1600 
If I ~ .. [0. 1 I 60 TO I~OO 

COKMl~T - PItI~T P'-TIAL Rl~TS 'OR ) KEMe(lts ON 1 ~([T 
" I IOPL. .~(. 1 I CiO TO UOO 

IC • 1C •• 
If I IC .fO. " I 60 TO .,00 
60 TO 2100 

1100 IC •• 
U~ CaMTI"': 

COKMlNI - 'R,_. H(AOI~ 
'RUII II 
P«I_I ... 1III'tItOe. CAHIIlIl. I( • It U' 

., I ~ .[0. I I GO TO lTOO 
,I'M. U 

GO TO 1UlO 
PUO PRINT SJ 
1100 (QMTINUl 

If ( ITYP1: .. ,,[. " , 60 TO 1~00 
PI,MT ." JJ. ISTT 

c.o 10 2MO 
J'OO ~INT 61 • .J.J, .'fT, L.fl 
uoo c:a.IUIJl 

PIINI YI. lLSIUTIto D(lSllun. OCJStlSru 
Pl''', ••• J'II J.J I • .J"f JJ t 

., I 1()fIIOIII II sTf •• fO. 1 1 &0 '0 ,.00 
1"1.0-1 • IAXOPSII$'ll 

GO 'u 1 1100. 1700. )O~ I • IA.~' 
2'~0 PR'", t •• Jrll .J~ I 

c.a '0 )lOCI 
29t10 PR'N' 12. JT1C ~ 

60 '0 ,.00 
)~O PII'N' ~,. JTIC ~J 
)100 ,R'NI 101 

D015 • J.o-ZLSIISTTl/foil 
" (IA~'fISTT' .[0, 21 DOIS - OCISIISTTI·OOIS 

C~~, - C~V(RT OUTPUT D'~T"NCfS TO BIE COMPATIBL( wiTH STI'f~fSS 
If nAAOf'$flSTTI .lO. )1 DotS' OC,2$rI$TTI'OOIS 

015 - oolS ,... . 
DO ,.00 • I. MP1' 

Dis OIS' DOIS 
IJI·1J'.1 
IJ1IJI.1 
IJ) • I.JJ •• 
IJ" u,. I 
IJ' 1)4 I 
1.Jr. IJ" I 

(~NT - PIII~T (UMPL.[l( "l~(R R(~TS 

, ..... 
HI14ItO ,_ . ,_ . 
H_O 
1""'''0 
2~_0 

1~_0 . ....,. 
H_O , ..... 
HMRO 
H_O 
1~IIIItO 

I"JII1fI:O ,-. 
Z~"'RO 
09J(O 
1""'0 
nMRO , ..... ,_a ,_. 
H~O .-. .-­._n ,_. 
)QfllIltO , .... . , .... . ,_. 
, ..... 
'''''0 ,_. ,_ . 
H""'O 
HMII:O 
,,~O 

2~"'1t0 
14APO 

1~UTl9foll"O 
14APO 
1~III~O 

1,MaO 
,,,"'RO 
1'!l"'~0 

1"~0 
1"1II~0 
:r"~1I:0 
1~Mll:0 

l~MltO ,,.... 
PII:I"'T lH.OI~. Pf'III.Jl.I:I:I, OMIIJI.I:I:I • .,..ftJ),I:I.I. 01llIlJ4.1.';1o 

1~"'''0 

'''''~O 
HM~O 1 Pf'IIlJ"I.t:." O"lI..,1fhl:l., 



).~u c~T!.ur 
GO TO llOG 

'100 COftTlMJf 
C~[., - PRINT PARJllL M[MI[R A[~'~ 

PRI_' lOt. ~'ll JJ I. ~JII J~ I. D"f •• " •• 
I DfUL1JIU.l(l(h 1»11 •• 1(111 DMIL7Mhltlt, 

II 00 C '* TI /IIJ£ 
PRIN' '01. DMILl.1t1t1 

R£lUIUI ."" 
lOPL • IDPOPflSTTI 

lS .... n 
2~!'tAn 

1\~IU' 

I~~"(\ 

D"ILlM).KItI. P"IS.££I. 1~~RO 
l'!>M.O 
l'!>"'.O 
l~ ."QO 

lSI'tAO 
l'!>"'A(\ 
lS"'.O 
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APPENDIX 6 

INPUT FCR EXAMPLE PROBLEMS 

.I 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



181 

4lI .. ' ''" a"oll _.w , , _. rl2 J"UL V 10 --L ...lL ~ 

J 
II 
Ii . 
! 

I 

!.,i .. I 
I, I I ,: Ii ! II ; 

:,1.1 : I i I. 
- , 

,.:0 Ii , 
i 'I " - I, ; ! ! I I III I 

, 
I Ii i ~ , I iii : 'i' " , II i.l. : i ,6 i II : : 
'i 11: ~I : ' ! I . : I i, ' . , , :, i , 

, 
, 

! 
, I ! ~I i , 

J - ,I ! , , , 
I 

, 
I I : ill I i : I ': ! ' ; I' " ; i I : rr 

I ~ ! i I . ~ , I :.:0 ' I i I ' , I , : , , 
I , 

, 

...,Flr.AflOII I:;l(AMPLI;: PR~8LEMS _ ... co'"' ~H - ~ 

'I: i ! i' l : ' I I III i I , , " i ' ' I i W" 
J' 1 IL , I: 
, I: , 

II 

• 
-lUll. 
,.blat 
~ 

, , 

I 

• , 

I , I , 
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".'''IUIna. I=XAMPLE PR~BLEMS - ... , -- 01 J'\.ILV,O ..3.... lL - .. 
J 

LLU 
I , \ , 

I.LLL 
I , . 

I II , , 
IJ II I ~ I"1IIIISIsI 

I 1.L.LLl.!lJ 
I . 

I LLLU,LlJ l~1 I , 
I I I II 

I' II I . I \ rT I i II. . I 

:,hlm! III II I ~~ I 101 .. ~ Iol.I ; I ~ 1.l.L1J.: ' ' ' , 
i ll 

, , I ' : I I I: r ! II 

:! ! II I; I 

11m ; Ii Ii Ii 111,Ll. [ I ' . 
" ' 

~,I I~~ I I LI I.L JJ.,~ ~ Iii 
ml I T[l"I i 1IIII III i II " I ! III I iii II: II 'I TT • •• 1 1 .. , .. 

...,.c.a.,.... !;"XAMPLE PR~BLE.MS _ ... cO~ • • ... u .. 
I II I 
l~ 

~bI 

~. I 
6b!1ltl 

. II 
~. II 

. , , . I ' .. 
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·O(l.TIf"ICIIo"'ON EXAMPI E PR08LEMS '"'''' " COtl 
~" - " 

01 
I! I .W \~~. Ii 

I . J.I. ~b~. I I I 

I , J_ ,bldJ. I I . 
. ILIJM \ I 

'I o .' I 
! -I_ I , 

_L 1.ld , 
~q. I 

I . I! :. . W~ . 
! i i~ I l.1, i , , , , I 
; II III I .~ ~t I , ! ' , I ,I , 
: , I! :: , , ~ I ~o\l. 

, , , , I! I , I : I . , 

I I I I ' : Ii .. ~'I:Ob ~' , I i : I I ,I: i I ~ , 

! i I III ,J( • III L' , ~I~~d t j i : I I I: 
I I , , III i UI , : i ' ! I :: '" I !, ~ 

.J. I , 
! II I.it I I "i, .Id :! i Hllc. " 1,1, 

" , , :: ; ! I' i 
I I III '.1, I I I~~ .I~ Ii 1"I,Ie _!II i I I; I' I I I ' I Ii I . 

g..,.gTIC* -, " .. " 0.1 Thl'i1D JL.lL - " 
,~ ~ • . 

b.Wo I ~*'I. I~I I I I I I 
~~ . ! I , I : . I , 

I , 

.0 

I I 
IaL t 

.~. J 

ld.I.tW 11:/ ..... I iAhlIr .ID!I~ 

i 
1 

I 
. 

I * . II I 

'. 
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U.lncAhOtl EXAMPLE PR~BLEMS _.ft C 0. H .. " OJ.:!UL ~ 10 ., ..lL ""'-'-'" 

~ • rrr , .J., w.I . . 
I, , , I ' bU. 
I I J~. I 

,6iJ.J I ~.rn 1.1./,.1 ~ ~.m JilAld 

I 

I 
I II I 

I ~ I ; 

1 !~ , II . , 
, 

I I ~rT' 
, I ' , I 

I II! Ii i 
,L ; I l illmI- : I 
1 I 

II T ~J.1J: I I i I , II 11111 i l~I.W';' I i I : I i I , .. 

atn'IICATIOfII \;XAMPLE PROSLEMS _.ft c.o~ .... --'" 
J ~ J .,j .. ~ 

~rT.w lITIWJ IT .~ i I I..!~T JIAk II I! I \ 

I 
, I I ! 

I II 
II 

I 

, , 
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"1II1"1I: .. '1OM E'")(AMPL E. PRQf:\l!,;,MS ....... M" '" 

I I , :lIi1l1. 

IJ/i!o . 

I I 

I I I II I i 

I ~ I i I : I 
I : I .~ i' I I! I I 

I ' i ! I ! I' l-
I ; i k I I 

nl! llialt ~I rMI,d iR •• . e- In • . kW Jt.1~1 
I II ; I I I ! I: : I I 

I Ii ,; II I i I I i i I 
I~ I I . i:I5i I, ; I I i I i 'j '1' i ',t i I 

..... 'rltfl1'llOll EXAM?l!= PROBLE.MS _ ... eOH .... 01 ::rULV 01 J.Q.....l.L - '" 
~ . -

I,bl~ I I 

11 
I U I I , I I I 

I I· 
I II ' I! , I 

[ IIiBII ~I~ J ~ .. 1,1 ' 
,., I' I , 
I I 

i 
I 

I I. I 

[blot bi6tdt. iIINEIlN1 .JAUII 

I I 

I 
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1D[1II"I(&,~ ~ XAMPLE PRCBlE MS ...... IY c.o~ DAn 02 !ULV10 1L JL - fI .. • . .. .. " .. .. ~ .. 
I Ii !'l, 1:1 I 

I I . . 
. , , 

. I 

i 
I 1 

I 

I I 
I ! I I 

T[ I I I ! 
I : i 

I 11 
I Ii I II i i . . .. .. 



APPENDIX 7 

SELECTED OUTPIIT FOR EXAMPLE PROBLEMS 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



P.~ 
IIDI 

U JULY" - COM - ... 
(.aMPL[ PMOIL[~S ,OM M[POAT 

TAIL! , - ".0"'''' Co..'"OL DATA 
~08L[M "~PI I 

I""'" ,ULfi 

'AILI MCM.O D a fA ,1ICIfI. 
NUtI8U L.ST ... OIIUII 

11 • ftl.O • ItO. 

1 -. 
J -0 .- -. • -. • -. , -. 

OUT~T TAe\.[I 

'allU ''''''AUI OUTP"T ..,...11 II • '(fl •• • "0. 
• -. • .... 

11 -0 

..... fW CAlltl, 
aDOlO 'OIl T"II 
""OIILIII 

• It , 
t -. .. 

""01 CCO"TU. 
lInl '"U15 -I'" u"sy~r LOaoS _ 'G no STIlUCT",IIAl a .. a, un - IO(COA~aC 

"U"[A 0' ~OI"TI .N 'AA"I. II 
A['[A[~C[ ~OINT Is JOI~' 1 aT • • O. allO 'f • O. 
JOI'" TOLl"aNCl II' ~.OOO[-Ol 

"'011 a-(lFf'" '-O"'It' '0 ,,, '0 TO !O '0 '0 
JOI'" JOINT 

1 "'00l·01 O. J " 
, • 11 12 

1 ','0.(·01 I.-OK.OI I 
I 1._O.E·vl o. - , • 10 

lu 1._oIE"" -I._oor.ol 12 

C~UT(O .IOUI,T Coo"O'"ATII 

JOIN' • , 
, G. O. , 1.·.·[·02 1.-,1[ • ., 
J l •• UO[·., I. 
• ,,''''['01 1 •• 01[,., 
• •• '0'('" I. • J.ll/Ol·" 1 .... ,·01 , J.II/'('" I. 
I '.'"'(,'' 1 •• 01[ • ., 

• ','110£'01 O. 
II I.IDOE·.I 1 •• 01"" 
H 1.1110['0) O. 

" ,.··.(·0) g. 



No. ICOlll •• 
1101 YIN" _IYlt ,*'1'1111 LOaDS ...... no ~Y.UCTII"l ANAt \'SIS .. IItCCOAIiIAC 

T'lLl ] -~ ~OCAYJOIII DlT, 

~. Off ..::...c;. Ill""," TTli'[' 
-...0 ·Off 1C..:1l LOAD T'~ • • • • 

JIll'UT '!' IC"[I LOCAllOlll .- an'" LoAD 10 '. 10 ,. '0 
JOlin T," TYf"I JOI..,. 

I • J • , • 1i 
I • • • • It 

• I I • I • • I It 
I J • • J • 

It J II 
J • I • • • • • • • • • 11 • It 

cOMf'VtlD JIIlMICII ...,.,..,.U ............ 'In, .. _. .- ,0 ,'1" LO_ ~ ..... I-M',,"T ..... JOI'" .10'''' n", nil'[ 
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, o. -2.000E·01 II. o. II· O. 
9 O. -1.000['01 O. O. II. o. 

I • 11 , 1.400[0., ,1.400,.01 O. 
6 11 11. , 1.400[.01 1.400r.Ol O. 

11 oJ. -1.0001.'01 O. o. II. O. 
lZ o. O. ~. o. 1.000E.,. O. 

'f ~ 4 , 1.600[.01 1.40er.0l! O. 
• 4 • , 1.400['" 1.40eF.Ol O. 

• • • & 1.400[·U 1.4ee,.er o. 
10 • 10 1 1.400['01 1.40"' •• , O. 
II , I ~ J.]'4[·1I1 1.400".~1 1.400['01 
11 , • l 1.194('01 1.400r.1I1 1.4,,11['02 PR(l1l eco",lul 
U 9 10 I. J.),4[·OZ 1.40e ... ol 1.4"or·01 I1u2 t.'''EeT Of RIGlu cON"'Eerln~1 UPo TRUSS 
14 I !t J 1.,'4['01 1.400',OZ -1.400[OOl 
IS 4 1 J 1.,,4['01 1.600,.01 -1.4110[", 
16 &0 12 J ).)94[_01 1.400".01 -1.4110[.02 
IT J I. 4 ,.601['''' O. 1.400"01 
1. S • 4 1..400['" O. I .4"OF 'or 
I. , • - 1.400[''', O. 1.40nr·0 .. 
10 ., • • 2.400[~1 •• 1.400r·/IZ 
11 " &II - 1.400('" •• 1.400F '01 

STI"F .. au 0' "Au .. aIlC pMIS .. aTIC IIU allS o",pu' "," PI" 
TYPE [Lillil I a caA"'S OPT nIIT ""n~ TU 

••• CO ..... UTfO .. t. .. II[M .. u..If[RS AGI4U _ITH Las' PRO~l[" ••• 
I J.OUII,.04 4.1I0IlE·00 4.000['011 -0 -1\ -" , J.O\lllt.O- iI.l!oot.Oll ).uool,oll -0 -n -u 
J J.OIIIIE.o- 1 • .o!!O~E.IIO J.OOOE..Oo -0 _r -II 

4 J.g~II['O. 1.UOO[eOu ~.IIOOt·O(l -0 -0 -.. 



PAO" ICO .. 'UI 
1102 V'EC' Of RIGlu CO"N[cTlnl\lS Vlo lo.,SS 

100 DATA 

PAoe ICOllllu, 
1102 L'fEC' Of ~101U COlolo[CTIO"S U" TAUSS 

PAOB ICOlllUI 
110Z H'[CT 0' RIGlu CO""ECTlOOIS ·u .. TAUSS 

TAdLE " - JOINT Ut5PLACt"E .. TS " .. 0 Q[ &C Jl ONS 

0ISI'LaCE",lNn IIraCTIONS 

JOINT DISPUI UISPIl' MOTA 1I0 .. II , II[·CTIII II".CT I f\ 

1 4.3aJ-ll0 -4.S00t.-~1I -4.39lr-I)J -4.J43"_11 4.!i~OE.~1 

Z 5.9116E-Ul -9.JS9t-01 -l.67Ot:-OJ O. ,. 
J '."''''BE-u2 -1.oUE·Ou -3.17Z,,_(.J O. ~. 

a 4.566[-111 -1.56IE·OU -1.6111 .. _oJ O. ~ . 
5 1··hIOE-ul -1.54U·01I -1.511t:-OJ O. II • 

6 J.UII6[-ul -1.735£0011 2.266,,-1)4 O. ~ . 
7 1.luOE-ul -1.715[·uO it.70Z .. -04 O. n. 

• 1.!)67E-o 1 -1.4SCjloo. 1.9ZZr-01 O. n • 
9 a.a.,,[-o 1 -1.199t.·00 1.851~_OJ O. n. 

10 1.01l1[-u2 -1I.'l72t-01 l.lt04 .. -u1 O. n. 
11 5.1UO[-ul -11.4 72£-u 1 l.II!l9 .. -oJ O. n. 
12 5.7Y9[-ul -1.500£-"'11 3.5911,.-01 O. l.~UDf:.OI 

Q£"1. 1 11I 

.... 
~. 

~. 

n. 
n. 
n. 
". 
n. 
~. 

o. 
O' 
n. 

PAOh ICO"IUI 
11~2 t.FFtc1 ot QIGlu CO""EC1In~S UN TRUSS 

.. t"IIER ""'''II£A I !oliff IYPE LOAO TyPE 
lE"GTH. l.~.~l.Ol ALP"a • I.OuO['OU ~ .. IA • 
lOOES ,. .. 0" ,,01"" I '0 ..I0tNT 3 
lLL ou'Pul FORClS &R£ .11" "ESPECT TO '~E "["'P[Q .Kr.~ 

AI ..lUI .. , 

A"A.l .' ·O .. t.E. 4.499£." 
SHtap "'l9E-,'1I! 
"O·t~, -7.~5It- I 

&1 JOI"T 

AXIal FOIICE • 

5""A" 
-40"F",1 

4.4'lyE'D! 
, • I ;>'1E-02 
1 • 'l~Jl·DD 

"EMblll ioU-liE" lSI", TYPE loaD Tv"l!: 
LENGIH. 2 •• uul.~~ AlP~A • !.OuOE'OU R~Ta • 
r,OE5 f~O~ JOJN' 1 TC ..IVI"T 5 
ALL VUTP..,1 FOWCt.S A"£ _11M HESP[CT 10 

A.I"L fC"'t • 
s .. [all 
~OME" , 

.. 

A I ..10 I NT • 

-1 •• Q8E.elll 

• ... ZJE-·J 
-!l.UH - 1 

AXIal OUj;,£. _ •• 4Q~F .• OI 
S~~&N ~.4~'l-OJ 
~O~~"l ~.1Q'£-OI 

.. ( "tit A "U"IIE" i I !> I I Ft IO-t. 
lf~~T~. '._u~t.Ul Al~"A • 
GOf!> F"O~ "Q[,,' II IC )01"1 10 
ALL QUT~vT F )HCt.~ &~f _I'" "lS~ECT 

aT .j~ 1,<' 1I 

AdAI .· O"~f . Cj,"Ql£·~1I A"TAl 
S"lAo • ... 7~7E-"J SHirA,. 

IIO"t. •. r -It>,.!M -vi .. O .. • ... T 

AT ..I0,NT l~ 

fOACF . O.'l'llf.O" 
4. '. / [-0 .1 

• ~.~7.,E-O! 

n. 



, 

..... 1 COIoITII I 
1101 "'[CT Of RII.U CONNECTIONS QN TAUSS 

.I0INT [""UI 
FORCE 

[RAC'U 
'O .. CI 

• -1.tll[-01 -1.5011-06 -1."1,-1' 
Z 1.0IZ[-ot -1.9601-0t ".'10i.IS 
I -,.916[-01 2.J6.£-Ot -"'15[-01 
• 4.11SE-0' A.'II£-'t -1.160£-04 
i -4.08Z£-0' -1.I051-0t 1 •• 58£_01 
III -1.8"£-0' Z,.51E-OJ 1.'51,-05 
, Z •• 011-0' 1 •• iOl-'t 1.58'£-0. 
• - •• JI.l-O' 1.tOU-06 I.Ul£-,. 
• •• 1061-" -l •• t,l-'t 1.0'6[-OS 

10 -1.0'51·'6 -l •• t,l-'t •• 0'1£.15 
II ,.J"l-O' 1.'0"-Ot 1,,01[-.5 
II 1.1101-., .'.51,,-., •••• OV-D5 



'"01 un 

III ~'70 .. COM .. MM 
[, •• PLI '~Q~IMS 'Q~ MIP'R' 

T.II.r 1 .. 'RoeR" CONTROL D'" 
'ROIL'" "PI 1 

IIlI'U' 'AII.!S 

fAilLe MOLD Dua rROM 
IllUMIIII LAIT '"8tII,;£" 

81 • '11911 • NO' 

I 1 
J , 
til l 
iii 1 

• 1 
'I' .t 

OUiNT TAIUI 

IdLr luPPAIESS WI"" 
....".ep 11 • YEI.O • tIO, 

e -t 
t ... 

1. .. 

IfIlMtlfIl Of' C ... nli 
.00fi: .... nil THIS 
IlfIOIiILI'4 .. , .. , 

I a' -. •• 

'"AOf< ceo"TII' 
Ilt'" ..,.1:.(.' Of "l(',l'" 1."' .... £tr'n~S .... 0 >lOLL!>I J<Af:r.llN& "'''' T>I"'lt~ 

Jol'" ,. ., 
1 '. t. 
I l ... On-O! 2 •• 00hoZ 
J Z .... e:·oZ. o. 
4 4.1111£·02 ,.400£·02 
I ... 8'OE·Ol! II • 
(II f • .e"E." 1 ••• 0£'02 , r .4110[-02 o. 
• ' •• '#['""" i."OOlhO~ , ,.«>OI.-Ol •• ao 1.2"£·., 1'.'GhaZ 

U 1.1001'"0) II. 
11 & .... 01·0:1 o. 

N 
o 
o 



.. 

111lI0II .eOll'.1I 
i.O» "FEe' OF ~1'lp e~CliONS ANO ROLLlq ;~£ZIN8 ON TqU5~ 

COMPUTED IIhIP 1iIUNl ••• U_"'s.1INII OFF.TS 

Be .... FACIM 10 sn,' LOAO Lrllli'li • ...,'sfT ,-0;1"S11 
iIIUIIII ..,U" ..,.N, TYPe: TYPE 

• • J I 1.40.,-.1 1 ••• ".11 O. 
2 J • i I .... E.II I •• 'W.II '. » II ., 1 l ... ooE-., 1 •• 0.OhOl O. 
• ., , 1 I'.'OE.'I I .... hll •• S • U I 2."0£." 2 •• Ii!!011 •• .. 11 II i 1 •• 10£ .. 1 1 ....... 11 I • ., I • 1 1 .... £·01 I .... ' .. t I. • • .. I i~4.it·02 1 •• 0Of •• ·0 • 
I 6 • a 1 ••••• 01 1 ••• ~.OI O. 

I. I I. 1 2.40.·.1 2 .... !!.U o. 
II I I Z 3., •• 1'02 2 •• 00" •• 2 I.·OO!!"I 
12 ., • I ».,94["1 r •• o.!!." 1 •• 01lE", 
131 I •• I 1.194£'02 1 •• 01,.01 I •• OO!!OOI 
1. I • 3 ».,94Eool 1 .... ' .. , -2 •••• £ .. , 

•• • ., J 3.,94£'01 1 •• '0'001 -2,.,0.", 
• 6 •• 11 , ,.394(' • 1 .... ,..01 .1 ...... 01 
n J. I • 1 ...... ·11 O. 1 .... £·.1 

•• I • • ' •• OH·., •• 1 •• 0'!!·01 
l' f .. .. 1 •• 00£'" o. 1 •• eO!!.o, 
20 " • • 1 •• 00t·,2 •• 1 •• ClO!!·o, 
II U ao • 1.600£'02 ., 1.4,,0[002 

.- CCIIIIfIVTO PII" ....... l1li HR&l "s'" LA.r .... 08U .. · ••• 

PROIIleO/llTul 
itO, t.HEe' oF qunU cOlllIllEcTI" .. S AND ROLLER ;q!!EZliIMJ ~ TllUi~ 

!",puT 01' JO·I"'T uA HI 

U -0. Gil. -0. 1.00O!!, •• -0. ~o • 

ACC\JMULAT£D JoI"" OATA 

.IOIIilT ,0ICCEla, 'ORUIY) MO~IiIT.ZI SPNl ...... , SPHI ..... ") 5pAI"'GIZI 

I O. o. ,. 1.00IE ... 1.00OE.9. O. 
3 O. -1.0011£'01 O. O. o. o· s o. -I.OOCll·,a o. o. II. n. ., o. -Z.O .. t:·'l o. o • o· O. 
9 O. -1.IIOO£·oa II. o. e. o. 

11 II. -l.IIOOE·.' O. O. o. o. 
II II. O. O. I.OOOE"" 1.000£ •. ". o. 

PaOlI ICO .. ll)) 
11113 t."t:Cl oF qUU" CIl"IOoECTln'IS "fljD ROLL£R .. q£EZIOIa ~ TPUlIi" 

N 
o 
I-' 

t1 
. 



"ROIl fCO"'1), 
1103 1:.",C;1 01 Rill" cONlEc1'lnNI lis.&) I\IOI.I.EIt FREEZING ON TIlU$!i 

PROII ICOl'ifDt 
1111:1 """ 81' RI810 eCllltNEc;TIMIB AIIID "OLLER 'IIf:£ZlNe 0101 fRUIo~ 

PflOII ,CO .. 'I)) 
1103 "',eT Of AI81P eONN(CTIQN$ ~D ROLLER iA(EZtN8 ON T~U$~ 

OasPLACe:Mt.NTI IlII".(1IOfwS 

..I0lM1 0151"11' i.lISII'IY' I4IrTIIT 1(1101 11' Ie[ACT un "£,,C;T IV) R£A".Z' 

....... n:·'· .4.100'·'. ",.,.1r-13 ",:.tUo
" 4.500!.01 o. 

Z 3.066E,,01 ...... OE· .. -1 .. 99'1'-03 110 Ito I). 

) -6.toUIE-l)l .1.259E-01 -2 .• 354,.03 o. II. II. 
4 ).666.,·01 -1.114£000 -1.5l2r.U II. II, II, 
I .l.314E~ilZ .1.1541;0 00 ·).14ft.03 0. Q. O. 
6 .1 •• to5£-02 -1.:J4".OQ Z~24"'-O" O. O. (\. , t.9V.U-02 "h30'oOO 2.102, ... 0" o. II. o· 
• -)o3.,ut-ol -1 .. 01l,·oe 1.11Z,.03 o. Q. I), 

., 5 • .JUE·OZ -l.01Z'oeo 1.689,-03 t. n. 110 
10 .,.I:tn .. oJ -5.113(~U 1.U2Ir.03 II. ~. II. 
11 Z.66TE·oZ -5.571£-01 2.0"1,-OJ o. II. o. 
12 4.83l£-98 -).500[-', 2.1721'-03 ·'.813[.01 1.500E.Ol o· 

1'11011 ICO!l!U)) 
llQ3 EFFEC' of AIGlu CONN[CltnNS AND ROLLrR '_~EII~' O~ fAUS~ 

~EM&ER NU~~A 1 sri" TYPE 1 LOAD Tvpr " 
LEwGfH. i._OOl.Ol ~P"A" 1.000[*00 Rr'A..". 
GOES ,1001' .to!NT 1 TO ./Otl\l' 3 
ALL OUTPut fOA~t5 AME 1111" "[SpEef TO THE N£~[A .1£$ 

A' J{.INT 

A" (AL FOIICE • 
St4£AR • 
IIICIlII;NT \8 

"3. :U7E.·'O 
9.1118E-',3 

-T.1I61,-,. 

aT JOINT 

AlIlAl flJACe .. 
StoIf'AA • 
OIO"'E"T • 

-'A 'U7t:+00 
...toHE-OJ 
1.3 •• £+00 

"'EM8ER I\tUMtI£H 2 SUFf TYP£ l LOAD TvPf II 
LENIIT". Z.4II01;00! AlP"A" l.UOE.OII .EfA II 

Go£S '~O'" JOINI , TO ~I"T 5 
All.. outPUT FO'tCt;5 AA£ .iT" "ESPECT 

AT JOU~T j 

AdAL 1'01<(;( • 
514£ All .. 
"'Ol"£I.r • 

..I .... IIE •. Jl 
5." .. ,E-·,) -1. '''''''fl-,1 

AT JOI"T 

"AllL FORCE .. 
StirlA .. 
"I.I .. £IIIT II 

-1.49 .. E·01 
lit ,""'''£-CI] 
1.lS. [-01 

"'E"~EII ~UMdE~ Za STIFf fyP£ '" LOAD Tvpr ft 
L£IvGT"'. i.4uuE.IIZ ALI'''A. 6. " ~E'A. I.OOOt,*OIl 
60ES filO'" J()I'" 11 TO .,11.111\1' ill 
ALL OUTpUr FOMCll A~E _II" H(SPECT TO IHE ~EHa£A •• E5 

AT .11.1"11 11 AT JOINT 1ft 

utAL FOHCE .. •••• 5£·110 un!.. fURCE II Q •• "'!.IE+oO 
SI'4UA • !Io 126£-) 5H£AA • ",.12'''[-0) 
I'OMENT • -692811f:-ul MO .. £NT ".fI,"E~Ol 

tMt It ... INI.II'I EWl.ll~ld~JU~ tA~OH I"'E~N"L TO 'ME .. ' .... 'A 15 1."'6.°111 

N 
o 
N 



"". ICONTO' 
1103 £"£,, Of IIISIU tOHNltTION! A~O "OLL'" ;AEEZ!NG ON TAUi~ 

,JOINT £11 •• ., 
FORCE 

£IIRCY' 
FORCE 

I -3 .... '-., -1.036£-06 -1.196!_01 
2 &0195£-06 -2.130£-06 -1.946£-05 
J -1.504£-01 1.'.3£-06 -3.16S!-01 
4 t.tlZ,-" 1.4131-06 -1.605[-04 
I _6.14., •• , -1.269[-06 -2.421[_05 
6 -1'.'4[-0

' 
•• 129'-01 1.552,-05 

1 2.U1E-O' 2.6361-'6 2.5 •• [-01 
• -1.n1£-.6 1.2."-06 1.566£_04 
• 1.1140[-00 -1.631[-06 1.424'-05 

10 -1.2'6£-06 -2.031E-06 1.041!!-e5 
11 •• 0'.£-01 '.210£-01 1.941£_01 
11 3.469£-" -4.942£-01 1.1.'£-05 

N 
o 
w 



·····:::-:-:-;-:-:-:-:-:-:··-:-:-:-:-:·;·::;:.e:0;·;·;·::x:;,:·::.::: ....................... :-:-:-:.'-:-:-:-:.'-:-:-:~..: :- ... -: .. -:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-: .. -:-:-:.'-:-:'::~:-~:-:::-: ........................ -:-:-:-:-:-:~~:-...... -: .. -:-: .. -:-:-:-:-:-:-:-:.;-:.:-;.;:::::::.:.:::;:;:::.:.::.::::::~::.:..:.:..:.:.~ .~ .•.. 

II JUL., 1'1 - COM • l1li 
UAIII'1.l 'IIULE .. '011 IIEItOilT 

'''GI 1101 TWO STOIIY IE~T _I!HOUT lNTERIOII COLUMN. LIVE LnAD 

TAIIU: I • '''""A14 CONT"OI. DATA 
It''OiILE_ nlll a 

IN,UT TAILEI 

TAILE HOLD DATA '''0tI 
NUMIIt.II LAST ItlloeLl14 

11 • YU.O • Il10. 

I -0 
I -. • -III 
15 .e .. -e , .e 

OUTP",T T'ILII 

TAIIL! IU"PRESS OUTPUT 
IllUMBU tt • YU.O .. MOl 

• -t , -it at 

NUlltl[1I OF CAIIO! 
ADDU 'Oil T14I11 
Itll0ilL[tI 

.. 
T 
I 
II 
u 
t 

Plloe ICONTD. 
1201 TwO ~10RT ~E~T wiTHOUT I~TERIOR COLUMM • LiVE LOAD 

NUMB[R 0' ~OINr5 IN FRA"E. I 
R['[R[NC[ ~OINT 15 JOlhT 1 AT • • 
JOINT TOLERANCE Is J.OOOE-Gi 

II. AND T. O. 

INPUT Of JOINT 0"5(15 

FIIO .. ~-OFFSfl T-O"S~T TO TO To TO 
JOI"T JOINT 

1 0. Z.Z?SE.o2 r ] 

2 •• IOOE·~2 -0. • ? 
I •• eooE·"Z l.lIZ!.~1 5 • 1 o. -Z .1II0Eo02 6 
1 9.IOOE·~i - •• Il.f.ol 6 

Co_PI.tTfO JOINT COORUJ .... 'U 

JOI"T a ., 
1 o. II. 
2 o. l.lTlfoOI 
I D • ..SSSE·Ol 
• 4.8110E·Ol z.n'E.ol 
5 •• IIOOEOO! •• IIIIE·02 

• '.100[·02 .••• ,.'.01 
r '.100fo02 z.lri[oOi 
S 9.U9E O O! S.218fooi 

:':':':':':':':':':':':::;:::;::;::':':':':':::;::;:::::" 

!o TO TO 



Pltae fCOltYOI 
lUI h,O $TOIilY I,ll' •• !IIOIIT 10.'1'[111011 cO!..u ..... LIllIE LolAI) 

,'"* JOINT 

1 
• 6 ., 
31 
III 

IT." LOAO 
TT'" T~ 

I • I 0 
I II • • • It .. 1 

6 
I 

I~T Of MtM8(1II LOCATIONS 

TO To '0 TO 
JOa,", 

It J , , , 
• .. .. ., 

TO 

COMPUn:D MI .... HUIIHIIIS.u: ... ftri.1IMI OffSETS 

TO io TO 

1111181.111,1110.. ,0 STI'" 1.0.. L@:,,"JT" '-O"_T T...o;,." 
......... JOIIII'I .HU..... T''''T'I'I 

1 I I I I 1.",,+1' I. 1.1;1'·11 , It.. J 1 0 1.,'1".0, o. 1.2i'(·0! 
J •• I I • 1.(00"·" O • 2.60.9£.01 .. 6 , ~ II 1.'4ot:"tt o. l.fAor.02 .. t • .. 0 1.,40£·01 o. 1.'h.O!." 
6 III • , 

I 4.~oo£·'1 4.110., •• , o. , • ., • 1 •••••• 01 4 ....... 02 •• II .. 5 • l ·,"llt.ot 4.100",,01 '.J1ZE·U • • II • 2 •. -n«·., 4.IOot.0I J.l,"·.' 
.... cQf4PUTlD ",11.111 IIUfI8PIfIfIIY .... T ... 1£ lilT" UST ""DeLPI ..... 

T8 TO 

'Roe ICONTLII 
110l '.0 510RT 4EhT III!KOUT INTERIOR COLUMN. LIY, LOAD 

I~PUT Of JOINT DATA 

l.eoOr... t.OOO£ ••• -0 • • 0. 
-0. 

-e. ·0. l.oeor ... 1.000l.99 1.000E.9, 

I"ROII ICQIIITIU 
1203 TirO STOII'I ... T III!"OUT htTllliOR COLUMN .. LllIt ""AD 

SUf' .. 011 Of I'RI..,AUC ~~15"lInc ItO Ans O"'~UT IItN t'IN 
TY"E e:I.UT 1 II CAfluS OIlT (lilT 'lin" TO 

i c1."/JUt ,.,-lo"SIIEovl l.alin o., -0 • t -II -II 
I .1;i .... I1£.~ '.GOol.oz 1.000l"0. .., I i .11 t 
:I 1.96j1(.0.'.0$0(.43 "'001'01 -0 1 , -0 -11 
4 1.'''UE.04 1.0S0(.OJ 2.100(.01 .. , • t -0 -0 

I 2. "'''l ••• l.eUI." 1.400£.01 .0 1 .ft .0 -0 
" 2.·'.1fl.0"~0. "0. f ! .Ii -0 -0 

Stl" 1'1'"" 6 CO",TII iI£'4TIIA'lon All! t .. 1II!"8£11 011114£0 un 
'''0'' TO II •• S\' 

o. -0. .,.0110( .. 03 f.OIIO£·Ol -0. -ft. -0. 
-0. 11.3110£+111 ..... on.o] 4.100hO • -0. -ft • .0. 

6.3110£·\1& 1.1160£·01 ] ... OGI:.oJ ... 1110(·01 -0. -... -0. 
l.leal·Ol 2.9"0£·02 5.0011£ .... 'ihOOOE·Ol -0. -ft. -0. 
2.'MIIE·II.t ... 1 .... 1:.01 3 •• 00(.01 ".1110[·01 .G. -no -t. 
".1" .. £·11' -0. l .... OI.oJ ... 1,,01:'01 -0. -0. -0. 

"0. ",IIJQ"·02 ~.QOOt:.ol 7.0001!;·U -0. -II. .0. 

51 



'III. ICONtl" 
1101 TwO STORY I'~T WrT"CUT INTIRIOR COLUNN _ LIVI Ln40 

II'R08 ICONtUI 
nOI 'wo :alOltf 11£"1 -J!I1oUT to.TERlOR COI.UI4N • UII£ I.n,,,o 

Loao UfoIIFOIIM UNJFOIDI NO .111 
UP! ... OY URDS oPT 

1 ... 0. "". 4- 3 

LOAD ,.,111: 1 (;ONTO ,II" TO Gil iii' or 
PRoe 'CONTu, 

1201 rwe SI~, 11£'" Wl'"OUT l~f£RlOA COLUMN. LIVI Ln-n 

9 •• 10,·01 '.~oo'·o' -0. _1.ooOE·O, -0. a •• ,o'·" &.910'·01 "0. -1o.00r·,1 -I. 
I· •••• '· •• ..·.0'·02 .... -i.IOO'", -t. 
J •• u,·oa 3.e.O' •• I .... .. 1.'1101· .. -t. 

LOAI UtdI'OjQIj UNI'ORM NO Alii ..101111, OISPIIII 
tyPI Gil OY CAllOS oPT 

I -0. -t. • J 1 .I •• ~O["'" el.PISE-" l.lIllr-GJ I.O.oe·OI 1.205£.0, ')0 
I _J.J1TI_eZ .l.llll-0' ..s. 9 111[ .. 0) O. II. O. 
) T.2'1£-01 -5.l90£-02 -1.5'0.--01 o. 0. O· 

LOAD 'ylll 2 COHlIt 

""01'1 T13 ell lilY ot • - •• l~aE-'l -5.9l8£·~O .7.0l!t:'.o • u. o. C. 
5 I.a,., •• o .5 •• 34£·00 3.2'1'.04 O. o· o. 
• l.u~.£-~' -1.l.SI-Vi -l.Oll[-96 "hO.II[oOl 1.195!.1I2 1.~lE·0J 
T l.t4 6(-ol .3 •• 11£-111 4.l'1~-OJ o. II. ll< 

'.60.[·01 9.60.1.01 -I.'. ",z.,olll." .0. 4 6oUlf:-oa -6 .• Un-lIi! 1.463,,-0&' o. II. o • 
1"20'·02 .. 9Z0E.02 "'0' .. Z.o.o[*,1 .... 
Z ••• 01-02 I.IIIO·l002 "II. .., .000£'111 -t. 
1.II.UF,:"." 1.1114~e:·4Z - .... !! ..... '11[·01 -ft. 



.. 

PRGe I COt. T". 
1101 reo ~'ORY "E~T -1'Kout l~TERlOA COLUMN. LIVE LnA~ 

MEMB[A kUMWER 1 STIff f'PI 
LENItH. 1.17.E.Ol ALPKA • 
lOll FAOM JOINt 1 to JOI~' 2 
ALL OUfPut FORCt' AilE 811H MESP(Ct 

IT .JOINT At JoINt 

A.IAL fORCt .. -10105E.aZ AUAL '01iC( ,. 
!!INtAIt II -le09U·OI SMfAII • 
iIIOf'IiN' • 1 ... tIl-"l MOJII(N'I' • 

THE MulMUM EQUILI8RIUM ~AROII l!>IfEr/NAL TO tHE 

! 

-i.2o!l(002 
-1.091£·01 
.,.684£0031 

.[10111[111 IS 11 • .,87£-\111 

1IIfM81:1t NUMWEIl I sTa." •• T.,PE 
U .... TH. I.I\,.E.OI .~ .. p,.. .. I.JUO bile II 

IOU FROIl oI01IIITITCrJtl.~' J 
ILL OU1PUl '()R~S .Altr; Ii.lli !fUPEct 

~1J91Nt it 

hlAL "OtIG£ • 
SHUll • 
/oIOlolENT • 

"!'''.S6lt~,,1 
"'s ... <iiQf.·ul •• ,,]E~ .. , 

-'''Ell HU"-Elt Jill" T,PE 
U:.,GfH. Z.6v9hor ILPI'IA .. 
GOEI ,AON JO,NT 6 fO dOl .. ' 5 
ILL OUTPUt 'ORelS AAE M"" MESPECT 

It .,IOIIIIT .. 

8£'A .. 

"."~'l!.I!'r;"Ol 
"'''~44Qt~!l1 
""'~!!I~tt~u 

til LOIC ,ojlll[ 
". ..~'I .. 
TO fHf "["~[A •• [S 

A' JoI"" !Ii 

AalAL fOR'E .. 
lHEaA .. 

-hJ.5hlll. 
'."40E""0 

.. •• 1'!"·1I2 

lUlL FOIlt( ,. '"",,,. . .,.,,':1[.01 
' • .,4..1£.00 
,.9'5'·[·08 .. ~,.r .. MO"£NT .. 

.. 

""OIl ICO" '1.1 1 
12ft I 'wo IoTO", REId "'fhlOUT l .. TERi0A COLU"" _ LIVe: Ll\ln 

Mf~EP ~~M • 5l1,' TYPE J LOAD "'''£ 
LfHGTH" l.1.0E.Ul ALPKA .. ". 8['A ,. 
IO[S F~~ JOINT ~ TO JOI~l 1 
aLL OUTPWl FORCtl> 'Af wl'K RESPECl 

Al JOINT 

At Ut .,.Oft(.f .. ·1.195£~u~ "KIIiL 
IMfAIf .. 1.091£·u1 SHF"R 
IoIOMfIllT II ·1 ,"1Z£· .;, oo()~lIIt 

1 .. £ .. ul" ..... (QulLI~QIU" ~~KUR t .. TEIl""L 

Al .JOtNT ., 

fOACE • -1.1'1SE.OZ 
• 1.091£+01 
• , .9f1/O£·U 

10 104£ "[".E'" IS 

.(MUtP ~~(R § III" l"PE .. 1.010 TVPI!: 
L£ .. G1M. l.9".~.Ol "L~"" • o. lII!!:tA .. 
60£$ 'M~ JQINT ,TO J01~1 • 
aLL OUTPut fOMCtl AR£ .1'" RESP£Ct 

11 .IGINt 

.. Ut '0"(;( .. ·1.04l£·ul Alii III. 
IH£AIf • !I.066£."1 '"IE_A 
100"£NT .. -6.)!»!· ) Il10 .. £101 

11'£ ,,_ II""'" [QUILl~RIU. LRAO" IHT£QIIIIL 

AT .JOI"'T .. 
"(lRCE .. ..., .1I4 .. E·1II .. ".~6h[·U .. 1II.'!!4 ,t·u 

TO TIO[ "E ... rA II 

,.91>9f""" 

.. 

h'!lS6£-'" 

N 
o 
-....! 



1Itt0i (CQIIITD' 
1101 fWD IfORT I£hT WX!MOUf INTERIOR COLUMN • L1YE L~AD 

DI .... C£MfIIJITS 'OACES 

IUIT...ea A!tIAL "t.",..t. .0T"nONA.L '.'at; SHEAII M«IMEIIIT 

... • J.~llE-ol • •• JI~£.GI -5+"IE""Il3 •• ,.9E·n •• 4.'IOt·. ~ -103j6[.U 
Z.AOOE+Ol .., .Z30E-ol·a·lih;-01 .1.91.1E"O:ll '.'.9[·11 A.490,·0. -6.U9[·0J 
4 ••• oE·n -3.014£.,.I-\.,.lE .... -1+1154£-01 40'49[·'1 ..",.,.,,1 ;'!!I'16U:·U 
1.100£-01 -Z.9lT£-ez-T.il5£-.1 -1.)40U"'O! 4,'4'!·" .... 0£4<01 .".084(00) 
'.600£-" ·,."0£-01 - •• un-oo -1.6221"'02 '.S49!-.l '+".t+ol -l.006E." 
•• 1.,£·0' ~,~.'!-ol -1.4.9£·.0 -1.6,1[-02 A ., .. 9£+111 3 •• 9IH!:+.i -"U'f+1IJ 
1'.'01.82 -2.4961-02 -1.19)£.00 _1.111£-0! 4.lI.'[·" h49O£-ol -1.,,1£+11) 
1.680E-02 -2.3.9£ ... 2 -2.,1'[.00 -1.T~E-ol 4.'49£·01 j •• 90!·0& .... 9J61:.02 
10928E-.2 -i! .'02£0001 ·-a .U.! ... -I. f621-o1 4.,,'E-01 t_,tO!·" J.4l9£ .. OZ 
2.160[·02 -2.055£-02 -~.I'lE-OO -1.133E-0! •• , •• £-01 ".'OE-Ol •••• 4[.011 
1.400E·02 -1.9'.£-0.2 ..., •• 61£-00 -106"£-02 '.'49£-01 z·490£+ul 1.!I)9f+0l 
1.640E-OI -1.161£0001 .:I.~!li.E.OI -l"'4£-O1 4 ,31"'[." t·490£·,1 Z .1]6£+0' 
2 • saO[ -02 -I .614E:-O' '1 •. ~~6t:"OO .. l.~~.f;-o1 4 .,,,9£.01 1.990[-01 2 .7]4E.1IJ 
I.UoE·Oil "1.46IE-OI ....... "' •• "0 -1o:lI:lE-OI •• 3.,,·01 ,,"90!.0~ 3.091[003 
, .'60£ •• 2 -1 .J2U12 .... ""l~ •. · -1.1.06£-02 •• J.'E .. 1 i,Ato["l ' .... 'E.n 
J.600E:.0I -I. U4£-02 -5.1+t.I.II.,!,1.0.~E-ol •• I.tE·" 1.490E·'t 3.106E.1IJ 
3.1140[-02 -l.ozn-Ol ..... ?:IE .. eo .... 62t1-01 •• ,.9E-Ol ".896[,00 •• 16.E.U 
•• 0,0[.02 - •• 199E-0' -5 •• tThOO _6.126[-03 4.:149£ 0 01 •• 1I96E·gO 4.ZII1£.0l 
•• J2OE.02 .1.329£-0' .. '1.196£.00 -4. f1lE-03 ... ,.n·Ol A.lI'6E·~0 •• 399£003 
•• 1560£.01 -S.UOE-U -5.11861000 -1 •. 'I63E-0) •• ,.'£.01 •• II'6E+OII •• 516[003 
4.IOOE.02 -4."IE-13 -1"~'E.ot -".0·15t:-0' .".'E-" 4.896[·00 •• 63·E.03 

TI4£ MUIIIUfI! lllUiLlBIUUII (;RflOR IIIIT[R .. '" TO TME "!MilER 11 ,dotE-II! 

PIIOI (COlli tin 
1201 '.0 51URT 8E~T c.T"OUI l~fER'OIl COLUMN. LIVE LnAn 

MEMBER HUMbER 1 Sf"F I,PE 5 LOIO T¥P! i 
LENGTH. A,'OOE+OI ALP"A.. 1.000[+00 8ETA.. o. 
10[S ,aOM JOtNT • TO JOINT 1 
OUTPUT 0151 __ CES AHE FHOM JOINT " ALOlll& TN[ M,wRE" Ill~ 
ALL OUIPul fORtfS ANO 01SPLAt[.E.T~ AA~ -IT" RE5P'CT TO f~E ME~~" Al£S 

OISPLACEMENTS 'ORCES 

OUU!iIC£ AII.IAL LATUIAL .. OTATlOHAL AlUL SM[AII MOMf"T 

o • .A.l·I£·(13 -!l •• ~lf." .1.01If-04 l.'n5[·ot ••• 065E·OO !h6lthU 
2.AOOE·01 ·3.~4""U ·'.UIE+" I. Ulf-U J •• '5E·" - •• 065E+OO '.39IE.03 
A.IOU·Oi -1.106E~o' -iii.,AlE.DO A.IS5£-03 ,.,,';5E-01 ... 065[.110 s.nS[.OJ 
'.lOU-at "~'''''£.'. -1i.1UthOO ft.4'~-03 , •• 7!5E·Ol - •• 061[·00 '~9sr(.ol 
9.60GE·ol 9.l9<JE-04 -S.U5[ ... a.621£-0' l.,i5[-01 -i •• ·0·61:-oa •• nlle·U 
1.2II0t·02 Z.lllt"o:t -1i.,IIlE+ •• 1. •• 5[-02 1.'1';5[·" -,.90.6£+01 •• 2PE"e3 
l.uO£-Ol ,.66S(.ol -5.015E ••• I.Z4e-0! '.";5[+01 -,.t06E-O' ldIZSE.OJ 
1.61I1E.·OI 5.~Q •. [-" .... 196E ... 10.£11(-02 3,"7,"+01 -,,"6,+01 3.l61!!-Ol 
1.91!'0£+Oil 6.l51[-0' -..,58E.O. 1.5~U·-01 '.9Y5E·U .., •• 06£-01 2··0.e-U 
1.160E+02 7 •• 9.£-0' -l.96A[.00 1.66f1!-12 , • .,jse:.U "2.906£' 0 1 Z.2Il£+OJ 
2.400[-02 9.0)7E-03 -l.553E_OO 1.7SH[-,! ',"15[+01 -,."UE+Ol I.SI4£_U 
1.640"-02 !.OJaE-02 -J.l26[." l.aoJE-02 3.41'5£·01 -l!'.'06[·o1 11'161£_02 
Z.lIall£·'t 1.17!f-01 -1.690£.00 I.U.[-o:!! 3I.9';'1!·'" -3 •• 06£·114 10192£_02 
3.12.E·Ol I.J06E-oZ -l.IS4[·.00 1.1lI~I[-02 '.'75£·01 -,. '06E;·" -1,111.£·02 
3.360,·01 ".41[-111 -1.126['0111 1.150E-Ol 3 •• "5£'01 -,.90ftE·1ll -1.n.6E-OJ 
,.MoE·Oil i.575E-02 -i.411[000 1.6..,E-02 l ... 75£·01 -, .906£·111 -2'6,3£·03 
3.a4IlE·~2 1.109[-01 -1.011[.00 1051111£-02 J ... ?S[·OI -40406[.01 -, • .,1[.03 
•• 0110.[·01 1 •••• E-cZ -Cl.971!-01 l.lllE-O! J.Q;u·ol - •• 9GN:,ol ... lIo9£·OJ 
... llo[.ol 1.'Hal-ol ..... 0'0[-01 1.015["'02 :t..is(-Ol -••• oU-"l -5.'1I6E+IIJ 
•• SI!oOE·Di! Z.U2E-Ill -i.157[-01 7.183E-ol 3'''7'1(·01 -;. .'06! 001 -7.1,.£-Vl 
•• IOO.E • lit Z."46l-~1 -J.919E-OI •• z"JE-U 3 ... 'I'S[ "'I ....... C106E·U ~ -1IIo'41E.OJ 

THE ".ax"'.:" (QUILlblltV. :"'t(ROA ,,,TED ... L TO THE 11[ .... ,.11 IS ,.e4SE-u7 

N 
a 
(lO 



IItROII ICONTOI 
II.. two STOAY .INT wlYMOUT I~TIRIOA COLUMN. LIVE LnAD 

MElIBflt NUIIIilR • In .. , TY" • LOAD TYH ; 
LINITti. • •• 111.01 AL~tlA. • •• 7,1·01 .ITa. • .... £-02 
'0[1 .. ROM JOI.T 1 TO JO.ltT • 
OUTOUT O.S'ANCES ARE ,.~ JOINT 3 ~ON' THI ITeutTUR[ I-AlII 
/ALL .QU,,"'" 'OIlC;U ANO DISPLAtEMENTs IlAi wiTH III!SItrCT TO TIlE 01[l1li£1< AXU 

O. 
I •••• IE·U 
~.881[·U 
7.200[·111 
9 •••• (·01 
I.I.U·OI 
lo44IIE'OZ 
1.68U·.I 
1.9101E·02 
2. 1601E.OI 
1 •• 0ulE.OI 
1.6.1[." 
2.8.e£·01 
3.UO£·01 
J.J6If:·OI 
3.6118£'01 
J."O£.OI 
•••• 0£·.1 
•• 3zolE·01 
'.560£·01 
•• 801£.fl2 

OI ..... AClEMENTS 

LATERAL ROTATIONAL 

7.213E-Ol -1.0"[-01 _1.590£-'1 .1.ot4.,£081 
7.116£-01 .... 947E-01 -10651£-01 -I.tH£·U 
7.2117£ ... 1 ·-9 •• 20£-01 -1.728£-01.1.941!E-U 
7.i"E-oI -1.3h£.OD _1.796[-01 -5.'~7£.'1 
7 .18.£ .... -1.7~.l.£.00 -1.UZE-ol -5.lIy8t." 
7.173E-.I -2.105£.0. -1.'3K-OI -5.110.£.81 
1.16,£ ... 1 -2.6'n.00 -1.'0'1·02 -1.89'£." 
7.151£_01 -~.0?0£.00 _1.746[-02 -5.80,[.01 
1.1.0£-01 -, •• 6'£.00 -1.666£-02 -5''''0£.01 
7.131[-01 -l •• ?I£.oO _1.588£-01 -5.6jl£.01 
1.121£-0 ..... 1 .. £.00 _1.'9'£-02 -5.eYI£.01 
7.IIZlE-Ol .... 50.lE.00 _1.398E-OI -5.6'1£.el 
7.10,£-01 -'.915£.00 -1.2.'£-02 -5.602E.,1 
1.093E-ol -5.205£.00 _1.119£-01 .5.53.E.'. 
7.081£-01 -5 •• Szt.,0 _9.'1'£-01 -5.;34£.01 
7 .ellE-oI -5.6~E.00 _.,.3"'£-0' -5.!llU." 
7.0'1£-01 -S •• O?£ •• O -5.'80£-OJ -5"'SE.OI 
7.0501-001 -5.,11£.00 .. '.366E-OJ -5~3ot6£.e1 
7.0'0E-1Il -5.971£.00.1.607£-0' -5.3,6[ .. 1 
7.031£-01 -5.995£ •• 0 ••• 769£-0' -5.396[.01 
".025£-01 -5.996[.00 3.291E-0. -5.3ot6E.OI 

;.170£·01 
i.l.,or·oj 
.,.170£.01 
i.110£·0~ 
•• 172£ .. 01 

. ,.1.,5[.01 
"01"5':001 
,.115EOol 
•• 1,,£·11 
;.1'0£·01 
,.1'0£·" 
, •• 'oE.ol 
~.I'ZE·O~ 
1.1"£."1 1'·'/1£·' 1.1.4E.ol 
,.l6f1t.oO 

_1I.IIOE·\1U 
_ •• lIOE·OO 
-".110£·01 
-".1l0£·00 

MOIIIE"T 

-'.556£ •• , 
-5 .831EoU.l 
-'.106[·03 
-Z.381£.03 
.... 564£.02 
5.east.OI 
1"33£.03 
'.0.,8E.03 
'.3ZUoO.l 
5.08U.U 
5 •• 5n.u 
6.618E.OJ 
1.3.'E.0J 
.,.6"U.OJ 
".95lE.03 
•• 2:jU.U 
'.5IZ1E·n 
•• lin.n 
'.UZ£o03 
f.'3n.Ol 
7 ,"4ZE.0) 

PIIOII ICONTOI 
IZOI IwO ~TORY e~~T -lfMOUT INTERIOR COLUMN D LIV£ LOAD 

"[MIlEA N~EA , 5U,' UP£ 6 LOAO TYP£ P 
L[NGTH. 4.'11£.OZ ALP"A. 9.916[-01 8ET' II 6 •• 14£-02 
00[5 ,ROM JOINT 5 YO JOINT • 
OUTOUT DISTANCES AR[ 'A OM JOINT 5 ALONG THE STIIUtTUII! xglXIS 
ALL OUTPUT fORcES '~D OISPLACE"ENT" ARE WITH R£SPftT TO T~ "E"UEA AXEs 

OISUOIC£ 

D. 
2.400£0'1 
'.100£001 
7.100£·01 
'.600£·01 
1.200E·01 
1.4'0[·O~ 
1.6,0£.01 
1.910£·02 
Z.160[·02 
2.'0IlE·"2 
1.6.0[.,2 
Z.RBo£·ul 
3.120E·u2 
3.16n[·D2 
l.600£·02 
3.8.oE·02 
4.D80£·OZ 
4.3ZoE·u2 
'.S60E·02 
4.100E·02 

.oIlIAL 

".v25£-01 
7 .~19E •. oI 
7.011£-01 
., .001£-01 
6,991£-01 
6.98ZE-ol 
,.97IE-Dl 
6.96l£-01 
6.954E-ol 
6.V'6E-Ol 
6.911£-01 
6.930E-oI 
6.92ZE-oi 
6.913E-~1 
6.90'E-ol 
1I.195E-OI 
6.886E-ol 
,.lInE-ol 
6,"69E-ol 
II.BIIZE-pl 
6.B56E-ol 

DISPLACE"""T! 

LATERAL RoTATIONAL A.'AL 

- •• 996['00 
-5."'E.00 
-5.~9E··OG 
-5.865E·00 
... .,46E.00 
• •• s19E·OO 
-b.l'U·OO 
- •• 109E.00 
..... llE·OO 
- •••• 1£.00 
·".lZIIE.OO 
-.1 • .,54E.OO 
-3.161E.OO 
-Z.953£.00 
-l •• ll£.oo 
-1.IOZE.OO 
-1.675E·00 
-1.2511£.00 
-II.5'.E-ol 
-4 • .,HE-Cl 
-1.llZE-ol 

3.·2VlE-0' 
1.133£-01 
2.152[-03 
3.9ISE-oj 
5.951£-03 
7.901E-03 
9.n'E-U 
1.IS1E"02 
l.ll'IE-DI 
1.4IIE-02 
1.!UsE-oZ 
1.596£-02 
1.61i3[-oZ 
I.UoE-02 
1.771E-02 
1. lI51E-OI 
1. "66£-02 
1. nO!-OI 
1.6Z4£-02 
1.54Z£-OZ 
1.".l£-02 

-5.1i9[·01 
-5·ij'E·OI 
-1.11 9 £.01 
-S.ll',:·01 
-S 0(1'50£·01 
"'.ClUE·OI 
".'_1£·01 
-'.'II1E·oI 
... otj!£OOl 
-',"4.£·01 
-4.".4£.01 
-4.111 •• .:·01 
-, • .,;5£·01 
-4.T~"E·0l 
-""~6E'01 
••• .,"'£.01 
-4 ..... .,!!·01 
-441~."E·Ol 
-4." .. IIIE·Ol 
-4.S'l8£·01 
·4.III",n£·01 

&.067£·08 
".0,,,['00 
'.06.,£000 
".067£·00 

..,.90tt·GO 
-\ .3I'E oOi 
-i·3I1'£·"1 
-1.38t.:.O! 
-it.386E·n 
-3.3 •• £·01 
-3.311.£.,,1 
-3.38'[.0~ 
- •• .1111£·0& 
-il.,,,£·ol 
-5.:JT'E·Ol 
-~.31'tE·0~ 
-~.'7T£.Ql 
-T.314E·UA 
-., .374£·01 
-T.374E·U 
-.,.314E·01 

., • .,,,ZE.03 
".88IE.03 
e·Cl34 E·03 
8.1110£003 
8.326E •03 
7.992E.Ol 
".651£·03 
".3Z·E.03 
6.9'OE.03 
6.n6£·03 
5.36ZE.OJ 
4.5.I£.Ol 
l.".£.03 
2.1140£.03 
1.1,,5E.0l 

-1 •• 86E.OZ 
-1 ••• 3£.OJ 
-3.2i7E.ul 
".991E.~' 
","65E.Ul 
-8.53'E.0) 

N 
o 
\0 



tAlLa t. -JOIN' EGUILI8ftlUM ERRORS 

1 -1.104[-01 1.'01E-l0 a.'41t-.1 
1 wl.l'6[-OJ .3."0[¥'1 2.Z14£-.1 
I 1.1.0,-.1 1.54"-" 9.610!-.1 
• 1'.'11-" 1 •• IlE-.3 1.1IZt-.1 
5 -1.461E-0. a.691[-07 -1.ZI1!_06 
6 1.714, .. 3 1.764E-10 -Z.351!-01 
7 6.1111-01 ".,41E-03 -1.0'~-01 
• -7.915E-.3 1.0511-•• -1.164£ •• 0 



02 JULy lo • COM - HM 
filA ...... ! "_EMS 'OR .PORT 

.. Roe 
lUI 

T.BLI 1 • PROIRAM CONTROL OAT. 
PROIlI.I[M TYPe: I 

T .... ' 
NUMBER 

I 
J 

-• • l 

1M",' u,rs 
IIOI.OOAT4,IIOI& 
LASTPRoeLr:M 

n. • ·YI;I.II<IIJ fI01 

1 
! 
1 
i 
1 

-0 

OUTP"T 'A!I~' 

u ... , I~I:" OU'fPU' 
N\ll'lKR n ."rl..-WOt · .. W -, 

10 ... 

I 
I 
1 

" o .. 

PR.Q8 11:0""111 
1202 i_e $IURY 8Eht - -OD IHT[AtOH COLUMN - livE LO_n 

o. 
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NUNKR 01 IIIMIII" LOIID "PlI " 

, 
I 

TO '0 '0 YO 'It TO ~ TO TO '0 
JOIN' 

., • .. 
eOMflUTD III""R IIUM8tRI.LlIIITMI.AND .... ,. ...... 'ROllI TO In" LOAD LlIIe'" I-O'''",T y-o;'sn 

NU118 .JOINT JOIIIIT T"... T'fPI 

I I a I 1 a.,T •• '. •• 2.27·r·01! 
a II I a • 1.I!7If • ., •• l.h'I·n 
I .. • a I aoIOK·.2 t. 2.60·r·OI .. 6 , , I l.nU.'. •• o,.7"or·12 
I , 1 .. 1 2.,.01·" '. 1I.'.OEoOI! .. • • , 1 ·.1I0K ... , ... .,.oi I. 
T .. , • I • ... 001·.1! .... o'oo~ I. 
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I. • .. , 
I I .... '.n •• ''''''''.Ol! 
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• -I. -0 • -eo 
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• 0. •• '0 1001" •• , 1.0001.99 1.00"." , 00 1 0 I. •• 1.0001.01 O. 

111101 IC0III101 
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.... rCOM1 .. , 
1111 1"0 SlORY .111 - AGO 11I1[IIIOM COa."",,, - lIVE LOAD 

, ........ ~ LOAD DAla 

.... ICOilltU 
1201 lilO SlORY lib' - AGO IlilERlO11 CIILUIIIII - llV£ LOA. 

.... cCOllt'8t . .,01 'WOS'ORY e£liIl - APO 1"'1ERIORc;IIL"" - llVI LOAD 

..0.11' OIlPCI' DIIPCY' ROVATIo.IZ' IIEAC'I" "EAHIII 

• -1 • .,.6£-99 -~ •• J91·" ".~56E-'. Z • .,.Il·lla S •• J9£.OI o· 2 -6.~16£-'. -1 •• 951-02 -l.SO'E-" o. o. o. 
J 1.'01l-0' -2 .... 1-.1 -' ••• 5[-" o. •• o. • 5.6771-11' -'.6.Sl-8. -7.10Ir.OS O. O. o. 
~ 2.028E-0 ........ 1-.1 •• osoi-., •• O. O. 
6 Z.785£-99 -' •• UE-.. -1.6ssi-.7 -Z.ll~.OI S.·UE.OI Z.Io!loSE.OI ., •••• 71-02 - ••• OU-OI •• OK,_., •• D. O. • •• liSl-o. -2 •• '81-02 J.ll.,-OJ o. O. o. • , •• 611"'.4 -J.·IOzt-•• J.1l7£-06 •• 6 •• 0~.OO O. 

PROiI ,CaNTU' 
IZOZ "0 STORV 8'I<T - AIID 100'[RIOII (OLUIII'" - I. rVE LOAn 

~EM8f1l NUNWEII 1 STI" lVPE 
LINt'". 1.11".02 ALPHI • 
'0(1 ,aa- JOIN' I le JOl"" I 
ALL OUTPUT 'ORcES AR, ~ITH RESPECT 

AT ,lUI .. , 

LOID TVPE o 
~. 8ETI • 

AIIAL 'ORCE. ~So.'9loul AXIIL 'ORCI. -~ •• J'EoOI 
SHl:AII • ~2.106EoOO 
-OMEIi' • ..116£-01 

SMEIR • -1.706E oOO 
MO.ENT • -A.16.EoOZ 

1111l1l8I11 PlUlllaIIl 2 STI" TyPi 
LENa'H. 1.17IE.02 ILP"I • 
lOIS FRoM JO"" Z TO 00101'" J 
aLL OUTPUT 'ORCES IRE a"~" RESPEC' 

IT JOl".' 2 

hill FORCE. 
SHUll 
!lOMEIiT 

·IIZ 
1.""'E·Oc! 
1.lilzoE·uc! 
Z.IIUE·.,Z 
Z,"OIlE·OC! 
Z.6.0E·1I1 
Z •••• E·OZ 
3.unE·oZ 
l.lIUE·oo= 
].60UE·ul 
l.l .. uE.ui 
·.OloE·oZ 
·.nol-oc! 
•• SIOE·OZ 
•• lOot·Ol 

.11IE-ol 
-01 - ••• 16E-0I 

.12.1_01 -~.2S5E-OI 
1. l iI!7E-0i ·".56lE-01 
I • tz4E-o 1 -!lo •. 815£-0 1 
I .'12E~1 -!t .""·11£-01 
1.IZoE-Ol -6.u.7E-11 
1 .118E-O.1 -10. oZ5E -01 
1.71iL-OI - •• 9051.01 
1.114£-01 .5.612E-ol 
1.?lU-el .S.J4'E-0I 
1.710E-ol --.861E-01 
1.18I1E-ol -4.l6lt-01 
1. 706£.,.01 -,1 •. 565~.01 
I.I04(';;Ol -l.'''IE;';Ol 
1.703E-ol ·1 •• 15E·01 
l.l0IE-ftl -1.1'6E-~1 
l.l00E-01 ".168E-oZ 

LOAD Tip! 
o. IE'A • 

*l •• ~.E·01 
• ulE::-O. -1 •• ~.£·Ol 

-7.60lE-e. -l •• ".E.Ol 
-1."3E-oJ -1.4",_£°01 
-1.l511£-03 -1.JIISEoOI 
-1.J.aE-Ol -1')i1[001 
-1.lIilOl-.l -1.311E+Ol 
,,11.1.5£-0. -1.1;1to.Ol 
;. •• 1U.0[-04 -1.,,48£.01 
_,.911IE-OS -1 •. 17.[.01 
Z.'t8£-O. -1.119E oOI 
.700.t9£-,. -1.119EoO I 
l.l.6E-OJ -1.iioE.Ol 
1.71.[-OJ -1.n.I~.OI 
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3.08lE-0' -9.".£000 
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1.1,8'+02 -3.26'£'01 
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2.910[002 -3.128£-01 
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1 o. o. 
I o. 2.21111£,0,82 
J o. 4. 55q.02 
4 4~ •• ·.rtcOI: 2·.21 ..... 02 
I 4 •• 00£'02 ..... 'hoi 
6 9~60o.r.Oz ..... 112.'.1:.01 
7 ,.6/)or.02 1.2'ttlE.OZ 
• 9,600r"02 1.21".02 
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"UMbrA 0' "'£04.1.10 LI.i&O n"ES .. .. 

1","uT OF M~M8f'1I1l LII(;AT 10HS 

I'IlOM liIT11'f 1,.01\0 TO TI'I fO TO TI'I TO TO TO TO TO 
Jo,"r lVPl TYPE .101"''1' 

1 1 t 2 1 
6 J l ., ., .. 1 8 
2 S n .. ., 
] .. .. 5 " 

t:OMPloIf!!)M!"'ER 1>1PIdE14S.I.EI!i6TI'!S •• Na o'''SET'I 

M["<t[1I 1'1<1.11'1 HI STl" I.UAtI LFNGT .. 11-<1 .... '1'" '1'-0,,1'5£1 
"U"4tl .1011\11 .Iv.IliT JtPt. UI'[ 

1 1 Z. I Z..lt8bo2 e. 2.2'1",,,·02 
l it l 1 1 Z.:ool.8£+02 o. 2.2,8".D2 
] .. 5 I. 0 Z.M9[·1I2 ~ . 2.609£.02 .. It , J 2 l.'IM£.OZ e. 2.hO".02 , , II .. J l ..... ul+lJl o • i!.940F +C}ii' 

Co Ii .. :iii 0 4.A08£·1I2 ~.eOIl".02 o. , 
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T'IL' • - JOINT OAT, 

JOINT fOReE«11 
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• • 
O. 
a. 
o. 

o. 
o. 
O. 

o. 
e. 
III. 

1.0IOfo" 
1·0IlOf.9" 
O • 

1.000£.9. 
1·000£.9'11 
2.1100£.01 

O. 
1·,)110£.99 
O. 

""08 ICOHTln 
12.3 Two STOAY lENT HOLDING STiffNESS fAOM lin, - wl~ LOaD 

PRoe (CO'ITUI 
1203 T~O STORY I,_T HOLDI", STiffNESS fROM tin! ~ ~IMD LOaD 

LOAO UNifORM UNlfO"" IIIG a-.I 
TYPE UII OY CAAOS OII'T 

1 ·0. -2.500£-02 -0 
Z -0. .".UJl-OJ ·0 
l -0. ·'.un-n -0 
• -0. -h13U-U -0 

PAD.. Icu .. TUI 
IZOl TWO SlUAY RE~T "OLuiNG STlf'"ESS FAON ';D~ - WI~O LOAU 

lAdL£ 7 - CONPILall~N lADLE 

"0 OaT .. 

PAot! (COIII"11 
lllll ,",: . iilllY 8£" T I'IOLUlo«i STlffN£SS FAON 1;02 - ~I..o LOaU 

JOINT DI5PI~: DISPlTi NDTaTlO..,lll RElICT III A£ACTIYI AEIIC! III 

1 l.'..,a£-.,,, 1.601£-99 -Z.SCoTr-ul -1.71i'r·no _10601£.00 o. 
l a.l.4£-01 4.605£-06 -9.&a4£_04 o. O. O. 
J 6.Cots4f-01 1.6ZUe 04 -6.0S1 .. _06 o. II· 0. 

• 6.~96£-ol -1.009t-lll -a. 069.,.-04 o. o· o. 
S 6 •• 118f-ol .... Zll£-OJ 1.679£-oa o. II. o· 
II 5.!1Ii OE-99 -1.l61£-99 -8.Z81,-97 -!105 lOr. 01 lOZ61!.OD 1I •. iBn·Ol 
1 6.l16f-ul _1.D86£-0] -l.O92.,.-1l o. II. n. 
• 6.lIlIl£-ul -1.691£-01 -IoSl51!:-04 o. o· o· 
., -0' .... lE-1I2 - •• 091E-OJ -l.!l.l,-04 II. "t· l i8!."1 o. 
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II'1IIl1li I COlI T09 
120) T~C ,TORY Il~' HOLDlNe S"f,-rIS fROM ;;02 - WINO LOAD 

LIIAD Ti"E 
a. BETA. 

AT .lOINT 

A~IAL fORC!. 1_.'Il... AXIAL 'CIR~E. i ••• ,Eo.e 
IHEAA • ,., .. E-.. '"EAA • -;.900E ••• 
IiElMDiT • leno("o, I"IOMENT • 1.1'5'1'1;.0! 

THE .... 111l1li (8UlI.I.AIUIoI£IIROIil INTUN.L TO TIC "NIIEA IS !I.'16[~ell 

IIfMftR NUMIIA R IU" T'fPI 
LENeT"... 1.178&... "11..".... II. 
IOU ,.01'1 ..oINT ! TO JOINT , 
AU. OUTPUT fOflCU IRE IfITH RUPEeT T' Ttl! tlf:l"lt 

AT .IOINT I 

9.2'!E-411 
!hl!ZIE-oj 
T.l'rtE"1 
6~11$["1 
~.i>'.E-Oi 
'oo!h.r-ol 
l"'~~t"OI 
1·,,,£-01 
9 .• 24 2£ .. ,,2 

"1·l I1U"llll 
-1011\,1["01 
"Z·2011-01 
.!"'5( ... 1 
••• 211£-.1 
"".ll.£ .. ,,1 
" •• 1'1'3[-.1 
"h4I'5[-ul 
•••• 57(-u1 
-9.5011[-01 
-i .~54[·"O 
-1·UI£-Qa 

• 1.3 .• ,E.01 
-1.t,l£ .. e2 
-'.l~lIHOJ. 
.... n ll£.01 
Oo6>16.1E> .. \I. 
-So.,llEdl 
... ··11(.01 
-_.220£.{;1 
-l.ITn.V" 
.3.,,5£.01 
-3."29£.01 
-4.l34['''1 
-4.'10,[.01 
-5.19!o[_01 
-.,.052[001 
-1I".6~1E·81 
-1<012£·01 
-1.ZOnoill 
-1·.t9E-ili! 
-1'66O£'''Z 
-1'926£+UZ 

'''OIl ICDH1U I 
un hg !ll0'" fiE"" "OI.DII<I. STlI''' .. us fRl)tl H'02 - wE .. O LOAD 

!![MIIER IIIUMIi£!! I., II TI,' TV"'I!: ., LOAD TYIIIE j! 

L£NGTHIO '.9.0E-02 ALPHA" II. lETA.. l.oooEooo 
GO[S '''011 .I011lT 'I TO .I0'tt' • 
OIJTPVT DI5t~I<ICEi Alii!: fa014 JOII<IT "ALa". THE M!"IEa Alls 
Al.L outpul I'OReU AND OISf'L.eIEIlfIlT~ Ait[ 101T" AU""CT TO THE M£M8EH uU 

0IliPLACEJlIIIT'!I 

OISUllell: I.ATEIIA" ROTaTlOIiAl 

O. • •• 091£-03 i!.8~l[-01 _2. 
1.9'OE.~& "".iI!!lE-ol I.Z'.E-02 ~Z .• "'~UI'-II" 
),,'601E·01 ..... .1: .. [-0' l.lOU-ol 
S"~O(~91 ;.;.r..~JI6£.oJ l.03$1E-01 

~.2Z8E .. ll .. 5.664(.10 
-)'.'lE.gII -10573E.01 
-~.!'OE.OO -5"09Eo01 
-"')""["" -1.)f,4E·OZ 

"'U,,£tU .... 1.'11£..03 l.lOIE-OJ ...... ·."'-1' .. 
9 •• 00E~Ol ... ~.11IlE-O .... 1.19 6£ .. (13 .. 6, .... [··11. 
Hl'''E'.ro ..... ~2.~.E ... l .2.103£-01 .. ::r:~:.;Nt,.,.4 

-l •• lIE.OO -1.159E.OZ 
.Jl.'.'~.". -~""l['OO -2.'n5[.~ 

1 • .)16e::"1JZ <4.l!i4[-03 -3.980[-01 
1.5!l4[·tl ;;;'.~300.E"0l ... "ntt"QZ 
1.1'U·" .... 353[ .. 1I~ "'''9~.l['''U 
109,0£"01 - ••• HE"'O~ .1020~:,,,fjJ ...... _.-g'" : .. 1;; .......... ·0. 
2. nlf~Ol - .... '1£ .. 031 .. 1.5.0&.:0' .. 1.1.0 oJ -I • 
2.316'·02 -fl. SI'E:;"~l~l~'ilI.E"'.l .-10 9I1E"" -2. 
2."41!:°Ol _ •• 590£ .. oJ~2~3UE"OI "l.'.'E-OJ oZ. 
Z. fUE 'OJ! ..... SO[~3~nUE .. Ol -10'12£-03 "!. 0 
Z.9l0£00l .... n~.E:~3·l~fH1E .. l -1.111.£"03 -r.'5QlE' •• 
].16U·Ql .... nll(~I1'-).41~1E-0l .. t..i41:-03 .. Z.,Olf.O. 
3.nf>£+Oi! -6.e~~~II~"l.1~~E";OI .. loU'£-OJ -Z.II;OU.U 
3.!i~4t"02 ..... $,.€;;~'-l.971j[-ol -1.IU£"03 .. Z.!t@l£-OD 
3.niE-Oil -6.10,,9["03 -'., hE-Oi -8.1",,£ .. 04 -2.561(001 
l.V6oe:.Oi! -" .• 009[-03 -".Z91o, .. 01. _4.11109£-0' -1.IIiaUoU 

THE MAX:!':U" [QullIDlltUI' ERROR III/T£ANAL TO THE M£ .... EII is 

'1.e6u ..... 30Zpt.'IZ 
.. , .651£.00 -3 '680E-"Z 

, .102£<011 1 -la8j,:2E.O~ 
"'87£+00 -3'!T5t;~R! 
4.U1E~0". -l •. n3E.~l 
~.141E .. ~:II-.l·~lSt. .• IJi! 
4 ... IE.IIO ..... 560[+ 01 
4.if4U··Qot'OIU.1II ..... n.o. h061EoOZ 
401141t .. 00 Z.020E-IIZ 
4.I\"'1E.OO· 2.97.£-ol 
4.84U;0.OO l.93'E_OZ 
•• 84IE+gO 4.19SE_02 
4.B4lE-OO !o.854£.lil 
•• 84IE*08 6.8IlE*~l 

1·712£-1111 



NOlI ceOllifU, 
1103 TWO SlORY Rl~T HOLOING STI"NlSS 'ROM 1iO! - WIND LOla 

JO,'" EAR cat 
,ORCl 

& 1 ••• 0' ..... 1.,lll·lZ 5.0'0[_01 
Z 1.IITIooo' I.I.Ii-II' 1.1]7£_01 J .J.U.,.... &.152£.&0 -1.101[.01 
• I.o' •••• i 3.55.£·.5 1 •• "£:'01 
I '"'1-0'1'.·/11 1.71'£-09 -5.163!'·1I' .'.6'61:.... • ...... '-11 -e.",,[.ol 
., .... 353£ .... "'.'04£-0' ... 3'lt ... 1 
• ·1.Jl3l·.. & • 2' IE·'" -3.e'IF-02 
• •• 2Iel-U I.sa.£·" -5.664t.1O 



Pllae fCOI'fTO» 
1204 TwO 110NY 8!~T HOLOING STI""E" fROM ';02 - DEAD LOAD 

TABLE II .. "EMlIR LOCATION OATA 

!FRO" 
JOU" 

I 
9 
4 

• ., 
a 
J 

M[MIIlIt 
IIIUM8 

I 
It 
J 
4 
IS • ., 
• 9 

II 

T ., 

IIiPUT Of ME_II LOCaTIOMS 

STI" LOAf 'f0 Tn Tt TO TO 
nPl tyPe: .;ollilT 

• 1 21 J , l' 4 
It 1 S 
J J ., .. .. • IS S .. t • .. • • 

COMPUTED MEM8[ft N~£R,.L[NG'KS~AND OffSETS 

fAO" TO ,n,' LOAD Lt:NeTI'I K-O,.,SfrT 
.101111 .IOifilT TYP[ TYPe: 

1 2 1 1 2.21'[·" I. 
2 J 1 1 2.,.,.,.U O. 
4 5 , 2 1.6119'.01 •• • T J J l.nGhol o. 
1 • 4 .. ·~""'O!.OI •• 2 .. I & 4.11100':·01 4.IIOft, • .,. .., , lS !it 4.1100(.'01 4.80.,.., 
J I • 6 4.IU,·01 4.1110011' •• ' 
5 • • • 4.'IUE .U 4.11100" .CU! 
9 .. 1 ., J •• 6"·0I •• 

Ii.. C04ioiPUtEDIII£M6EHNUM8EAS AGA~E ~ITI'I l'IT PRO~L[M ••• 

TO io TO 

" ... OFFSET 

1.2:78[.02 
1.i!T8f·U 
""'09[·02 
1.1,.0£·02 
2.940£"" 
O. 
•• J.Jl2£·U 
J.lin.o) 
1.9,0IE·01! 

TO TO 

PAOli ICONIUI 
IZG4 1-0 SlOAY 8E~T HOLUING STiffNESS FROM l~OZ - OEaO LOlO 

1 110 
.. O. 
• o. 

fOA08 ICONTU' 

ACCUMULATED JnlNT DlTA 

fOliC! 0'1 

o. 
o. 
~. 

o. 
o. 
Q • 

SPRING on 

1.0I0E.it. 
hIlllQ£·94 
O. 

, .O.lIl!:." 
1.00:" •. " 
1! •• otE .• el 

Illi. TwO STOIIIY II£I\T 1'I01.01HII STlf'NUS FROM j;OI' - OhO 1.0,1) 



02 .JULy 10 - COM - .... 
(.a .... L[ "_L£NS fOM ."OAT 

TaILI I - .. RO_AM CoNTROL. DaTA 
PR08L£M TT'£ I 

INPUT Ta'lI 

TalLl MOLD DaTA fROM 
NUMHR LAST PROIfL'" 

11 • '1£5.., • "DI 

I a 
J \l • 1 • I .. 0 
'I -e 

OUTPUT T AeLU 

Taeu: ~1I1 OUTPUT ...,..1. .. II • T£I.O • ~Ol 

III ...0 

• -i) 

lIP ... 

NUMdlIl .. caAft" 
.DOED '111' TMI5 

,PIiIOIDLlN 

• • • • .'1 
~. 

PROt! (COlli TU I 
12n4 f_O SlUAT R£~T HOLDING STI"III£SS FADM 1'"' - O£.o LOID 

eOMPU1£O ~OIN' COOHU!NIT£S 

1 e.. 
l o. 
J 00 

a 

4 4.4100£.02 
II 4.,1I0£.OZ 
6 9.IIUO£.OZ 
., 9.600£·02 
• \I.6UO£·OZ 
9 4.8011£.02 

o. 
2.Z.,8£.OZ 
41.555£.02 
Z.in.·OZ 
_.8.6£.oZ 

...... 24£·01 
z.nil£.oz 
II.Zll1£.OI 

-l.IIa.llhoZ 

N 
N 
o 



PIIOIII fCON' In 
1204 fwO "OAY 8£"T IUlLUIN& STlffN(SS 'ROM "02 - DIEAD LOIlD 

LOAD UNIfORM UNtfORIII NO 
TYPE .. -. QY C1RDS 

1 ··0. ~5.000[-01 -e 
2 ~:O. -S.OODt:-OI -0 
l ~O.3 -5.000£-01 -0 

• ~o.:. -S.000£-02 -0 
!I~o.. -0. S 

UAO "'lilt: IJ CON TO 
.IIOM JO I. 

O. •• 10or.Ol -h 
9 •• 00E·n 9. '0011!:o1l -0. IO,'OE·" 10 920r. 0·2 • o. 
2'.'0.E·.02 2 •• 10£;0'01 -0. 
)·.140E.02 3 .••• 0£.02 -II. 

1.0AO ·UNIfORM UIHfOAIII NO 
lYP! 1iIl! Oy CAADS 

6 -0. ... 0. S 

6 CO .. f., 
TO. Qa 

G. . 
' ... 0(. 4ft. 
1.920r.02 
2.8801·01 
3.I.ol:.·ol 

•••• " •. 02 -lie 
' •• 6.1.01 ... 0. 
I.'20l,,01-0. 
2.8'ofi"02 -110 
' •• 'oE"ol ~11. 

UIS 
OPT 

Z 
I 
I 
I 
I 

lilY 

_I.ooor-Ol -0. 
••• ooor·oo -0. 
- •• ooor·oo -e. 
• •• 0110'·00 -0. 
... oooe·oo -0. 

uti 
npT 

2 

_2.000e-ol -0. 
_ •• oo.e.OO .0. 
.'.00'0(.00 -0. 
.... oooe·oo -I). 
.4.01l0E·00 "0. 

LOAD u .. ,fOAM UNlfOR" NO .alS 
TYPE .. a 0' C1AOS oPT 

-5.000£-02 -0 

01 

Qt 

PflO!'! (CaNTu, 
lie. r.G ~rijRY ~E~J MOLUING STIFfNESS FRO~ 1'6~ - OE~O LOIlO 

"0 DnA 

""Of' (coNlin 
IZ~. 1wO ~10AT HE"T HOI.OI~G STI'fNESS FROM 1'02 ft D£IO L010 

JOINT· olSPUI DIsPeyt AOTA,IO .. IZI "EACTlrl 

l .. t.I!"]f:~9:'.';I.)OIE"'" 2.lOlr-U J.OUEoOIO 
2~~+!i!~~th~f"'J ••. I'E;'02-1.811J1I:-0) 0-
J h!>1f:~IiJ~$. ~.25E-Ol -.II .,34E-tIl 00 
''''I~~t!~Eioo!oi!~'' •• lJiIE''O' -,.iI.'03,-O' 0-
S ;J~ZIl.~t~!!!~7 •. 9'9(;-01 1.519'-04 O. 
f.I'.$"'.I~~?l~~I,,'50£.-91 -'.886,.n -7.S90Eoon 
., ~."~~~""~~";'.l!65f.-02 1.18611:-0) 0-
8 2 •• ~!!E~IIJ ".~'ll£.-OZ 3.991,,-0) o. 
., 2.114:1t",lil ;' •• 'S06£-01 2 •• 118(-05 0. 

o. 
/I. 
tlo 
D· 
1.lSOEoO~ 
~. 

II:-
II. 
:ft._ 

o· 
6.tJ~6E.Ol! 

o· 
.0 • 
o. 



TA8L~ 9 - N~MIIR REIULTI 

"~IIIIII IIUAIiIII InP1' "" LOao T';P[ 
L[NtT". 1.1711.01 AL'"A • II. II[TA • I.OOU·OO 
10[1 ,lI0II oIOl.T 1 TO oIOlNT I 
ALL OUT",T '0IIC11 ARE """ RESf'fc' 

AT .10111' AT .IOIIilT I 

AalAL ,ORC[. -l,'OlCoOI 'xiAL 'OIIC«. ·'.tI7['Ol 
SHEa. • -,.O,.~·OO 
NOMENT • 1.161[-01 

5H(AII • ~?O'.C.'O 
MOw!NT • -;.6t6COO) 

TM! 1II.ll~ [GU1LI.RIUM £RROR INT[RNAL TO TN! N[wA~1I II J."6E~0~ 

"[~_ NUNI[R I .TI" T'PI 
L[NaTH. 1.17'[001 "ALP"A. o. 

LOAD Tv"! i 
81TA • 

10[1 ~ROII oIOlNT I TO JOINT , 
ALL OUT",T 'ORCII All[ Ill'" R[SHC' TO THI N[MlIR 

" JOINT I .so.~oO, 
00' ti.tl.[oOi 

.Zil[.Ol .... 4[ •• 1 
-1.ZZ3[.0' ,.'61Eo,i 
_1.1'?~.'1 'o.I'I·ul 

'RIAL fORC, • 
lHEAIII • 
NOIII[IIIT 

[-01 -1.,44Eo01 t.7D5E·O~ 
-9.).3E-I' -1.1 il~oll t.!Z5~"" 

.6!lE-01 -;.,60E-ol -I.OUEoOl 1.53KoOI 
01 1.6101-01 -,.,.2E-01 7.100[-0. -t.ni7E'01 R.66IEo.0 

•• OGE.OI 1.607E-Ol -'.OlIE-Ol 1.10.E-'3 -1 •• ~.[.01 ,.1I6IE·00 
1.6.0E.OI 1.60.[-01 - •• 661[Gol 1.70.[-03 .1.'!lE"! .9.3'3E·OI 
1.880['01 1.0ooE-ol •••• t2£-01 I.lto[-OJ -l"OJE'Ol .?1I.7E·OO 
'.110[002 I.lion-ftl .,.,e'[-o1 ~.IIZ7E·Ol -1 •• ~?E"0l -, .&'51E·0l 
).)UE'Ool 1.Ii'U-til .... "5E-01 ,.U7E-03 -l.e;.E.n -1.'lJE·ui 
3.600£001 I,'OOE-o\ ....... E-OI 3.1l0E-ol -1.1.0E .. l '"lI! •• 1:1[001 
1I ••• 0£001 I.UO[-o ·-.'''E-Ol •• 16n"03 -l.?4)EOOl -3.toeEoU~ 
•• 08"002 1.5.1£-01 ·, •• ii[-Ol •• uK-03 -1.6,1[001 -,.77Hoel 
•• J20,ool 1.5'0[-1l -1.I44E-Ol ••• .,~-OJ .1~""4f:0tl - •• 21IEool 
•• 1601." 1.I7H-ol -1"'J[ .. 11 •• 13"-U -t.,,;Ofol1 - •• 7JHooi 
•• 800E.01 1.170[-01 -'.111(-01 3."71-03 -l.~.tr.Ol -ti.l"Eogl 

THI NAIIIIIUIiI [OU1LI8RIUN ERROR INTEN_AL TO THI III[~~R 11 ,,'01~"07 

_ •• IIO'E.Ol 

-'··2'E•0' 
-1.116E.Ol 
-1.00,£.Ql 
1.9,2[.01 
II.SllE.UI 
I.S62EoOJ 
2.IIIEoU 
2.631EoU 
2.II.n.Ul 
l.O. n'Ol 
l.OIlU.Ol 
l ..... E.Ul 
,.108£.03 
l.)oOE.ul 
l.n.E'U 
1.1l6t.U 
1.1I61E.02 

-6.700[.01 
-1.76oron 
-z •• s6f.n 

PIIOII ICONTUI 
120. '_0 S'~' RE~' "OLD1_G STiffNESS FAON l~O' - DEaD LOAD 

TABLE .. - "f~EA RESULTS (CONTOI 

"E~[II NUM¥lA 10 IT1" T'PI 7 LOAD TVP' ? 
LE .. 6TM. J."~E," ALP"". O. RETA. 1.0oOE.00 
80ES fNO" JOINT • TO ~OINT • 
OUTPUT OIST.NC~S ARE fA~ ~OlNT • ALONe THf ",wlrA All~ 
ALL OUTPUT fOIlCU AN£) Il ISPLACEII£NT'I AAE iil T" 1I[5P1'CT TO TME: 11[""'''" AlU 

ClSPLACEOIE_TS fOMCEIi 

OlSu_CE UIAL LATEMAL 1I0TATIONAL nUL SHEA. ,,0011':'" 

O. -O.SOOE-n -l.I!·E-Ol 1 .... 1-01 -1.'0l~·01 -, ~067[-H 10191[-10 
10 9' or.1Il -6.llll-01 -1.7·0E-Ol 2.719(·01 -l.7.01t°n j.16lE-01 102381:·00 
J.'6ilo01 -6.sa,E-Ol -l.IUE·OJ l.'92E"05 -6.,,,UoOl 1.·66E-OI • •• 10[000 
1.040'0" .... '.lE-Ol -1.776E-0. l.JlZE-05 -1I.7~0!001 i··211!-Dl I.III.[·VO 
7",oE·Ol -6.'66£-01 1 .... 7E-0. •• OJ·[-Ol -1.i!1E002 ,.I.OE-.l 1.386£·01 
"'OOE'OI -0.S06[-ot 1.0·I[-Ol 1.07.E-0I -l,'ylE'OI i.,70E·ol 1.871~·Ol 
1.11l1lEoOI "~6JZI·Ol 1.17·I-ol o.l99E-OI ·1."'7~002 1.616[-411 ,. 1!611E. 01 
1.l116EtOI -6.07.E_ol ~.SI'E-oJ 7.'2ZE-oS .1 .... 1£:.01 •• IIIOE-Va 2 •• 8IEool 
1.114't,,1 -6.7ZIE-0! l.l15E-oJ 9.I~ZE-0I -l.i,6EoOl -i.I17E-O~ 1 •• ]lfoOI 
1.71~['01 -0.776[eOl 7.l·ZE-oJ 1.0".E-O. -l.,94"02 .,."1[-01 l.OIIE.ua 
l"'DEo02 -6 •• 361-01 9.011E-ol 1.196f-0. -1.'546E.OI -."lIE-ul l'IS7E+@1 
1.17.['01 ..... U7E-ol I.ZV-[-OI 1.lJ'E-0. -1.'1_1r.01 _ •• '7.E-0~ 1.72·E.8O 
l.J76E'01 -6.95eE-al 1 •••• E-ol 1.llIE-o. -l.'1~lE'D2 -••• 7.[-01 -I·l,·E.OO 
l.17.E·01 -7.01,E-ol 1.0IlE-Ol l.llSl-0 •• 1.~.2~.02 - ••• 7.E-ol -1.707E.uI 
1.77IE.Qi -7.w'0E-81 1.8'U-Ol •• 19.E-01 .1.'51lE.Ol _ ••• 7.E-OI _l.7I1ZE.U 
2 •• 70['.' -'.I-OE-ol • 1.010E-01 7.luIE-01 -1.'5~l"02 _."7.E-~~ -l.76n.QI 
'.16~E·Ol -7.1uOE-01 l.,08E-OZ S.ou_E-ol 'l.~izE'Ol - •• '7.E-Ol -4.752E.UI 
l .l6flE '01 -7 .2110E-o 1 1.267E-ol 1.rSlE-01 -l.'Ift2E'01 -."7.E-O~ ~.7l6E·uJ 
l.56.E'Ol -7.l10E-ftl l.Z6U-Ol -1.115£-05 -2 •• ,2E o 02 -."7.E-ul -6.7Z1E.Ul 
l.762E'ul -7.l7'E-~1 1.1 75£-01 -6 •• 10£-05 -1 ••• ,E'02 -••• 7.E-ul -70706E'01 
"'60['02 -l._lBE-ftl 1.0II'E-02 -1.ZUlE-k -1.n2E.02 ~ •• 7.£-01 -B.uIE'U 

N 
N 
N 



PAOft CCONTO} 
1204 TwO STORY 8E" T HOLDiNG STI,'NESS FAOM t ;Ol!! .. DE4D L.04D 

JOaNT [AAIU 
,oltel 

1 -1.1"E-.3 1.001,-10 1.26Ir-01 
I -2.136[-03 2.12"-0' 5,'.'[-01 
l 1.2.4!-03 J.T20£-0' 3.69'£-01 
" •• 1I21£&1)~ -2 ••• 11:.... 3.099£-02 
5 ""ill,?,-o. 2.5'31-.8 -1.lts!!' .. " 
• 1-1116(-0;1 '.046(-10 -l.UT! .. 01 
7 1 •• 651"'03 3.12"-05 -6.19111'-01 
• ",.11$1£-03 6.947£-011 - ••• 85£ ... 1 
I) -l.o.1£"'U 1'.51'151£-10 10191".10 



., .AIL, 't - COM ..... 
rlAIIPLI ~Ll'" 'OR .POAT 

TAILI • • PROIRIM CONTROL DATA 
!'ROBLr_ TVpr • 

IWUT TMl.II 

"', HOI.O OA" ,ROM 
IIIIMII£. LAI' PIIo.Lt:M 

Ii • "IS.~ • NOt 

I -0 
:I -0 

• ... 
It ... 
• .. , -0 

au,"",T TaBUI 

TAli.! ~II UUfIDUf ...,...R Ii • 'ltl.. II flO I 

• .. III ., -II 
10 .. 0 

HUM.. W CAli,.. 
AOOlD fOR 'MIS 
PROtiUN 

·0 ... ... ... .. 
3 

1'1108 ICo"TIII 
1205 TwO STUR' BEhT ~OL~IN6 STiffNESS 'ROM I~O' - O[aO.Lrv[.IIIINO LOADS 

Ta~L[ 7 - COMPILA'loN TADLE 

,,,PUl OF "HOBLIM hU"SIRS A"O MULTIPLIERS 

1202 1.210'.00 
110. a .nOhOo 
1203 1.2!i11[.00 

NPIlOtI 

PR08LlII NUMB,RS A~O MULTIPLllllS U5!D 'OR THli PRoeLEIi 
PRoaLEII NU"B£RS IN ORDER PROILEMS IIIERE I"PUT 

MULTlpLl111 

1201 1.210[." 
un 1.1S0[.00 
120. 1.2501.0. 

PIIO¥ CCON1111 
1105 Two STORY AE~T "OLUING STI"~SS ,ROM ijO' - OlaO.LIVl.-IND LOAOS 

DISl"LaU .. hTS '''aCTIONS 

JOINf OISI' III UISPIY' HOUTJO",ZI lI[ACTUI II[&CTI'I'I III[AC!IZI 

I -7.h6[-.. ' -2.286E-97 l.6U,.-O. 7.506£·01\ l!.Z86E.02 O. 
l S'''~8[-'' -6./lIei.-IIZ -7.1182,-0l o. II. (10 

l 1.-061·00 -9.Z9OE-02 -1.060,-DZ O. O. O. 

• 5."2£-0& -1.19,[·00 -7.5661'-0_ o. !I • .'10 

5 1._901·00 -1.5ZU:·OO •• 75l,-0. O • II. O. 
6 1.9 .. 6[ ..... -1 •• 04£"'7 -Z.lZl, ... 6 -1o'86f.nl ,._O_E.Ol' 2·lllE·OJ 
f ,.J_I[-oj -7. 719E-OZ l.9JSf.-0l o. n. o. 
I l.lI9[.01l -1.IUi.-n I.70lE-OJ O. O. II. 
9 _J.i!II~[-oi! -1.Zj!lE·~o -J.199,-0_ O. Z._4ZE.Ol o· 



filftl» cCOttTln 
120S hiD STOlt' ... T -.01 ... 1T1f'nIESS FRail 1;02 - O£,o,UV£'''INO LOADS 

,.IIL 'OReE. OZ ....... . 
SHIh .. ·.,.S ••••• 
"CIMINT .. r"IH-1Il 

fMI: MAlll'""" £WII.18AIUII Il!lltOll 

"I~ fClt(. ·~.144«'OI 
,",All • .,.463£'01 
~I.t • -2.520£"3 

IIIITtltlUl. TO VIC IlI(..-rA IS ,.,011£-.1 

6.,p'6e:.n 
..... 66£ • ., 
T.OTI[.O.1 
1.14ti[ •• ) 
6d31hn 
S.31u.iIJ 
4.ze9E·0) 

.~.99Il"1 )"39[ •• , 

.... ett •• t 9.161(,'2 
-9.TII1I" .1.3)41.0' 
·i.Ollt •• , -,.T41£'0' 
-,0090['" .6.296E.0.1 

tHl ~.l~ EOUII.IBRIUM lRROI .MftRNIL t' THE M!Mj£.,- J.I'J[-'~ 

.... ItoI'It&" 
1105 l"o I¥OR' sENT IIOLDI ... STl'FNESS 'ADM lial • DlaO.I.IVE'-INO LOADS 

TAILE III • "[Matll ~SUUS 4cOHTln 

.... EIt HIHllua 111 ITI" "" 7 
UNlTIf. ,.960t." AL~"A. 00 lElA. 1 .... '.00 
10£1 FROM ,/OUn 9 TO JOr"T 4 
OUTPUT IHSlAlfllCtS &flt U,* JOINT • AI.OIiI Tit( M£""ER AlII"! 
ALL. OUTPUT 'OtteU AND OUPLAtEIlf:NT, All( IIITM AU!>!CT TO 'IC ..... 1" AIiES 

OISII'LACEtI£"Ts 

DISuNCI LAllAAI. AOlATIOMAL A.lAL 

O. .1.UtE,01 1I.110[·02 .3.199E-.04 -1.4.non ",'5n-ll .,5.61G[-JO 
1.110('01 ... nr"ol '."~£·IIZ":!IioZ":!Ie:"0"-1.1;n'0l .i.UlE'" -l ... lhOl 
).,nt: ••• -1.I2K •• 1 l,"le:~'l"" ••• OI .. oill"'L.Uar:.OI ...... ! ....... 561" •• 
S.9".t: ... -1.121£.01 l.I,J'£".J .... JI9bCl~"" •• ".t.'" -,.Int: ... _1.,;lt:.01 
1'.9t!Ot; .... "1.2lJE.O"~.1~1e: .. II''''''''I,Jn'''''''''J.tJ61!:.''2 .. ;.1"1'" -ih141[ • ." 
'.'Oo(·en -l.UI£ .... • •• ll.f: .. lIiJ ... (; .. jI;l:Z,,..,, .. ~ •• ,)!.ez -"",""1000 .I"IX,O, 
l.lle·ot! -1.24K • ., ........ ,I ... ' ..... U:1It ... " ... J.lI,U • ." -,.404('" -l.'4.1I£.02 
1. ' •• 1.02 .1.2:511 ...... ""f .... I ... l.l.~ ... ~ ... J.'.,.4.f,.Z ... ,.II$ ....... 4.,,1£;.11 
1o ••• E. D' ·1.16,£", eo ·~"'CI~1.e:"".I .. I.'~2£.oJ ... (I •• ~."z J .'In,,,,llir ",4.5j9t:.U 
1.7ur .. 1 ., 02"11 .. , ........ E,.I· ... l .. 1IU·o'· .... ~t.t.... , .• rlt~. ",.",r.o. 
1.9IoE·OI .. 1.2.41. ... ·1.:J1)1£ ... ~ .. S.969t" .... 1q~OI !I.ISU~ ":J.,i6£ • ." 
1.11.1"'02 -a.'96hOO .1.7'4'_01 .. 1.lllI"oJ .... .,it •• , ,~J,J2t"" ..• bnll£~!Il 
1.,n,·,1 -I.lou ... -I.2~Zt:"'1 -I.IMI:" ..... 1~4t .. OI ; .. 3J" ... -1_i,,[.02 
2.5.,,,,,"01 -1.319E.1I0 -1 •••• E.01 -1 • .111r-n -4.II,zt002 II.J.12lo00 ..z.l.~[ .. ol 
1.1'JU"02 -1.UoE.oO -.l.l,2£,.tl .,.19'1-0' -4."'0£.01 s.nl!." ..... 'I'f.~11 
2.910t· .. -1.342£.00 -J.S.IE-,J -1.ZOll-03 -4.~1Yt: •• 2 ;.3JlI!*.8 1.9,lt •• , 
,.16.1·., .,.3S11 ...... ,lOE-O' -Zo,.It:-", -4.llIE',1 5oJJ21". ,.9$1£.02 
1.36.£ .. ' -'.3.~E.OO --.,9SI-ol _1..,61"Ol "".AOIEool ~.3"t:.,O 4.oi.E'.2 
3.'64£·02 -1.l76hoo -4.?i'f-01 -1.511'£"03 -4." .. £-01 ".132£000 5.01l'h02 
l.1621".2 -1.3.IE •• 0 -4.,991.-01 .1.1IlOE-,J -4.11'[001 ~.31Z£oOO '.125£'''2 
1.96.·02 -1 • .199£.00 ..... 1.21-.. -l.566E·" -'.1"11002 ~.332£.0' 101.1t.02 

T"t M __ IMUM EQUILJeRtU~ ERRQA IhTER~Al TO T~ M£MQ(R IS ?3]8£-O~ 

N 
N 
lJl 



ItROB CCONTO. 
1101 TWO .,ORY 8E~T HOLDING STIFFNESS FROM titl - OEaD,LlyE,WIND LOAOS 

TABLI I •• JOINT E8UILIIAluM ERRORS 

ERIHYJ 
FORCE 

IRIHZI 
MOMDtT 

I -1.11,,-oJ 3 •• '11-10 2.'11(-'1 
2 - •• llll-O~ 6.6l9£-04 1.0~Jt ••• 
J 1 .... 1 ... , 1.1"Lo.9 S.9I1r .. 01 
• 1.1081-0. -1.18.8£-'. 2 •• tor .. n 
I -hI091.... S.lU£-..... • 640t-.01 
6 2.98."-OJ ~ •• tO£·lO -J.906!-01 
1 J.lllE-oJ -1.011£-'. "'~I"F •• , 
..... 1991-11'· 1.r59£-0I .... u1v-.i 
9 ,.951£-11 I.r .. r.·.. ....611[ .. 1. 



02 Jut. OW' 111 - COM - 14M 
EXAMPLE PIIOBLEMS FOil REPORT 

TABLE I - PA08fiAM COWTAOL DATA 
PAOILEM TYPE • 

It 
:J 

• 15 
iii ., 

TAILE 
NUMIEA 

B 
9 

10 

INPUT TAILES 

HOLD OAU ,ROM 
LAST PAOIIL£" 

11 .. 'l'U,O II NOI 

-0 
-0 

'"" -0 
-0 
-0 

OUT'",T TABLES 

SU,pAUS OUTPUT 
11 • 'l'ES.O • NO, 

-0 
.0 
-0 

WUM8I:A 0' CAA". 
AOO£O '011 TMIS 
pAOILlM 

-0 
-0 
-0 ... 
-0 
2 

1'1108 (CONTU) 
1206 hO 5~01l'l' aENT MOLOIwe STIFFNESS 1"11014 1;02 - OF"'D.L!'1~ LOADS 

TABLE 7 - COMpILaTIOW TA~LE 

TASLES 12 - 61 OMITTED 

i~pUl 0' P~08LEM NUMBEAS AND MULTIPLIEIIS 

.. plIOa 

1202 1.10011:000 
lI!h l.§OIlE.1IO 

.. pROIl 

plIOBLEM wUMBEIiS A .. O HULTIPLlfRS USED '011 THr~ PIIOBLEM 
PROBLEM WUMBEIIS I" UROER PROBLEMS ~fRE INPUT 

1202 1.100[000 
lZO] O. 
120. 1.5I111E.00 

Pllotl ,CO"1I11 
1206 TWO 51011'1' ~E .. T MOLOING STIFFNESS FROM "D2' - OEan.LIV£ LoaDs 

IllSPLaCEMlonS "raCTIONS 

JOIWT 0151',,,, OlSP(l'l NOTUIOIIUI AEAC".' "EACT'YI IIEAq ill 

1 -1.SSlE-.8 -2.9l1E-91 •• !IllE-Ol 1.SSlE·01 2.931E.02 O • 
2 •••• II1E-02 -1.120£-02 -1.,U2E_0] O. O. o. 
] 7.l82E-ol -1.19.E-01 -1.315,.-02 o. o. o. 
• -1.962E-ol -1.719E'00 -l.210E-0. D • o· g. 
5 8.·5.E-1I1 -1.'1]6£'00 l.7UE-0. o. o. o· .. 1.6.oE-91 -2.999£-91 -1.511,-96 -1·6.0UO'i 2·999E.02 l·S11E·O] 
1 2.906E-0] -9.6.1£-02 6.6UF-0l O. '10 o. 
I 1.U.]E-Ol -1 •• 86E-01 1.161[-02 O. ". e. 
9 ].6Z1E-y] -1.sSZE'OO •• 633,.-05 o. ].105£.01 O. 

N 
N ..... 



PAOlI ICONTO» 
1206 TwO IT DRY BINT H!)LoINa ITI"NEII 'RoN i;ol - O~AP.LIVf LOAPS 

UBU: " - NENIP R£IULTI 

NE~ MUMBlR 1 ITI,' TYP, 1 
LE~TM. 101TI'001 ALPHA. o. BETA. 1.000fo OO 
IOEI ,ROM JOINT I TO JOINT a 
ALL IlUTPUT 'ORCn ARE IIITH RhplCT TO THf IIlMlb ix!S 

AT .IOINT 1 AT JoI," 2 

AxiAL ,ORCI <. -lo'Jllo01 
IHIAR • -1.1111-01 

AXiAL ,0000q • _All . _;.T601001 
-1.1,110 01 

NOME NT • I.T601-01 IIOM,NT • -'.1,31 0 03 

THE NAXIMUM EQUILIBRIUM ERROR 

NENlh NUqlR I ITIP" TYPe I 
LENITH • 1.1T1E001 ALPHA • III. 
10EI 'RON JOINT 2 To JOINT J 
ALL OUTPUT 'ORCES ARt WITH RUptCT TO THE IIIfNIIER 

AT JOINT a 

-6.iTJEo" i. TZOE·OI 
-6.iiuo" i.64.EoO~ 

.O~IE.OIII -loJI1E-OJ -6.9TlEoOI i .576EoOI 
-Ill .it. 1 10':'011 .1I.IHE-OJ -6.~rJEoOI 1·50'IOOt 

.062E-1II1 -2.104r.1IIO _4.0.IE-OJ -'.~"loOI I.ZZIE.O* 
·U T.G5lE-0' -a.JlllllooO -J.'l~E-OJ -S.,;5roOI ".401£001 

1.'40E·OI T .040E-ol -2.JllhOO -J.l'61-0J -S.5,11001 ".6ITE o01 
1.6101 0 02 T.02'£-ol -~.4S1Eo" _1.'T6I-oJ -5.!16EOOI T.'ItTEoOl 
1.'2OE002 T .oa,E-01 -2.4'OEoOO .... 4161-0. -5.:l4U:001 ~.140EOOI 
1.1601002 T.OI1E .. ol -2.4''5[001 '.OOZE-O' -5.UTEoOI Z·n7E·,1 
1.400Eo02 ToOOIE-Ol -1.4~6EoOO l.lJJE-O' -1.~9IEoOI 1."lnou1 
Z.6~nEoOI 6.994E-0I -1.JUEtOO 3.8)DE-oJ -'l.C4er-n ".'J1I6pDa 
1.110Eolli 6."6£-0l -1.ISlEooli 5.J611-0] _4."1!~100l -,.9l5roO I 
J.ll0EolIl 6.,!T~E-Cl -Z.100<E.00 T.325<I-OJ -4."Ii'loOI -4.flJEoU 
l.l60Eo02 6.'6IE-Ol -1.,O.E<.OIII '.194E<-OJ _4.,.j 01001 -c;.4!iJloOI 
J.600EoOI 6.'StE-U -106601000 10075E'"Ol .'.1;'01001 -".1 TJI·Ul 
J.14OE oOI 6.951E-Ol -1.18.toOO 1.1"51".2 -4.1.'1001 -<toOlll ool 
4.0BOE·02 flo'4n-Ol -100"!0" 101.11-02 -4.ITlloOl -ioIIOE·oi 
4.JIOEogz 6.93IE-01 -T.8~9["01 1.165E-02 -4.1'IEoOI _1.l5ztoO~ 
4.560E·02 6."'ltE-01 -4.1'0£'01 IoZZ4£-OI -4.flYZEoOI -1·U4EoUI 
'0100E o02 fI.il4E_Ol -l.96IE-Ol 1.1611-01 _4.~~IEoOI -l.l9lEoUl 

TH[ IIAXIIIUM IQUILlaRIU~ ERRON INTI!:ANAL TO THf IIE~.IR IS &.OZIIE-UI 

MOII£NT 

-1.'60Eo'. 
-1.lIIEo04 
e7.6TOE.Ol 
-l.'66E.03 
-4.16IEoOI 
1.'1 JEoOJ 
4 .01'EoOl 
6.0,IEon 
T.'i ,E·Ul 
1.56IEo03 
II.044E.Ul 
'1.346[oU] 
9.471£.ol 
1.4I'IE.Ol 
7.1'I.E.Ul 
5.T,51E0U 
4.~I8(oVl 
1.4&IEoOl 

_1.461Eo03 
_4.S61E.Ol 
- 7.lllt."J 

PROB ICO"TOI 
1106 1.0 STORV BE"I ~OLOING STIFFNESS FROM I;O~ - DFAO.LIW[ LOADS 

TABLE 'I - MEMeER AESUL.U ICONTOI 

MEMBEA NUMBIER 10 STIFF TVP£ T 
LENIT". l.V60EoOI ALP"A. o. BETA. 1.000£000 
iDES FAOM ~OINT 'TO ~OINT 4 
OUTPUT DI§TAhCES ARE FROM JOINT • ALOha THE ME~8ER AXI~ 
ILL OUTPUT FONCES AND DISPLACEMIENT~ ARE WIT" AESPVCT TO THE M[M8EM AXES 

DUPLACEIIENTS 

OISTaNCE IIOTATIDNAL 

O. sl.SSIEoOO -l.U1E-IIJ 4.6JlE-05 -l.JnS£oOl -i .S'tE-q I.T5'E-1O 
1.'80EoOl -i.S54lo00 -i. fOllE-Ol 4.68lE-ol -'.ln6EoOI 1.III IE-Ul 1.'6!E.U. 
l.'60EOO& -1.SlU o .. -1.T5i!E-Ql •• '55E-,5 -l·!lizl.O! '.054£-0& 6.940£000 
5.940Eo01 -1.S6IEoOl -f .1Z.£-0. !!i.610E-OI -1.1141001 ,.6"E-O~ l.lTUoOl 
T.'20E oOI -1.56TEoOO 5·014E-04 6.TZU-01 -1.?jU·OI 1.T62E-Ul l·nO£oOl 
'.'OOE·vl -1.574EoOO 1.'IlE-~l a.lUE-OS -l.,,6EoOI l·~IOF-ol l.n61E·0l 
1.1I.E.·ti! -1.5IlhOO J •• llE-OJ 1.1130E-04 -l.'~6Io01 1.99l£-O~ :I.l61E01I 
1.3I6EoOI -1.59llEoOO •• 078E-Ol 1.ISlE-84 -4."i~OEOOI ".?56Es O;t l.590lEoOI 
1.5I4E·Ui! -1.605E ooo II. TllE-ol 1.·''E-04 -S.U8EoO! "'! .61"1-0 ~ :I.l54[.01 
1.7121·02 -1.6UE.00 1.1VOE-OI 1.666E-04 -S.T,IEo02 - ... 060E-01 l.siZEoOI 
1.'IIOE·ul -1.6lZE·00 1.51lE-ol 1.7'9E-0. -6.,jIE·OZ -1I.TlI[-OI '.5681E.00 
1.11"E oOZ -1.11471E.0I 1.887E-ol 1.7.,4E-.4 -6.lG,,,ogz - •• Inl-U~ -1.OO'lEoOU 
l.lT6E oOZ -1.1162£000 ,1.llZE-oI 1.6TTE-04 -6.1<t4I001 ~1I.aTTE-Ol -I .5,8E .1Il 
~.!H4EoOl -1.IoTTEoOO ,1.S44E-OI 1.4581E-04 -6.17'IE·OI -I.ITTE-Ol .... 3\6£.01 
I. f7l(.ui! -1.Ii'I£oOO 1.1D1£-01 1.lnE-04 -6.1 .. 5£·01 -III.ITTE-ol -6.074E.01 
I .'70E ·~I -1.106EoOO 1.,8U-nl 6.841E-OS -6.j!!OE OOI -".UTE-O! -T.nllE.VI 
l.1611E oul -1. 7111E·00 l.06SE-oI I.UlE-05 -6 .1~5£·01 -III."'TE-ul -'.Sa9(.OI 
l.l66IE·Ol -1.7351.00 l.OZ.I-oi! -S.lT6£-OS -6.1 '0£·01 -a.1II7TE-0l -1.ll5£oUI 
J.SIo-(·ul -1.150looe i! ... ,4E-0i! -1.li6E-04 -6.in5[OOI gll.17TIE-Dl gl .:11 olouZ 
:I. 76ZlEoDoI! el.764EoOO i!.4117E-OZ _1.1~7E-04 -6.~'10E.OI -III.ITTE-ol -1.4161E.VZ 
J.,uEoOI -1.77'[·00 1.,6IE-ol -:l.ll0E-u. -6."75£·01 -II.ITTIE-Ol -1e66ZE.OZ 

TlfE MAIIIMI.IM EOl.IlLltjRIUI< tRROR INTEgNAL TO THE ME""IR 1<5 :oo.6IE-0'" 

PROIi ICO"'UI 
1106 hO SIORY BE~T "OL01Ne STIFfNESS FAO" 1;02 - OvAD.LtVE LOADS 

TaBLE 10 - ~01 .. 1 IEWUtLI~~luM ERHOR~ 

,,01N1 EIINI.I ERllnl ERAIZ. 
FONtE fORCE .. OlfENT 

1 _1.4it4[_Ol 4.4lalE-l0 l.7601'-01 
I -!i.IIJIE-IIA 3.613E-04 l.l04VoOO 
1 l.cUE-ol 9.036E-09 ,.40'F-.Ol 
• l.lllE-u4 -1.19][-U. 8.89lF_Ol 
10 -i.cclt-v4 1o.557"-UII -S.U76F-ul 
6 l.51o](-03 4 .50!'l-& ~ -J.536F-Ol 
7 5.ZllE-ul -1.419E-O. -1.46l".00 
a -7.77lE-aJ I. ]110(-011 -10143"000 
9 -1.1o"'lE-U 1."'lOf-OIi 1.759F-1O 

N 
N 
00 



." "'''''' 7D • COM • 14M 
[~AMPL[ PROBLEMS 'ON REPOAT 

PAGe 
n07 ADD ..IOINT 10 AT G"OUND LiN[ TO SUBDIVID, PILE - DEAD lOAD 

T.ILE 1 • PAOIRAM CONTROL DATA 
PRoalE_ TYPE 1 

INPUT TIIIUS 

'AIU HOLD DATA '"OM 
NUNIl!! LAST PROBUM 

'1 • TtS.o • NDI 
I a 
3 I • & .. • • a ., -. 

GU'P!,T 'AIUS 

TAILE SUpPRESS OUTPUT 
NUMHIII U • ,[1.0 • flOI 

• -II , -0 
10 ... 

NUN.IlElil 0' CARD!! 
aDO£O'OA TMIS 
,",DIUM 

I 

• • • • •• 

PAIII! ICO"IUI 
11Q7 ADD ~UINT 10 AT SHOUNO llNr fO 5UROrVIO~ pilr - uraD LUAD 

FADM 
"'OINT 

, 

JOI"' 
1 
I 
3 
4 
~ 
6 
1 , 
9 

10 

o. 

II 

O • 
O. 
O. 
4.IOer-D! 
4 •• 00r o OI 
9.6110r o 02 
9.6"0£00l 
9.IoOllr·Ol 
$.800r·Ol 
$.1I0Ir·02 

I"PUY Of JOINT 0"5rTs 

, 
I. 
1.2111.01 
..5SShol 
2.1111-01 
•• '.6"001 

••• 8l'''001 
1.I.,iroOI 
S.118[ 0 02 

-l.ulr'OI 
1.)76£·01 

TD TO TO To !O TO TO 
JOXiOT 

10 



""OIl (COINT,. 
120' AOO .IOIMT a. AT eR~ L1"£ TO SUeOtyto, pJL£ - DEAD L~AO 

,110M 
JOINT 

0; 

" I, 

iCMHR 
NUMIl 

I 
I 
:a 
• • • ., 
I 
9 

10 
II 
11 

STI" LOAD 
TYPE TyP[ 

• • I t 

" • 

• ., 

lltPUT CW .. [ .... LOCATIONS 

'0 T" TO TO 
JOlttT 

• to 
• 

TO '0 iO TO 

COMPUTED ~. hUMBlftS,LEHI'HS.AND or'S!T, 

,ROIl ,0 sn" LO"" Le: ... TM K-of"lrT Y-OI'fHT 
.101M' .JOJII' ''''' nl'£ 

1 I 1 1 l.t11,·.1 I. 2.218[·01 
I :a 1 I 2.".E .. ' •• 2.h8r·02 • I I ill 1 ...... 02 t. iIl.6j19£-n 

" 
, l! :II 2.'.0[.'2 I. 2.760r.02 , (I • • 2.940[.0.2 I • 2.940"·02 

I • .. I • ••• 0£·02 • •••• '.0' •• • 7 !iJ 5 •• ,00£ •• 2 •• ,00!.01 III • 
:a • • • ·.'II1l[·.2 •• 100,.0! 3I.3i2[·01 
~ • • • <II.,Ul-02 .... 00y.02 J.Jllf·OI 

" • II I 
0; .0 • • ••• !0'·02 •• 1.911'0£·'2 

U " • 0 1.".,,·,1 o. 2 .... 0£ •• ' 

_ co .... ut€O I'Ii:MIIP MUICIIfRS ,,&till: wITM .. ASl PRoeLEtI ••• 

'0 '0 

""08 lCOIIIIUI 
1107 ADD JU1NT 10 A' GROUND .. ,HE TO SueorVln, PILE - DEAD LOAD 

I 110 
6 0. 
., O • 

II'Roe ICONtUI 

II. 
II. 
O. 

ACCUMULAT'O J~INT 0.'. 

o. 
o. 
o • 

"'RINGel! 

1.00G!·0' 
10000£·90 
O • 

l·oot£.90 
1.000£.00 
2.1I00E.ll 

!207 ADO JOINT 10 ., .KOUNe LT~ TO SUBDJVI~ ~ILI • Of AD LOAD 

ST'" 10011 Of PRISMaHC: PliISMalle NU Aln nifTPuT "'ttf "'IN 
H"[ t:LA.f>T I II CARIIS IlPT ,,.., fRI)" TO 

8 2.'116.£ ••• -0. ·0. II -~ -0 -0 

Sflf' "1'£ II CONT" R£<;TAA1NTS AAr IN M£,,8(R DRIME~ AlES 
Jill»' TO A fit. Sv 

o. -0. 1.ulliIlE+U 2.11100£·01 2.11'10':-00 ,.ooor- Ull -0. 
-0. 1o""oE·02 1.0lliQ£·0:' 2.8uO£-01 2.ft •• E>-0. 1.!iO"E·U~ -0. 

STlf' 0400 0' I'RISMAUC plllSMdle NO AUS IlIIT,,'JT "'1N PTN 

'''''t: ' ..... ST I A calillli oPT tin ,lItIM TO 

9 2.9611[ .. 0. 1.050E+1ll 1.100E·Ol II 1 -II -0 -\I 

sa: 

N 
W 
o 



1'11108 ICONTOI 
lZlll ADO JOINT 10 AT allOUNo LYNE TO SuscrVI"" PILE - DUD LIIAO 

TABLE. - MEMBEIII LOAD DATA 

1'1110lIl ICO",TOI 
1107 ACO JOINT 10 AT GROUND LIllIE TO SuaO!III~ PILE ~ O£AO LOAD 

PR08 CCONTOI 
llP07 ADD "OINT 10 AT .ROUND LTNt: TO IIIIIOIIIIO( PILE - DUD LOAD 

JOINT olSt> ill I 

1 -1.014E-,9 -1.196E-97 1.08It-Ol ".0~E'08 
I -1.'llE-02 -l.404E-OI -l.119,-Ol O. 
l l.l0SE-01. ".999E-ol -4.5l6E-ol Go 
4 -1.OI,E-02 -6.95,E-Ol -1.16l£-04 O. 
S l.UOE-OI -".SIZE-Ol 1.491E-04 O. 
6 1.516E-9' -1.l44E-97 -6.114E-97 -1.S11E'DO 
1. -loUiE-OZ-4.1_6E-01 .l.15.,..-O3 G. 
I· 2.S76E-Ol -6.I,K-'1 l.8'"r·-Ol O. 
9 10278E-oJ ".O-IE-Ol 1.691'-01 •• 

10 -8.894E-03 ".l4IE-01 1.171,_04 O. 

1·196hOP 
O. 
110 
G. 
II. 
1.l44EoOI 
O· 
O. 
1.Zlft ... 
• 10 

Oit 
O. 
O' 
II. 
O. 
".II&_[.O~ 
O. 
h 
00 
O • 

1'1108 ICOhTill 
I.llll ADO JOIIilT 10 AT allOu .. o L,"'E TO SU8DIVIIl .. PILE - DEAD LUAO 

ME~EII IIIUM.ER 1 STI" TYPE LOAO TYIlt: 
LENGTH" l.l7lEoOl ALP"A .. 
GOES FRDM JOINT I TO JOINT l 
aLL OUTPUT 'ORCES ARE _,f" RESPECT 

o. 8ETA • 

A' JOIIiT 

AxIAL 'OIlCE .. -l.Z'Uo uZ 
·".ulSEovO 

10150E-'jl 

AI,AL 'OIlCE • -1.lI1Uo OZ 
SHEAII .. 5H£AII • -".Ol5E oOO 
IIOI4£N' .. "O"EIilT .. -;.600E·03 

NEMaUNUMidER I STI" TYPE 
LENGTH II 1.I7IhOl ALPHA. 

LOAD 

10ES ,AO" JOJNT 1 TO JOINT l 
ALL OUTPUT FORCES AlliE _11M RESPECT 

III 
.610.E·Ol 
l"ZO£"~l 
I. &6oE.,Jl 
1._OOE·"l 
l.6_0E ovl 
l.a80EoU 
1.1<'IoE·~2 
l.l6uE oul!! 
l.600E ouii! 
l.a_oEoul!! 
_ .08eE olll 
-.lIOEo~1!! 

-. 5"uEo llii! 
-.8ouE.LI!! 

nl 
• 16[-01 

2.Sl1E;'OI 
2.lIfi'i'E-0l 
l.5"4E-ol 
2.Ii.O£ .. 01 
i.IIIITE-al 
i.liS4E-ftl 
l.liIiIE-ol 
2.S47E-r.1 
Z,5_-E-ftl 
l.5_0E-1Il 
1.$lTE-ol 
l.53_E-91 
l.UIE-ol 
l. 5zeE.~1 
Z • 521'1E-o 1 

• 1£-01 
-8.ll'l[-01 
-11.1'102£-01 
-i.UDE-GI 
-1I.nU-Ol 
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