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PREFACE 

This report presents the results of an analytical study undertaken to 

combine the versatility of discrete-element beam-column modelling and direct 

solution techniques with conventional frame analysis procedures. The basic 

beam-column analytical procedure used herein has been well-documented in pre­

vious reports. It is presumed that the reader has read these reports and is 

familiar with discrete-element beam-column modelling. 

This is the fourteenth in a series of reports that describe work under 

Research Project No. 3-5-63-56, "Development of Methods for Computer Simulation 

of Beam-Columns and Grid-Beam and Slab Systems." The reader will find it advan­

tageous to review Reports No. 56-1, 56-3, 56-4, and 56-7, which provide back­

ground information for this report. 

Duplicate copies of the program deck and test data cards for the example 

problems in this report may be obtained from the Center for Highway Research, 

The University of Texas at Austin. 

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

Research for their assistance in producing this report. 

May 1969 
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William P. Dawkins 

John R., Ruser, Jr. 
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ABSTRACT 

A direct method of solution for the computer analysis of plane frame 

structures is presented. The method combines the discrete-element beam-column 

model for the evaluation of stiffness terms for nonprismatic members with the 

direct solution techniques of conventional frame analysis. Flexural properties, 

loads, and elastic spring restraints are allowed to vary at will along any mem­

ber. The method is not restricted to orthogonal frameworks. 

No restrictions are placed on the mode of deformation of the frame. The 

effect of axial deformations on frame behavior is considered and the investi­

gation of the effects of axial thrust on bending stiffness is allowed. 

A reduction in input is achieved by a grid type description of the frame. 

Several example solutions are presented. 
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Symbol 

A 

C C 
x Y 

E 

f 
x,i 

, f y,i 

F 

F 
m 

F 
s 

h 

i 

I 

I z 

j 

k 

1 

.t 

L 

m 

m 
z,i 

n 

Typical Units 

. 2 l.n 

lb 

lb and lb-in 

lb and lb-in 

lb and lb-in 

inches 

. 4 l.n 

inches 

lb-in 

NOMENCLATURE 

Definition 

Cross section area 

Direction cosines of x -axis with re­
m spect to x and y-axes, respectively 

Modulus of elasticity 

Member forces at end i in x and 
. 1 m y -directions, respectl.ve y 

m 

(6 X 1) matrix of member end forces in 
global coordinate system 

(6 X 1) matrix of member end forces in 
member coordinate system 

(3n X 1) matrix of applied joint forces 
in global coordinate system 

Increment length in beam-column 

Integer index 

Identity matrix 

Moment of inertia about z-axis 

Integer index 

Integer index 

Integer index 

Number of members framing into a joint 

Length of a member 

Integer index 

Moment at member end i about z-axis 
m 

Number of segments in beam column 

xi 
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Symbol 

R 

Sk 

Sk I , 

Sk. 
1-,j 

S m 

S s 

S 
S. 1-,j 

U. 1-

U 

U 
m 

U 
s 

V. 1-

V 

X,y,z 

x 
m 

Ym z m 

1'\ 

9 i 

8 

Typical Units 

lb/in and lb-in/rad 

lb/in or Ib-in/rad 

lb/in and lb-in/rad 

lb/in and lb-in/rad 

lb/in and lb-in/rad 

lb/in and lb-in/rad 

inches 

inches 

inches 

inches 

inches 

inches 

radians 

radians 

Definition 

(6 X 6) matrix for transformation from 
global coordinate system to member 
coordinate system 

(6 X 6) member stiffness matrix in 
global coordinate system 

Element of stif~ness matrix in 
position of It column 

(3 X 3) partition of member stiffness 
matrix 

(6 X G) member stiffness matrix in 
member coordinate system 

(311 x. 311) structure stiffness matrix in 
global coordinate system 

(3 X 3) partition of structure stiffness 
matrix 

Translation of member end i in x -
direction m 

Joint translation in x-direction 

(6 X 1) matrix of member end displace­
ments in member coordinate system 

(311 X 1) matrix of joint displacements 
in global coordinate system 

Translation of member end i in y -
m 

direction 

Joint translation in y-direction 

Global cartesian coordinate axes 

Member centroidal axis 

Principal axes of member cross section 

Number of joints in frame 

Rotation of member end i about x -axis 
m 

Joint rotation about z-direction 



CHAPTER 1. INTRODUCTION 

Statement of Problem 

The plane frame is a frequently recurring structural configuration in high­

way bridge and elevated freeway structures. It has long been recognized that 

an accurate and complete analysis of this type of structure can be done effi­

ciently only with the aid of a digital computer. 

Two notable attempts to combine the generality of discrete-element beam­

column procedures with frame analysis have been reported (Refs 3 and 4). Both of 

these solutions have relied on the use of alternating-direction iterative (ADI) 

techniques for the solution of the set of simultaneous equations which result 

from the analysis. Although the ADI method is efficient from the standpoint of 

computer storage requirements, closure of the iterative process is dependent 

on the selection of numerical values for fictitious spring stiffnesses (closure 

parameters). Experience has shown that the selection of the proper values for 

the closure parameters requires a trial and error procedure which is time-con­

suming and therefore prohibitive. 

In addition to the requirement for closure parameters, the solutions 

mentioned above have been restricted to frames composed of orthogonally inter­

secting beams and columns which are axially rigid and in one solution no 

translation of the intersections of the beams and columns is permitted. 

Purpose of the Study 

The purpose of the study reported herein was to develop a direct, non­

iterative method of solution for plane structural frames which retained the 

generality of the discrete-element technique. The method of solution has been 

extended to allow analysis of frames which include nonorthogonally connected 

members and to permit investigation of the effects of axial deformations of the 

beams and columns on the behavior of the frame. 

1 
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CHAPTER 2. PLANE FRAME THEORY 

Definitions and Sign Convention 

In conventional terminology a plane frame is a structure composed of 

flexurally and axially deformable members which all lie in a single plane. 

The principal planes of the cross sections of the members are perpendicular 

or parallel to the plane. The joints, the intersection of two or more members, 

are assumed to be rigid; that is, any rotation of a joint about an axis perpen­

dicular to the plane of the structure is experienced by all members connected 

to that joint. Loads applied to the structure act in the plane of the struc­

ture, or, in the case of applied couples, about an axis perpendicular to the 

plane. 

An example of a plane frame is shown in Fig lea). The frame is located 

entirely within the x-y plane. Under the definitions listed above, each 

point in the frame may undergo three displacements: translations U and V 

in the x and y-directions, respectively, and a rotation ® about the z-di­

rection, Fig l(b). Similarly, three external forces may act at each point on 

the frame, Fig l(c). Forces are assumed to be positive when they act in the 

positive coordinate direction. A moment is positive when the vector, given by 

the right-hand screw rule, is in the positive z-direction. 

Member Force-Deformation Relations for Prismatic Members 

A plane frame member is shown in Fig 2. The six member end forces and the 

six corresponding end displacements are illustrated in Figs 2(a) and 2(b), re­

spectively. For convenience the forces and displacements are shown related to 

a coordinate system defined by the properties of the member as follows: the 

x axis is the centroidal axis of the member; the 
m 

the principal axes of the member cross section. 

and the z 
m 

axes are 

The force-deformation relations, neglecting effects of axial thrust on 

bending stiffness, for a prismatic, linearly elastic plane frame member (Ref 2) 

related to the member coordinate system are given, in matrix form, in Eq 1. 

3 
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(a) Plane frame. 

Fig 1. Plane frame. 

(a) Forces. 

(b) Joint displacements. 

x ---
(c) Joint forces. 

(b) Displacements. 

Fig 2. Plane frame member. 
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12 
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9. z 
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z-axis. 

The forces f and m and displacements u, v, and 9 are defined in 

Fig 2. 

In matrix notation, Eq 1 may be expressed as 

F = S U 
m m m 

where 

F = (6 x 1) matrix of member end forces, 
m 

S = (6 x 6) member stiffness matrix, and 
m 

U = (6 x 1) matrix of member end displacements. 
m 

(2 ) 

The subscript m indicates that the quantity is derived for the member 

coordinate system. 

Each element of the member stiffness matrix may be defined by imposing 

unit displacements and examining the reactions which are induced. The member 

is shown in Fig 3 with end i displaced a unit distance in the y-direction 

and all other end displacements prevented. The reactions resulting from this 



y", 

Fig 3. Prismatic, elastic plane frame member subjected 
to unit displacement. 
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deformation are shown. If the reactions are arranged in a column matrix in the 

order indicated by F 
m 

in Eqs 1 and 2 it is seen that this matrix is identical 

with the second column of the member stiffness matrix in Eq 1. Each element of 

this column is assigned identifying subscripts according to its position in the 

column and according to the position of the column within the matrix. For in­

stance, element Sk,l occupies the kth position of the lth column of the 

matrix. Each element of the member stiffness matrix Sk,l may, therefore, be 

defined as the reaction corresponding to the kth type of force in the F 
m 

matrix due to deformations resulting from a unit displacement of the lth type 

in the U matrix while all other displacements are prevented. 
m 

Member Stiffness Matrix. Nonprismatic Members 

With the above definition of an element of the member stiffness matrix, a 

member stiffness matrix may readily be developed for nonprismatic frame members 

using the versatility of the discrete-element method for beam-column analysis 

(Ref 5). Columns 2 , 3 , 5, and 6 of the member stiffness matrix are 

determined from the reactions developed at the end of the beam-column, due to 

inducing, one at a time, unit displacements vi' 8i , v
j

' and 

tively, with all other end displacements prevented each time. 

8. , respec­
J 

The axial stiffness of a nonprismatic member is assessed in a manner 

similar to the discrete-element procedure for flexural effects. The member is 

segmented into a number of prismatic elements. The overall axial stiffness of 

the member is obtained from the combined stiffness of the prismatic segments 

from 

(A~) 
e 

where 

(A~) 
e 

h 

A. 
1 

E. 
1 

n 

= 

= 

= 

= 

= 

= 

1 
n 

(A~E. ) \" 
) 
r 

i'=l 1 1 

equivalent axial stiffness of nonprismatic member, 

length of each increment of beam-column, 
. f . th cross sectlon area 0 1 segment, 

modulus of elasticity of ith segment, and 

number of segments in beam-column. 

(3) 
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Structure Stiffness Matrix 

A relationship between the forces applied to the joints of a frame and the 

displacements of the joints, Fig 1, may be established by a procedure identical 

to that discusssed above for a single member. In matrix notation, the relation­

ship is 

F = S U s s s (4) 

where 

F = (3Tj X 1) matrix of forces and moments applied to the joints of s 

S 
s 

u 
s 

Tj 

= 

= 

= 

the structure, 

(3Tj X 3n) structure stiffness matrix, 

(3'1] X 1) matrix of joint displacements, and 

number of joints in the frame. 

Each element Sk,l of the structure stiffness matrix is equal to the 

reaction of type k due to a unit displacement of type 1 when all other dis­

placements are prevented. Sk,l is numerically equal to the sum of the reactions 

of the individual members which are connected to the joint under consideration. 

The contribution of each member to the structure stiffness matrix is readily 

obtained from the member stiffness matrix. However, the member stiffness matrix 

is most conveniently developed for a member-related coordinate system, Eq 1, 

which does not necessarily coincide with the frame, or global, coordinate 

system. When required, the member stiffness matrix is transformed to the global 

coordinate system by the following matrix manipulations (Ref 2). 

The ith joint of the frame may undergo displacements U V, and e, 
Fig l(b), in the global coordinate system and displacements u, v ,and e 
Fig 2(b), in the member coordinate system. Since the joint can occupy only 

one position, both sets of displacements must lead to the same final position. 

This requirement is expressed in matrix form by 

u. C C 0 U. 
1 x Y 1 

v. = -C C 0 V. (5) 
1 Y x 1 

b 0 0 1 ®. 
i 1 



9 

where 

C = cosine of the angle between the x and x-axes, and 
x m 

C = cosine of the angle between the x and y-axes. 
y m 

Similarly, at joint j , 

u. C C 0 U. 
J x Y J 

v. = -c c 0 V. (6) 
J Y x J 

8 0 0 1 8 
j J 

Equations 5 and 6 may be combined into a single equation 

u. C C 0 0 0 0 U. 
~ x y ~ 

v. -c c 0 0 0 0 V. 
~ Y x ~ 

e. 0 0 1 0 0 0 8 (7) 
~ ~ 

= u. 0 0 0 C C 0 U. 
J x Y J 

v. 0 0 0 -c c 0 V. 
J Y x J 

e. 0 0 0 0 0 1 8. 
J J 

or, in matrix notation 

where 

U = R U (8) 
m 

R = (6 X 6) coordinate transformation matrix, and 

U = (6 X 1) matrix of joint displacements of joints i and j in 

the global coordinate directions. 

In a similar manner, the components in the global coordinate direction of 

the member end reactions are obtained from 

where 

F = R F 
m 

F = (6 X 1) matrix of member end reactions in global coordinate 

direc tions. 

(9) 
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where 

Equations 2, 8, and 9 are combined to yield 

RF = SRU 
m 

It can be shown that R is an orthogonal matrix, such that 

R'R = I 

= 

I = 
transpose of R 

identity matrix 

and 

Hence, equations 10 and 11 reduce to 

or 

where 

- - --
F = R'S R U 

m 

F = 

(6 X 6) stiffness matrix for member k 

global coordinate system. 

(10) 

( 11) 

(12) 

( 13) 

in the 

It follows then that Sk is the contribution of the individual member to the 

overall structural stiffness matrix. 

The accumulation of the individual member contributions into the structure 

stiffness matrix is visualized as follows. The structure stiffness matrix is 

readily partitioned into ~ (3 X 3) submatrices S Each of these parti-
s. . 
~,J 

tions represents the reactions induced at joint i by unit displacements at 

joint j. Similarly the member stiffness matrix is partitioned into four 

(3 X 3) submatrices with each submatrix S representing the reactions at 
k .. 
~,J 

member end i due to unit displacements of end j • Therefore, each submatrix 

of the structure stiffness matrix may be defined as 

where 

S 
s .. 
~,1 

t 
"\ -= S 
L k .. 

k=l 1,1 

t = number of members framing into joint i and 

(14) 
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and 

S = S 
s. . k .. 

1,] 

i :f j (15) 
1,] 

Supports and Restraints 

The matrix S 
s 

generated by the procedure described above, does not 

include the effects of supports or restraints. Unless the effects of supports 

are included, the matrix S is singular and Eq 4 has no unique solution. 
s 

Effects of elastic spring supports are incorporated in the stiffness matrix 

S 
s 

by addition of the spring stiffness directly to the appropriate diagonal 

element of S 
s 

Rigid supports may be represented by very stiff springs, 

hence, only the elastic spring restraint need be considered in the solution. 

The minimum number of spring supports which myst be provided is any combination 

of translational or rotational springs which will restrain all possible types 

of rigid body displacements of the entire frame. 

Joint Loads and Member Loads 

The load matrix F , Eq 4, is composed of the effects of two loading 
s 

systems. The x and y components of loads and moments about the z-axis 

applied to the structure at the joints are added directly to the load matrix. 

Loads and moments applied to members are converted, using the beam-column 

analytical procedure, to fixed end forces. The fixed end forces are then 

treated as equivalent joint loads. 

It is convenient to generate the fixed end forces for each member in 

terms of the member coordinate system. When the member coordinate system and 

the global system do not coincide, a transformation of the type shown in Eq 9 

is used, in the form 

where 

F = R'F (16) 

F = 

R' = 
F = 

m 

m 

(6 X 1) matrix of fixed end forces in global coordinate 

directions, 

transpose of (6 X 6) coordinate transformation matrix R, and 

(6 X 1) matrix of fixed end forces in member coordinate 

directions. 
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The elements of the F matrix are added at the appropriate locations to the 

F matrix. 
s 

Solution of Equations 

Equation 4 represents, in matrix form, a system of linear, simultaneous 

equations in the unknown joint displacements. When control of the joint 

numbering system is maintained and a limit is placed on the maximum difference 

between end joint numbers for every member, the matrix S , and, hence, the 
s 

system of equations, becomes banded about the major diagonal. The band width 

will be equal to (6n + 5) where n is the maximum difference between member 

end numbers. Sets of equations of this type are readily solved by the direct 

solution procedure described in detail in Ref 1. 



CHAPTER 3. COMPUTER PROGRAM 

The procedures and equations described in the preceding chapter have been 

programmed for solution on a digital computer. The program, PFRMl, is coded 

in FORTRAN IV language and has been operated on a Control Data Corporation 6600 

computer. A summary flow chart for the FORTRAN program is given in Fig 4. 

Detailed flow charts and a listing of the program are included in Appendices 2 

and 3. 

The program is written to generate automatically as much of the required 

data as possible from a minimum amount of input data. The arrangement and 

form of the input data are shown subsequently. The following paragraphs describe 

the assumed configuration of the structure on.which the input data are based. 

Description of Frame 

The frame is assumed to lie in the x-y plane of a right-hand Cartesian 

coordinate system. The structure may be oriented in any position within the 

plane; however, the amount of descriptive information required for the program 

is reduced if as many members of the frame as possible are parallel to either 

the x or y-axis. In addition, the solution process will usually be more 

efficient if the "narrow" direction of the frame is paralle 1 to the x-axis. 

Grid System 

The locations in the x-y plane of the joints of the frame are established 

by an orthogonal grid, parallel to the x and y-axes, superimposed on the 

structure. The intersections of these grid lines are the possible locations 

of the joints, although it is not necessary that the structure have a joint 

at every grid intersection. The frame of Fig I is reproduced in Fig 5 with 

a grid superimposed. The joints are identified by numbers assigned by the 

program based on the presence or absence of members at the intersections of the 

grid lines. The grid may be defined only one time for each frame; therefore, 

it should provide for any possible additions to the frame in subsequent problems. 

13 
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! START! 

! READ INPUT DATAl 

lFORM STRUCTURE STIFFNESS MATRIX 1 

NEGLECTING AXIAL EFFECTS 

!SOLVE FOR JOINT DISPLACEMENTS 

! INVESTIGATE AXIAL EFFECTS ? 
NO 

YES 

,_ DO UP TO MAX. NO. OF r--- ITERATIONS SPECIFIED 

I 
I COMPUTE AXIAL THRUST! 

I 
~ I REFORM STRUCTURE STIFFNESS MATRIX I 

INCLUDING AXIAL EFFECTS 

I 
I !SOLVE FOR JOINT DISPLACEMENTS 

I 
! iCHECK DISPLACEMENTS FOR CLOSURE" CLOSED 

I I NOT CLOSED 

'-------,~ 

iCOMPUTE FORCES AND ADDITIONAL 
DISPLACEMENTS AS SPECIFIED 

! PRINT RESULTSI 

! RETURN FOR NEW PROBLEM! 

) 

Fig 4. Summary flow chart. 
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y 
1--------11---+--1---- x -I ines 

2 

6 y-lines 

Y2--~-------~H--------

8 

yt--~-----~~~-----························ +--+-~~~3--L-

x 

Fig 5. Plane frame with superimposed grid. 



16 

Member Types 

Whenever several members, columns, beams, or diagonals, are identical 

in all respects (e.g., length, flexural and axial properties, and loading), 

the data describing these members need to be supplied only one time. Simil­

arly, the stiffness matrix for each type of member must be determined only one 

time 0 Member types are assigned to the frame members by tabulating the member 

type designator between x-lines along each y-line and between y-lines along 

each x-line. 

Member data are supplied in the member coordinate system according to the 

beam-column convention (Ref 5). The member coordinate directions coincide with 

the global coordinate directions when the member is parallel to the global x­

axis. For members which are parallel to the global y-axis, the member axis 

x 
m 

is parallel to and opposite in direction to the global y-axis. For 

diagonal members, the member axis x is positive when directed from the most 
m 

negative global x coordinate of the end of the member to the most positive 

x end coordinate. 

Compatibility of Member Type and Grid Data 

The length of each member is defined by the input data in two separate 

places. In the member type data, the number of increments and the increment 

length are specified. The length obtained from the product of these two 

quantities is used to establish the stiffness characteristics for the member 

type. Hhen member types are assigned between x and y-grid line intersections, 

the length of the member is again implied. If the length of the member as 

determined by the member type data is not the same as the distance between the 

specified grid line intersections, the program terminates. 

Structure Supports 

As stated previously, the structure must be supported in such a way that 

all possible displacements of the frame as a rigid body are restrained. It is 

assumed in the computer program that restraint is provided by linearly elastic 

springs. These springs may be applied by two different procedures. Point 

supports which are located between joints, or restraints distributed along a 

member, are supplied with the member type data. Spring restraints occuring 

at joints are supplied with the joint load and restraint data. 



Applied Loads 

As in the case of spring supports, loads (forces and couples) may be 

applied directly to the joints. These loads are added directly to the load 

matrix F ,Eq 4. Loads applied to members between joints, concentrated or 
s 

distributed, are included with member type data. The effects of loads on 
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members are converted to fixed end forces by a beam-column solution and these 

fixed end forces are then added to the load matrix F 
s 

Successive Problems 

The frame analyzed on the first of a succession of problems may be modi­

fied as desired on subsequent problems. Member types may be added to those 

already provided and members of the frame may be omitted or altered. However, 

as stated above, the x-y grid, once input, may not be altered in a succession 

of problems dealing with the same basic input. 

Axial Effects 

The axial thrust, tension or compression, affects the flexural stiffness 

of a member. Therefore, the level of thrust must be known for each member 

before the stiffness matrix for the member can be established. In conventional 

frame analysis procedures, the effect of thrust on the flexural behavior is 

ignored since this effect is usually small. Provision has been made in PFRM1 

to allow investigation of axial effects at the option of the user. 

When axial effects are not to be considered, the thrust is assumed to be 

zero when each member stiffness matrix is determined. An iterative process is 

required to include the influence of thrust. An initial trial solution is made 

assuming no axial effects. The resulting thrust is calculated and the stiffness 

matrix for each member is adjusted for this estimate. A second solution is made 

and a new estimate of axial thrust is determined. This process is continued 

until the joint displacements from two successive trial calculations agree with­

in a given tolerance or until a prescribed number of iterations are performed. 

Input Data 

Formats and additional explanatory information for the required input data 

are given in Appendix 1. The data for each problem are arranged in tabular 

form as outlined below. Two alphanumeric cards are required at the beginning 
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of each data deck. These are followed by: 

(1) Problem Identification card with alphanumeric description of problem. 

(2) Table 1 - Program Control Data - 1 card - Information on this card 

includes new problem or continuation of previous problem code, number 

of member types added, number of joint loads or restraints added, 

output option code, number of diagonal members added, number of 

changes to orthogonal member incidence, number of iterations for the 

investigation of axial effects, and closure tolerances for transla­

tional and rotational displacements when investigating axial effects. 

(3) Table 2 - x-y Grid Data -These data define the coordinates of the 

x and y grid lines when a new problem is started. If the problem 

is a continuation of the previous problem, Table 2 is omitted. 

(4) Table 3 - Member Type Data - Each member type is described as a beam­

column. The number of cards in this table will vary as required to 

specify bending stiffness, load, support springs, and axial properties 

for each beam-column. 

(5) Table 4 - Orthogonal Member Incidence - These data consist of the mem­

ber types existing along each y line between adjacent x lines and 

along each x line between adjacent y lines. The number of cards 

in this table varies. If a new problem is being solved, the number 

of cards is equal to the sum of the number of x and y lines in 

the grid. If the problem is a continuation, only changes in inci­

dence are required. The number of cards will be as specified in 

Table 1. 

(6) Table 5 - Diagonal Member Incidence - The number of cards in Table 5 

is equal to the number of diagonal members added in each problem. 

(7) Table 6 - Applied Joint Loads and Restraints - The number of cards in 

Table 6 varies depending on the number of additional joints to which 

loads or restraints are applied in each problem. 

(8) Table 7 - Output Information - The number of cards in Table 7 depends 

on the Output Option specified in Table 1. If Option 3 is selected, 

Table 7 will contain the number of cards equal to the sum of the 

number of x lines and the number of y lines in the x-y grid. 

Appendix 4 contains numerical examples of input data for the example 

problems in Chapter 4. 
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Output Information 

All input data are echo printed as read with the exception of 

Table 4 - Orthogonal Member Incidence, and Table 7 - Output Information. Table 4 

output is continuously updated with each problem and shows only the member type 

existing between the intersections of the grid lines. 

Table 7 - Output Information - is not echo printed; this information is re­

flected in the form of the output of computed data. 

Output of computed data is arranged in tabular form as follows: 

Table 11 - Joint Numbers - As previously mentioned, the program 

assigns a joint number at the appropriate x and y line 

intersection depending on the presence or absence of members 

at that intersection. Table 11 of the output information 

gives the joint numbers assigned to each intersection. 

The data in this table are arranged so that the structure 

outline may be superimposed on the joint numbers and used 

as a guide for interpreting the computed output. 

Table 12 - Joint Displacements - This table contains the x and y 

translation of each joint of the structure and the rotation 

of the joint about the z-axis. The sign convention for 

displacements is given in Chapter 2. 

Table 13 - Joint Reactions - Each joint of the structure may be re­

strained by two translational and one rotational restraint. 

If no value of restraint is input, then a zero value is 

assumed. Table 13 gives the reaction at each elastically 

restrained joint calculated from the product of the joint 

displacement and the appropriate elastic restraint stiff-

ness. 

Table 14 - Individual Member Data - The user may select one of three 

different output options for calculated member data. 

These options include member end forces only, beam­

column output for every member, and selective output of 

member end forces or beam-column data for each member. 

Output data for the example problems of Chapter 4 are given in Appendix 5. 
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CHAPTER 4. EXAMPLE SOWTIONS 

A number of example problems and variations have been solved to demonstrate 

the use of the program. The accuracy of the method is verified by comparison 

of the solutions of two problems with those from previously reported techniques 

(Refs 4 and 5). The input data and program output for the example problems are 

presented in Appendices 4 and 5, respectively. 

Idealized Simple Frame 

The idealized simple frame shown in Fig 6(a) is extracted from Ref 5. All 

members in the frame are prismatic; hence, the member stiffness matrix may be 

established directly by the program without resorting to the discrete-element 

beam-column analysis. The results from a slope deflection analysis and the 

results of the solution technique as reported in Ref 5 along with the solution 

given by program PFRMl, described herein, are tabulated in Fig 6(b). It is 

seen that the results from the direct solution program PFRMI are identical with 

those from conventional slope-deflection analysis. The complete computer 

output for this solution is included as problem number PRlOl in Appendix 5. 

The structure shown in Fig 6(a) was resolved as problem number PRl02, in which 

each member was treated as nonprismatic with a O.5-inch increment length. In 

this case the beam-column subroutine was used to evaluate the member stiffness 

matrices. The results of this solution are tabulated in Fig 6(b). 

Multistory Frame Without Sidesway 

A solution of the complex structure shown in Fig 7 is reported in Ref 4. 

A programming error in the computer program of Ref 4 requires that the stiff­

nesses of the lateral, distributed springs on the lower level columns be ad­

justed to the value shown in Fig 7(a) instead of the value given in Ref 4. 

Reference 4 contains the flexural rigidities of all members. This frame con­

tains all possible variations in member types. To facilitate comparison of 

the solution of PFRMl, PRl03, with that reported in Ref 4, three members are 
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VALUE 

d s ( in.) 

de ( in.) 

9 s (rod) 

ge (rod) 

I. 5 Ib 
104------ 20 i n. ------~ 

T 
--.r--e ---r-----~-_® 

EI = 300 Ib-in.2 

AE=2x10 4 1b 

o 10 in. 

10 in. 

------------~---~y2 

EI = 200 Ib - in.2 

AE=2x10 4 1b 

-------(0 

(a) Idealized simple frame (after Ref 5). 

SLOPE REF. 5 PFRM I 

DEFLECTION h = k = 0.5 in. Prismatic Non Prismatic 
Members Members h=05in. 

1.335 1.310 1.335 I. 339 

1.335 1.310 1.334 1.339 

-7.481 x 10-2 -7.443 x 10- 2 -7.482 x 10- 2 - 7.480 X 10-2 

- 1.761 x 10- 2 -1.662 x 10-2 -1.761 X 10- 2 - I. 775 X 10-2 

(b) Comparison of results. 

Fig 6. Simple frame with sidesway. 
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--~---- 20 ft ------l~ 

------+-------l Y4 

Point Identification Deflection Moment 

Ref 4 PFRM I Ref 4 PFRM I Ref 4 PFRM I 

BEAM I, Sto 69 
Sto 16, Member Between 

-0.1616 -0.1662 1.430 x 10
4 

1.447 X 10
4 

Joint. 14 a 15 

BEAM 3, Sto 120 
Sto 20, Member Between -1.360 -1.391 1.070xd 1.077xld 
Joint. 7 a 8 

BEAM 5,Sto 18 
Sto 12, Member Between -0.1035 0.1042* 2.035xt(] -2.046 x t(] 
Joint. 2 a 6 * 

* Signs Are Result of Different Sign Conventions for the Two Program. 

Fig 7. Multistory frame without sidesway (after Ref 4). 
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selected for complete beam-column output. These include the centrally loaded, 

nonprismatic beam between x lines 3 and 4 along y line 2; the prismatic, 

uniformly loaded beam between x lines 2 and 3 along y line 4; and the non­

prismatic column between y lines 1 and 2 along x line 2 (See Fig 7(a». 

For ready comparison, selected data from both solutions are tabulated in Fig 

7(b). 

A comparison of the forces in the members at the intersections is not 

readily accomplished since the joint model used in the solution technique of 

Ref 4 tends to obscure the member end forces due to the presence of the ficti­

tious closure springs. Member end forces obtained by PFRMI conform to those 

of conventional frame analysis. 

Two-Bay, Two-Story Frame 

Figure 8 is a representation of a typical two-bay, two-story bridge bent. 

The bent is analyzed for two different loadings, as shown in Fig 9(a) and 9(b). 

The input data are coded in several different ways to demonstrate the use of 

the program. Input data for all problems are listed in Appendix 4 and computer 

output is included in Appendix 5. 

Problem 201 - Loads Applied to Members. The frame is analyzed for the 

loads shown in Fig 9(a). The horizontal loads applied at intermediate levels 

on the columns are included with the member type data. This arrangement re­

quires only three x lines and three y lines in the grid and results in the 

smallest possible number of joints for which the frame can be analyzed. Output 

options have been exercised to print out member end forces for the horizontal 

members and beam-column output for all vertical members. 

Problem 202 - Loads Applied to Joints. Although the arrangement of the 

input data of Problem 201 results in the fewest number of joints in the frame, 

the data are not in the most convenient form for subsequent loading conditions. 

If the intermediate loads on the columns are to be changed, the procedure used 

in Problem 201 would require two additional member types to adjust these loads. 

Therefore, the data for Problem 201 are recoded to permit changes in the loads 

to be described more easily. This requires the addition of two y lines to the 

grid system as shown in Fig 9(b). For this grid system, all loads are applied 

at joints and adjustment of these loads in subsequent problems is more conven­

iently accomplished. Only member end forces are selected for output in this 

problem. 



EI: 1.99 I(IO'k-in~ 
AE: 3.53 x 10'k 
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AE: 5.10 I( 108 k 
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AE = 5.10 x 108k 
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EI: 1.99 x 10'k-in~ 
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Fig 8. Two-bay, two-story frame. 
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(a) Load system 1, minimum grid. (b) Load system 2, expanded grid. 

Fig 9. Idealization of two-bay, two-story frame. 
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Problem 203 - Revised Loading. Problem 203 is a continuation of Problem 

202 with the joint loads adjusted to produce the loading situation shown in 

Fig 9(b). Again only member end forces are called for in the output. 

Problem 204 Investigate Axial Effects. Problem 204 is identical to 

Problem 203 except that the effects of axial thrust on the flexural stiffness 

of the members are investigated. The results of this solution may be compared 

with the results of Problem 203 to determine the influence of thrust on the 

deflections and forces in the frame. 

One-Bay. One-Story Frame 

Figure 10 represents a typical single-bay, single-story highway bridge 

bent supported on piers extending below ground level. 

Problem 301 - Vertical Columns. The bent shown in Fig 10 is idealized as 

shown in Fig 11(a) and analyzed for the loads shown. The support columns are 

assumed to be vertical. 

Problem 302 - Battered Columns. The effects of battering the support 

columns in the bent of Fig 10 are investigated. Member sizes and magnitudes 

and points of application of the applied loads are identical to those of 

Fig 11(a). The grid system required for this analysis is shown in Fig 11(b). 
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~----------------- 20'------------------~ 

EI=I.02 xIO'K-in2 

AE=6.93xIO'K 

15'-9" 

"------EI = 1.99 x loBK -in~- ---------' 
AE=3.53xlctK 

15' 

Fig 10. One-bay, one-story frame. 
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CHAPTER 5. SUMMARY 

A direct solution process for analysis of plane structural frames has 

been derived. The procedure relies on the versatility of beam-column analyti­

cal methods to develop the stiffness matrix and fixed end forces for each mem­

ber in the frame. Conventional frame analysis techniques are then used to 

solve for frame joint translations and rotations by a direct solution of the 

simultaneous equations. 

A computer program PFRMl has been coded and used to solve a variety of 

practical example problems. The program is dimensioned to accept frames with 

as many as 50 joints and 20 different member types. With the computational 

accuracy provided by the CDC 6600 computer no round-off error has been encoun­

tered for the above maximum dimensions. 

The method developed herein is comparable to the procedure presented by 

Haliburton (Ref 3) and maintains the ability to deal with widely varying struc­

tural properties. However, since the current analytical procedure uses a 

direct solution, no calculation of the often troublesome closure parameters 

needed for iterative solutions is required. In addition, the description of 

the frame and its members has been simplified so that a particular problem 

requires less input data than were necessary in the former frame analysis 

programs. 
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APPENDIX 1 

GUIDE FOR DATA INPUT FOR PFRMI 
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PFRMI GU IDE FOR DATA INPUT - - CARD FORMS 

IDENTIFICATION OF RUN (2 alphanumeric cards per run) 

IDENTIFICATION OF PROBLEM (1 card each problem; program stops if NPROB is left blank) 

DESCRIPTION OF PROBLEM (alphanumeric) 

TABLE 1: PROGRAM CONTROL DATA (one card per problem) 

INEWPR I NAMT I NAJLR I KOUT I NADM NCOM I I NIT I 
II 15 20 25 31 35 40 46 50 

NEWPR New problem or continuation of previous problem. 
= 1 New problem. 
= 2 Continue previous problem. 
Number of additional member types. 

DTOL 
60 

NAMT 
NAJLR 
KOUT 

Number of additional joints to which loads and restraints ate applied. 
Code related to the type of output desired for orthogonal members. 

1 Member end force output for all members. 
= 2 Complete BMCOL output for all orthogonal members.* 
= 3 Combination of member end forces and BMCOL output (see Table 7). 
Number of additional diagonal members. 

RTOL 

Number of changes in orthogonal member incidence (Input only if NEWPR = 2). 

70 

NADM 
NCOM 
NIT 
DTOL 
RTOL 

Number of iterations if investigating axial effects (NIT = 0 if not investigating). 
Closure tolerance for deflection if investigating axial effects. 
Closure tolerance for rotation if investigating axial effects. 

-;'c 
BMCOL output contains full values of moment at end stations. 

Page 1 of 6 
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TABLE 2; X AND Y-LINE COORDINATES (if NEWPR = 1, minimum 3 cards; otherwise, no cards this table) Page 2 of 6 

NXL I NYL I NXL = Number of x lines (Max 10). NYL Number of y lines (Max 10). 
1\ 15 20 

X line coordinates - NXL Values - 7 values per card 

I I I I I I 
II 20 SO ~O 50 .0 TO 

Y line coordinates - NYL Values - 7 values per card 

[ 
II 20 50 40 50 TO 

TABLE 3. MEMBER-TYPE DATA (NAMT sets of data) 

• 

Control Data Member-Type 
[Y-,----.-K-O-D-E-,---N-D-C---, 

H 
.. 15 20 40 

M Number of increments for this member type 

KODE 

NDC 

Code 
1 
2 
3 
4 

related to stiffness and load characteristics of this member type 
Prismatic;'< member, not loaded. One data card as shown below. 
Prismatic* member, loaded. NDC data cards as shown below. 
Nonprismatic* member, not loaded, NDC data cards as shown below. 
Nonprismatic"< member, loaded. NDC data cards as shown below. 

* A member is prismatic if F and AE are constant and no lateral or rotational springs 
are applied at any point along the member. 

Number of distributed data cards to follow (NDC 1 if KODE 1) 

H Increment length for this member type. 

Distributed Data (NDC cards) - Distributed data are standard beam-column quantities. AE is the product of 
cross section area and modulus of elasticity at each station. 

Bending Rotational Axial 
Stiffness Lateral Load Lateral Spring Applied Couple Spring Stiffness 

From To 

I 
1 . f I Co~td! I I I 

R AE 
Sta Sta F Q S T 

10 15 20 50 40 50 .0 TO 

I 
10 

10 

I 
10 

.j> 
t-' 
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TABLE 4. HORIZONTAL AND VERTICAL MEMBER INCIDENCE (number of cards depends on value of NEWPR) Page 3 of 6 

NEWPR I (NXL plus NYL cards as follows) 

I I I I I 
II 15 20 25 30 
NYL cards giving member type number 

along each y line. Enter zero 

I I I 
II 15 20 25 30 

NXL cards giving member type number 
along each x line. Enter zero 

NEWPR 2 (NCOM cards as follows) 

I MT I XLL I YLL I XLR I YLR 
II 15 20 25 30 

M!' Member type number of 
XLL, YLL x line and y line 

vertical member. 
XLR, YLR x line and y line 

vertical member. 

I 
35 40 45 50 55 
for member existing between each pair of x lines 
if no member exists. 

35 40 45 50 55 

for member existing between each pair of y lines 
if no member exists. 

35 

member to be inserted. Enter zero if member is to be deleted. 
intersecting at left end of horizontal member or bottom end of 

intersecting at right end of horizontal member or top end of 

TABLE 5. DIAGONAL MEMBER INCIDENCE (NADM cards) 

1M!' 
II 15 

Mf 

XLL, YLL 
XLR, YLR 

XLL I YLL I YLR 
20 25 30 35 

Member type number of member to be inserted. Diagonal members, once inserted, may 
not be removed. M!' must always be greater than zero for diagonal members. 

-- x line and y line intersecting at left end of diagonal member. 
-- x line and y line intersecting at right end of diagonal member. 
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TABLE 6. APPLIED JOINT LOADS AND ELASTIC JOINT RESTRAINTS (NAJLR cards) 

I XLL I YLL PX PY PZ SX SY 
II 15 

XLL, YLL 
PX, PY 
PZ 
SX, SY 
SZ 

20 30 40 50 60 70 

x line and y line intersecting at joint where load or restraint is applied. 
Joint load in x and y-directions. 
Moment applied to joint; counterclockwise is positive. 
Elastic translation restraints in x and y-directions. 
Elastic rotation restraint. 

Page 4 of 6 

SZ 
80 

TABLE 7. OUTPUT INFORMATION FOR HORIZONTAL AND VERTICAL MEMBERS* (if KOUT = 3, NYL + NXL cards; otherwise, no cards) 

D D D D D D D D D 
15 20 25 30 35 40 45 50 55 

NYL cards specifying output desired for each member between each pair of x lines along 
each y line. Enter 0 if no member exists. Enter 1 for member end forces only. 
Enter 2 for complete Beam-Column output. 

D D D D D D D n D 
15 20 25 30 35 40 45 50 55 

NXL cards specifying output desired for each vertical member between' each pair of 
y lines along each x line. 

* Only member end forces are printed for diagonal members. 

TERMINATION OF RUN (1 blank card) 
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GENERAL PROGRAM NOTES 

The data cards must be stacked in proper order for the program to run. 
A consistent system of units must be used for all input data, e.g., pounds and inches. 
AIlS-space words are understood to be integers ... 
All 10-space words are floating point decimal numbers . 
All numbers must be right justified. 
The problem number may contain alphanumeric characters. 

Page 5 of 6 

. . 1+43211 
• • 1-4. 32lE+031 

Blank fields on data cards may be used as desired to aid in coding problems. Information in these 
fields is ignored by the program. 

TABLE 1. PROGRAM CONTROL DATA 

NEWPR must have a value of 1 or 2. All other items in this table must have positive values. 
Member type data are accumulated for a succession of problems. The total number of member 

types which may be specified for a succession of problems is 20. 
The maximum number of joints in the frame is 50. 
The maximum number of diagonal members in the frame is 20. 
A maximum of 10 iterations should be sufficient for investigating axial effects. If the closure 

tolerances are too small, closure within the specified number of iterations may be difficult to 
achieve. For many structural problems a deflection tolerance in the range of 0.001 to 0.00001 
inch and a rotation tolerance in the range of 0.0001 to 0.000001 radians are satisfactory. 

TABLE 2. X AND Y LINE COORDINATES 

The maximum number of x or y lines is 10. Even though the maximum number of grid line intersections 
(potential frame joint locations) is 100, the frame must be limited to 50 joints. 

TABLE 3. MEMBER TYPE DATA 

Member types are assigned identifying numbers according to the order input; i.e., Member Type 1 
must be input first, then Member Type 2, etc. 

The maximum number of member types, including those held from previous problems is 20. 
Member Type Data are conventional beam-column data and are related to a member coordinate system 

in which the x axis is the centroidal axis of the member and the y and z axes are the 
m m m 

principal axes of the cross section. In order for the Member Type Data to be compatible 
with the frame, or global, coordinate system x,y,z , the conventions as tabulated must be 
followed: 
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Member Parallel Positive Coordinate Directions 
To Global System 

x y 

Global x-axis East North 
Global y-axis East North 
Diagonal (SW-NE) East North 
Diagonal (NW-SE) East North 

The z and z positive directions always coincide. 
m 

Member System 
x Ym m 

East North 
South East 

Northeast Northwest 
Southeast Northeast 

The maximum number of increments permitted in the beam-column is 50. 

TABLE 4. HORIZONTAL AND VERTICAL MEMBER INCIDENCE 

Page 6 of 6 

For a new problem, one card must be supplied for each x line and one card for each y line. 
in the grid giving the member type between each adjacent pair of grid line intersections. 
If no member exists, Member Type must be entered as zero. 

For a problem which is a continuation of the previous problem, only changes in incidence 
are required. A member is deleted from the frame when a Member Type of zero is specified. 
However, the Member Type data remains in storage. Only the latest member type number is used 
at any location. Therefore, the effects of two members cannot be superimposed. 

TABLE 5. DIAGONAL MEMBER INCIDENCE 

Diagonal members, once added to the frame, may not be deleted. 

TABLE 6. APPLIED JOINT LOADS AND RESTRAINTS 

A total of 50 cards, including those for preceding problems, is the maximum permitted for 
specifying joint loads and restraints. All joint loads and restraints are input in the 
global coordinate directions. 
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APPENDIX 2 

DETAILED FLOW DIAGRAMS 
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PROGRAM PFRMl 

I START I 

READ RUN l 
I DENI'IFICA-
TION 

CALL INPUTl 

READ PROGRAM 
CONI'ROL INFOR­
MATIoN 

CALL INPUT2 

READ x AND Y 
LINE COORDI­
NATES AND MEM­
BER TYPE DATA 

CALL FESTl 

COMPUTE STIFF­
NESS NEGLECTING 
AXIAL EFFECTS 

CALL INPUT3 

READ MEMBER 
INCIDENCE DATA 
AND SET JOINI' 
NUMBERS 

CALL INPUT4 

READ JOINT 
LOADS AND 
RESTRAINTS 

(See separate flow 
diagram, page 41) 

(See separate flow 
diagram, page 48) 
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r--
I 
I 
I 
I 
I r­
I t 

I 
I 

CALL FSTIFF 

FORM STRUCTURAL 
STIFFNESS 
MATRIX 

CALL SOLVE 

SOLVE FOR JOINT 
DISPLACEMENT 

DO J = l,MORD 

t 
I 
I 
I 
I 

'----

,­
I 

• 

> 

(See separate flow 
diagram, page 53) 

(See separate flow 
diagram, page 63) 



I 
I 
I 
t 
I 
I 

I 
t TU(J) = U(J) 

I 
'-----

CALL FSTIFF 

CALL OUTPUT! 

PRINT RESULTS 

(See separate flow 
diagram, page 65) 
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,--
I 
I 
I 

I 

I 
I 
I 

t 
I 

I 

SUBROUTINE FESTl 

I START I 

DO I = 1,NMT 

SET BMCOL CON­
STANTS AND 
INITIALIZE 
AXIAL THRUST 

GO TO ( ») 
KODE(I) 

ii'3rT '---------------, 

SET STIFFNESS 
TERMS FOR 
PRISMATIC 
MEMBERS 

GO TO ( ), 
KODE(I) 

~~4 ______ ~ __ ~ __ _ 

T 
SET FIXED-END 
FORCES TO ZERO 
FOR NONLOADED 
MEMBERS 



I 
I 
I 
~----

t 
I 

I 

I (See separate flow I diagram, page 45) 

I 
I 
~---­
I 
I 
I 

I 
I 

I 

[­

t 
I 
I 

I 
GO TO ( ), 
KODE(I) 

~Ft 
------------------+-----~ 

r 
SET BMCOL CON­
STANTS FOR 
EVALUATION OF 
FIXED-END 
FORCES 

CALL BMCOLI 

EVALUATE FIXED­
END FORCES FOR 
LOADED MEMBERS 

GO TO ( ), 
KODE(I) 

~ 
r 

REMOVE MEM­
BER LOADS 

DOK=2,5 

SET BMCOL 
CONSTANTS 
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) , 

l-l­
f 
I 

SET SLOPE AT 
LEFT END = 1. 0 

SET SLOPE AT 
RIGHT END =1.0 

SET TRANSLATION 
AT LEFT END 
= 1.0 

I 
~--

I 

SET TRANSLAT ION 
AT RIGlIT END 
= 1.0 

L __ _ 



I 
I 
L __ _ 

I 
PLACE LOADS 
BACK ON MEMBER 

EVALUATE AXIAL 
STIFFNESS FOR 
NON PRISMATIC 
MEMBERS 

I RETURN I 
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SUBROUTINE BMCOLI 

r-----iDO J = 3,MP5 

I 
I 
I 
I 

+ 
I 
I 
I 
I 
I 

COMPUTE MATRIX COEF­
FICIENTS a

j 
THROUGH fj 

COMPUTE CONTINUITY 
COEFFICIENTS A., B., C. 

J J J 

YES 

L---l 
----. DO J = 3)MP5 

r 
+ 

DO J .., 3,MP5 

RESET 
CONTINUITY 

COEFFICIENTS 



I I 
tL COMPUTE BM(J) 

-~ 

COMPUTE: 
REACTL 
REACTlt 

GO TO ( ), 
K 

1 2 345 

\ (\("(-----. 

SET FIXED-END 
FORCES FOR 
LOADED MEMBERS 

) 
(--"" 

SET MEMBER 
STIFFNESS TERMS 
FOR UNIT ROTA­
TION AT LEFT END 

I_--~) 
(--

SET MEMBER I 
STIFFNESS TERMS. 
FOR UNIT ROTA­
TION AT RIGHT 
END 

) r--
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I 
SET MEMBER 
STIFFNESS TERMS 
FOR UNIT TRANS­
LATION AT LEFT 
END 

) 

SET MEMBER 
STIFFNESS TERMS 
FOR UNIT TRANS­
LATION AT RIGHT 
END 

I RETURN I 



(-­

I 
I 
I 
t 
I 
I 
I 

SUBROUTINE INPUT3 

I START I 

GO TO ( ), 
NEWPR 

~ V:------.. 
DO I = 1,NYL) 

READ MEMBER" 
TYPES BETWEEN 
x LINES ALONG 
EACH Y LINE 

SET MEMBER 
TYPE-INTERSEC­
TION INCIDENCE 

l ___ .~ 

(~­

I 
I 
I 
t 
I 
I 

00 I = 1,NXL) 

READ MEMBER 
TYPES BETWEEN 
Y LINES ALONG 
EACH x LINE 
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I 

t 
1 
I 

SET MEMBER 
TYPE-INTERSEC­
TION INCIDENCE 

'-----

r--
I 
I 
I 
t 
I 
I 
I 
I 
I 

00 I = 1,NC 

READ CHANGE 
IN ORTHOGONAL 
MEMBER INCI­
DENcE 

COMPUTE INTER-
SECTION NUMBER 
AND SET MEMBER 
TYPE-INTERSEC­
TION INCIDENCE 

'-----

r--
I 
t 

PRINT ORTHOG­
ONAL MEMBER 
INCIDENCE TABLE 

> 



I 

I 
I 
t 
I 
I 
I 
I 
I 
I 

READ AND 
PRINT DIAGONAL 
MEMBER INCI­
DENCE 

COMPUTE LEFT 
AND RIGlIT GRID 
INTERSECTIONS 
AND SET MEMBER 
TYPE 

"-------_ . ./ 

r--,-
~ 
~-­
I 
I 
I 
I 

,. 
I 

DO I = 1,NYL 

DO J = 1,NXL ) 

DO L = 1, 4 ) 

~ t COMPUTE SUM OF 
MEMBER TYPES 

I 
I 
I 
I 
I 
I 
I 

I AT AN INTER-

l 
SECTION 

__ .J 

> 
KSUM:O 
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t 
I SET JOINT 

NUMBER TO 
ZERO I 

~----
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 

r-
I 
I 
t 
I 
I 

CHECK LENGTHS 
OF MEMBER TYPES 
FRAMING INTO 
INTERSECTION 
AGAINST GRID 
LINE DATA 

'---
SET JOINT 
NUMBER 

\..._---

,---
I 
I 
t 
I 
I 

D0 J '" 1,NDM 

SET ADDITIONAL 
JOINT NUMBERS 
FOR DIAGONAL 
MEMBER IF 
NECESSARY 

\..._---



COMPUTE ORDER 
OF STRUCTURAL 
STIFFNESS 
MATRIX 

I RETURN I 
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SUBROUTINE FSTIFF 

INITIALIZE 
STORAGE 

,--------- 00 Ml = l,NYL 

I 
I (------1 00 M2 = l,NXL 

I 

I 
I 

• I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DETERMINE LEFT AND 
RIGHT JOINT NUMBERS 
OF A HORIZONTAL 
MEMBER 

SET INDICES RELATED 
TO DEGREES OF FREE­
DOM OF MEMBER 

ADD FIXED-END 
FORCES TO LOAD 
VECTOR 

(See separate generalized 
flow diagram of this 
procedure, page 59) 



, SET INDICES AND I 

COMPUTE AXIAL I 
LOAD 

I Ii 

i CALL BMCOLI i'l 
iREEVALUATE STIFF- I 

I

i NESS TERMS AND II 
FIXED-END FORCES .Ii 

) 

CHECK POSITION OF LEFT 
JOINT IN OVERALL STRUC­
TURE STIFFNESS MATRIX 

PLACE TERMS CORRESPOND­
ING TO LEFT END OF MEM­
BER IN STIFFNESS MATRIX 

CHECK POSITION OF RIGHT 
JOINT IN OVERALL STRUC­
TURE STIFFNESS MATRIX 

PLACE TERMS CORRESPOND­
ING TO RIGHT END OF MEM­
BER IN STIFFNESS MATRIX 

I

I CHECK RIGHT JOINT 
FOR SUCCEEDING 
MEMBER 

L ________ ~ 

(See Subroutine FEST 1 
page 41) 

69 

(See separate generalized 
flow diagram of this 
procedure, page 61) 



70 

I 

I 
SET ROTATION MATRIX I 
FOR VERTICAL MEMBERS 

,------­
I r-------
I 
I 
I 
I 
I 
I 
+ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DO Ml = l,NXL 

DO M2 = 1, NYL ) 

DETERMINE LOWER AND 
UPPER JOINT NUMBERS 
FOR VERTICAL MEMBER 

SET INDICES RELATED 
TO DEGREES OF FREE­
DOM OF MEMBER 

ITER:O 

ADD FIXED-END 
FORCES TO LOAD 
VECTOR 

SET INDICES AND 
COMPUTE AXIAL 
LOAD 

CALL BMCOL 

REEVALUATE STIFF­
NESS TERMS AND 
F IXED-END FORCE S 
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I 
ROTATE VERTICAL MEMBER 
STIFFNESS MATRIX INTO 
GLOBAL COORDINATES 

CHECK POSITION OF UPPER 
JOINT IN OVERALL STRUC-
TURE STIFFNESS MATRIX 

1 PLACE TERMS CORRESPOND-
ING TO UPPER END OF MEM-
BER IN STIFFNESS MATRIX 

CHECK POSITION OF LOWER 
JOINT IN OVERALL STRUC-
TURE STIFFNESS MATRIX 

PLACE TERMS CORRESPOND-
ING TO LOWER END OF MEM-
BER IN STIFFNESS MATRIX 

CHECK UPPER JOINT 
FOR SUCCEEDING 

L __ _ 
MEMBER 

r DO MM = 1, NDM 

SET LEFT AND RIGHT 
JOINT NUMBERS FOR 
A D !AGONAL MEMBER 

1 COMPUTE x AND y LINE 
NUMBERS AT LEFT AND 
RIGHT ENDS OF A MEMBER 

I 
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1 

SET ROTATION MATRIX 
AND INDICES RELATED 
TO DEGREES OF FREE­
DOM OF MEMBER 

ITER:O 

ROTATE FIXED­
END FORCES AND 
ADD TO LOAD 
VECTOR 

) 

SET INDICES AND 
COMPUTE AXIAL 
LOAD 

CALL BMCOLl 

REEVALUATE STIFF­
NE SS TERMS AND 
FIXED-END FORCES 

] 

ROTATE DIAGONAL MEMBER 
STIFFNESS MATRIX INTO 
GLOBAL COORDINATES 

CHECK POSITION OF LEFT 
JOINT IN OVERALL STRUC­
TURE STIFFNESS MATRIX 



I 
I 
I 
I 

• I 
I 
I 
I 
I 
I 

I 
PLACE TERMS CORRESPOND-
ING TO LEFT END OF MEM-
BER IN STIFFNESS MATRIX 

CHECK POSITION OF RIGHT 
JOINT IN OVERALL STRUC-
TURE STIFFNESS MATRIX 

PLACE TERMS CORRESPOND-
ING TO RIGHT END OF MEM-
BER IN STIFFNESS MATRIX 

L _____ _ -- ---../ 

r-­ - DO K = 1, NJLR 

I 
I 

• I 
I 
I 
I 
L __ _ 

ADD JOINT LOADS 
TO LOAD VECTOR 

ADD JOINT RESTRAINTS 
TO STIFFNESS MATRIX 

-_.----" 

RETURN 
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DETERMINING MEMBER JOINT NUMBERS 
(FROM SUBROUTINE FSTIFF) 

NOTE: The procedure diagrammed below applies only to horizontal 
members. The procedure for vertical members is similar 
with the exception of minor changes in indices. 

K = 1 

r---------I 00 Ml = l, NYL 

JL = 0 

00 M2 = l,NXL 

I 



75 

t > 

JR = IN(K) 

> 

I 
K = K + 1 

'----------



76 

CHECKING POSITION OF JOINT IN 
STRUCTURE STIFFNESS MATRIX 
(FROM SUBROUTINE FSTIFF) 

NOTE: The procedure diagrammed below applies to the left or 
lower joint of a member. The procedure for the right 
or upper jOint of a member is similar. 

SET INDICES FOR 
UPPER BLOCK OF 
STIFFNESS MATRIX 

< 



SET INDICES FOR 
BANDED PORTION OF 
STIFFNESS MATRIX 

) 

SET INDICES FOR 
LOWER BLOCK OF 
STIFFNESS MATRIX 
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r-­
I 
I 
+ 
I 
I 
I 
I 

I 
I 
L __ 

SUBROUTINE SOLVE 

l START I 

SET INDICES 

CALL FSUBl 

BRING IN ONE 
ROW OF STIFFNESS 
MATRIX 

COMPUTE.RE-
CURSION COEF-
FICIENTS 

DO J = 2,M 

CALL FSUBl 

COMPUTE RECUR-
SION MULTIPLIERS 

PHASE I 

COMPUTE RECUR-
sIoN COEFFICIENTS 

PHASE I 

COMPUTE PRELIM-
INARY VALUE OF 
JOINT DISPLACE-
MENT 



1-- -1L-_D_O _J_=.----M_P-=-, N_L_) 

I I 

I 

I 
f 

L __ 

CALL FSUBI 

COMPUTE RECUR-
SION MULTIPLIERS 

PHASE II 

COMPUTE RECUR-
SION COEFFICIENTS 

PHASE II 

COMPUTE PRELIM-
INARY VALUE OF 
JOINT DISPLACE-
MENT 

-- ..-/ 

COMPUTE JOINT 
DISPLACEMENTS 

I RETURN I 
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SUBROUTINE OUTPUTl 

r-- 00 I = l,NYL 

t 
PRINT JOINT 
NUMBERS ALONG 

L
EACH Y LINE 

---

i­
t 
I 

00 I = l,NJ 

PRINT JOINT 
DISPLACE­
MENTS 

'-----

r--

t 
PRINT JOINT 
REACTIONS 

I 
'----

DO M1 .. l,NYL 



I 
I 

I 

r--

t 
I 
I 
I 
I 
I 
I 
I 

GO TO ( ), 
KOUT 

1 2 3 

READ CODE RELATED TO 
TYPE OF OUTPUT DE­
SIRED FOR HORIZONTAL 
MEMBERS 

DO M2 = 1,NXL 

DETERMINE LEFT AND 
RIGHT JOINT NUMBERS 
FOR A HORIZONTAL 
MEMBER 

SET INDICES 
AND COMPUTE 
AXIAL THRUST 

CALL BMCOL2 

EVALUATE DEFLECTION, 
SLOPE, MOMENT, SHEAR, 
AND MEMBER REACTIONS 

GO TO ( ), 
KOUT 

1 2 3 
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f 

I 
I 

CALL OUTPUT2 
PRINT MEMBER 
END FORCES ONLY 

CALL OUTPUT3 
PRINT COMPLETE 
BMCOL OUTPUT 

SET OUTPUT 
CODE 

GO TO ( ), 
LL 

1 2 '--------If' ,..-----J 

-----4~---." 

( 
CHECK RIGHT JOINT 
NUMBER FOR SUC­
CEEDING MEMBER 

'-_____ • ...-J 



("--­

I 
I 
I 
I 
t 
I 
I 
I 

,,----

I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 

83 

DO Ml = 1,NXL 

GO TO ( ), 
KOUT 

1 2 3 

rr 
I 

READ CODE RELATED TO' 
TYPE OF OUTPUT DE-
SIRED FOR VERTICAL 
MEMBERS 

DO M2 = 1,NXL ) 

DETERMINE LOWER AND I 
UPPER JOINT NUMBERS 
FOR A VERTICAL 
MEMBER 

• 

SET INDICES 
AND COMPUTE 
AXIAL THRUST 

CALL BMCOL2 
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1 

I 
GO TO ( ), 

KOUT 12r'r __ _ 

CALL OUTPUT2 

CALL OUTPUT3 

I' 

SET OUTPUT 
CODE 

GO TO ( ), 
LL 

1 2 

'----'I'------'Y' 

\ 



t 
CHECK UPPER JOINT 
NUMBER FOR SUC-

l ___ _ CEEDING MEMBER 

_J 

,---
I 
I 

t 

I 
I 
'---------

DO K = 1, NDM ) 

SET LEFT AND 
RIGHT JOINT NUM-
BERS FOR DIAGONAL 
MEMBERS 

I 
COMPUTE x AND y 
LINE NUMBERS AT 
LEFT AND RIGHT 
END OF MEMBER 

SET ROTATION 
MATRIX AND 
COMPUTE AXIAL 
THRUST 

CALL BMCOL2 

CALL OUT PUT 2 

_ . .../ 

I RETURN I 
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APPENDIX 3 

LISTING OF PROGRAM DECK OF PFRMI 
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RU~ER.l.luu.15000u.4vO.CEi09099.RJ~ER. 

NOREDUCE. 
INPUT. 
RUN(GJ 
LGO. 

P~OGRA~ PFRMI ( INPUT. OUTPUT I 
C 
C-----~ATE OF LATEST REVI~ION 15 SEPTEMdER 1969 
C 

061'W\I 
1~~E9 

06MYi 
06HY", 
Ob,-iY" 
061v1Y" 
U6MY\I 
06MY\I 
06rv,Y" 
06MY\I 
06MY\I 
QbivlY" 
06i~Y9 

u6MYi 
06,V1Y\I 
0brv1Y:;I 
Ob,'l y" 
Qbi'i y" 
06,-1Y:;I 
06MYi 
06MYi 
Obi/,Y", 
ObMY:;I 
061',Yi 
06tvlYi 
061'·1 Y '.I 
Obi-1 Y '7 

06i"'Y" 
u6HY:;I 
06MY-) 
06,v,Y" 
06,"1Y:;I 
06i'1 (':I 
061'1Y7 
06i'1Yi 

C***** CARDS ,-'lARKEU wITH MN ASTE,.(ISi<- IN CULU,;l,'l~ 79 AND oU l"1AY RtUUIKE:. 
C CHANGE~ IN ORDER T0 dE COMPATI~Lc WITH CO~PUTEK ~Y~TEM~ 

C OTHER THAN THE C~C 6600. 
C 
C 
C*****NOTATIO\l 
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 

A ( I. ATE~P. AREV 
AA. t3B. CC. D~ 

AEI. AE2. AE( • I 
B ( I. BTEMP. 8REV 
~M ( I 
C ( I. CTti'1P. CI.(tV 
CX. CY 
D. o T t,\"r. DREV 
DENOM 
DB~ ( 

DTOL 

D'N ( I 
DviS ( I 
EE. FF 

E r~,~ • TOL 

ES''1 

FEF ( • 
FL ( ) 

F L E ~~G 
Fi'10.~L • F,~O,"1R 

FNI. FN2. F ( • ) 

FX. FY 
Fl 
H ( 

HtU 
HE2 
HE3 
HT2 
I 'H. I N2 • ISTA 
INDEX ( • I 
INTL 
I NTLD 

RECURSION COEFFICIENTS 
TE:.K,"1S IN UISCRi:.Tt ELE"IENT l'1EMdER 

STIFFNESS MATRIX 
A - E PRODUCT ( INPUT AND TorAL ) 
RECURSION COE~FICIENTS 
MEMdER ,~Oi~EN T 
ki:.CUk~10N (0tFtILlcNT~ 

DII~cCTIUN CU~I''lt~ 

RECuRSI0N MULTIPLIER 
~ENOMINATUR 

MEi'1bER SHi:.AR 
DEFLECTION TOLERANCE IF INVESTIGMTINl 

AXIAL EFFtCTS 
iV1U~BER SLUPE 
SPECIFIED CONDITION OF SLOPE 
TERMS IN OISCRETE ELEMENr ~EM~tR 

STIFFNE~S MATRIX 
INTi:.RNAL VAklMdLtS U~t IN CHECKING 

COMPATI~ILITY UF MEMdcR TYPE ANU 
GRI~ ~ATA 

,viJL T I PL I i:.,~ FUR HMLF V"LJE~ M i EN~ 

STATION~ 

MEMBER TYPE FIXtO E:.ND F0RCE~ 
JOINT LOAD VtCTOR 
MEMBER LEi~GTH 

j~U,~EIH M T LEfT MN~ R I GriT tN~ Ur M r~tM()t.R ObritY i 
FLEXURAL ~TIFFNE~S ( INPur AND rOIAL) 06i>1Y-) 
JOINT RtACTION~ IN X AN~ Y UIRtCTIUN~ ObMYi 
JUINT MUMENT REACTIUN ABOJT L ~IRtCTIUN QbMTi 
INCREMtNT LtN\.JTH FOR M ,"1c,'ldER TYPE:. Obr;'Y", 
PRUDLt,'1 uLS\..kli-'TI0i~ Ut)l',i7 

H SQUAREU ubMYi 
H CUBEO ObMYi 
H TIMES 2 06~Yi 

EXTERNAL ~TATION NU~dER 06MY-) 
INTERSECT ION ME,-1dFR TYPE CUDE Ob,'IYi 
INTERSECTION AT LEFT cNO Uf M MEMdER ObMY", 
INTERSECTION AT LEFT tNO Ot ~IAGONML 06MYi 
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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 
r 
I.. 

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 

90 

INTR 
INTRD ( ) 

PHS ( ) 

ISIli. KSW 

ITER 
I TEST 
JINCR 
JL 
IN ( ) 
JR 
KI. K2. K3 

KEY ( ). KEYJ 
KLI NE 
KNI. KN2 

KODE 
KOUT 
KPAGE 
Kl ( ) 

LI. L2. L3 

.~ ( ) 

MOR') 
i'~ PIT H R U ~ P 7 
MT 
MTYPE ( 
:>1TYPEI 

"lA.JLR 

NA"1T 
NCO,v1 

NGC 
ND,"1 

NIT 

"l.J 
NJLR 

"lMT 
"lPROa 

MEMBER 
INTERSECTION AT RIGHT END UF A MEMdER 
INTERSECTION AT RIGHT ENU UF OIAGUNML 

MEMBER 
INTERSECTION WHERE A JUINT LOAD UR 

RESTRAINT UCCURS 
ROUTING SwiTCH FOR DISTRIBUTED DATA 

INPUT 
ITERATION NUM~ER 
PROGRAM TERMINATION CHECK VARIABLE 
INCREMENTATION INDEX 
JOINT NUMBER AT LEFT END OF A MEMdER 
JOINT NUMBERS 
JOINT NUMdER AT RIGHT END UF A MEM~ER 
INDEXES USED I~ PLACING MEMdER 

STIFFNE~~ TtR~~ IN ~TKUCTURt 

STIFFNE~S MATRIX 
ROUTING ~>'jIrCH FOR SPeCIFIeU CUNLl1TIUj'i~ 

LINE COUNTER 
ROUTING S~ITCHES IN BMCOL INrtRPoLATION 

SCHEME 
MEM~ER STIFFNESS CHARACrERISTIC~ CUDE 
UUTPUT OPTION CUDE 
MAXIMUM NUMaER UF LINES PER PAGE 
TEMPORARY STORAGE UF MEM~ER INCIUENCE 

INPUT AND OUTPUT CUDES 
INUEXES USeU IN PLACING AtM~tR 

ST[FFNE~S TER~~ IN ~TRUCTURt 

STIFFNE~S MATRIX 
NUMBER OF INCReMtNT~ FUR M MtM~tR fY~t 

ORUER OF STRUCTURAL ~TIFFNt~~ MATRIX 
M + I THRU M + 7 
iv1EMaER TyPE 
MEMdER TYPE OF A DIA~UNAL MtMdER 
ALPrlANUMERIC DESCRIPTION OF A MtMBER 

TYPE 
NUMBER UF ADDITIONAL UIAGO~AL ME~BER 

INCIDENCE INPUT 
NU"1~tR Ur AuUITIUN"L .JUINI LUAU~ "Nu 

RtSfRAINr~ IN~UT 
NUI"ltleK uF AUU I T I uN"L ,'It''iotK I Y~t~ j ,~r'U r 
NUMBER OF CHA"lGeS IN URTrlUuUNAL ~tM0tR 

INCIUtNCE 
NUMBER OF DI~TRltlUTtO DATA CARD~ 

TUTAL NUMBER UF UIAGONAL v1eMBtR 
INCIUtNCE UATM IN STOKMGE 

NEW PRO~LEM OR CUNTINUATION OF PREVIUUS 
CODE 

NUMBER OF ITtRATION~ IF I"lVE~TIGhTING 

AxIAL U'FElTS 
NUMBER UF JOINT~ IN STRUCluRE 
TUTAL NJMtleR Or JOINT LO/"\u~ AND 

Rt~TRMINT~ IN ~TuRMGe 

TOTML NJ"1BER OF "'EIv1BEi~ TYPt~ IN ~IUR/"\(Je 

PROBLEI~ 'U'<1t3ER 

06MY,;/ 
06i"1YSI 
06MY~ 

06MY~ 

06MY,;/ 
06MY,;/ 
06MY,;/ 
06MY~ 

061"1Y'i 
06,'tY';/ 
06MY'i 
06MY'i 
06MY,;/ 
06f<1YY 
06,"1Y,;/ 
UOI'IY';/ 
Ci6MYSI 
06i·1Y,;/ 
061vlY" 
06MY'i 
06MYSI 
06MY,;/ 
Ooi'IY';/ 
06"IYY 
06,'",Y'i 
06MY,;/ 
Oolv1Y" 
06i"iY 7 

06i"iY';/ 
vOI'IY" 
u6i<1Y,;/ 
06MYSI 
o 6iv1 Y'i 
06MY,;/ 
061<1Y'i 
06MY,;/ 
06i''iY ';/ 
06MY'i 
OoMY,;/ 
OOI"lY 7 

() b I", Y ;I 

Oo,'<1Y,;/ 
Oor'lYi 
06MY" 
06iy lY';/ 
OoMY,;/ 
06,"1Y,;/ 
06MY'i 
Oo,"lY';/ 
o 6,"'1 Y " 
06ill,ySI 
Obill,y'1 
liO~' Y ';/ 
Ob,"Y';/ 
06MYY 



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 
C 
C 
C 
C 

NXL 
NYL 
P ( , ) 
PART 
PP 
PX 
PY 
Pl 
QNl, QN2, Q( , ) 
REACT ( ) 
REACTL 
REACTR 
RN 1, R N2, R ( , ) 

ROT ( 
RTOL 

RUN ( ) 
SHRL, SHRR 
SL ( ) 
,:,i~ ( , , ) 

SNl, SN2, S( , ) 

~RT ( ) 
S T ( , ) 
Su ( 
SX ( 

SY 

TNl, TN2, T( , ) 
TU ( ) 
U ( 
V 
W ( ) 
WS ( ) 
X ( ) 

XLC 
Y ( 

YLC 
Z ( , " TZ ( , 

NUMBER OF X LINES IN STRUCTURE 
NUMBER OF Y LINES IN STRUCTURE 
AXIAL LOAD ( TOTAL ) 
INTERPOLATION FRACTION 
AXIAL THRUST IN A MEMoER 
JOINT LOAD IN X DIRECTIUN 
JOINT LOAD IN Y DIRECTIUN 
JOINT COUPLE ABOUT l DIRECTION 
TRAN,:,VER::d:. LOAI,) ( INPUT ANu TUfAL 
MEMbER REACT ION 
REACTION AT LEFT ENu OF A MEMbER 
REACTION AT RIGHT END UF A MEMbER 
~EMBER ROTATIONAL RESTRAINTS ( INPUT 

AND TOTAL ) 
COORDINATE TRANSFORMATIuN MATRIX 
ROTATIUN TOLERANCE IF INVESTIGAfING 

AXIAL EFFECTS 
RUN IDENTI~ICATIUN 
SHEAR AT LEFT ANU RIGHT ~NU UF A M~MD~R 
LEFT HALF bAND PLU,:, DIAGUNAL TERM 
MEMb~R fYPE ,:,TIFFNE,:,S MATRll~':' 

TRANSVER,:,E SPRING ,:,TIFFNE,:,S ( INPUT AND 
TOTAL) 

COURUINAfE TKANSFORMATIuN MATRIX 
STRUCTURAL STIFFNESS MATRIX 
RIGHT HALF BAND 
JOINT TRANSLATIUNAL REST~AINT IN X 

DIRECTION 
JOINT TRANSLATIONAL RESTRAINT IN Y 

DIRECT ION 
JOINT ROTAflONAL RE,:,TRAINI "dUui L 

uIR~CTION 

APPL1Eu CUJPLE,:, ( IN~Uf "Nu TuT"L ) 
TEMPORARY JOINT uIS~LACEMENT VECTOR 
VECTOR OF JOINT uI,:,PL~CEMENT':' 

JOINT LOAu TERf'I, 
MEMBER DEFLECTION 
SPECIFIED CONDITION UF u~FLECTION 
TEMPORARY ,:,TORAGE OF TRAN,:,VERSE LOAO~ 

FOR A MEMBER TYPE 
X LINE COURDINATE 
TEMPORARY STORAGE OF "PPLIED COUPLE':' FUR 

A r-lEi'-1BER TYPE 
Y LINE CouRDINATE 
TE,-1PURAKY ,:,TURAGE ui-' "IE,,,,ot.K ST It't'"jt.~~ 

MATRIX 
DIMENSION RUN(32), TU(150) 
COMMON / BLOCKl / NPROB, HED(l4), NE~PR, NIT, NXL, NYL, NAMT, 

1 NAOM, NAJLR, NMT, NOi-l, NJLR 
COMMON / BLOCK2 / KLINE, KSTOP, ~PAGE 

COMMON / BLOCK3 / XLC(lO), YLC(IU) 
COMMON / BLOCK4 / M(20), H(20), ~OOE(20), 

1 F(S7,20), Q(57,20), ,:,(57,20), T(S7,20). 
2 R(S7.20), AE(S7.20lt P(S7.~0) 

COMMON / BLOCKS/ SM(6,6,20). FEF(6,20) 
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06MY-i 
06MY-i 
06MY,;/ 
06MY,;/ 
06MY,;/ 
06MY9 
06MY,;/ 
06MY,;/ 
06MY,;/ 
06MY,. 
ObMY,;/ 

ObMY':I 
06MY,;/ 
06MY,;/ 
Obi-lY,;/ 
06i-lY,;/ 
06MY,;/ 
06MY':I 
OblV1Y,;/ 
ObMY':I 
06i'IY" 
06rW,;/ 
U6MY,;/ 
06,'iY':I 
06f-1Y':I 
06MY:;I 
OblV1Y,>, 
Ubi/,Y,;/ 
ObMY':I 
06MY'i 
Ob,-lY,. 
Ob,"i y,. 

06,-IY';/ 
Obi-lY,;/ 
06i'viY,;/ 
06MY':I 
06MY,;/ 
06MY':I 
06i-IY':I 
06MY:;I 
06MY,;/ 
06MY,;/ 
06r4Y':I 
06MY,;/ 
06,-1Y':I 
Obi-1Y,;/ 
OblvlY';/ ** 
06MY,;/ ** 
06MY,;/ 
o 6M Y':i 
06MY,;/ 
06MY'i 
06MY9 
061"IY';/ 
06MY,;/ 
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COMr~ON / BLOCK6 / 
1 

COMMON / BLOCt<.7 / 
1 

COMMON / BLOCK8 / 
COMl~ON / BLOCK9 / 

CO""~ON / BLOClu / 
COMMON / BLOC11 / 

1 
C 0,..,,..,0 "I / BLOC12 / 

C 

A(57" 13 ( 5.7 ) • C(571. 1/ (571 • DIII(57). tiM(57). 
DtlM(57). REACTI~71 

INDEXI 110.41. IN ( 11 0) • INTLDI201. INTRDUO) • 
MTYPE(20). MORD 
ITER 
STI150.65" U(150). FLl 150) 
X157" Y (57) 
INTS(50). SX(50). ;:'Y(50). SL(50). 
PX(50). PY(50). PlI5U) 
NCOM. DTOL. RTOL. KOUT 

06MY-t 
06MY'i 
06MY'1 
06MY'i 
06MY'1 
06MY9 
06MY'1 
06MY-t 
06MY9 
06MY'i 
o 6M Y':I 

C*",,- ~**SE T '-IL).>1tjER uF L [,~ES Pl:i~ PAGt::. 
C 

"III~Ii'lu,>1 = 25. **********It**********06i'1Y'i 
061"1Y':I 
06MY'i 
u6MY'i 
06MY'i 
06MY9 

I(PAGE = 58 
P~ PH 1000 

l~()n FOR\1AT ( IHI 1 
C 
C*****READ ANJ ~R[NT RUN [DENT[F[CAT[ON ********************************06MY9 
C 06MY9 

C 

READ 1'';10. ( RUN( [I' [ = It 32 1 061"1Y'i ** 
IJ10 FOR\1AT ( 15A5 ) 06MY':I ** 

P~[NT 1010. I ~UNI[I. [ = 1. 32 1 
1 .~ CON T [N U E 

D~INT 1000 
t<.STuP 1 
KLINE 0 

061viY9 ' ... * 
061~lY':I 

061"1Y'i 
06MY'i 
06f-',Y'i 
06MY'i 

C***~*Q~AD P~:)BLF~ IOf~TI~[CAT[ON AND P~UGkAM CONTROL DATA It***********06MY'i 
C 06MY'i 

C6LL INDUTl 
2'-' CO,'Ilr[NUt 

GO TO ( 3!1. 230 ). KSTUP 
"'IJ (ON T [NlJf 

C 

06MY9 
061-1Y"7 
06MY'i 
06i·1Y'i 
li6MY'i 

C**k**REAU X AI~.J Y L[Nt:: CuOkU[NATES fli'W ,Vltl"1l3tR TYPE DATA 
C 

**** ** ***** ***06"IY"j 
061~'Y':I 

06~t,Y'i 

06i-1Y"j 
061'iY'i 
06,'1Y'i 
u6MY'i 

(ALL [NPuT2 
4) (ON T [NUE 

GO TO I 5'). 230 I. I<.STUP 
::'0 COf\lT[NUE 

( 

(,H*H(o)i.'PUTE ST I FFcJESSES NEGLECT [NG AX [AL EFE( T S 
c 

CALL ~ESTl 

S " (!) "I T [ N IJ E 
( 

* * * ** **** * * * ** ** '" * *** 0 61:, Y 9 
06r-1Y'i 
o 61.JY f 

06,viY"j 
06MY'i 

(*****READ ":E'IBErt [1'l(IDE,'l(E DATA AND SET JO[I,T Nl.J."ltjEr<::. 
( 

*******k********U6~Y9 
o 6 IV; Y:I 
061'1 Y"7 
06i',Y"j 
06,·lY'i 
06MY'i 
06~W'i 

CALL I N~UT 3 
71 (ONTINIIE 

GO TO ( 75. 23v J. I<.STU~ 

70, (ONTI'J1JE 
C 
C*****REAO AP~L[ED JOI~T LOAUS AND Rt::SrRAINT::. *************************06MY'i 
C J6MY9 



CALL INPUT4 
80 CONTINUE 

ITER = 0 
C 
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06MY\1 
06MY" 
o 61'-1 Y \1 
U6MY\1 

C*****FORMULATE BLOCKED STIFFNESS MATRIX 
C 

******************************06MY9 
06MY9 
06MY" 
06MY'> 
06MY" 
06MY" 
06MY9 

CALL FS TI FF 
90 CONT INUE 

GO TO I 100. 230 I. KSTOP 
100 CONTINuE 

C 
C*****SOLVE ~ATRIX EQUATlvN FOR JuINT DI~PLACEMENTS 
C 

*******************06MY9 
06MY9 

CALL SOLVE 06MY9 
110 CONTINuE 06MY';J 

IF ( NIT.EO.O ) GO TO iiO OeMYi 
120 ITER = 1 06MY::; 

C 06MY9 
C*****COMPARE JOINT DISPlACEMEMTS WITH rHO~E FROM PREVIOUS ITERAIION 06MY9 
C*****IF INVESTIGATrNG AXIAL EFFECTS **********************************06MY9 
C 06MYi 

C 

DJ 210 N = I. NIT 
IF ( N.EO.l ) GO TO 170 

I1J K = 1 
DO 160 J = I. MORD 
IF ( K .NE. '3 ) GO TO 140 
Ie:- ( ABS! U(J) - TU(J) I.GT. RTOL ) GO TO 170 

K = 1 
GO TO 160 

140 IF ( M5! U(J) - TUIJ) ).GT. DTOl ) GO Tv 170 
K = K + 1 

160 CONTINUE 
PRINT 1020, ITER 

IJ20 FORMAT (11,27H CLOSURE OdTAIN~U AFTEk , 15, IlH ITtRATIUN~ 

GO TO 220 

061-;Y::; 
06i>1Y) 
06MY" 
06MYi 
06t",y" 
06Mv::; 
06MYi 
06,'1'1 Y i 

061",Y';) 
v6fV,Y';) 
06t~v '1 

06MY" 
06r",y" 
06i-;Yi 

o 6tltY" 
C*****IF Nu ClUSURE ~AhE ANUTHEK SUlUTI0N ********************.********06~Y9 
C 06MY" 

170 DO 180 J 
TlJ (J) 

180 CONTINuE 
CALL FSTIFF 

190 CONTINUE 
CALL SOLVE 

20() CONTINUE 
ITER = 

210 CONTINuE 
PRINT 1000 
PRINT 1030 

}\.; '3 0 FORMAT ( 1/1111 
PRINT 1040 

1040 FORiv1AT ( 45H 
PRINT 1040 
PR IN T 1050 

lUc:,O FOR"1AT ( 45H 

I, ~OR0 06~Yi 
U(J) 06,',Y:/ 

ITER + 1 

**it *** 

OeMY';) 
06i4Y'1 
06,'1Y';) 
06MY';) 
J6MYi 
06MY9 
06MY9 
o 6r-ir-:! 
06MY9 
06MY9 
ll6,~Y i 

06MY9 
06r4Y" 
06MY" 
U6MY9 
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PRINT 1.0,0 
PQINT 1060 

1060 FORMAT ( 4,H 
PRPH 1070 

1070 FOR"1AT ( 4,H 
PRINT 1080 

lu80 FORMAT ( 4,H 
PRINT lu90 

1090 FORMAT ( 4'H 
PRINT 1100 

1100 FORMAT , 45H 
PRINT 1110 

Ill'" I'"OPMAT ( 4,H 
PRINT 1050 
PRINT 1050 
PRINT 1040 
DRINT 1 u4') 

2r) CALL OJTPUll 
GO TO 10 

23(' CONTINUE 
CALL EXIT 
E'JD 

C 
C 

SUBROUTINE INPUTl 
COM;'vlON / BLOCKI / 

1 
COiVI),10N / BL0CK2 / 

\n''''~f)N / BLOC12 / 
I)A T I\, IT!:::) T / ,H 

C 

*** TNE SOLUTION HAS NOT CLOScD *** 

WITNIN THE ~PECIFIED TuLEKANCE~*** 

IN THE Dt~IGNATED NUMBE~ UF *** 

*** ITERATIONS. TNE RES0LTS IN *** 

*** TABLES 12. 13' ANO 14 AkE THO~E*** 

*** FROM THE LA~T ITERATION. *** 

N~~OB. HED(141. NEWPk. NIT. NXL. NYL. NAMT. 
NADM. NAJLR. NMT. NOM. NJLR 
KLINE. KSTOP. ~PAGE 

NCO~. DTOL. RTOL. K00T 
/ 

C ••• **READ A~D ~RI~T PKU8LE~ IOENTIFICATIUN ANu ~RUG~A~ CONT~OL DATA 
C 

1 ) C0NTINUE 
REA~ ,00. NPROS. 

50 FORMAT ( AS. 5X. 
IF ( I~PR()13 -
CO''ll I NUE 

( HEDII). I = I. 14 
14A, I 
ITEST ) 30. 20. 30 

1(5TOP = 2 

4 r, 
RETURN 
CONTI"lUE 

PHINT 510, N~RUB. 
51 F0r~,AA T ( 5H 

1 lUH 
2 33H 
'3 36H 

Pin NT 520 

( HEO(I). I = I. 14 , 
• 80X. IvHI-----THIM. /, 
PRO~ • /. 5X, AS. 5X. 14A5. ///1. 

**** INPUT INFURMATluN ***- • /1/1/. 
TABLE 1 -- P~UGk~1 (vNTKvL DATA • III 

520 ~ORMAT (42H NE~PR NAMT NAJL~ K00T NAD~ NCUM 
1 33H NIT DTOL RTOL. / ) 

READ 530. NE~PR. NAMT. NAJL~, KOUT. NAUM. NCOM. NIT. DIOL. RfOL 
,~~ FORMAT ( lOX. 61,. ~X. I,. 2EI0.' I 

DRTNT ,40. NEWPR. NAMT. NAJLR. K00T. NAU~. NCUM. NIT. DTOL. RTUL 
~40 F~~~AT ( lOX. 21,. lX. 415. 5X. IS. 2[12.3 ) 

40 CONTINUE 
RETCJRN 

06MY'-i 
06MY'-i 
06MY'-i 
06MY'-i 
06MY'-i 
06MY':1 
06MY'-i 
06MY':1 
U6,"1Y'-i 
u6MY'-i 
06MY'-i 
06MY'-} 
06MY9 
06MY,>, 
06MY'-i 
OMI:Y':1 
06MY9 
061>1Y'-i 
06i'1Y,>, 
061v,y'-} 
ObMY,>, 
v61'>'1Y,>, 
06;>1Y'-} 
06MY'-} 
06MY'-} 
06i"1Y9 ** 
06MY'-} 
Q6MY'-i 
06MY-i 
06MY'-} ** 
u 6M '( ') 

**06MY,>, 
06MY'-} 
06i>1Y'-} 
06MY,>, ** 
06,>1Y-,l ** 
06,"Y':! 
06MY'-i 
06MYJ 
06"IY'-} 
06,'IY,j 
06MY,j ** 
06MY,>, 
v6MY'J ** 
o 61'>'1Y " 
06,>1Y:I 
u6~lY'>' 

06MY'-i 
06MY'-i 
06,.>1Y,;/ 
o 6 1'-1 Y 9 
06MY'-} 
06MY9 
06MY'-} 
06,'>'1Y'-} 



C 
C 

C 

1 

1 

END 

SUBROUTINE INPUT2 
COMMON I BLOCKI I 

CO~"10~ 
CO"1~ON 
COMMON 

I BLOCK2 I 
I BLOCK3 I 
I BLOCK4 I 

2 
10 CONTINUE 

PRINT 500 
500 FORMAT 1 IHI 

NPROB. HEDI14J. NEWP~. NIT. NXL. NYL. NAMT. 
NADM. NAJLR. NMT. NDM. NJLR 
KLINE. KSTOP. KPAGE 
XLCII0J. YLCII0J 
M120J. H120J. KODEI2UJ. 
FI57.20J. QI57.2U). ~157.20). TI57.20). 
RI57.20). AEI57.20J. P(57.20) 
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06M,(':I 
06MY9 
06MY9 
06MY':I 
06MY9 ** 
06MY,/ 
06MY9 
06MYi 
06MY':I 
U6MY'} 
06,"1Yi 
06MYi 
06t~Y ':I 
061"1Yi 
U6MY:I 

C*****READ AND ~RINT X AND Y LINE C0U~DINATE~ *************************06MY9 
C 06MYi 

PRINT 510. NPROB. 1 HEDII). I = 1. 14 ) 
510 FORMAT 1 5H • BOX. 10HI-----TRIM. I. 

1 1()H PROB • I. 5X. A5. 5X. 14A5. III. 
2 4UH 

GO TO 1 30. 
CONTINUE 

P'~INT 520 

TA~LE 2 -- X AND Y LINE COUROINAT~~. II ) 
20 ). NEWPR 

20 

47H 520 FOR,"1AT 
1 10H PROBLEM 

GO TO 145 

USING X AND Y LINE DATA FRUM PR~VluJ~ • 
J 

'30 CONTINUE 

52'i 

526 

READ 'i2'i. NXL. NYL 
FORMAT 1 lOX. 215 J 
PRINT 526. NXL. NYL 
FORMAT 1 15X. 6H NXL • I? I. 15X. 6H NYL • 15. I ) 

40 

'iO 

5'30 

DO 40 I = 1. NXL 
XLCII) = 0.0 

CONTINUE 
DO 50 I = 1. NYL 

YLC 1 I) 
CONTINUE 

O.U 

PRINT 530 
FORMAT 1 39H 

KLINE = 16 
X LIN!: 

READ 54G. 1 XLC 1 I J. I = 1. NXL 
READ 54J. 1 YLC(IJ. I = 1. NYL 

54~ FORMAT ( lOX. 7EIU.5 J 
DO 80 I = 1. NXL 
IF 1 KLINE + 1 - KPAG~ ) 60. 6u. 7u 

60 PRINT 550. I. XLCII) 
~50 FORMAT ( 15X. 15. 5A. El~.3 

KLINE = KLINE + 1 
GO TO 80 

70 PRINT 500 
PRINT 'i60. 

560 FJRMAT 1 
1 
2 

NPROB. 
5H 

10H 
20H 

( HEDIJ). J = 1. 14 ) 
• BOX. 10HI-----TRIM 

PROB • I. 5X. A5. 5X. 
TABLE 2 ICONT) • 1/ ) 

COORDINi<TE • I ) 

• I. 
14A5. III. 

06,"1Yi ** 
06,"IYi 
06,"1Y:I ** 
06Mvi 
o 6,"1 Y :I 
06i/,Y7 

Ubl"1Y) 
o 6i~ Y,/ 

061'IY i 
06i>\Yi 
06MY':I 
06MY9 
06MY';i 
o 6,"1 Y 'i 
06,J,Y:i 
06r~Yi 

u61~Y-1 

06MYi 
U6,", Y j 

U6",Yj 
U6MYi 
u6MYj 
061>1'( 'i 
06MYj 
06,'1Yj 
06MY'i 
06MY'} 
06MYi 
U6MYj 
06MY':I 
06HYi 
06MY9 
06,'1Yj 
06MY,/ 
06MY:I ** 
06MY'} 
06MY'/ ** 
06MY,:/ 
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PRINT 530 
DRINT 550. I. XLCIII 

KLINE = 15 
80 CONTINuE 

IF I KLINE + 6 - KPAGE ) 90. ~U. 1~0 

90 PRINT ':>70 
570 FORMAT I II ) 

DRINT 580 
5~0 FORMAT ( 39H Y lINE COORDINATE. I , 

KLINE:: KLINE + 4 
GO TO 110 

1:)0 PRINT 500 
PRINT 560, NPROB, HED(J). J :: I, 14 ) 
PRINT 580 

KLINE:: 12 
lIC CON r I NUE 

DO 140 I::. 1, NYl 
IF I KLINE + 1 - KPAGE ) 120, 12U. 130 

120 PRINT 5')0, I, YlCII} 
KLINE = KLINE + 1 

GO TO 140 
1'\' uRINT 500 

DRINT 560. NPROB, ( HEDIJ), J :: 1,14 ) 
DRINT 580 
pqrNT ')~o, I, YlCIl1 

<LINE:: 13 
140 CONTINuE 
145 CONTINuE 

06MYY 
06MY':1 
06MY", 
06MY'::I 
06MY~ 

06MY':1 
06MY':f 
06MY~ 

06MY':f 
06MY~ 

06MY':! 
()6MY~ 

06MY'::I IH 

06MY-:I 
06i"Y~ 
06MY~ 

06MY~ 

iJ6MY~ 

J6i"Y~ 
06MYY 
06MY':f 
06MY':f 
06MY9 ** 
06MY~ 

06MY~ 
06MY", 
06MY", 
06MY':f 

C U6MY~ 

C*****READ AND ~RINT ~E~ti~K TyPE OATA ***.********* •• ********.***.*****06MY~ 
C D6MY~ 

DRPH 500 06MYY 
PRINT 590, NPR08. ( HEDII), I 1 , 14 ) 06MY':f ** 

50') FOR\1AT ( 5H • 80X. IOHI-----TRIM, I, 06MY~ 

1 IOH PR08 • I. 5X, A? 5X. 14A? III. 06MY'::I 1<* 
2 3?H TA8lE 3 -- ;" E,\lt! E t( TVPt:. DATA • /1 06MY", 

GO TO I 150. 180 ) . NEwPR 06MY':f 
lr,1'l '<l = I 06MY~ 

K2 ::. NA,'1 f 06MYY 
NMf " K2 06i-1YY 

DO 160 I :: 1 • t.u i,l6MY-J 
M( I I :: 0 06MY9 
H ( I ) ::. v.O u6MY':1 
KODE (I) 0 06MY,:/ 

15" CONTINUE 06MY9 
DO 170 J :: I. 20 06MY9 
DO 170 I :: I • 57 06MY9 

F ( I • J I 0.0 06MY~ 

Q ( I .J) :: i).0 06MYY 
S ( I .J I 0.0 06MY-J 
T ( I ,J) :: 0.0 06MY,:/ 
R( I .J) :: 0.0 06MY9 
PCl.J) :: 0.0 06MY-:I 
AE ( I ,J) :: V.O 06MY':f 

170 CON T I NUE 06MY':f 



KLINE = 11 
GO TO 190 

IBO Kl = NMT + 

PRINT 600 

K2 = NMT + NAMT 
"l'-1T = K2 

600 ~ORMAT (47rl U~ING DATA FkUM Pk~Vluu~ P~UcL~~ PLU~ • 
1 l~H THE FQLLU~ING • // ) 

KLINE 15 
IF ( Kl - K2 ) 190. 190. le5 

lA'i PRIr'H 605 
AJ'i FORMAT (15H NONE 

GO TO 10,)() 
l~O CONTINUE 

DO 4eo J = Kl. K2 
REAl) 61J. "'1(J). '(ODtlJ). ,\jOC. H(J) 

61~ FORMAT ( 18X. ~15. 5X. 3EI0.5 ) 
IF ( KLINE + 4 - KPAGE ) 200. 20u. 210 

2JO PRINT 620 
620 FORMAT (/. 36H TYPE ~ KODE NDC H /) 

PRINT 630. J. '''i(J). KODE(J). NOC. rl(J) 
630 FORMAT ( 9X. 415. 3tl0.3 ) 

'(LIIIJE = KLINE + 4 
GO TO 220 

21'"' DRI"lT 'j00 
PRINT 640. NPROB. ( HED(I). I = I. 14 ) 

A48 FORMAT ( 5H • 80X. 10HI-----TRIM. / • 
1 10H PROB • /. 5x. A5. 5X. 14A5. III. 
2 20H TABLE 3 (CONT) • // ) 

PR PH 620 
P R I N T 630. J. '~( J ). ,( 0 [) E ( J ). N DC. H ( J ) 

:<LlNE = 15 
220 CONTINUE 

JJJ = KODE(J) 
IF ( KLINE + 4 - KPAGt ) 270. 270. 280 

2F' PRINT 6S0 
A'in FORMAT ( / 

D~I"lT 660 
66'"' FORMAT ( 51H FROM TO CONTD F J 

1 ~OH T R AE • / 
KLINE KLINE + 4 

GO TO 290 
2Ar PRINT 500 

PRI"lT 640. NPROB. HeD(L). L I. 14 ) 
PRINT 660 

KLINE 13 
? Q ,) CON TIN U E 

KR2 = 0 
DO 450 "l = I. NDC 

KRI = KR2 
READ 670. INI. IN2. KR2. FN2. QN2. SN2. TN2. RN2. AE2 

67 r FOR"'1AT ( 5X. ~I5. 6EI0.5 ) 
J"l = IN 1 + 4 
J2 = IN2 + 4 
KSW = 1 + KR2 + 2 * KRI 

06MY,;/ 
061-1'1'';/ 
06MY':I 
06MY,;/ 
06MY9 
u61-1Y9 
06,','1'';1 
06iV1Yi 
06MYi 
15~E':I 

06,"iYi 
06MY,:/ 
06MY9 
06MYi 
06MY':I 
06MYi 
06MY9 
l!6i'iY i 
06,"1'1'';1 
06,"iY';/ 
06rv'IY:/ 
061>1Yi 

97 

06t~ '1' ';/ 
06,"1'1'';/ 
06MY,;/ 
06,"'IY;} ** 
06.'-1'1''01 
,,6MY,;/ ;.-* 
061,1'1'" 
06

"
,1'1'" 

06,'''1(:/ 
06iV1Y'i 
06HYi 

06 'I Y:/ 
J6Iv!Y:; 
v 6,\1 '( i 
0611,Y -i 
06MY;) 

.06,"1'1' " 
061" '1' '01 
() 61~ '1' 'f 
J 6,';Y '01 

o 6:·1Y '7 

06fviY" :ill' 

u6MYi 
06MY';} 
06,"iY,;/ 
J61'1Y,;/ 
06,'-1 Y':I 
06MY,;/ 
o 6~'IY';/ 
06MY'i 
06,"1'1'9 
06MY'i 
061'1'1'';1 



98 

C 

IF ( KLINE + I - KPAGE '310. 310. ~OO 
,00 PRINT 500 

PR I NT 640. NPROB. ( HED (L I. L = I. 14 ) 
PRINT 660 

KLINE = 13 
310 CONTINuE 

GO TO ( 320. 33U. 340. 340 ). KSW 
,20 PRINT 680. INI. IN2. KR2. FN2. QN2. SN2. TN2. RN2. AE2 
68 FORMAT ( 5X. 214. 13. IX. 6EII.3 ) 

KLINE = KLINE + I 
GO TO 350 

,30 PRINT 690. INI. KR2. FN2. QN2. SN2. TN2. RN2. AE2 
690 FOR~AT ( 5X. 14. 4X. 13. IX. 6Ell.3 J 

KLINE::: KLINE + I 
GO TO 350 

'40 PRINT 700. IN2. KR2. FN2. QN2. SN2. TN2. RN2. AE2 
70n FORMAT ( 9X. 14. 13. IX. 6Ell.3 

KLINE::: (LINE + I 
GO TO '310 

o 61-1Y " 
06MY'i 
06MY" 
06MY9 
06MY" 
061"1Y-i 
06MY'i 
06MY~ 

06MY'i 
06MY'i 
06MY':i 
06MY-i 
i) 61"'Y'" 
06,'''IY" 
U6MY~ 

06MY':1 
06MY':1 
06MY':1 
06MY" 
iJ6MY9 

C*****STANDARD B..,CUL DATA DISTRIBUTION **·*******************···*··****06MY~ 
iJ6MY9 
06MY" 
06MY':1 
o 6,"'1Y '1 

u6MYCi 
o 61,'iY Ci 
06MY':1 

C 
'1"'(\ 

'60 

370 

HO 

4()O 

410 

420 

4 'jr) 

440 

JI ::: IN 
FNI FN2 
QNI QN2 
SNI ::; SN2 
TNI ::: TN2 
RNI ::: RN2 
AEI '" AE2 

GO TO t 37:;. 450. 495. 450 ). KSW 
JINCR '" I 
ESM ::; 1.0 

IF ( J2 - JI ) 4~5. 39U. 380 
DENOM ::: J2 - Jl 
ISW :: 

GO TO 400 
DENOM ::: I.U 
ISW :: 0 

DO 410 K 
DIFF ::: 
PART ::: 

JI. J2. JINCR 
K - JI 
DIFF I DENOM 

FNl 
ONI 
SNI 
TNl 

+ 
+ 
+ 
+ 

PART 
PART 
PART 
PAt<T 

FIKtJ) 
OIK.J) 
S(KtJ) 
T(I<:.JI 
Rtl<:.J) 
AE(I<:.JI 

::: F(K.JJ + ( 
O(K.J) + ( 
S(K.J) + ( 
T(K.J) + ( 
KIK.Jl + ( KNI + PAtH 

CONTINUE 
IF ( ISW ) 495. 430. 420 

JINCR ;: J2 - Jl 
ESM " -0.5 
ISW ::: 0 

GO TO 400 

AFl + 

GO TO I 450. 495. 450. 440 ). KSW 
Jl :: J2 

~Ar\T 

* FN2 - FNI 
* QN2 - QNI 
* SN2 - ~Nl 

* T i~2 TNI 
* '~'~2 - r<Nl 
* AE2 - AEI 

I) • 
) J * 
J) * 
I) ;;-

II * 
I) * 

t. ;:,,;/, 

E~M 

E;:,M 

E~,'" 
t. .:>1'1 
ES"I 

06MY" 
06MY-i 
06MY9 
06MY" 
06,',Y" 
06MY':1 
06MH 
o 61'1Y" 
06MY-i 
06M'U 
06f-1Y" 
06MY'i 
06MY,;/ 
06MY'i 
061-1 Y-i 
06MY" 
06MY'i 
U6,'1Y':i 
06,·,Y'i 
06MY':i 
06MY" 
06MY" 
06,'11 If" 
06MY'i 
06MY9 
06MY9 
06MY9 

** 



47() 

480 
4')"1 

4q<; 

7li"'\ 
1 

()n 

C 
C 

1 

1 
2 

1 

GO TO %0 
CONTINUE 
CONTINUE 
IF ( KLINE + 

PRINT 650 
KLI NE 

CONTINUE 
GO TO 1 Jon 

PRINT 710. J 
FOR"1AT C I • 48.., 

15 ) 

K<:;TOP 
CONTINuE 
RETJRN 
END 

SURROUTINE FESTl 
CO,"'[v10N I 8LOUl 

CO"1'10N I BLOCK4 

CO~1'>10N I BLOCK5 
(OMiv10N / BLOCK6 

CO'v1MO~, / clLOCliJ 
CO,"1MDN / S5LOCl 

I 

I 

/ 
/ 

/ 
/ 

1 - KPAGE ) 470. 47U. 4-tiC; 

KLINE + 1 

2 

UNDE51GNATED ERROR STOP -- MEMBE~ TYPE • 

NPR08, HED{l4), NEl'iPk. NIT, NXL. NYL, NA,·1T. 
NADM. NAJLR. NMT. NDM. NJLR 
11.«20). H(20). I<.JDf(2v), 
F(57.20)' Q(57.2U). ::'157.21)). TI,7.2U). 
R(57.20). A~(?7.20). ?(57.20) 
5MI6.6.2UI. FEF(6.ZUI 
A ( 57)0 S 157" C ( ';) 7). '" ('j 7). rHv ( ';) 1 ). Sf.., ( 571 • 
DBM(57). REACT(57) 
X(57" Y(57) 
I' K. ~t11~71. ~~(?). U~~(?) 

06MY':i 
o 6,'lY":I 
J6,'lY':i 
v6MY~ 

06,"1Y":I 
06MY';1 
06iV,Y':I 
U6MY:I 
061>1Y9 
o 61'W ':I 
06MY';1 
06MY':I 
U61"'Y":I 
v6i-lY';1 
\J 61-1Y":I 
06MY":I 
v6~lY,;/ 

6W~ 

06;'iY';/ 
vO:1 Y":I 
J6:vJY:i 
J6'<1Y~ 
'J 6 'I 1 ~ 
06,W:;; 
06;I,Y';1 

06.1Y" 
U61.1Yl 
QbrY~i·:J 

C J6~Y~ 

C*****FVALUATE STIFFNF~S FO~ EACrl ~E~~ER TYPE .*.*.*****.*.***~*****M**G6··.i~ 
C 06~Y~ 

20 

( 

Kl ;::: Nf'A,T 
DO 210 I '" 1. K 1 
DO 10 J = 1. 6 
')c 1 0 '< = 1, 6 

S\1(J.K.II J.O 
CONT INUE 

F"1 = MIl I 
FLENG F * riCI) 
MP3 MIl) + 3 
iv1P4 ,\1 ( I) + 4 
MP, MIl) + 5 

DO ~o J = 4. MP4 
P(J. I) '" v.v 

COI\jTINUE 
JJJ = KODEI I) 

GO TO ( 30. 30. 40. 6u I. JJJ 
CO"lTI"lUE 

26i",'tY'J 
C ofYI Y-' 

'~'6,': Y j 
J6,'1 Y":I 
06,:,1 ~ 
06i~'Y 7 

lJ 6i-; Y 'i 
06,;,Y;I 
J o;/,Y ~ 
'.o6i-,f j 

8 01>'. f ';I 

D6,'iY~ 

06MY"J 
D6[V,Y'i 
00,>\ 1 ~ 
:)6,"Y" 
U6MYJ 
06MY'i 

(**:<**5 T I FFNE::,$ TEr<MS Fvt'< ?R I S"iA T I ('>'iEI/,BEt'< ******,' "*"'******'''?<''''*''''?<''*''?<**06''iY~ 
C 06MY,;/ 

SMel.l.1) 
SM(4.4.1) 
5",(1.4.1) 
S..,1401.1) 

AE(:,tll / fU:i\lG 
SM ( 1 • 1 • I , 
- SM ( 101. I ) 

= SMel.4.I) 

u 6,·, Y ';1 
061'IY ~ 
06MY:I 
OOI~'Y';/ 

99 

w* 



100 

4) 

<;0 

60 

8'1 
C 

SM(2.2tl) ;: 
SM ( 5.5. I) ;: 
SM C 2.5. I) ;: 
SM ( 5.2. I) = 
SM ( 2 .3. I, ;: 
SM (2.6. I) = 
SM(3.2.I) :: 
SM(6.2.I) :: 
SM ( 3 .5. I I :: 
SM ( S .3. I) ::: 
SM 1 S. 6. II .::: 
5"116.5.1) ::: 
SM 13.3. I) ::: 
S·~[6.6.r) ::: 
S"113.6.I) ::: 
S"1 1 6 • 3. I ) 

GO TO 1 40. 60. 
CONTINUE 
DO <;0 J 1. 6 

12.0 * FCS.I) 
SMI2.2.I, 
-SMC2.2.I) 
SMC2.5.I1 
6.0 * FC5.I) 
SMC2.3.I1 
SM (2.3 .11 
SM (2.3.1 ) 
-SM C 2.3. I I 
SMC3.S.!) 
SMC3.S.I) 
SM ( 3. S. I ) 

I ( FLENG ** 3 J 

I I FLE.NG ** 2 ) 

4.0 * FIS.I) I FLENG 
SM C 3.3. I) 
2.0 * FIS.I) / FLENG 
SM(3.6.11 

210. 210 ,. JJJ 

FEFIJ.r1 :; 0.0 
CONTINuE 
GO TV ( 210. 210. 100. 210 ). JJJ 
CONTINUE 
DO 70 J 1. 5 

>'JSIJ) ::: 0.0 
DWSCJI 0.0 

CONTINUE 
D0 80 J:; 3. MP5 

KEY(J)* *1***** 
CONTINUE 

06MY'.1 
06MY9 
06MY'.1 
06MY9 
06"1Y)I 
06MY9 
061>lY':f 
06i"1Y)I 
06,;\Y, 
06'''IY':f 
06i-lY, 
06MY)I 
06MY:I 
06MY'>' 
o 6fv\ Y'I 
06MY,;/ 
U6HY9 
ut:>f>lY':I 
u6MY,;/ 
06iV\Y:I 
06f<1Y:I 
06", Y9 
06MYi 
06,.",Y9 
061"iY,;/ 
06fv1Y,;/ 
06MY:I 
06MYi 
06,'v1Y':I*** 
06MY'>' 
06,'v1Y j 

C*****EVALUAT ME~BE~ END FORCES FOR LOADED MEMBERS **.*******.********06MY9 
C 06MY'>' 

K ::; 1 
KEY(3) :; 3 
KEY(4) ::: 4 
KEY!S) ::: 5 
KEy(MP3) 3 
KEYIMP4) ::: 4 
KEY!"1P51 ::: S 

06<'-lYi 
06MY,> 
06MY'i 
u6MY9 
u6MY9 
06,'v1Y,>, 
06MY'.1 

CALL B"1COLI 06MY,:/ 
0(,1 CONTINUE 06"1Y9 

GO TO ( 210.210.100.100 It J..J..J 06",Y9 
100 CONTINuE 06MY':I 

C 06MY,>, 
C*****APPLY UNIT DISPLACEMENTS AND EVAL0AT~ ~TIFFNE~3 rERM~ FOR 06MYi 
C*****,~ON-PFISMATIC MEMBE~S *******·**************·************.*·***.*06~Y9 
C 06MY,:/ 

DO 110 J::: 4. MP4 06MY,:/ 
X(J) ::: Q(J.IJ 06MY9 
Y(J) = TIJ.I) 06MY'>' 
Q(J.tJ = 0.0 06MY'I 
T ( J. I) = 0.0 061''1 Y ':/ 

110 CONTINuE 06MY,:/ 
DO 180 K 2. 5 06MYi 



C 

120 

140 

DO 120 j = 3. MP5 
KEY(j) = 1 

CONTINUE 
DO 130 j=I.5 

W5(J) = 0.0 
DWS(J) = 0.0 

CONTINuE 
KEY(3) = 3 
KEY(4) 4 
KEY(5) 5 
KEY I MP3 J 3 
KEYU<1P4) 4 
KEY U<1P51 5 

GO TO ( 210, 140. 
D1I5111 = 1.u 

CALL BMCOLI 
GO TO 180 

D',.i5(2J 1.0 
CALL gMCOLl 

GO TO 180 
16(1 WS(I) I.U 

CALL SMCOLI 
GO TO 180 

17 l'i5U) 1.U 
CALL Bt>1COL 1 

180 CONTl'WE 
DO 190 J = 4. ~P4 

Q(Jd) = XU) 
T(J.r) = yIJ) 
X (J) :j. J 
Y(JI 0.0 

Ion CONTINuE 

150, 160. 170 ). ~ 

c-:H ' ;;-**CO;v,PUTE AX I AL 5 TI FF'~E5S Fur< ,"()i~-PI"; I SivlAT IC ,"E,l,ljE,";::' 
C 

C 
( 

AEI4.II = 2.0 * Atl4.1) 
AEIMP4.1) = 2.0 * AEI~P4.1) 
SUI>1 = 0.0 

DO 200 J = 4. ~P3 
AVG I AEIJ,11 + AEIJ+l.l) ) 12.0 
SUM = SUM + HilI I AVG 

?on cnNTINuE 

210 
220 

SM I 1 • 1. I ) 1.0 I SU1'I 
SV:14.4.1) SM!I.1.I) 
Si"l(1.4.I1 
5'''l(4.1. I) 

CONTINuE 
CONTINUE 
RETURN 
END 

SUBROlJT I NE B,MCOL 1 

-SM(l.l.II 
SMI 104.1) 

(OMMON I BLOCK4 I ~(201, H(20). KODEI2uJ. 

06,\ljY) 

06MY9 
o 61"1 Y';/ 

06MY~ 

06MY9 
06/viY 01 

06MY~ 

061W~ 
06MY,;/ 

1,)6t"Y~ 

G61"'Y) 

061~YOI 

06,'IY 01 

06",Y~ 
0611 Y ,,' 
Q6,V;YOI 

06:·1Y) 

06'>'lY'J 
06,V;Y" 
J6'~Y) 

06:"'Y) 
Obi..jY j 

J6MY1 
06f',Y"i 

06MY" 
,}6,-\Y) 

U6~lY" 

J6;~Y" 

06,'iY" 
,J6,v,y j 

06,\1Y':;I 
1,)6 y, 
:J6~~~Y';;l 

+*d,.\~ *x** *****-~* *0 6,"\ Y:1' 
J6HYi 

Ub"" f;l 

U 6,', Y ;j 

U6,', Y 01 

J6,-\Y j 

061v1Yj 
06i'1,Y''j 
o 6~-1 Y ~ 
Oo,-,Y;I 
06,'IY" 
06"IY) 

06MY~ 

06Mh 
U6;vIY" 

uOMYOI 

06MY':t 

06Mn 
G6MY) 
Q6i/,Y;I 

06MY" 
1 FI57.20). Q(57.20). ::'(57.20). f(5702J). i)6f;~Y~ 

101 
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C 

2 

1 

COM).10N / BLOCK5 
COMMON / SBLOCI 
COM'~ON / BLOCK6 

RI57.20). AEI57.20). PI57.20) 
/ SMI6.6.20). FEFI6.2U) 
/ I. K. P(EYI57). >'I~(5). OW~I'JJ 

/ A1571. B(57). CI'J7). >'1(57). Dwl'J7). 
D t:Sr~ I 57 ). REA C T I 'J 7 ) 

tI,,,, I 'J 1 I • 

06MY9 
06HY'i 
06MYOI 
J6,"IY:;I 
06,',Y 01 

u6MY,:/ 
C*·***STANDA~O ~MCUL P~OG~AM USED FUR EVALUATION UF FIXEU END FORCES 06MY9 
C~~***AND STIFFNESS TE~MS. THI~ ROUTINE I~ ALSO USED FOR EVALUATING 06MY:;I 
r:*****S T I FFNF:SSES WHEN I NVES T IGA T I NG AX I AL EFFECT ~ ********************06,",Y':/ 
C ()61W';I 

)0 CONTINUE 06MY';I 

2() 

60 

1 
2 

2 

HT2 U6MY';I H I I ) + HI I ) 
HE2 06MY9 = H I I ) * H ( I ) 
HE3 06MY~ HI I ) ... HE2 
,\1P 1 
,"1P2 
MP3 
MP4 
"1D5 
"1P6 
MP7 
N C; = 
All ) 
A(2) 
B 1 1 ) 
13(2) 
C 1 1 ) 

1 

,,-\ 1 I J 
M I I ) 
M I I I 
MIl) 
MIl) 
M I I ) 
M I I ) 

0.0 
0.0 
0.0 
0.0 
0.0 

C(2) u.O 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

DO 90 J = 3. MP5 

1 
~ 

3 
4 
5 
6 
7 

AA FIJ-l.I) - 0.2'J ... HII) * RIJ-l.I) 
B8 -2.0 * I FIJ-ltl) + F(Jt!) ) - HE~ * ?(Jt!) 
CC F(J-lt!) + 4.0 * F(Jtl) + F(J+ltl) + Hi:.3 * ~IJtl) 

+ 0.2, ... HIl) * I RIJ-ltl) + RIJ+ltl) ) + 
HE2 * ( P(J.I) + P(J+l.I) ) 

DD = -2.0 * ( F(Jt!1 + F(J+ltl) ) - HE2 ... P(J+ltl) 
EE F(J+l.1 I - u.25 ... HII) * R(J+l.I) 
FF HE3 * QIJtl) - 0.5 * Ht2 * ( T(J-ltl) -

T(J+ltlJ ) 
E = AA ... b(J-2) + B~ 

DENOM = E * d(J-l) + AA * C(J-~) + CC 
IF ( DEN0"1 ) 30. 20. 30 

D = 0.0 
GO TU 40 

D = -1.0 / DENOM 
C(J) D * EE 
BIJ) = D * 1 E * C(J-l) + DD 
A(J) D * ( E * A(J-l) + AA * AIJ-2) - Fr ) 
KEYJ P(EY(J) 

GO TO ( 90.50.60.5,-,. 70 ). P(EYJ 
CIJ) 0.0 
B(J) = 0.0 
A(J) ""SIN~) 

IF I KEYJ - 3 ) 80. 60. 90 
DTEMP D 
CTEI>1P = C(J) 

UbMY:;I 
06fviYOI 
06['1 YOI 
C6,"1YOI 
06i",YOl 
o 6,'''' Y :;I 
o 6""l Y:;I 
J6."1YOI 
u6fY,Y';I 
06HY'i 
J6,"'YOI 
iJ 6i'" Y ';I 
v6HY:;I 
U 6i", Y:;I 
0biW~ 

J6,.,Y'i 
G 6," Y:;I 
u61/, Y 01 

06,vY:;I 
06MY:;I 
J6,"1Y~ 

06fV,Y'i 
U6,~Y:;I 

06i/,YOI 
Ob,'iYOI 
J6fY,YOI 
06,v,y', 
06MY:;I 
06,"" Y:;I 
06MY:;I 
u6MY';I 
06MY9 
06;", Y:;I 
06~W:;l 

061'/" Y:;I 
061'; Y:i 
U6MY9 
J6MY:;I 
ubMY:;I 
06MY:;I 
06j~Y:;I 



70 
1 

11 n 

1 
2 , 
4 
5 

1 
2 

" 4 
'i 

6 

C 

GO 

BTEMP = B(JI 
ATEMP = A(J) 

06MY'i 
06r"Y~ 

06MY9 
06/.1Y9 
06MY':I 

C (J) 
B (J 1 
A (J) 

TO 90 
DREV 

CREV 
BREV 
AREV = 

1.0 
J.O 
-HT2 * DWS(N~I 

06t1,Y:i 
1.0 / ( 1.0 - ~TEMP * S(J-l) + CTEMP - 1.0) 06MYi 
* D / DT E,'-1P 06MY':I 
DREV * C(J) 06MY':I 
DREV * ( S(J) + ( ~TtMP * C(J-l) 1 * U / uTt~P 06MY':I 
DREV * ( A(JI + ( HT2 * DW~(NSI + AT~MP + 06~Y'i 

BTEMP * A(J-l1 1 * 0 / DTEMP ) G6MY~ 

C ( J) = C REV 061'·1 Y ':I 
B(JI = BREV 061'-1Y:i 
A (J) AREV J6MY:t 
NS = NS + 1 J6MY9 

CONTINUE 06MY:i 
w(I'-1P6) = O.U 06/:,Y'i 
'>'I(MP7) = 0.0 u6HY:i 

DO 100 L = 3. I"P5 06,'!;Y:i 
J=/.1(11+8-L J61<U 
W ( J 1 A ( J) + B ( J) * '1'1 ( J + 1) + C ( J 1 * {'/ ( J + L ) 0 6 i', i 'i 

CONTINUE 06,"'(:1 
W ( 2 ) 2 • 0 * '1'1 I 3 1 - W ( 4 ) 06 i'l Y :i 
W(MP61 = 2.0 * W('-1P5) - W(,IvlP41 061/,Yi 

DOl 1 0 J = 3. M P 5 0 6,'·, Y S; 

B,,,,(J) F(JtI) * (W(J-l) - 2.0 'k ~I(JI + \'i(J+l1 1 / H~L J6~'Y:i 

CONTINljf 06i,,'(7 

GC TO 

8 M (2) 0.0 G6~,Yj 

B M ( Ivl P 6) = 0.0 C 6,· Y:i 
REACTL = ~MI3) - 2.0 * DM(4) + tl,iil::» 1 / H( I 1 v/;),/,(-:I 

REACTR 

( 12 \.J, 

- Q I 4 • I 1 + ( T ( 3 • I 1 - T I ':> • I 1 I / I 2. U " H ( I 1 \.J b ,'I Y :I 
- ( ~ ( 3 • I 1 * 'Ii ( 2. 1 - K I 3 • I) " '/I ( 4 1 - 1'< I :J • i 1 u 0," Y j 
* 1'1(41 + RI.s.r1 * 1'//61 1 / 14.0 * rlt2 1 - ( v6",lj 
P ( 4.J 1 *lIl 3 1 - PI 4.J 1 * WI 4) - PI 5.r 1 * ~i ( 4 1 J 6,·1 Y:) 
+ P ( 5 • I 1 * \.J ( 5 I ) / H I I 1 + :0 I 4 • I 1 * w I 4 1 'J 6,'1 Y i 
( 8,'-1Uv1P3) - 2.0 * t:i~"("iP41 + b,~I,'iP51 1 / H(ll Ubi·,ii 

- Q ( ,\1 P 4 • I) + ( T ( M P 3 • I) - TI," P ::> • I I I / I L. 0 * J 6 i", Y ':I 
HIlI) - ( R(HP3.JI * >'I1'-1P21 - Rli'-\P3t11 .;< .~I,'iP41061/,H 

- RIMP5.J) * W(MP41 + RIMP5tl 1 * wlMP61 ) / ( J6,\1H 
4.0 * HE 2 ) - ( P ( ,'-1 P 4 • I) * W ( ,\1 P 3) - P ( :" P 4 • I ) 0 6'~ Y i 
* WI,\1P41 - PU"P5t11 * w(,~P41 + Pf,"h.J5t1) * ~J('W5)J6IJIY':I 
1 / H I I I + S I 1'1 P 4 • I) * WI'" P 4 ) 06 i" Y 'i 

130. 140. 150. 160 I. K 06~Y:i 

J61'-1Y':I 
C*****SET FIXED FND FUkCES 
C 06r~ i':l 

G6;"Y':I 
06i·1Y:i 

C 

120 FEF(l.JI 
FEFI2.JI 
FEF(3.J J 
FEF(4.JJ 
FEF15.11 
FEF(6.J J 

GO TO 170 

0.0 
-REACTL 
2.0 * 8/.1(4) 
0.0 
-REACTR 
- 2.0 * ~HIHP41 

v6~'IY '" 
G6;·lY'i 
06i'iY:J 
J6:'1 Y'i 
06/'H':I 
06i'l Y:i 

103 
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C*****SET STIFFNESS TERMS DEPENDING UN U~IT DISPLACEMENr APPLIED 
C 

***"''''*0 61"1Y ':i 
() 61'" Y') 

06MY':i 
06f>1Y':! 
06MY9 
06i>1Y':i 
u6MY':i 
06,'>1Y'" 
v6i"'Y'" 
06MY':i 
l) 6 j"'jY ." 
Obl·iY." 
06,"iY'" 

C 
C 

C 

130 

14') 

SM I 2 .3. I ) 
SMI3,3.I) 
SM I 5 .3. I ) 
SM I 6 • 3 • I ) 

GO TO 170 
SM I 2 .6. I ) 
SM 1 3.6. I ) 
S~15.6.1) 

S"116.6.1) 
GO ru 170 

SM 1 2 .2. I ) 

= REACTL 
=-2.0 ... 13M(4) 

REACTR 
2.0 ... 13"1I,"'P4) 

REACTL 
=-2.0 ... BM(4) 

REACTf-( 
= 2.0 * BMIMP4) 

REACTL 
S"'13.2.1) =-2.0 ... B~(4) 

SMI5.2.1) REACTf( 
S~16.2.IJ 2.0 ... B~IMP4) 

GC, TO 170 
1 6 ,~ S "1 1 2 • 5 • I ) REA C. T L 

SMI3.5.1) =-2.0 * BM(4) 
SMI5.S.I) REACTR 
SMI6.S.I) = 2.0 ... BMIMP4) 

17':' CONrlNUE 

1 

1 
2 

1 

R>::TURN 
END 

SUBROUTINE I NPUT3 
)1'~ENSION KZ 1 10) 
COf~:'>10N I RLOCKI I 

cor'HON I BLUCI(2 I 
U)MMON I BLOCK3 I 
CO~~ON I BLOCK4 I 

COr-',,~ON I BLUCK7 I 

CO"1"10N I tlLOC12 I 

NPROB. HED(14). NEWPR. NIT. NXL. NYL. NA~T. 
NADM. NAJLR. NMT. NDM. NJLR 
KLINE. KSTOP. KPAGE 
XLCII0h YLC(10) 
~(20). HI2C). KODEI2U). 
FIS7.20). QIS7.2U). ;:,IS7.20). TI,)7.20). 
RIS7.20). AEIS7.20). PI57.20) 
II~DEXIII0.4). JNIII0). INTLDI20lt li'HRDUOlt 
MTYPE 120 l. MORD 
NCOM. DTOL. ~TOL. KQUT 

('6", Y':i 
U b,''jY ." 
86,"'Y:I 
06MY'" 
061"Y -j 

lJ 6jv,y ':I 
061v;Y'7 
061<1Y'1 
D61/,Y,) 
06MY'" 
06,"'Y -j 

d6MY9 
06MY:I 
061-IY;j 
06,'<1Y':! 
06;VIY') 
061/,Y') 
06MY':i 
061<1 Y ':I 
06j·1Y':! 
06Mn 
06f~ Y'" 
U6MY:I 
061·1Y;J 
06,"'Y':i 
J6i<1Y':i 

C*****R~An A~O PRINT MEMBER INCIDfNCE 
C 

*********************************06MY9 
UbMY') 
061'1Y:I 
U6MY9 

CONTINUE 
PRINT <;00 

son FORMAT 1 IHI ) 
PRINT S10. NPROB. 1 HEDIK). K = 1. 14 ) 

510 FOR"'AT 1 SH • SOX. lUHI-----T~IM • I. 
PROS. I. SX. AS. SX. 14AS. 
TABLE 4 -- MEM~~R INCIDENCE 

20 

1 10H 
2 38H 

GO TU 1 20. 
CONTINUE 

NXLM = 

lS0 ). NEwPR 

NXL -
NYLM = NYL -
K = 1 

DO SO I = 1. NYL 
RFAf) S20. 1 KZIJl. J = 1. NXLM ) 

o 6,'" Y ':I 
06MY') 
06,"IY,) 

III. 06"IY'" 
OI-lTA • II ) o 61"'jY." 

061v,y':i 
06i>1Y" 
CJ6MY') 
U6MY':i 
06MY':I 
06MY') 
06,"'Y'" 

.;(--;:t-

** 
;(-J,(-
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520 FORMAT ( lOX. 1015 ) 06i'1Y'; 
DO 80 J = 1 • NXL 061'<1Y'i 
IF ( J.NE.l ) GU TO 40 06MY';I 

,0 INDEX(K.3) 0 06r',Y'i 
INDEX(Kol) = KZ ( 1) 061v,Y i 

GO TO 70 06MY,:/ 
40 IF ( J.NE.NXL ) GO TO 60 06f-1Y'; 
1)0 INDEX(K.3) KZ(NXLM) 06,.-1Y'i 

INDEX(Kol) 0 06MY'; 
G:l TO 70 06MY9 

60 INDEX(K.3) KZ(J-l) u6MU 
TNDEX(Kol) KZ(J) o 6,"1 Y ';I 

7'1 K = K + 1 06"-1Y';I 
R" CONTINUE 06MY'; 

DO 140 I = 1 • NXL Ub,-1Y'i 
READ 520. ( KZ (J) • " = 1 • ,"IJ YL," ) 06,',Y'i 

K = I 06MY'i 
DO 140 J = 1 • NYL 06i1Y'i 
IF ( J.NE.l ) (i0 TO 100 C 6 ill Y'; 

9'1 INDEX(K.4) () o 6 ,"I Y ';I 
INDEX(K.2) = KZ ( 1 ) 06i'IY'i 

GO TO 130 06i'W'; 
1-) " IF ( J.NE.NYL ) GO TO 120 061/,Y';! 
IF INDEX(K.4) KZ(NYL"1) u6,v,y,; 

TNDEX(K.2) 0 u61'IY,;! 
GO TO 130 06MY':/ 

12'1 I"JDEX(K.4) KZ(J-l) 06i'iY'; 
INDU(K.2) KZ(J) Obi'1Y'i 

1'3n '( = K + NXL 0611Y'i 
140 CONTP-lUE 06HY';! 

GO TO 250 06MY'i 
lc;n CONTINUE 06MY'; 

IF ( NrO\1.~O.O ) GO TO 250 C6,ViY'; 
16" DO 240 I = 1 • Ncor~ 06:W';I 

Rt:AD 540. MT. KLL. LLL. MLR. NU~ \.) bi'l Y '1 
54'1 FORMAT ( 10X. 511) ) 06i,;n 

IF ( MT .LE. 0 ) MT = 0 06HY'i 
INTL = KLL + ( LLL - 1 ) * NXL 06i~Y';I 

INTR = MLR + ( NLI~ - 1 ) * NXL Obi,IY'1 
IF ( KLL.NE. MLR ) GO TO 210 06MY';! 

170 INDU( INTL.2) = MT o 6"i Y 'i 
INDEX( INTR.4) = MT 061v1Y';i 

IBO INTL = INTL + NXL 06,"IY j 

IF ( INTL.EQ. INT R ) GO TO 20v o 6i'i Y ';I 
lqn INDEX( INTL.21 MT 06MY':I 

INDEX(INTL·4) = MT 0bIViY';! 
GO TO 180 06MY';! 

201' GO TO ;:>40 06HY'; 
210 INDEX(INTLol) f"iT 06"IY';! 

INDEX(INTR03) MT 06r-',Y'i 
220 INTL = INTL + 1 U6MY'; 

IF ( INTL.t=:Q.INTR ) GO TO i40 061"1 Y 'i 
230 INDEX( INTLol) 1"1 T 06f1Y';! 

INDI::X( INTL03) = MT 06,"'Y';! 
GO TO 220 06Mn 
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26" 

CONTINUE 
')( U,~ I::: I. N X L 

KZ ( I) ::: I 
CONTINtJE 

UbMY'i 
06,>1Y" 
06MY" 
06MY>j 

D~INT 550. ( KZ(I). ::: 1. NXL 06MY" 
5~n EOR~AT ( 51H AL0NG M~MdEH TYP~~ d~T.~~N X LI~t~.06MY>j 

1 I. 17H 
PRI"lT 565 

KliNE::: 15 
Kl ::: 1 

Y LINE. I::h 9(LX.131o I I 061v1Y'>' 
Obl'lY" 
0bMY'i 
U6MU 

K? ::: NXL"1 
DO 300 I::: 1. NYL 

IE ( KLINE + 2 - KPAGE I 270. 270. 280 
27'< P~INT 560. I. ( INDEX(Jt1). J ::: Kl. K2 I 
5A~ F~~~AT ( l~X. 13. 5X. lO(2X.I31 I 

PRINT 565 
~A~ F~f.("1AT ( I ) 

KLINE::: KLINE + 2 
G~ TO ;>9() 

?sn PRINT 5)0 
PRINT 570. 

571 EOR'~AT ( 
NPRoe. ( HEOIJI. J ::: 1. 14 ) 

5H • 80X. 10HI-----TkIM • I. 
1 
2 

2Clr 

-~)"') f-' 

310 

"'?" 
') Q ~ 

IJH PROd. I. SX. A5.SX. 14A5. 
21J--l TAdLE 4 (CONTI. II ) 

P~I"!T 55n. 
P~T\lT '560. 
D9r'lT ')65 

( KZ(J). J ::: 1. ~XL , 
I. I INDEXIJ.I). J ::: Kl. K2 

KLINF 
Kl Kl 
K2 ,q 

C!')'HIN'JE 
DO 310 I::: 

KZ ( I I 
CON r I NUE 
IF ( KLINE + 

PR PH 580 
(:0~'-1A T [ 1/ I 

16 
+ NXL 
+ NXL - 2 

1. ,\jYL 
I 

7 - KPAGE J 320. 320. j30 

PRINT 590. ( KZ( II. 1. NYL 

II I • 

U6MY,:> 
OblvlY,;/ 
·j6fv'.Y'i 
06:vlY~ 

06."1Y,> 
06MY,;/ 
06i'IY) 
v6MYSI 
06i'-'!Y;I 
06ivlY::I 
06MYj ** 
u6,''iY,;/ 
v6lvlY" if* 
UoMY" 
06MY::I 
06;·lY'; 
061vlU 
Jb:',Y" 
061AY'; 
06MY" 
06,W,> 
06,v,y'i 
Obi'1Y':> 
u6tl ,Y>, 
06MY" 
06MY,;/ 
061vlY,;/ 
061vlY,;/ 

sq, 
1 

F(}R"1AT I 51H 
I. 17H 

0,,< ! 'I T ') 6 5 

ALONG MEMdER TYPES dETwE~N Y L!NE~.U6MY'i 
X LINE. 13. 9(2X.I31. I ) 06MY,;/ 

06MY" 
<LINE::: KLINE + 5 

GO TO 140 
11" DRI''lT 500 

PRINT 570. NPRoe. (HE[)(II. I::: 1.14 I 
P~IIIJT 590. ( KII!'. I. NYL I 

KLi~E ::: 15 
14 0 Kl = 1 

~? = KI + NXL * I ~YL - 2 I 
D~ 380! I. NXL 
IE ( KLINE + 2 - KPAGE 350. 350. 360 

1~~ PR!NT 56n. I. ! INDEXIJ.2'. J::: Kl. K2. NXL 
PRINT 565 

KLINE::: KLINE + 2 
GO TO ,70 

JOMYi 
06MY'; 
061vlY" 
iJ6lvlY" ** 
u6lvlY" 
06l~Y'i 

06MY:i 
06MY:I 
J6iv;y'; 
06,vlY>, 
06MY'; 
06f'/,v >' 
C6fv'.Y':l 
06MY,;/ 



C 

360 PRINT 500 
PRINT 570. NPROB. ( HED(J). J = 1. 14 ) 
PRINT 590. ( KZ(J). J = 1. NYL ) 
PRINT 560. I. ( INDEX(J.2). J = Kl. K2. NXl ) 

KLINE = 16 
37'1 Kl = Kl + 1 

K2 = Kl + NXl * ( NYl - 2 ) 
3A0 CONTINUE 
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ObMY-j 
06MY9 ** 
ObMY-j 
ObMY9 
ObMY9 
06MY9 
06MY9 
06MY9 
061-1Y':I 

C*****READ AND PRINT DIAGUNAl MEMBER INCIDENCE 
C 

************************06MY9 
06MY':I 

PRINT 500 
PRfNT 600. 

AGO FORi>1AT ( 
1 
2 

NPROB. 
5H 

10H 
41H 

( HED(I). I = 1. 14 ) 
• BOX. 10HI-----TRIM • I. 
PROB • I. 5X. A5. 5X. 14A5. III. 
TABLE 5 -- DIAGONAL MEMdER INCIUENCE. I I ) 

06MY9 
06MY':I ** 
06MY':I 
06ivjY-j ... * 
061'H;I 
06MY-j r.l~INT 610 

610 FOR"IAT 51H lEFT 
X lINE 

). NEWPR 
GO TO 470 

END RIGHT END MEMdER TYPE.06MY~ 

1 I. 37H Y lINE X lINE Y lINE • I ) 06MY;I 

41n 
42') 

620 
430 

GO TO ( 3 90. 41 0 
IF ( NADM.lE.O 

Kl = 1 
K2 = NADM 
,'\jD"1 = K2 
KLINE = 15 

GO TO 430 
IF ( NAD~.lE.O ) GO TO 

K 1 = ND~ + 1 

P~INT 62n 

1<2 = NDM + NADI>1 
NDM = K2 
KLINE = 17 

4ClO 

FORMAT ( 47H USING DATA FROM PREVIOUS PROdlEM PlU~.1 ) 
D0 460 I = ~1. K2 

~EAD 540. MT. Kll. lll. 
XCl = XlC (l-1lR) 
YCl = YlC(NlR) 
F"1 = MUH) 

I\1U~. Nl;~ 

- XlC(~lL) 

- YlC (llLJ 

FlENG = FM * H(MT) 
ERR = ABS ( SQRT ( XCl * XCl + YCl * YCl ) - FlENG ) 
TOl = 0.01 * FlENG 

IF ( ERR .GT. TOl ) GO TO 1100 
INTlD( I) Kll + ( III - 1 * ,"lXl 
INTRD(I) = MlR + ( NlR - 1 * NXl 
MTyoE(I) = MT 

IF ( KLINE + 1 - KPAGE ) 440. 440. 4~0 

44n PRINT 630. KLL. lll. MlR. N~R. MT 
630 FORMAT ( l1X. 13. 4A, 13. ?X, 13. 4X. Ij. ax. 13 ) 

KLINE = ~LINE + 1 
GO TO 460 

4'j(l PRI"lT 500 
PRINT 640. NPROB. 

A40 FORMAT ( 5H 
1 10H 
2 20H 

( HED(J). J = 1. 14 ) 
, BOX, 10HI-----TRIM, I, 
PROB • I. 5X. A5. 5X, 14A5. III. 
TABLE 5 (CONT) • II ) 

06i'<1Y;I 
06MY:I 
06i'<1Y;I 
061MY~ 

u6;V\Y~ 

06iv1Y;I 
06MY';J 
061'<1Y;I 
061-1 Y;I 
06MY9 
06MY;I 
06MY':I 
06HY';J 
06;viY;I 
06i'<1Y~ 

06MY~ 

06i'IY;I 
Obl~Y;I 

u6MY;I 
06i'<1Y;I 
06M-j 
06MY;I 
06MY:I 
06MY:i 
06MY;I 
06"1Y9 
06,'~Y '7 

06MY-j 
06rviY~ 

U6i'<1Y:I 
u6MY:I 
U6I'H;I 
06MY-j 
06MY9 
J61'<1Y-j 
061H;I 

** 

** 
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C 

PRINT 610 
P~INT 630. KLL. LLL. ~LR. N~R. MT 

KLINE = 15 
460 CONTINUE 

GO TO 1000 
47') PRINT 650 
6~-' FOR"1AT (15H NONE I 

NDM :: 0 
GO TO lOO!) 

41lr; PRINT 66t) 
~6n FOR~AT (29H NO ADDITI0NAL DATA) 

1')1"-' C()'HINUF 

C.*·**SET JDINT NU~RERS F0R HORIZ0NTAL AND VERTICAL MEN3~R~ 
C 

lU20 

1060 

1(;70 
i Cl ~ (1 

K ::: 1 
N = J 

[)O 1090 I :: 1. NY L 
DO 1090 J:: 1. NXL 

KSU"1 :: u 
DO 1010 L:: 1. 4 

KSUM = ~SUM + INDExIK.L) 
CONTINUE 
IF ( KSUM .GT. U 

IN (K I 0 
GC T8 1085 
D8 L080 L = 1. 4 

GO TO 1020 

IF ( INDEX/K.LI .LE. 0 ) GO TU 1080 
"1T INDEX(K.l) 
F'''' N\(i-1n 
FLENG :: rM • HIMTI 
TOL :: 0.01 • FLENG 

GO TO I 1'130. 1040. 1050. 1060 It L 
i-l"1 = J + 1 
ERR:: AdS ( XLC(MM) - XLCIJ) - FLENG I 

GO TO 1(71) 
\1"1 = I + 1 
tORR :: ADS I 

GO TO j,,J7:) 

M'"" = J - 1 
ERR " AI:lS ( 

GO TO 1070 
M"1 = I - 1 

YLC(MM) - YLCII I - FLtNG ) 

XLC(J) - XLC(MM) - FLENG ) 

ERR ASS e YLCel) - YLCIMMJ - FLENG ) 
IF (ERR .GT. TOL J GO TO 1100 
(:)NT[f\lIIF 

Jf\I (K J = '" 
N :: N + 1 
K = 1( + 1 

CONTINuE 

o 6r~Y ':t 
06MY':t 
06MY':t 
06MY';I 
06MY,;/ 
06MY'1 
06MI'';I 
06:-lY'i 
06:~,Y '1 
06MY9 
06MY'1 
06MY9 
06MY9 

**··*·**·**06~Yj 

u6MY" 
06MYj 
06MY:I 
J6;I,U 
06:-i'(j 
-' 6i"1Y '1 
061v1Y'1 
o 6:'t,y ;I 

o 61"'iY " 
06,V,Y:} 
061.1,Y'1 
u6:"Y';I 
06i'IY';I 
U6MYj 
J 6i~ Y 7 

06i',Y;i 
06,"1Y';l 
::J61\1Y:1 
o 6,-1Y':/ 
06MY'1 
()6,-1 Y;j 

06,'1y" 
06MY" 
06MY" 
06MY9 
06i-1Y':t 
iJ6i'lY" 
061"iY" 
061<iYS/ 
u6MY;i 
06NYJ 
06~Y9 

06MY9 
o M".Y 9 
06MY9 
06MY, 
06MYj GO TO 1110 

11nn PRINT 670. MT 
670 FORMAT ( 5X. 27H 

1 38H 
***. LENGTH 0F MEMHER TYPE. 15 • 9H DU~~ NUT • 
AGREE WITH GRID OATA ** RuN AdAN0UNED ) 

06/W'i 
06MY';I 
06MYS/ 
06MY':t KSTOP :: 2 



RETURN 
C 
C*****SET ADDITIONAL JOINT NUMBERS FOR DIAGONAL MEMtlERS IF NECESSARY 
C 

1110 NZ ;; NDM 

1120 

IF f NZ .LE. 0 I GO TO 1140 
DO 1130 J;; 1. NZ 

IF 
I ;; INTLDfJI 
JNf I) .GT. 0 ) GO TO 1120 
IN f I) ;; N 
N ;; N + 1 
I = INTRD(J) 

IF f JNIII .GT. 0 ) GO TO 1130 
IN / II ;; N 
N ;; N + 1 

11'1'"' 
C 

CONTI"lUE 

C*****CO~DUTE ORDER OF STIFFNESS MATRIX 
C 

C 
C 

C 

114~ N ;; N - 1 
IF ( N .LE. 50 J GO TO 1150 

PRINT 680 
680 FORMAT I 5X. 45rl NU~BER OF JOINTS tXCEEUS 50 ** RUN A~~NDONtD I 

I(STOP = 2 
GO TO 1160 

11~0 MORD ;; 3 * N 
116'"' CONTINUE 

RETURN 
FND 

SU~ROUTINE INPUT4 
COI>1lvlON I BLOCK! I NPROB, rlt:Df14h NtWPk, NiI, NXL, NYL. NAivll, 

1 NI'DM, NAJLR, ,,,;;',T. ND'~' N-JLR 
CO~MON I BLOCI(2 I KLINE, ~STOP. ~PAGt: 

CO~MON I BLOCII I INTS(50), SXf5u), ~Y(50), Sl1501, 
1 PX/50), PY/50), PZ(SO) 

06MY9 
06MY,;/ 

**06MY9 
06MY9 
06MY,;/ 
06MY"; 
06MY,;/ 
06MY", 
061vlY,;/ 
06MY':l 
u6MY9 
06fV,Y,;/ 
06MY'i 
IJ6r-.1Y,:;/ 
IJ6,'-.1Y,:/ 
06,\1y,:/ 
06MY:I 
06MY9 
ObMY", 
061VlY:I 
J6r/,y", 
ubHY:I 
06iVlY:I 
06MY'" 
iJ6MY,;/ 
:J6,'v1Y,;/ 
06,'1Y"; 
06MY" 

6MY:I 
061v1YC) 
ObHY", 
061VlY';I 
J6j'iY:I 
06,'·IY';I 
06MY,;;, 
06,"1Y';/ 
06MY9 

6MY) 
C*****READ AND PRINT APPLIED JOINT LOADS AND RESTRAINTS 
C 

PRINT 500 

*****··**·*****06~Y:I 
06r~Y'i 

06MY9 
500 FORMAT ( IHI ) 

PRINT 510, NPROB, 
510 FORMAT ( 5H 

1 10H 
2 SOH 
"I I I I 

/ HED ( 1·1, I = 1, 14 I 
, 80X, 10rlI-----TRIM, I , 
PROB , I, 5X, AS. 5X. 14A5. III, 
TABLE 6 -- APPLIED ~0INT LUADS AND 

GO TO ( 10, 40 I, NEWPR 
1f1 
2C 

IF NAJLR.LE.O 
Kl ;; 1 
K2 = NAJLR 
NJLR = K2 
KLI NE.;; 11 

GO TO 70 
30 PR PH 520 

GO TO 30 

J6f<iY", 
06r'IY:I 
06"IY'i 
06M'('i 

H I: ~ T 1-( A I ,~ r ::, • 06r4Y:I 
06MY9 
Ll6MY9 
06MY'i 
06MY9 
06MY'i 
06MY9 
06,\1Y';/ 
Ll6MY9 
06i-.1Y,;;, 

109 

** 

** 

** 
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c 
c 

520 FORMAT 40H 
NJLR =: 0 

GO TO 120 

NO APPLIeD LOAuS Ok Rt~Tk~lNT~ I 

IF ( N4JLR.LE.O 
PR PH 530 

I GO TO 6() 

F0R<.1A T ( 35H uSING PREVIOU~ DATA PLU~ • II ) 
KLINE =: 14 
1(1 = NJLR + 
K2 ;: NJLR + 
NJLR :: K2 

GO TO 7:) 
1'-,' PRINT 5~0 

1 
"MJLR 

540 FORMAT ( 28H NO ADDITIONAL DATA) 
GO TO 120 

7'\ PRINT 550 
5 'if' FOR~·~A T I 

1 
49H x LINE Y LINE 
31M SX SY 

KLINE = KLINE + 2 
r')n 10,) I = K 1. K2 

PX 
SZ • / ) 

PY 

P'AfJ 'iAJ. KLL. LLL. PX!l}t PY(I), PZ!IIt SXIII. ::'Y(JIt ;JZII) 
F8R\1AT I lOX. 215. 6EIO.5 I 

INTS!I) = KLL + ( LLL - 1 I * NXL 
IF ~LINf + 1 - KPAGE ) 80. 80. 90 

P~I~T 570. KLL. LLL' PXII). PYIII. PZ(I). ~X( II. jy(l I. ~L(I) 
F0R~Ar ( 5X. IS. ~X. IS. ~X. 6clu.j ) 

KLINE =: KLINE + 1 
GO TO 1JO 

!1 ,') P R 1 NT') 0 a 

I 
2 

PRINT 58Q. 
FIJRVlAT ( 

PR!I\lT 550 

NPR09. 
5f-1 

10M 
2 e)M 

( HED!J" J = I. 14 ) 
• BOX. 10HI-----TRIM. 
PROS. I, 'iX. AS. 5X. 
TABLE 6 (CONT I , // ) 

KLINE 15 

I. 
14A5. 1/1, 

p;·nNT 'i70. ~LL. LLL. PX(II. PY(I). PZIII. 5X(I). ~y(I), ~l(l) 

10~ CONTINUE 
IF ( 'ULR.LE.O I GO TO 120 

NZ = "IJLR - 1 
00 110 I 1. NZ 

K = I + 1 
~n 110 J =: K. NJLR 
I' ( INTSIl) .NE. INTSIJ) ) GO TO 110 

SXII) SXIII + SX(JJ 
SYIII SYII) + SY(J) 
SZ ( 1 I 51 ( I J + SZ ( J I 
SX(J\ = o.v 
SY(J) O,v 
SZ(J) 0.0 

11 0 CONTINUE 
1;'0 CCNTINuE 

RETURN 
F,ND 

SUBROUTINE FSTIFF 

OolY1Y':1 
U6MY:I 
06MY'} 
U6MY') 
06t-lY;I 
061-lY':1 
06MY':1 
v6MY9 
06MY;i 
o 6,1.\ 'I' '} 
J6MY:I 
06MY9 
061-1 'f:i 
u6,\1Y':1 
1161vi Y':1 

PL , 06MY'I 
06MYSi 
06MY:I 
u6MY'} 
06MY;I 
06ivlY;I 
06\1Y'j 
Q6t/,y':1 
06iV,Y':1 
061~' Y ':1 
U6,-1Y':1 
06,v,y" 
06MY;I 
06MY') ** 
0611,y;l 
06,'lY;i ** 
06,'1Y'.1 
C6Iv1Y:I 
J6MY'i 
06MY;i 
Ob'V,Y':1 
06:-lY,;/ 
06,\1Y':1 
061v',y':1 
06MY;l 
06MY'} 
06MY;i 
06,«1Y':1 
061-lY'i 
06MY'i 
06f-1Y':1 
061"1Y'.1 
06MY:I 
06MY;i 
06MY9 
06MY,:/ 
06MY:i 
06MY'::I 
06MY:i 
06\1Y'i 



C 

DIMENSION SRT(9). Z(6.6). TZ(6.6) 
COMMON / BLOCK1 / NPROB. HED(14). NE~PR. NIT. NXL. NYL. NAMT. 

1 NADM. NAJLR. NMT. NDM. NJLR 
COMMO~ / BLOCK2 / KLINE. KSTOP. KPAGE 
COMMON / BLOCK3 / XLC(10). YLC(10) 
COM~ON / BLOCK4 / M(20). H(20). KODE(20). 

1 F(57.20). 0(57.20). S(57.20), T(57.2U), 
2 R(57.20). AE(57.20). P(57.20) 

COMMON / BLOCK5 / SM(6.6.20). FEF(6.20) 
(OMMON / 9LOCK6 / A(57). B(57). C(57). W(57). DW(57). BM(57). 

1 DOM(57). REACT(57) 
COMMON / BLOCK7 / INDEX(11U.4). IN(110). INTLD(20). INTRD(20lt 

1 MTYPE (2lJ J. MORD 
COMMO~ / BLOCKS / ITER 
COMMON / BLOCK9 / STI150.65). UI15U). FLI15U) 
COMMON / BLOCI0 / X(57). Y(57) 
COM,MON / BLOCII / INTSI5U). SXI5U). ;;,YI51.1). sZ(50). 

1 PX(50). PY(50). PZI5U) 
COMMON / SBLOCI / I. K. Kt:.Y(571. 1'1::.(5). UW::.(5) 

C*****THIS ROUTI~E FOR~ULATES OVtRALL ::.fIF~NESS MATRIX AND LOAD VECTOR 
C 

C 

~J = MORD / '3 
DO 10 I = 1. 15 () 
DO 10 J = 1. 65 

STII.J) = u.O 
1" CO~TINUE 
20 DO 30 I = 1. l~U 

FUI) = 0.0 
'Ie CONTINUE 

C*****PLACING HORIZONTAL ~EMBEk STIFFNE::.S MATRICES IN OVERALL MATRIX 
C 

60 
70 

8 n 
90 

100 

110 

K = 1 
DO 630 '<11 1. NYL 

JL = u 
DO 630 ~2 = 1. NXL 
IF ( JL.GT.O ) GO TO 
IF JNIK).LE.U) GO 
IF INDEXIKtl).LE.O 

JL = JNIK) 
GO TO 620 

8u 
TO 620 
) Gu TO 6LU 

IF 1 IN(K).LE.O ) GO TO 620 
IF ( INDEX(K.3).LE.0 ) GO TO 6~u 

JR = JNIK) 
I = INDEX(Kt3) 

IF 1 ( JR - JL J.LE.IU ) GO TU 120 
K.<;TOP = 2 

PRI~T 5l'00 
5()()O FORMAT ( 45H 

46H 
11 H 

~AXIMU~ DIFFE~ENCE BtTwEEN JulNf NUMBt~;;, • 
EXCEEDS 10. RUN ABANOuNED ~RO~ sUBRoullNE • 
FSTIFF ) 

120 

1 
2 

RETURN 
Kl 
K2 

3 * JL - 2 
3 * JL 1 

111 

06MY'i 
06Mn ** 
06Mn 
06Mn 
06,'1Y-i 
06MY'i 
06MY<i 
U6i<1Y-i 
06MY-i 
06MY<i 
06MY'i 
06~,Y -i 
06MY,:/ 
061<1Y'i 
06i"'Y'i 
061<1Y7 
U 6ivlY-i 
06MYi 
06,-v1Y i 

06MY-i 
*06HY-i 
J6Hn 
u6MY:I 
u6i·,Y-i 
U 6f'IY-i 
06HY'i 
U6r-:,v.,. 
U b,'1 i.,. 

Ub,':Y'" 
u 61·IY-i 
U6i<1Y'-) 

**06'-'IY-i 
u6,.,;y J 

06,'1Y-i 
o bl··,Y", 
U6MY-i 
o 6i~ i '-) 

Ob:'1V -;I 
Obi<1n 
U61V1Y.,. 
06MY,:/ 
06MY-;I 
o 61'.jY '.1 

06Mi7 
06MY-i 
06MYi 
06,'1Y'i 
061"n 
061"Y'-) 
061"Y:I 
o 6i" Y-;I 
o bivlY '-) 
() 6,<1Y-i 
U6MY-i 
u61'1Y -;I 



112 

C 
C*****A,)D 
C 

no 

IS') 

K, 3 .. JL 
Ll :: 3 .. JR - 2 
L2 3 .. JR - 1 
L, :: 3 * JR 

IF I ITER.NE.O ) GO TO 140 

FIXED END Fvr<CE::, Tv LIJAD VECTLIK 

FLlKll ::: 
FLlK2) 
FLlK31 ::: 
FUll ) 
FLlL2) :: 

+ Ft.F(1.I) 
+ FEF(2.1) 
+ FI::F 1:;.1 ) 
+ FEF(4.1) 

FLlr(ll 
FLIK21 
FLIO) 
FLl Ll ) 
FLlL2) + 
FLI L 3) + FL(L31 ::: 

GO TO 21)(' 
KKK:: K 
P P SM I 4, 1 , I ) 
\ilP4 ::: M ( I I + 4 

DO 11)O J I), MP4 
P(Jdl ::; PP 

CONTINUe 
'~ D 3 :: ~.., I I) + 3 
MPI) MIll + ':) 
K 1 

00 155 J:: 3, MP5 
KEYIJI :: 1 

CONTINl/t. 
WC,(l,=O.O 
D~I S ( 1 I ::: V. <J 
WS(2) ::: O.li 
D~,IS(21 :: O.U 
KEY(3) ::: 3 
KEY!41 4 
KEY (5) I) 
KEYIMP3) ::: 3 
<EYI"1P41*="4*** 
KFY(MP5) :: 5 

FEF15.11 
FI::F (6. I) 

CALL t3MCOLl 

C 

DO 160 J 4, MP4 
xrJ) Q(J,j) 

Y(JI TIJd) 
Q(J,I):: U.I.! 
TIJdl ::: v.0 

16 CONTINUE 

06MY,;/ 
06MY,;/ 
U6!-IY';/ 
06MY'J 
06i'l,Y,;/ 
06MY,;/ 

**··"*"*·*****"*******"***·**06MY,;/ 
06MY,;/ 
06i-1Y,;/ 
v6MY,;/ 
V61"1Y,;/ 
06,"IY';/ 
06HY,;/ 
06Iv,y,;/ 
J61~Y,;/ 

J6HY'J 
li6MY,;/ 
06fV)Y':I 
or ;'\\.0';/ 

06:vlY,;/ 
V 6,"1 y ';/ 

06M Y';/ 

06.~.Y':i 

07AG'7 
07Au';/ 
07AG';/ 
071'.G';/ 
07AG'i 
07AG"J 
07AG';/ 
07AG':1 
07Au'1 
07,,;,,'1 
071'.l>':l 
OrAG';/ 
07AG';/*** 
07AG,;/ 
O-/AG';/ 
J6i-lY'J 
o 6ivlY 'i 
06MY,;/ 
U6.'lY'1 
i.l6MY',' 
06MY'J 
06MY,;/ 

C*****REEVALUATE STIFFNE~~ TI::RMS IF INVtSTIGI'.TING AxiAL I::FFI::CT~ 

C 
*******06,"IY';/ 

06MY,;/ 
06MY,;/ 
06MY,;/ 
06MY'1 
06MY,;/ 
06MY9 
o 6ivlY ':1 
06MY9 
06MY':1 

DO 230 K 2, ':) 
DO 170 J::: 3, MP5 

KEYIJ) :: 1 
170 CONTINuE 

DO 180 J::: I. , 
W5IJ) ::: 0.0 
D'," S ( J) :: O. U 

180 C0NTINUE 



KEY(31 3 
KEY(41 = 4 
KEY(51 5 
KEY(MP3) = 3 
KEY(MP4) :: 4 
KEY(MP5) 5 

GO TO ( 230, 19u, 200, 210, 220 ), K 

06f"lY-i 
06MY-i 
u6MY'1 
06MY-i 
06MY'i 
06MY-i 
06,"1Y'1 
06i'IY'1 
06MY-i 
06MY-i 
061YIY-i 
06t~Y':1 

061"'Y-i 
06,"'Y':1 
06MY-i 
06,v1Y" 
06~lY':1 

06MYi 
06MY':1 
G6MY'1 
06,'~y j 

06MYi 
061W, 
06MY':1 
06,'.1Yi 
06i'l Y ':1 
07AI.:J'i 
06MY';i 

lqn DWS(1) :: 1.0 
CALL i::lMCOLl 

GO TO 230 
211Q DWS(2) 1.0 

CALL i::l).1COLl 
GO TO 230 

210 WS ( 1 ) 1.0 
CALL B,'.1COL 1 

GO TO 230 
220 WS(2) 1 • J 

CALL B'KOL 1 
230 CONTINlJE 

DO 240 J 4, MP4 
Of J.r ) = X f J) 
T f J.r ) = Y (J) 
XfJ) 0.0 
Y (J) = 0.0 

240 CONTINUE 
K = KKK 

GO TO 130 
C 
C*****CHECKING POSITION UF MEMBER STIFFNESS ELEMENTS IN OVERALL MATRIX *06NY-i 
C 06MY':1 

C 

270 
280 
2 Q O 
300 

IF 

GO 
IF 
IF 
IF 

GO 

( 

TO 
( 

( 

TO 

JL.GT.11 ) GO 
Nl Kl 
N2 :: K3 
N3 Ll 
N4 L3 
KEY1 :: 1 

320 
NJ.LT.22 ) GO 
NJ.EO.22 ) GO 
JL.GE. (NJ-1O) 
Nl K1 - 3 * 
N2 Nl + 2 
N3 Nl + 3 * 
N4 N3 + 2 
KEYl = 2 

320 
Nl K1 - 3 * 
N2 Nl + L 

"'3 N1 + :; * 
N4 = N3 + "-
KEYl :: 1 

TO 210 

TO 3CJU 
TO 310 
) GU T0 31J 
( JL - 12 

JR - JL 

NJ - 22 

Jr< - JL 

C*****PLACING ELEMENTS IN OVERALL MATRIX 
C 

320 DO 420 L = 1, 2 

- 1 

- 1 

J 6r'iY i 
U 6t~ Y j 
:.J6~1 Y 'i 
0bMYi 
J 6,1 Y , 

U6f'lY':1 
U 61\' Y ':1 
06t"lY';i 
061v1Y'i 
o bivlY" 
Ob,vlY':1 
0bMY':1 
o 6t/,y ':1 
o 6i~ Y ':1 
J611iYj 
0b,·IY-i 
06V,Y',l 
ObIVIY':1 
Obi,'iYi 
06MY-i 
o 6ivlYi 
06MY';i 

****·******·*************·****06~Y9 
06o'vlY'i 
06j~Y';i 

113 
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G::l TO ( 33o, 34U ) , L 06Mn 
330 I 1 Nl i.J6,v,y,;/ 

12 N2 06MY~ 

GO TO 350 i.J6i'lY'i 
34Cl I 1 N3 06MY,;/ 

12 N4 06MY,;/ 
1<;1) LL 1 06MY,;/ 

DO 410 J = 1O, K3 061-1'1'';/ 
GO TO ( 360, 37() ) , L 06MY,;/ 

11)0 KK 1 Q6MY,;/ 
GO TO 380 06MY,;/ 

17'1 KI( = 4 06MY,;/ 
38') DO 390 N I 1 , 12 061'iY':I 

ST(J.N) ::.T(J,N) + ';),"i(LL,K'(,J ) 06MY'i 
KI( = KK + 1 061'-1'1''1 

3QO CONTINUE u6i<1Y'i 
LL LL + 1 06,'1'1' '1 

GO TO ( 41u. 4UU ) , '(EYl 06,-1'1'';/ 
t~ ,.; (' 11 I 1 - 1 06i-1Y,;/ 

12 12 - 1 06MY'i 
£.1" CONTINUE 06i<1Y,;/ 
4?" C()NTINUE G6r-',Y';/ 

1(1 3 if JR 2 06MY'i 
q 3 if JR 06MY" 
Ll 3 if JL 2 06MY'i 
L3 3 I< JL 061'1 Y ';I 

IF ( JR.GToll ) GO TO 440 U6MY'i 
43(1 ,\J 1 Ll 06", Y '1 

N2 L3 06r<IY'i 
N3 Kl 061-1Y,;/ 
N4 K3 06i-1YJ 
I( E Yl = 1 u6MY,;/ 

GO TO 49) 06MY,;/ 
44' IF ( NJ.LT.22 ) GO TO 470 u6r<IY'i 
41)r1 IF NJ.EQ.22 ) GO TO 480 o 6,-1 Y';/ 
41)" IF JR.GI:".(NJ-ILl) ) GO TO 480 06,"1'1' ':i 
470 Nl Ll - 3 If ( JR - 12 ) - 1 06i-1Y,;/ 

N2 Nl + 2 U6MY,:/ 
N3 Nl + 3 if JR - JL 06MY'i 
N4 N3 + 2 06MY,;/ 
KEYl = 2 u6MY'1 

GO TO 490 06MY,;/ 
£. fl') Nl Ll - 3 It NJ - 22 - 1 Ll6MY,;/ 

N2 Nl + 2 06MY'i 
N3 = Nl + 3 if JR - JL ()6MY9 
N4 N3 + 2 06MY,;/ 
I( E Yl = 1 0l)MY9 

4qn DO ">90 L = 1 , 2 06MY9 
GO TO ( 50U. 51U ) . L 06MY~ 

50') I 1 Nl 06MY,;/ 
12 = N2 06MY'i 

GO TO 520 06HY,;/ 
510 I 1 = N3 o 6i'IY '1 

12 N4 U6MY9 
5?O LL = 4 u6MY,;/ 



DO 580 J = Kl. K3 
GO TO 1 530. 54() ) . L 

5'30 KK = 1 
GO TO 550 

540 KK = 4 
550 DO 560 N I 1 • 12 

ST(J.N) = STIJ.N) + S,"1(LL.KI<..I) 
KK = KK + 1 

560 CONTINUE 
LL = LL + 1 

GO TO 1 580. 570 ) . KEY! 
570 I 1 = I 1 - 1 

12 12 - 1 
5A" CONTINUE 
5 q () cor'HINUE 

IF I INDEXIKol) .LE.O ) GO TO 610 
60n JL = JNIK) 

GO TO 620 
61 1l JL = J 
620 K = K + 
630 CONTINUE 

C 
C*:f,H<*SETTING l~vTATIJ'" ,',ATI"dX FeI,": VEr<TICAL ,'iEf',bE,~S 

C 

c 

SRTll) 
SRT(2) 
SRT(3) 
SRT 1 4) 
SRT(5) 
SRT(6) 
SRT(7) 
SRT(8) 
SRT(9) 

O.u 
-1.0 
0.0 

1.0 
0.0 
u.0 
O.v 
v.u 
I.U 

06MY~ 
06MY':i 
06MY':i 
06MY':i 
CJ6MY9 
()6r~Y'1 

06,"lY~ 

06MY':i 
() 6,"1 Y ':i 

06MY':i 
06i'1Y':i 
06r~Y ':i 

06MY':i 
06MY':i 
06,'I,y'i 
06il ,y'i 
06MY9 
06r-t,Y -) 

06MY~ 

()6i'1Y~ 

061',Y'1 
06,MY~ 

0611,y -) 
(J 6i'l Y '1 
06i·IY':i 
06", Y 1 

U6i,",y,) 
06j~Y ~ 

C6/,V j 

U6,MY':i 
Ob,"V ~ 
ubi', V 'j 

v 6r~Y ~ 
C*****PLACING VERTICAL ME~dER STIFFNE~~ MArRICE~ IN OVERALL MATr<IX ****06MV~ 

C u6,'<1Y':i 

640 
6">0 
660 

670 
680 
6 0 0 

70n 

710 

DO 1250 ~1 = 1, NXL 
K = ,"'11 
JL = 0 

DO 1250 M2 = 1. NYL 
IF ( JL.GT.O ) GO TO 670 
IF I IN(K).LE.u ) GO TO 1240 
IF INDEXIK,2).LE.0) Gu T0 124v 

JL = JNIK) 
GO TO 1240 
IF I JNIK).LE.O ) GO TO 1240 
IF I INDEX(K,4).LE.O ) GO TO 1240 

JR = IN(K) 
I = INDEX(K,4) 

IF ( ( JR - JL ).LE.IJ ) GO TO 710 
KSTOP = 2 

PRINT ">000 
RETURN 

K1 3 * JR - 2 
K2 3 * JR - 1 

06MY~ 

Obi'1Y'1 
J6r~Y ;I 

u6HYi 
061~Y~ 

G6ri ,y'1 
J 6,1, Y ~ 
06,1,y -) 
()6MY~ 

06HY;i 
06HY,;/ 
l;6MY':i 

J6MY,:/ 
06MY':I 
06MY':i 
06MY,:/ 
J6,"lY':i 
06MY':i 
06MY,:/ 

115 
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C 
C*****Ar)D 
C 

720 

If I 

FIXED 

GO TO 

K3 = 3 * JR 
Ll = 3 * JL - 2 
L2 = 3 * JL -
L, = 3 * JL 
I Tl::R. G T • 0 ) GO 

FND FOKCES TO 

FL(KlI = FU K 1 ) 
FL( 1<.2) = FL(K2) 
FL(O) = FL (01 
FL( Lll = FLI Lll 
FLIL2) = FUL2) 
FL I L31 FU L3) 

840 
KKK = K 

TO 730 

LOAD VECTvR 

+ FEF(2.I) 
+ FEF(I.I) 
+ FEF(3.I1 
+ FEF(5.r1 
+ FtF(4.I) 
+ FEFI6.I) 

o 6,"1Y 'i 
06MYY 
06MYY 
U6MYY 
06i"lY'i 
06MYY 

*****************************06MY9 
ll6MY'i 
061"1 Y 'i 
06MY'i 
06MU 
06MY9 
() 61"1 Y '::I 
061"IY'i 
ll6MYi 

PP = SMlltl.I) !'" U(K21 + SMll.4t!) * U(L2 I 
06MY,:/ 
06MY'i 
ll6MY'i 
v6MY,;/ 
u61<1YY 
07AG';/ 
U6MY~ 

U6MY~ 

07AG~ 

07AGY 
U7AG'::I 
V7AGY 
07AG'i 
o ~(AG~ 

"1P4 MIll + 4 
MD3 = M I I) + 3 
I"1P"> = .., ( I) + "> 

DO 740 J = 5. MP4 
P ( J. I) = pp 

740 CONfINUE 
K = 1 

D0 745 J = 3. I'-1P ~ 
KEY(J) = 1 

74~ CONTINUE 
WSll) = 0.0 
DWSll1 =O.ll 
""S121 = O.U 
DWS(2) = 0.0 
KEY(3) 3 
KEY(4) 4 
KEY(5) 5 
KEYIMP31 3 
KEY U<1P4) 4 
KEY(MP5) 5 

CALL SMCOLI 
DO 750 J 4. MP4 

X(J) = Q(Jt!) 
YIJ) T(Jt!) 
O(Jd) 0.0 
T(Jt!) = U.O 

7~n CC~TI~UE 

07AG9 
07"G';/ 
07AG';/ 
07AG~ 

07AG--J 
07AG--J 
07AG~ 

ll7;:;G'::I 
07AG';/ 
ll6MY'::i 
06/v1Y'::1 
06MY--J 
061'-1Y9 
06MYY 
06MY9 

C 06MY'i 
C*****REEVALUATE STIFFNES~ TEKMS IF INV~~TIGATING AXIAL EFFECf~ *******U6MY,;/ 
C ll6MY--J 

760 

770 

DO t)~0 K = 2. , 
DO 760 J = 3. MP5 

KEYIJ) = 1 
CONTINuE 
DO 770 J = 1. 5 

WS(J) = 0.0 
DWSIJ) = 0.0 

CONTINUE 

u6IV,y~ 

06i'lY';/ 
06MY--J 
06,"1YY 
06MYY 
06MYY 
06MY--J 
06MY~ 



C 

KEY(3) = 3 
KEY(4) = 4 
KEY(5) :: 5 
KEYIMP3) :: 3 
KEYIMP4) :: 4 
KEY(MP5)= 5 

GO TO ( 82u. 780, 790, 800, 810 ). K 
780 DWS( 11 ;: 1.0 

CALL BMCOll 
GO TO 820 

700 DWS/2) 1.0 
CALL B'-1COL1 

GO TO 820 
800 WSI1J;: 1.0 

CALL BMCOl1 
GO TO 820 

810 WS(2) 1.u 
CALL BI~COL 1 

820 CONTINUE 
DO 830 J 4. MP4 

Q(Jd) ;: XIJ) 
TIJ,I) ;: yIJ) 
X(J) ;: 0.0 
Y(J) ;: 0.0 

8'30 CONTINUE 
K ;: KKK 

GO TO 720 
840 DO 050 L;: 1. 6 

DO 850 J;: 1. 6 
ZIL.J) = SMIL.J.I) 

8')0 CONTINUE 

C*****ROTATING VERTICAL MEMBER STIFFNESS MATRIX INTO GLOBAL COORDINATES 
C 

C 

DO 860 N::: 1. 2 
DO 860 J::: 1. 6 

TZIJ.3*N-21 ::: Z(J.3*N-2) * SRTIll + ZIJ03*N-ll ;;, .::.Rf(4) 
1 + Z(J.3*NI * ~RT(7) 

TZIJ.3*N-l) Z(J.3*N-2) * ~RT(2) + L(J.3*~-l) * .::.Kr(~) 
1 + ZIJ.3*N) * ~RT(o) 

TZIJ.3*N) = ZIJ.3*N-2) * SRT(3) + ZIJ.3*N-l) • ~~T(bl 

1 + ZIJ.3*NI * ~RTI9) 
860 CONTINUE 

1 

1 

1 

DO 870 J" 1, 2 
DO 870 N" 1.6 

Z/3*J-2.N) 

Z(3*J-1.N) 

ZI3*J.NJ 

870 CONTINUE 

;: 

SR T( 1 ) * TZI3*J-2.N) 
+ SRT(7) * TZI3*J,N) 
SRT(2) * TZ(3*J-2.N) 
+ SRT(8J * TZ(3*J.~) 
SRT(3) * TZ(3*J-2.N) 
+ SRT(9) * TZ13*J,N) 

+ SRT(4) * TZ(3*J-l.N) 

+ SRT(5) * TL(3*J-l.N) 

+ ~~T(6) * Tl(3*.J-l,N) 

C*****CHECKTNG POSITION OF MEMBER STIFFNESS ELEMENTS IN OVERALL MATRIX 
C 

06MY~ 
06MY~ 

06MY~ 

06/ViY, 
u6tvlY, 
06ivlY:i 
06i'1Y9 
061'vlY:i 
06MY, 
U6MY9 
06MY9 
06MY9 
u6MY:i 
06MY9 
06MY9 
06MY'.:I 
06t"Y:i 
06MY:i 
06MY:i 
06MY9 
06MY:i 
06MY9 
06MY:i 
06i'vlY'.:I 
06MY9 
06MY'i 
07AlJ:i 
061v,Y:i 
06MY:i 
06MY:I 
06MY:i 
06MY:i 
06MY9 
06MY9 
06MY:i 
06MY':1 
06MY9 
06MY';I 
06i'vlY, 
06MY, 
u6i'1Y:I 
06MY:i 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY\1 
06MY:i 
06MY9 
06Mn 
06MY\1 
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IF I JR.GT.ll GO 
880 N1 = K1 

N2 = K3 
N3 = L1 
N4 = L3 
KEY1 = 1 

GO TO 940 
890 IF I NJ.LT.22 I GO 
900 IF I NJ.EQ.22 I GO 
910 IF I JR.GE.INJ-101 
920 N1 = K1 - 3 * 

N2 = N1 + 2 
N3 = N1 - 3 * 
N4 = N3 + 2 
KEY 1 = 2 

GO TO 940 
930 N1 K1 - 3 * 

N2 = N1 + 2 
N3 N1 - 3 * 
N4 = N3 + 2 
KEYl = 1 

C 

TO 890 

TO 920 
TO 930 , GO TO 
I JR -

JR -

NJ -
JR -

93u 
12 

JL 

22 

Jl 

-

-

1 

1 

06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
061"1Y~ 

06MY9 
U6MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY':I 
06MY'J 
06MY9 

C*****PLACING ELEMENTS IN OVERALL MATRIX 
C 

******************************06MY9 
06MY9 
06MY'} 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY,>, 
06MY'i 
06MY'i 
06MY9 
06MY9 
06MY9 
06MY9 

940 

960 

970 

980 

990 
1000 

1010 

1020 

1U30 
1040 

1050 

DO 1040 
GO TO I 

Il 
12 

L = 1. 2 
950.960 I. L 
= N1 

N2 
GO TO 970 

II N3 
12 = N4 
Ll = 1 

DO 1030 J = K1. K3 
GO TO I 98U. 990 I. L 

KK = 1 
GO TO 1UUO 

KK = 4 
DO 1010 N = 

STIJ.NI 
KK = KK 

CONTINuE 

11. 12 
= STIJ.NI + ZILL.KKI 
+ 1 

LL = II + 1 
GO TO I 1030. 1020 I. KEY1 

11 Il-1 
12 = 12 - 1 

CONTINUE 
CONTINUE 

K 1 = 3 * JL - 2 
K3 = 3 * Jl 
L1 = 3 * JR - 2 
l3 = 3 * JR 

IF I JL.GT.11 I GO TO 1060 
N1 = L1 
N2 = L3 
N3 = K1 

06MY9 
06MY'i 
06MY9 
06MY~ 

06MY9 
06MY9 
06MY'i 
06MY9 
06MY9 
06MY'i 
06MY9 
06MY9 
06MY9 
06MY9 
06MY,:/ 
06MY9 
06MY'll 
ObMY9 



1,,60 
1 (J 70 

1') 8 (' 
1 IJ Q () 

1100 

1 11 

112("1 

1130 

114() 

1150 

116:' 
1178 

1180 

1190 

12 () 0 
1210 

122("1 

12~'1 

1240 
12">0 

C 

N4 = K3 
I<:EYl = 1 

GO TO 1110 
IF ( NJ.LT.22 ) GO TO 1090 
IF NJ.EO.22 ) GO TO 1100 
IF JL.GE.(NJ-I0) ) GO TO 1100 

Nl Ll - 3 !I- ( JL - 12 ) -
N2 Nl + 2 
N'I Nl - 3 * JR - JL 
,'114 ,'113 + 2 
KEYI = 2 

GO TO 1110 
Nl Ll .3 * NJ 22 -
N2 Nl + 2 
N3 Nl - 3 II- JR - JL 
N4 N3 + 2 
KEYl = 1 

[)O 1210 L = 1 • 2 
GO TO I 1120. 1130 ) . L 

I 1 = Nl 
12 = N2 

GO TO 1140 
I 1 N3 
12 = N4 
LL = 4 

DO 1200 J = K 1 • K3 
GO TO ( 1150. 1160 ) . L 

I<:K = 1 
GO TO 1170 

KK = 4 
DO 1180 N = I 1 • 12 

ST/J.N) ::'TIJ.N) + ZILL.KK) 
KK = KK + 1 

CONTINUE 
LL LL + 1 

GO TO ( 1200. 1190 ) . KEYl 
I 1 I 1 - 1 
12 12 - 1 

CONTINUE 
CON T I NUE 
IF ( INf)EX(K.2).LE.0 ) GO TO 1230 

JL = JNIK) 
GO TO 1240 

JL = 0 
K = K + NXL 

CONTINUE 

1 

1 

06"IY::I 
o 6i", Y,:/ 
061" Y':i 
06i~Y,:/ 

061"'Y'i 
06MY::I 
06,"IY':/ 
06,"1Y::I 
061ViY9 
06i",Y,:/ 
06iV,Y':/ 
06,'1 Y ';I 
u 6,"1 Y':I 
U61;'Y'i 
o 6,'·IY':I 
J6,v,y':I 
06i'1Y':I 
06MY9 
06i'IY') 
J6f'1Y':/ 
06MU 
061'1 Y::I 
J 6M Y':i 
06t",Y':I 
06MY,:/ 
06i",Y,:/ 
06t"'Y':I 
06iv,y,:/ 
o b,"1Y ':I 
o 6t'1Y ':/ 
C6,VtY':I 
06MY::I 
06iW,:/ 
Obl/,Y::I 
U6tVtY::I 
J6t"1Y::I 
06,"tY':I 
06r'tY::I 
06HY':I 
06MY':I 
06iV,Y':/ 
06MY9 
06i'-'1Y,:/ 
U6MY,:/ 
U6MY9 
J6MY,:/ 
06c-IY':I 

C*****PLACING 0lAG0NAL ~E,1BER STIFFNES~ MATRICES IN UVERALL MATRIX ****06MY,:/ 
C 06MY,:/ 

1260 

NZ = NOM 06MY':I 
IF NZ.LE.O) GO TO 1990 
00 1980 MM = I. NZ 

I = INTLOlt"1M) 
JL = IN ( I) 
I = INTRDIMM) 

o 61'IY ':/ 
06iV,Y':/ 
061·1Y,:/ 
06MY9 
06MY,:/ 
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120 

.JR = .IN!I! 
I = MTYPEIMM) 

IF ( ABS! .JR -.JL ).LE.IO ) GO TO 1280 

06MY9 
061'1'1'-,1 
06MY,:/ 
06MY':I 
U6MY,:/ 
06Mn 
06MY9 
06MY,:/ 
06101'1''>' 
06MY,:/ 
06101'1''>' 
06MY,:/ 
06MY9 
U6MY9 
06MY~ 

06MY~ 
06i",Y,:/ 
06MY~ 

06MY,:/ 
06MY'>' 
06101'1'9 
06MY~ 
06MY,:/ 
06MY,:/ 
06MY~ 

06MY':I 
06MY,:/ 
06iv1Y~ 

06i'4Y~ ( 

1270 KSTOP = 2 
PRINT 5000 
RETURN 

1280 IF ( .JL.LE • .JR I GO TO 130U 
12QO KEY2 " 1 

GO TO 1310 
1,(''1 KEY2 = 2 
1310 NN = INTLD(MMI 

N = 1 
1120 IF ( NN.GT.NXL I GO TO 1340 
1130 KKK::: NN 

LLL = N 
GO TO 1350 

1340 NN = NN - NXL 
N :: N + 

GO TO 1320 
1350 NN :: INTRD(M~) 

N :: 1 
1360 IF ( NN.GT.NXL I GO TO 1380 
1370 ""'''''1 " NN 

''IN''l ::: N 
GO TO 1390 

1380 N"l = NN - NXL 
N ::: N + 

GO TO 1360 

(*****5ET ROTATIUN MAT~IX FUR DIAGONAL ~EMdEKS ••••• • •• • •••••• •• ••••••• 06MyY 
( u6MY':i 

1390 XCL XL(MMMI - XL(I~~KI 

YCL " YL((NNN) - YL(CLLL) 
FLENG = SQRT ( X(L • XCL + 
CX :: XCL I FLENG 
CY :: YCL I FLENG 
SRT ( 11 :: CX 
SRT(2) ::: CY 
SRT(3) O.U 
5RT(41 -CY 
SRT(51 CX 
SRT (61 O.u 
SRT(7) ().a 
SRT(8) = v.v 
SRT(9) " 1.0 
K1 " 3 • .JL - 2 
1(2 '3 * .JL - 1 
1(3 ::: 3 * .JL 
Ll :: 3 • .JR - 2 
L2 ::: '3 • .JR - 1 
L3 3 • .JR 

IF ( ITER.NE.O I GO TO 1410 
C 
C ••••• ADD FIXED END FURCE~ TO LOAD VECTuk 
C 

YCL • YCL ) 

06MY:I 
06MY:I 
06MY-,I 
06MY7J 
06MY9 
()6,'1Y-,I 
06,,,,'(',1 
06MY9 
06MY7J 
U6MY-.1 
06MY-,I 
061"'Y~ 
U6MY,:/ 
06MYY 
06MY'i 
06MY9 
06MY9 
06MY9 
u6MY9 
u6''''Y:I 
061-1U 
06MY9 

·········*···················06MY9 
06,"1'1'':/ 



C 

1400 FL(KII FL(K1) 
FLCK21 FLlK21 
FUK3) = FL(K31 
FULII FUll) 
FUL21 = FUL21 
FLCL31 FUL31 

GO TO 1520 
1410 PP = SM(4t1.11 * 

1 SM(4.4tI) * 
MP3 = M ( 1 1 + 3 
MP4 = ,''1(11 + 4 
MP5 = M( 1 1 + 5 

+ 
+ 
+ 
+ 
+ 
+ 

SR TIll * 
SRT(21 * 
FEF(3.11 
SRT ( 11 * 
SRT(21 * 
FEF(6.1) 

SRT ( 11 
SRT ( 11 

DO 1420 J = 5. MP4 
P (J. II = pp 

1420 CONTINuE 
K = 1 

DO 1425 J = 3. MP5 
KEyeJ) = 1 

1425 CONTINUE 
WS(l) = O.W 
DWS(l) = 0.0 
WS(21 = O.W 
DWS(2) 0.0 
KEY(3) 3 
KEY(41 = 4 
KEY(S) 5 
KEY(MP31 = 3 
KEY(MP4) = 4 
KEY('>1P5) 5 

CALL S"1COL1 
DO 1430 J = 4. MP4 

X(J) = Q(J.1) 
Y(J) = T(Jtl) 
QIJ.I) = O.U 
TIJ.I) = u.u 

1430 CONTINuE 

FEF(1.11 + ::)~ r (4) 
FEF(l.I) + SRT(51 

FEF(4.1) + 51'( r (4) 
FEF(4.11 + 5~T(S) 

* U (K 1) + Sr<TU) * 
* J( Ll) + Sf(T U) * 

* FEFU.II 
* FEF(2.1) 

* FEFe,.1) 
* ft.F(S.1) 

U(K21 ) + 
u(Lil ) 

06MY~ 

06MYj 
06r·1Y':1 
061vJYi 
06MYi 
06MYi 
06MYi 
06MYj 
u 6t~ Y i 
u6i'1Yi 
u6MY~ 

U6MY't 
07AG~ 
06MYj 
06MYj 
07AG9 
07AGi 
07AGj 
07AG':1 
Q7AGj 
u7AGi 
0-; Al> ., 
01Aui 
07AGi 
07Al>i 
07AGi 
07AG~ 

07AGi 
07AGj 
u7AGj 
06tWi 
06f>1Yj 
06i'iYi 
06MY'i 
06MY':1 
o 6t'~Y i 
06i>lYi 

C*****REEVALUATE STIFFNESS TERMS IF INVESTIGATING AXIAL EFFECTS 
C 

*******06MYi 
061'W9 
D6fWi 
06MY'i 
06MYi 
061>1Yi 
06,"IY';/ 
061'1Y" 
U6f'~Yi 

06MYj 
06MY9 
06MYi 
06fv1Yj 
06MY~ 

06MY9 
06MYj 
06MY~ 

06MY'i 

DO 1500 K = 2. 5 
DO 1440 J = 3. MP 5 

KEY(J) = 1 
1440 CONTINuE 

DO 1450 J = 1 • 5 
WSIJ) = O.u 
DwS(J) U.u' 

1450 CONTINUE 
KEY(3) 3 
KEY(4) = 4 
KEY(5) 5 
KEYIMP3) = 3 
KEYIMP4) = 4 
KEYIMP51 = 5 

GO TO ( 1500. 1460. 1470. 148U. 14~0 ). K 
1460 DWS I 1) = 1.0 
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122 

C 

CALL SMCOL1 
GO TO 1500 

1470 DW5(21 = 1.0 
CALL SMCOLl 

GO TO 1500 
14FFI 1'1<;(11 = 1.0 

CALL SMCOLl 
GO TO 1500 

1490 1'15(21 = 1.0 
CALL SMCOL1 

1500 CONTINUE 
DO 1510 J = 4. MP4 

Q(J.II = XIJI 
T(Jtll = Y(JI 
X(J) = O.U 
Y(J) = 0.0 

151 n CONTINUE 
GO TO 1400 

1520 DO 1530 L = 1. 6 
DO 1530 J = 1. 6 

Z ( L • J) = SM I L • J • I ) 
1510 CONTINUE 

06MY9 
06MY,;/ 
06MY9 
06MY,;/ 
06MY,;/ 
06MY,;/ 
U6MY,;/ 
06MY':/ 
06r~Y':i 

06MY':i 
06MY,:/ 
06MY9 
06MY,;/ 
06MY,;/ 
U6MY,;/ 
06MY,;/ 
06MY9 
07AG9 
06MY,;/ 
06MYSI 
06MY,:/ 
06MY,;/ 
06MY,;/ 

Cih"***RJTATII~G DIAGONAL l'iEt"1BER STIFFNE::.::. l"1ATkIX INTU GlOciAl CUUKl)II~A1E::. 06r>1Y,;/ 
C 06MY,;/ 

C 

154" 

1 
15'j0 

DO 1540 N = 1. 2 
DO 1540 J = 1. 6 

TZ(Jt3*N-2) 

TZ(J.3*N-ll 

TZ(Jt3*N) 

CONTINUE 
001550 J=1.2 
DO 155 ,J N = 1. 6 

ZI3*J-2.N) = 

Z(3*J-1.NI = 

CONTINUE 

Z(Jt3*N-2) * .:;,R r I 1 ) 
+ Z(Jt3*N) * SR T ( 71 
Z(Jt3*N-2) * ::'RT(2) 
+ Z(Jt3*N) * SRT(S) 
Z(Jt3*N-2) * SRT(3) 
+ Z(Jt3*NI * SRT(9) 

SRT(I) * T Z I3*J-2.N) 
+ SR T ( 7) * TLI3*J.N) 
SRT(2) * TZ(3*.)-2.N) 
+ 5RT(8) * TZ(3*J.NJ 
SRTI31 * TZ(3*J-2.NI 
+ SRT(9) * TZI3*J.NI 

+ 

+ 

+ 

+ 

+ 

+ 

L(Jd*N-l) * ::.k r (4) 

l(Jt3*N-1) * ':;'1..( T ( 5 ) 

Z(Jt3*N-1) * SRT (6) 

::'t<T (4) * TL(3*.J-l.N) 

SKT(5) * T L ( 3 * .)-1 .I~ ) 

SRT (6 I * TZI3*J-l.NI 

06t"IY';/ 
061"1Y9 
06MY,;/ 
06MY'i 
06MY,;/ 
06MY':i 
06MY9 
06MY,:, 
06MY,;/ 
06MY9 
06MY,;/ 
06,'v1Y';/ 
06MYSI 
06MY,;/ 
061>1Y,;/ 
06MY9 
06MY9 
06MY':' 
06MY':i 

C*****CHECKING POSITIUN OF STIFFNESS TERMS IN OVERALL MATRIX **********06MYSI 
C 06MY':i 

IF ( 

1560 

GO TO 
1570 IF ( 

15AO IF ( 

JL.GT.ll 
Nl = K1 
N2 = 1<.3 
N3 Ll 
N4 = L3 
KEYl = 1 

1660 
NJ.LT.22 
NJ.EQ.22 

) GO TU 1570 06MY,;/ 

GO TO 1600 
GO TO 1630 

06MY,:, 
061'v1Y':i 
06MY':i 
06MY':i 
06MY9 
06MY9 
06MY9 
06MY9 



C 

1590 
1600 

1610 

162 n 

1630 

1640 

1650 

IF (JL.GE.(NJ-I01 GO TO 1630 
Nl = Kl - 3 * JL - 12 I -
N2 = Nl + 2 

GO TO ( 1620. 1610 I. ~EY2 

GO 

GO 

GO 

GO 

N3 Nl + 3 * ( JR - JL 
N4 = N3 + 2 
KEY! = 2 

TO 1660 
N~ = Nl - 3 * ( JL - JR I 
N4 = N3 + 2 
KEY! = 2 

TO 1660 
Nl = Kl - 3 * ( NJ - 22 I - 1 
N2 = Nl + 2 

TO ( 1650. 1640 I. KEY2 
N3 = Nl + 3 * ( ~K - JL 
N4 = N3 + 2 
KEY! = 1 

TO 1660 
N~ = Nl - 3 * ( JL - JR I 
N4 = N3 + 2 
KEY! = 1 

06MY9 
06~IY';/ 

06MY,;/ 
o 61\"y ';/ 
061~Y ';/ 
06MY,;/ 
06MY,;/ 
06MY,;/ 
061"1Y9 
06MY':! 
06MY9 
06r-1Y9 
06MY9 
06MY9 
061''1'1'';/ 
06iviY,;/ 
LJ6MY9 
u6MY,;/ 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 

C*****PLACING ELE~ENTS I~ OVERALL ~ATkIX 

C 
******************************U6MY9 

06MY,;/ 
06MY9 
06MY,;/ 
06MY,;/ 
o 6r·W ';/ 
06~1Y9 

06MY9 
u6MY9 
U6MY9 
06MY':! 
06MY9 
06MY9 
06MY'i 
06MY9 
06MY9 

1660 

1670 

168() 

1 7'~ 0 

171(1 
1720 

1730 

1750 
1760 

1770 

DO 1760 L = I. 2 
GO TO ( 1670. 1680 I. L 

11 = Nl 
12 = N2 

GO TO 1690 
11 N3 
12 = N4 
LL = 1 

DO 1750 J = Kl. K3 
GO TO ( 1700. 1710 I. L 

KI( = 1 
GO TO 1720 

KK = 4 
110 12 DO 1730 N = 

ST(J.NI 
KK = KK + 

CONTINuE 

~T(J.NI + Z(LL.KK) 
1 

LL LL + 1 
GO TO ( 1750. 1740 

11 11-1 
12 = 12 - 1 

CONTINUE 
CONTINLJE 

I. KEY! 

Kl = 3 * JR - 2 
K3 3 * JR 
L1 3 * JL - 2 
L3 3 * JL 

IF ( JR.GT.ll ) GO 
Nl L1 
N2 = L3 

TO 17/:jO 

06MY'i 
06MY,;/ 
06,'v1Y9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY,;/ 
06MY'i 
06MY9 
06MY9 
06MY9 
U6MY9 
u6MY9 
06MY9 
06MY9 
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C 

GJ 
1780 IF 
1790 IF 
1800 IF 
18H) 

GO 
1820 

GO 
1830 

GO 
1840 

GO 
lR50 

GO 

N, = Kl 
N4 = K3 
K EYl = 1 

TO 1870 
! NJ.LT.22 ) GO TO 1810 
( NJ.EQ.22 I GO TO 1840 
I JR.GE.!NJ-I01 I GO TO 1840 

N 1 = 3 • I JR - 12 I - 1 
N2 = Nl + 2 

TO I 1830. 1820 ). KEY2 , 
N3 = Nl + 3 * ( JR - JL I 
N4 =N3 + 2 
KEYI = 2 

TO 1870 
N3 = Nl - 3 • ( JL - JR I 
N4 = N3 + 2 
KEYI = 2 

TO 1870 
Nl = Ll - 3 ,. I N.J - 22 I - 1 
N2 = Nl + l. 
KEYI = 1 

TO I 1860. 1850 I. KEY2 
N3 = Nl + 3 * ( JR - JL 
N4 = N3 + I. 
KEYl = 1 

TO 1870 
1860 N~ = NI - 3 * ! JL - .JR I 

N4 :: N3 + I. 
'<EYl = 1 

1870 DO 1970 L = 1. 2 
GO TO I 1880. 1890 I. L 

1880 II = Nl 
12 ;::: N2 

GO TO 1900 
1890 II :: N3 

12 = N4 
1900 LL = 4 

DO 1960 J:: Kl. K3 
GO TO I 1910. 1920 I. L 

1910 KK :: 1 
GO TO 1930 

1920 KK :: 4 
I9~0 DO 1940 N' = 11. 12 

ST!J.NI :: ~TIJ.NI + ZILL.KK) 
!(!( = KK + 1 

1940 CONTINUE 

19<;0 

1960 
1970 
1980 

LL = LL + 1 
GO TO I 1960. 1950 

II = II - 1 
12 = 12 - 1 

CONTINuE 
CONTINUE 
CONTINUE 

It KEYI 

C*****ADDING APPLIED JOINT LOADS AND RESTRAINTS 

06MY9 
06MY':f 
06MY9 
06MY~ 
06MY9 
06MY9 
06MY~ 

06MY9 
06MY9 
06MY~ 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY')I 
06MY9 
061-1Y::; 
06MY:i 
06i-1Y9 
06MY:i 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
0611ilY')I 
061-'1)'')1 
06MY:i 
06MY:i 
06MY9 
06MY:i 
06MY9 
06MY9 
06MY':/ 
06MY9 
06MY9 
06MY~ 
06MY9 
06MY:i 
06MY':i 
06MY9 
06MY:i 
06MY9 
06MY9 
06MY9 
06MY,:/ 
06MY':i 
06MY9 
06MY9 

******·******·*********06MY9 



C 
1990 

2000 

2UI0 

2U20 
20,0 

204(' 
2U')0 
2060 
2U70 

2u80 

20Qn 
21 0 0 

C 
C 

1 

NZ = NJLR 
IF NZ.LE.O ) GO TO 2100 
DO 2090 K = 1 • NZ 

N = INTS(K) 
JL IN(N) 
Kl = 3 it JL - 2 
K2 = 3 it JL - 1 
K3 3 it JL 
FL (K 1) FLI K 1 ) + PX(K) 
FL(K2) = FLI K2) + PY(K) 
FLIK3) = FLlK3) + PZ(K) 

IF ( JL.GT.ll ) GO TO 2040 
ST(Kl.Kl) ST(Kl.Kl) + SX(K) 
ST(K2.K2) = ST(K2.K2) + ::,YIK) 
ST(K3.K3) = ST(K3.K3) + ::,Z(K) 

GO TO 2090 
IF ( NJ.LT.22 ) GO TO 2070 
IF I NJ.Ea.22 ) GO TO 2080 
IF ( JL.GE.(NJ-I0) ) GO TO 2080 

Nl = Kl - 3 ... ( JL - 12 ) - 1 
STIKl.Nll = STIKl.Nl) + SXIK) 
ST(K2.Nl) = ST(K2.Nll + SYIK) 
ST(K3.Nl) STIK3.Nl) + SZIK) 

GO TO 2090 
Nl Kl - 3 ... ( NJ - 22 ) - 1 
N2 = Nl + 1 
N3 = Nl + 2 
STIKltNl) STIKltNl) + ::'X(K) 
ST(K2.N2) STIK2.N2) + ;:'YIK) 
STIK3.N3) STIK3.N3) + SZIK) 

CONTINuE 
CONTINUE 

RETIJRN 
END 

SUBROUTINE SOLVE 
COMMON / BLOCK9 / 
COMMON / BLOCK7 / 

STI150.65" U115U" FLI15U) 
INDEXIllU.4" JNIllU). INrLD(20). INTRDIZU). 
MTYPEI 2 i.!) • MORD 

COM~ON / S~LOC5 / SL(33). SU(32). V. Jl. NJ. M 
M"= 32 
NL = /.10RD 

IF I NL.LT.33) M NL - 1 
ML = 1 
NJ = MORD / 3 
J 1 1 
Ml = M -:- 1 
MP = M + 1 
NLMI = NL - 1 
NLMM NL - M 
IT = NL - M 1 
IE = 2 

06MY,;/ 
061"lY';/ 
06MY" 
06MY-'I 
06MY-:I 
06MY,;/ 
06MY9 
06MY9 
06MY9 
06i>1Y,;/ 
U6MY,;/ 
U61>1Y-:I 
U6i"iY -:I 
061"IY9 
061'<]Y" 
061"lY" 
06MY-:I 
06MY,:/ 
U6~IY-:I 

06~IY9 

06MY9 
o 6,"\Y " 
06~1Y" 

06i/iY" 
06,"lY" 
06MY,:/ 
U6MY" 
\J6HY-:I 
061>1YOi 
06iv\Y" 
06i"iYOi 
06MY9 
06~'Y-:I 

06MY" 
CJ6MY-:I 
061'1 Y-; 

06MY-:I 
06MY-:I 
U6MY,;/ 
06MY-:I 
06,'-\Y-:I 
06MY9 
06MY9 
06MY9 
06MYOi 
06MY" 
06MY,:/ 
llJLd 
llJLd 
llJLtl 
IlJLd 
llJLd 
llJLtl 
11JL8 
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C"'*********~******************************************************************** 
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C CALCULATE RECURSION COEfFICIENT~ 06MY~ * 
C******************************************************************************* 

CALL FSUB1 
IF ( ML ) 210, 100, 100 

100 ST(1,2*M) = - 1.0 / SLIMP) 
DO 200 I = 1 , M 

5 T ( 1 , I) = .:. TIl, 2 *M) * SU I I ) 
;»00 CONTINuE 
21('1 UIll = STll,2*M) * I -v ) 

IF ( M.EQ.l ) GO TO 1010 
c •••• . . . . . . . . . . . . . . . . 

DO 1000 J = 2 , M 
J1 J 

CALL FSUB1 
J1 = J-l 

IF I ML ) 750, 290, 290 
C COMPUTt RtCURSION MULTIPLItRS 

290 DO 300 I = 1 , J 
IB = MP - I 
STIJ,IB+M) SLIIB+l) 

300 CONTINUE 
310 JB = M + 2 - J 

JB1 = Jd - 1 
DO 400 I = JB , M 

II = I - 1 
L = MP - I 

DO 390 K = Jt:l1 , II 

• • • • • • • • • PHASE I 

5TIJ,I+M) = STIJ,I+M) + ~rIJ,K+I'I) * ~rIJ-"I+I<.,L+"'1 

390 CONTINUE 
400 CONTINUE 

5TIJ,2*M) = - 1.0 / 5T(J,2*M) 
C COMPUTE RECURSION COEFFICIENTS 

STIJ,l) = ~T(J,2*M) * SUll) 
DO 500 I = IE, M 

5TIJ,I) SUII) 
500 CONTINUE 

TF I J.GT.IT) IE = IE + 1 
DO 600 I = IE, f.\ 

II = I - 1 
IF I I1.GT.Jl) II = Jl 
DO 590 K = 1 , II 

L = M - K 
5TIJ,r) = 'sTIJ,I) + STIJ,L+M) * STIJ-K,I-K) 

590 CONTINUE 
600 CONTINUE 

DO 700 I = IE, M 
5TIJ,I) = .:lTIJ,2*M) * STIJ,I) 

700 CONTINuE 
C COMPUTE PRELIMINARY VALUE FOR UIJ) 

7~0 U(J) 0.0 
DO 800 I 1. Jl 

U(J) UIJ) + 5TIJ,2*M-I) * U(J-I) 
800 CONT INUE 

UIJ) 5TIJ,2*M) * I UIJ) - V ) 
1000 CONTINuE 

06MY'i 
11JL8 
06MY'} 
IlJLd 
06'.,y'} 
I1JLo 
o 61'>1 Y 9 
25JL8 
25JLd 
11JL8 
11JL8 
06MY'} 
llJL8 
11JLd 
L:)JLo 
01AGd 
lIJLd 
06MY9 
I1JLd 
11 JL8 
llJLd 
llJL8 
11 JLd 
llJLd 
11JLd 
061"iY'i 
~lJLo 

11JL8 
06i"1Y,} 
L5JLo 
o 6MY'} 
11JLd 
06MY:I 
11JLd 
"JLd 
IlJL8 
llJLd 
25JLd 
I1JLd 
11JLd 
06"'lY,} 
11JL8 
11JUl 
lIJLd 
06,'>1Y9 
llJLd 
o 6MY':I 
06MY'} 
llJLd 
06MY'i 
11JLd 
06MY'} 
llJLd 



lUIn C~NTINUE 
c ••••..••••••••••....••••••••• PHASE 11 

DO 2000 J = MP • NL 
J 1 = J 

C COMPUTE RECURSION MULTIPLIERS 
CALL FSUBI 

IF I ML ) 1550. 1050. 1050 
1050 DO 1100 I = 1 • M 

I B = MP -
STIJ.I+MJ = SLfl) * STIJ-f·'.I~) + :'UI+l) 

1100 CONTINUE 

C 

11 ')0 

120 n 

1250 

I,Cl'l 

1390 
14'10 

15"'1 
C 

15')0 

16JCI 
1610 
2U()() 

IFI M.EO.l ) GO TO 1250 
DO 1200 I = 2 • M 

II = I - 1 
L = MP - I 

DO 1150 K = 1 • II 
STIJ.I+M) STIJ.I+M) + STIJ.K+M) * ~TIJ-M+K,L+~) 

CONTINuE 
CONTINUE 

STIJ,2*M) - 1.U / :'TIJ,~*M) 

COMPUTE RECURSION COEFFI'IENTS 
IF I J.GT.IT ) IE = IE + 1 

STIJol) = STIJ,2*M) * SUll) 
IF M.EO.l) GO TO 1550 
IF I IE.GT.'" ) GO TO 1550 
DO 1300 I = IE , M 

STIJ.I1 = ~UI II 
CONTINUE 
DO 1400 I = IE • M 

II = I - 1 
DO 1390 K = 1 , II 

L = M - K 
STIJ.I1 ;:,TIJ.I1 + STIJ,L+fVl) * :'TIJ-I<.,j-~) 

CONTINuE 
CONTINUE 
DO 1500 I = IE, M 

STIJt!) = ~TIJ,2*,"') * STIJ.I1 
CONTINUE 

COMPUTE PRELIMINARy VALUE FOR UIJ) 
UIJ) = 0.0 

IF I M.EQ.l ) GO TO 1610 
DO 1600 I = 1 • Ml 

U I J ) U ( J) + S T I J , 2 * 1'1 - II * U ( J - I ) 
CONTINUE 

U(J) ST(J,2*M) * ( U(J) + ;:,L(l) * U(J-M) - V ) 
CONTINUE 

25JLd 
25JLd 
1 1 JLb 
11 JLd 
25JLd 
06MY:I 
~lJLo 

~~JLb 

11JLb 
06,YlY'i 
1lJLb 
25JLb 
l~JLb 

11JUl 
llJLd 
llJLb 
U6i"1Y -j 

11JLb 
I1JLd 
Ubl"iY'i 
.2~JLo 

~::JJLO 

061"1('1 
L~JLD 

L5JLo 
11JLb 
061"iY:I 
I1JLd 
11JLb 
11JLd 
11JLb 
l~JLb 

06,·1 Y '1 
11JLb 
1 IJL d 
IlJLd 
06MY'i 
IlJLb 
06MY:I 
06,'lY'i 
.2~JLo 

IlJL8 
06,'IY'i 
IlJLo 
o 61",Y,;/ 
IlJU3 
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C***********~******************************************************************* 
C CALCULATE RECURSION EQUATION * 
C******************************************************************************* 

IF I M.EQ.l ) GO TO 3010 .25JLd 
K = 0 11JLb 

c .•.••••••••...•••••••••.••••. PHASE I 
DO 3000 L = IT. NLM 1 

J = ? * NL - M - L 
K = K + 1 

25JLo 
2::JJLd 
IlJLd 
11JLo 
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DO 2100 I = 1 • M 
IB = MP - I 
U/JI :: UIJI + ST(JdBI * UIJ+II 

IF ( I.EQ.K I GO TO 3000 
210n CONTINUE 
3000 CONTINUE 

c. • • • . . . . . . . . . . . . ••••••••••••• PHASE II 
3010 

3500 
4000 

5 

10 

20 

,0 

40 
50 

60 
70 

80 

90 

100 

DO 4000 L:: 1 • NLMM 
J = NLMM + 1 - L 

DO 3500 I = 1 • :>I 
IB :: MP - I 
U(JI :: U(JI + ST(J.IB) * U(J+II 

CONTINUE 
CONTINuE 

RETuRN 
END 
SU~ROUTINE FSUB1 
COMMON / BLOCK9 / ST(150.651. U(150). FL(150) 
COMMON / SBLOC5 / SL(33). SU1321. V. Jl. NJ. M 

V ::: Fl(JlI 
M1 :: M + 1 
M2 M + 2 

DO 5 I::: 1. 32 
SLCI) = 0.0 
SUII, ::: 0.0 

CONTINUE 
SL(33) ::: 0.0 

IF I J1.GT.33 ) GO TO 40 
J :: M2 - J1 

DO 20 I:: 1. Jl 
SLlJJ :: STIJ1,rJ 
J = J + 1 

CONTINUE 
J ::: Jl + 1 

= 1. M DO 30 
K Ml - I 
SUlK) :: SrIJ1.J) 
J :: J + 1 

CONTINUE 
GO TO 130 
IF ( NJ.LE.22 I GO TO 60 

KKK = 3 * NJ - 32 
IF ( Jl - KK'K J 70. 100. 100 
IF I NJ.Eo.22 I GO TO 100 
DO 80 I:: 1. 33 

SL I I I :: S T i J 1 • I I 
CONTINUE 

K 32 
DO 90 I 

SUlK) 
K = K 

CONTINUE 
GO TO 130 

34. 65 
::: STIJltll 
- 1 

KKK = 3 * NJ - 32 
J = Jl - KKK + 1 

llJLtl 
llJLtl 
06MY9 
25JL!; 
l.l.JU:I 
llJLli 
25JLd 
llJLli 
llJL8 
llJLli 
IlJLt:I 
o 61'1 Y ':I 
J.J.JLd 
IlJU:I 
IlJLt:I 
IlJLt:I 
06MY9 
06MY'i 
06MY':I 
06MY9 
06MY9 
Ci6MY':I 
06MY'i 
061\t;y ':I 
06MY9 
06MY,:/ 
o 61'1Y':/ 
061v1Y'i 
06MY,:/ 
06MY9 
06MY9 
06MY9 
061'1Y':/ 
06MY9 
o 61'" Y':I 
06MY':I 
061'IY:i 
u6MY'i 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY':I 
06MY9 
06MY9 
061'1Y'i 
06MY9 
06MY,:/ 
06MY9 
06MYY 
06f.,Y9 
06MY9 
06MY9 
06MY':I 



C 

DO 110 I = 1. 33 
SLlI) = ST(Jl.J) 
J = J + 1 

11~ CONTINUE 
MM3 3 * NJ 

IF ( Jl.EO.MM3 ) GO TO 130 
115 K = 32 

J = Jl - K~K + 34 
DO 120 I = J. 65 

SUlK) ST(Jl.I) 
K = K - 1 

120 CONTINUE 
1'30 CONTINUE 

RETURN 
END 
SUBROUTINE OUTPUTI 
OIt<1ENSION KZllI0" ROT(9) 
COMMON I BLOCKI I NP~OB. HED(14). NEWPk. NIT. NXL. NYL. NA~r. 

1 NAOM. NAJLR. NMT. NO/v" NJLk 
COM~ON I BLOCK2 I KLINE. KSTOP. ~PAGE 

COM~ON I BLOCK3 I XLC(10). YLC(10) 
COMMON I BLOCK4 I M(20). H(20). KOOE(2U). 

1 F(57.20). 0(57.20" S(57.20). T(57.2ult 
2 R(57.20). AE(57.2U). P(57.20) 
COMMO~ I BLOCK5 I SM(6.6.20). FEF(6.20) 
COMMON I BLOCK6 I A(571t B(57" C(57). 0'1(57). DW(57). t3M(57" 

1 D~M(57). REACT(57) 
COM~ON I BLOU.7 I II~DEX(11u.4). JI~(110). INTLLJUO). INTRDld;). 

1 MTYPE(20). MORD 
COMMON I BLOCK9 I ST(150.65). U(15u). FLl15U) 
COMMON I BLOCll I INTS(50). SX(50). ::'Y(50). ::'[(50). 

1 PX(50), PY(50)' PZ(50) 
COMMON I BLOC12 I NCOM • DTOL. RTuL. ~OUT 

COMMON I SgLOCl I I' K. KEY(571t o'IS(5). DWS(5) 
COM~ON I SBLOC6 I MTYPEI. JL. Jk. PP 
COMMON I SBLOC9 I FMOML. FMOMR. SHRL. SHRR 
DATA MTYPE2 I 5HHORIZ I. MTYPE3 I 5HVEkTL I. MTYPE4 I 5HDIAGL I 
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[) 6/'lY ':1 
06iJIY'i 
06MY':I 
u6r>1Y':i 
06MY:I 
06tv1Y::I 
06MY9 
061·IY::I 
C6MY7 
06r'IY'i 
06MY'i 
D6MY':I 
06:<1Y':I 
06i<1Y7 
06MY'i 
OM'iY'i 
061<1Y::I 
06/', Y::I *.~ 

06iv1Y9 
06i<1Y::I 
061>1Y::I 
061'1IY::I 
06,rviY9 
061<1 Y::I 
06MY':I 
u6MY::I 
061v, Y'i 
061<1 Y'i 
06rW::I 
06iv1Y'i 
J 61<1Y'i 
06MY9 
06MY':I 
o 6M Y::I 
06MY9 
06MY':i 
06,'IY'i ** 
06MY:i 

C*****OUTPUT OF RESULT::' 
C 

***********************************************06MY9 

C 

NJ = ,'lORD 
PRINT luOO 

1000 FORMAT ( 1Hl ) 
PRINT 1010. NPROB. 

ll)l fl FOR~AT ( 5H 
1 10H 
2 "l4H 
"l 31H 

I 3 

( HEDII). I = 1. 14 ) 
.• BOX. 10HI-----TRIM • I. 

PROB • I. 5X. A5. 5X. 14A5. 1111. 
**** OUTPUT INFORMATION **** • 11111. 
TABLE 11 -- JOINT NUMdERS • II ) 

06i<1Y':i 
u6/\1Y::I 
U6MY9 
061,W'i 
061<1Y::I 
06MY'} 
061'v1Y9 
06MY9 
06MY':i 
06MY':I 

C*****PRINT JOINT NUMBERS *********************************************06MY9 
C 06MY':I 

DO 10 I = 1. NXL 
KZIIII = I 

10 CONTINUE 
PRINT 1020. I KZIII). = 1. NXL ) 

06f-IY::I 
06MY':I 
061'v1Y':/ 
061'1Y':I 

** 

w* 
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C 

IJ20 FORMAT ( 35X. 7H X LINE. II. 9X. 7H Y LINE. 4X. 1012X.I31. I ) 
PR I NT 102 1 

1021 FORMAT ( I ) 
KLINE = 21 
K = NXL * ( NYL - 1 I + 1 
K1 = K + NXL - 1 
L = NYL 

DO 50 I = 1. NYL 
IF ( KLINE + 2 - KPAGE. ) 20. 20. 30 

20 PRINT 1030. L. 1 JNIJ). J = K. Kl I 
1030 FORMAT 1 12X. 13. 5X. 1012X.I3). I I 

PRINT 1021 
KLINE = KLINE + 2 

GO TO 40 
;0 PRINT 1000 

PRINT 1040. NPROB. I HEDIJI. J = 1. 14 ) 
1040 FOR~AT I 5H • 80X. 10HI-----TRIM • I • 

1 10H PROB • I. 5X. A5. 5X. 14A5. III. 
2 20H TABLE 11 (CONT) • II) 

PRINT 1020. ( KZIIJ). J = 1. NXL ) 
PRINT 1030. L. I IN(JI. J ;:: K. K1 I 

KLINE = 17 
40 L = L - 1 

K ;:: K - NXL 
Kl = K + NXL - 1 

')() CONTINUE 
PRINT 1000 
PRINT 1050. NPROB. I HEDlIh I = 1. 14 ) 

10')0 FORMAT I 5H • 80X. 10HI-----TRIM. I • 
1 10H PROB • I. 5X. AS. 5X. 14A5. III. 
2 36H TAdLE 12-- JOINT DISPLACEMENTS. II I 

PRINT 1060 
IU60 FORMAT (45H JOINT X DISPL Y DI~PL 

1 15H THETA Z • I ) 
KLINE 13 

06MY9 
06MY9 
06MY9 
06MY,:/ 
06MY,:/ 
06MY'1 
06,'4Y':1 
06MY':1 
06MY", 
06MY9 
06r>lY9 
06MY,:/ 
06MYi 
06MY'i 
06MY9 
06MY'1 ** 
06MY'i 
06MY':1 ** 
06,vlY9 
06MY9 
OoMY::I 
06MY'i 
06MY"; 
06MY9 
o 6:-1Y '1 
06MY,:/ 
06MY"; 
06fv1Y::I ** 
06,"lY9 
06MY9 ** 
06r>lY,:/ 
06MY", 
06i-1Y':1 
06,<1Y':1 
06MY, 
06MY9 

C*****PRINT JOI~T DISPLACEMENTS 
C 

***************************************06MY9 
06MY9 
06MY"; 
06MY'i 

DO 80 I:; 1. NJ 
KI ;:: 3 * I - 2 
K3 = K1 + 2 

IF ( KLINE + 1 - KPAGE ) 60. 60. 70 
60 PRINT 1070. 1.1 UIJ). J ;:: Kl. K3 ) 

1u70 FORMAT I llX. 13. IX. 313X.EI2.3) ) 
KLINE;:: KLINE + 1 

GO TO 80 
70 PRINT 1000 

PRINT 1080. NPROB • 
1080 FORMAT ( SH 

1 10H 
2 21H 

PRINT 1060 

I HEDIJ). J ;:: I. 14 I 
• 80X. 10HI-----TRIM • 
PROB • I • 5X. A5. 5X. 
TABLE 12ICONT) • II I 

PRINT 1070. I. UIJ). J = K1. K3 
KLINE;:: 14 

so CONTINUE 

06MYi 
06,'4Y::I 
06MY9 
06MY::I 
06i<1Y::I 
06MY9 
06MY9 
06MY::I ** 

I • 06MY\I 
14A5. III. 06MY9 ** 

06MY':1 
06MY9 
06MY'i 
06MY9 
06MY':f 



C 

PRINT 1000 
PRINT 1090, 

1090 FOR"IAT I 
1 
2 

PRINT 1100 
110r; FORI>.1AT 

1 

NPROB, 
5H 

10H 
32H 

4SH 
15H 

I HEDII), 1= 1, 14 ) 
, BOX, lOHI-----TRIM , I , 
PROB , I, 5X. AS, SX, 14AS, III. 
TABLE 13-- JOINT REACTIONS, II I 

JOINT FX 
MZ ,I) 

06i>1 Y j 
ObMYj 
06MYj 
06MYi 
06;v;Y:;I 
06!~IY:t 

FY 06MY" 
C 6~'" Yi 
06MY9 

C * ** **PR I'~ T JO I N T "-EAC T IO,';S **** ******* *********** ***********;;.* * *******06r>1Y9 
C 

C 

NZ == NJLR 
KLINE = 13 

IF I NZ.GT.O I GO TO 100 
90 PRINT 1110 

111~ FORMAT I ISH NONE 
GO TO 140 

lr;~ DO 13~ I = 1. NZ 
IF 1 SXII) .LE. 0.0 .AND. SY(l) .LE. 0.0 .AND. S2II) .LE. O.v 

1 ) GO TO 130 
J == INTSIIl 
Kl = 3 * IN(JI - 2 
K2 = 1'(1 + 1 
K3 K2 + 1 
FX -::>X!iI*UU':'11 
FY - SY1I) * i.J(QI 
FZ - SZ(Il * U(1'(3) 

IF I KLINE + 1 - KPAGE ) 110. 110, 120 
lIn PRINT 1~7J. JNIJ). FX, FY. F2 

KLINE == I'(LINE + 1 
GO TO 130 

170 PRINT 1000 
PRINT 1120. NPROr3. ( HEDIl), L = I. 14 ) 

1120 FORMAT I 5H , BOX. 10HI-----TkIM , I, 
1 10H PROB , I, 5X, A5. 5X, 14A5. III. 
2 ~lH TA8LE 13ICuNT) • II ) 

PRINT 1100 
PRINT 1070. JNIJ). FX, FY. FZ 

KLINE == 14 
130 CONTINUE 
140 PRINT 1;)00 

Q6r>1Yj 
06r>1Y:t 
06MY:;I 
ub,ViY cJ 
061>1Y':;I 
06i/IY9 
06MYi 
061'I,YcJ 
06i/,Y:;I 
·J6i-1Yj 
061'-'1Y:;I 
06MYi 
06,'"Yj 
061~Y :;I 
86"IY" 
0bl/,Y:t 
06r"Yj 
\J6MY'J 
061>1Yj 
06,"1Y:I 
0611.Y:I 
06,v,Y,:/ 
061/,Y:;I 
06MYj 
06,·iY i 
06r',Yj 
06i'iY'i 
Q6;>1Y j 

061>1Y:;I 
06MY:;I 
06MY9 
C6MY9 

C*****PRINT ~EM8ER F~D FORCES FUR HORIZONTAL MEMBERS *****************·06MY':;I 
C 06MY,:;/ 
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** 

** 

** 
xw 

PRINT 1130, NPROti.1 HED(II, I = 1, 14 I 06MY" ** 
1130 FORMAT I 5H • 80X. 10HI-----TRIM • I • 

1 10H PROB • I. 5X. AS. 5X. 14AS. III. 
2 40H TAdLE 14--- INOIV1D0AL MEMo~K ~AT~ • I. 
3 44H (DESIGNERS SIGN CONVENTIU~I 

KLINE 
K = 1 

12 

"1TYPE1 = MTYPE2 
DO 330 M1 = 1. NYL 

JL = 0 
GO TO I 160, 160. 150 ), I'(OUT 

06MYeJ 
061ViY:;I ** 
061'1 Y j 

• II I 06MY'i 
06~Y' 
\J 6,"lY, 
U6MY, 
06i1Y:;I 
06MY'i 
06rv;Y9 
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150 

1150 
160 

170 
180 
190 

200 
210 
220 

NXLM = NXL - 1 
READ 1150. I Kl1IJ). J = I. NXLM ) 
FORMAT I lOX. 1015 ) 

DO 330 M2 = I. NXL 
IF I JL.GT.O ) GO TO 200 
IF I JNIK).LE.O I GO TO 320 
IF I INDEXIK.11.LE.0 I GO TO 320 

JL = JNIKI 
GO TO 120 
IF I JNIK).LE.U ) GO TO 320 
IF / INDEXIK.31.LE.0 I GO TO 320 

JR = JNIKI 
I = INDEXIK.31 
K1 3 * JL - 2 
K2 K1 + 1 
K3 = K2 + 1 
11 3 * JR - 2 
L2 11 + 1 
L3 = L2 + 1 
MP3 MIll + 3 
"1P4 = MP3 + 1 

06MY9 
06MY'i 
061"1Y':i 
06MY9 
o 61~1 Y ~ 
06MY, 
06MY, 
06MY'i 
06Mn 
06MY~ 

06MY'i 
06MY~ 

06MY'i 
06MY9 
06MY, 
06MY", 
U6MY~ 

u6MY~ 

06MY'i 
06MY~ 

06MY'i 
"1D5 = MP4 + 1 06MY9 
PP = SMI4.l.l) * UIK1) + ':'MI4.4.11 * UILl) 061ViY'i 

IF NIT.EQ.O) GO TO 235 J6MY'i 
DO 230 J = 5. MP4 07AG~ 

PIJ.r) = PP 06MY'i 
230 CONTINUE 06MY~ 

235 DO 240 J = 3. MP5 06MY'i 
KEYIJ) = 1 06MY~ 

240 CONTINUE 06MY~ 
C 06MYj 
C*****SET JOINT DISPLACEMENTS. CALL BMCUL2 AND EVALUATE 06MY9 
C*****MFMqFR END FURCES ***********************************************06MY9 
C 06MY~ 

C 

KFY(3) = 3 06MY~ 

KEY/4) 4 06MY9 
~EY(5) 5 06MY~ 

~EYIMP3) 3 06MY9 
KEYIMP4) = 4 06MY, 
KEYIMP5) 5 06MY'i 
WS(l) = U(r<.2) 
DWS(ll = U(K3) 
W S I 2) '= U ( L 2 ) 
DWS(2) = UIL3) 

CALL BMCOL2 
DO 250 J = 4. MP4 

P(J.I) = 0.0 
25() CONTINUE 

GO TO I 260. 270. 280 ). KOUT 

061"iY" 
06i>1Y':i 
06,~,Y'i 

06MY9 
06MY'7 
06MY9 
06MY", 
06MY':i 
06MY9 
06MY~ 

C*****CALL UUTPUT2 FUR ,-1E,'IBEk END FURCES UiK Y 
C 

*************************06MY9 
06i>1Y~ 

06i"iY, 
06MY':i 
06MY9 C 

260 CALL OUfPUT2 
GO TO 290 



C ••••• CALL OUTPUT3 FUR COMPLETE B~CUL OUTPUT •••• *·.·*.·.··*· •• ·*······06~Y~ 
C 06MY':! 

27() CALL OUTPUT3 
GO TO 290 

280 L :: M2 - 1 
LL :: Kll( Ll 

GO TO ( 260. 270 ) . 
290 IF ( INDEX(Kol).LE.O 
3Cln JL :: IN(K) 

GO TO 320 
310 JL :: 0 
320 K :: K + 
?''lO CONTINUE 

c 

LL 
GO TU 310 

06f.1Y':! 
06MVY 
06r'lY";/ 
06MT";/ 
06MY~ 
06,~Y";/ 

061"IY~ 

06HY";/ 
06t~Y':I 

U6MY";/ 
06f>1Y9 
06"jY':! 

C ••••• REPEAT ABOVE PROCEDURE FOR VERTICAL MEMBER~ 
C 

·················*··*06~Y':! 

06r-W9 
06r'IY";/ 
06,·1Y':i 
06i>1Y";/ 
J6MY";/ 
..;6,ViY':! 
06"iY':! 
06,',y";/ 
06i>1Y";/ 
U6f"1Y':I 
06,'>1Y':/ 
061'IY";/ 
06i~Y ':i 
OOIIJY";/ 
06MY':! 
06f'JIY" 
06HT'-J 
06"IY':i 
06MY':i 
06MY::/ 
06,V,Y"1 
06~IY':I 

06MYJ 
06fViY";/ 
06MY9 
06MY9 
U6MY-) 

340 

ViO 

420 
425 

~TYPEI = MTYPE3 
00 520 ~1 = 1. NXL 

K = "'11 
JL = 0 

GO TO ( 350. 350. 340 It KO,H 
NYLI>1 = NYL - 1 

READ 11')0. ( Kll(J). J = 1. NYL,~ 

DO 520 M2 = 1. NYL 
I F ( J L. G T • 0 ) GO TO 390 
IF ( IN(K).LE.O ) GO TO 510 
IF INDEX(K.2).LE.O) GO TO 510 

JL :: IN(K) 
GO TO 510 
IF ( IN(K).LE.O ) GO TO 510 
IF ( INDEX(K.4).LE.O ) GO TO 510 

JR = IN(i<.) 

IF 

I = INDEX(K.4) 
K 1 = 3 • JL - 2 
K2 = Kl + 1 
K3 K2 + 1 
Ll 3. JR - 2 
L~ = Ll + 1 
L3 = L2 + 1 
MP3 = M ( I) + 3 
MP4 = MP3+ 1 
MP5 = MP4 + 1 
PP = SM(ltl.J) • U(L2) + S,'>1(1.4,]) • U(K2) 
NIT.EQ.O ) GO TO 425 

DO 420 J = 5. MP4 
P ( J. I) = PP 

CONTINuE 
DO 430 J = 3. MP5 

KEY(J) 1 
CONTINUE 

3 
4 
5 

KEY(3) 
KEY(4) 
KEY(5) 
!<.EY(MP3) = 3 
KEY(MP4) = 4 

J6MY";/ 
061"1Y";/ 
U1MG"1 
06f>1Y':i 
U6i"1Y";/ 
06MY9 
06i"1Y9 
06MVY 
06MY";/ 
06i'IY9 
06MVY 
06MY9 
Oo,'>1Y -) 

133 
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KEYIMP51 = 5 
WSlll = UILlI 
OWS 111 = U I L3 I 
WSI21 = UIKlI 
OW5121 = UIK3) 

CALL BMCOL2 
00 440 J = 4, MP4 

PIJ,II = 0.0 
440 CONTINUE 

GO TO I 45U, 46U, 470 I, KOUT 
4'i0 CALL OUTPUT2 

GO TO 480 
460 CALL OlJTPUT3 

GO TO 480 
470 L = M2 - 1 

LL = KZIIL1 
GO TO I 450,460 I, LL 

480 IF I INDEXIK,21.LE.0 GO TO 50U 
490 JL = JNIKI 

GO TO 510 
50 n JL = 0 
510 K = K + NXL 
520 CONTINuE 

U6MY'i 
06MY9 
06MY'i 
06MY'i 
06MY'i 
06MY9 
06MY9 
o 6,''iY 'i 
06MY,:/ 
06MY'i 
06MY'i 
06MY'i 
06MY." 
06MY'i 
06MY'i 
06MY9 
06MY':f 
061>1Y,:/ 
06MY'i 
06MY9 
06MY9 
06i~Y'1 
061vlY,;/ 

C 06MY." 
C*****P~JNT MEM8Ek END FUKCES UNLY FOk DIAGONAL MtM~Ek~ *****.***.*.***06~Y';/ 

C U6MY'i 

IF 

DO 

540 IF 
5'i0 

GO 
560 

GO 
570 

580 IF 
590 

GO 
600 

GO 
610 

NZ = NDM 
NZ.LE.O I GO TO 
MTYPEl = MTYPE4 

660 K = 1 , NZ 
I = INTLDIK) 
JL = IN I I ) 
I = INTRDIK) 
JR = IN I I) 
I = MTYPE(K) 
NN = INTLDIK) 
N = 1 

I NN.GT.NXL ) GO 
KKK = NN 

LLL = N 
TO 570 

NN = NN - NXL 
N = N + 1 

TO 540 
NN = INTRDIKI 
N = 1 
NN.GT.NXL I GO 
MMM = NN 
NNN = N 

TO 610 
NN = NN - NXL 
N = N + 1 

TO 580 
XCL XLCIMMMI 
YCL = YLC(NNN) 

670 

TO 560 

TO 600 

- XLCIKKK) 
- YLCILLLI 

06MY'i 
06MY,;/ 
06MYY 
06MY'i 
061>1Y9 
06MY9 
06,"1Y';/ 
06MY,;/ 
06iv1Y,;/ 
061~Y';/ 

061~Y'i 

06,v1Y'i 
06MY'i 
06MY9 
06MY'i 
06MY'i 
06MY9 
06MY9 
061~YY 

06MY'i 
06MY'i 
06MY'i 
06MY'i 
06MY'i 
06MY9 
06MY':f 
06MY9 
06MY." 
06MY,:/ 



C 
C 

FLENG = SORT ( XCL* XCL + YCL * YCL ) 
cx = XCL I FLENG 
CY " YCL I FLENG 
ROT(l) CX 
ROT (2) CY 
ROT(3) 0.0 
ROT(4) -CY 
ROT(5) CX 
ROT(6) = 0.0 
ROT(7) = 0.0 
ROT(S) 0.0 
ROT(9) 1.U 
Kl 3 * JL - 2 
K2 Kl + 1 
K3 = K2 + 1 
Ll = 3 * JR - 2 
L2 = Ll + 1 
L'l L2 + 1 
~P3 r¥I ( I) + 3 
MP4 = MP3 + 1 
~P5 = MP4 + 1 
PP = SM(4.l.I) * ( ROT(l) * u(l<.l) + ROTU) * u(1<.2) ) + 

1 SM(4.4.I) * ( ROT(l) * U(Ll) + RUT(2) * U(L2) ) 
IF ( ~IT.EO.O ) GO TO 625 
DO 620 J = 5. MP4 

P(J.J) = PP 
620 CONTINUE 
62~ DO 630 J = 3. MPS 

KEY(J) 1 
6Vl CONTINUE 

I<.EY(3) 3 
KEY(4) 4 
KEY(S) S 
I(EY(MP3) = 3 
I(EY("'1P4) 4 
KEY(MPS) 5 
WS(l) = ROT(4) * UIKl) + ROT(5) * UIK2) 
DWSIll = UIK3) 
WS(2) = ROT(4) * u(Ll) + ROr(5) * UILZ) 
DWS(2) = U(L3) 

CALL B-'KOL2 
61.0 CONTINUE 

DO 650' J 4. MP4 
PIJ.J) = 0.0 

6'ic) CONTINUE 
CALL OUTPUT2 

66 0 CONTINUE 
6F' CONT INlJE 

RETURN 
END 

SUBROUTINE UUTPUT2 
COMMON I BLOCl<.l I NPROB. HED(14). NEWPR. NIT. NXL. NYL. NAI"IT. 

1 NADM. NAJLR. NMT. NDM. NJLR 
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06MY., 
o 61'·'IY." 
06MYi 
ObMY., 
06,'iY., 
U6,'ltY':1 
J6,'~Y'" 
06iV,y., 
06MY~ 

06MY., 
U6MY., 
u 61'',Y 9 
06,"iY -) 
iJ 6tH ':1 
U61-1Y." 
o 6M Y':I 
U6HY., 
U6MY':1 
J61>1Y., 
(j 6,"1Y., 
06MY':1 
061"1Y." 
06tHJ 
06_"iY~ 

07ALJ., 
06MYi 
061'1 Y ':1 
06,"1Y':/ 
061 v1Y." 
06f-iY., 
J6Iv,y':I 
U61>1Y':I 
06MY,:/ 
J6MY':1 
o 61"1 Y ':I 
06MY':1 
061"iY., 
06MY':I 
061v,y." 
06f"lY'" 
06MY':I 
06MY,:/ 
06MY':I 
06MY':I 
06MY':1 
06MY':I 
06MY9 
06Mn 
06MY':I 
06MY9 
06MY':I 
06MY':I 
06MY':I 
06MY'-) ** 
06MY'-) 
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C 

COMMON I 
COMMON I 
COW-10N I 
COMMON I 

BLOCK2 I 
SRLOC1 I 
SBLOC6 .I 
SBLOC9 I 

KLINE. KSTOP. KPAGE 
I. K. KEY(57'. WS(5'. DWS(5) 
MTYPEI. JL. JR. PP 
FMOML. FMOMR. SHRL. SHRR 

06MY9 
06MY9 
06MY'i 
06MY9 
06MY'i 

C*****P~TNT MEMBER END FO~CES ONbY 
C 

************************************06MY9 

C 
C 

C 

IF ( KLINE + 9 - KPAGE I 10. lU. 20 
10 PRINT 510. MTYPEI. I. JL. JR. PP. FMOML. SHRL. FMOMR. SH~R 

510 FORMAT ( II. 14X. 5H ** • A5. 20H ** MEMdEk OF TYPE. 13. 
AND. 13. II. 20X. =. E12.3. I. 20X. 

1 16H BETWEEN JOINTS. 13. 5H 
2 23HAXIAL FORCE 
3 23HMOMENT AT LEFT END 
4 23HSHEAR AT LEFT END 
5 23HMOMENT AT RIGHT END 
6 23HSHEAR AT RIGHT END 

KLINE = KLINE + 9 
GO TO 30 

=. E12.3. I. 20X. =. E12.3. I. 20X. =. E12.3. I. ~OX. =. E12.3 ) 

20 PRINT 520 
520 FORMAT ( IHI ) 

PRINT 530. NPROB. ( HED(J,. J = 1. 14 , 
530 FORMAT ( 5H • BOX. 10HI-----TRIM • I. 

1 10H PR08 • I. 5X. A5. 5X. 14A5. 
2 20H TABLE 14 (CONT, • II) 

PRINT 510. MTYPEI. I. JL. J~. PP. FMOML. SHRL. 
'<L1 NE 20 

3(1 IF ( KLINE + 2 - KPAGE I 40. 40. 50 
40 PR PH ')40 

540 FORMAT ( II ) 

,0 
KL I ''lE 

CONTIr'lUE 
RETURN 
END 

KLINE + 2 

SUBROUTINE OUTPUT3 

III. 

COMMON I BLOCKI I NPROB. HED(14,. NEWPR. NIT. NXL. NYL. NAMT. 
1 NADM. NAJLR. NM T. NDI~' NJLR 

COMMON I BLOCK2 I KLINE. KSTOP. KPAGE 
COMMON I BLOCK4 I M(20). H(20). KODE(2U). 

1 F(57.Z0). 0(57.20). S(57.20). T(57.Zv). 
R(57.20,. AE(57.20). P(57.20) 2 

COMMON 
1 

I BLOCK~ I A(57). 8(57). C(57). W(57). DW(57). 8M(57). 

COMMON I S9LOCl I 
COMMON I SBLOC6 I 
COMMON I SBLOC9 I 

DbM(57). REACT(,7) 
I. K. KEY(57). WS(5'. DWS(5) 
MTYPEI. JL. JR. PP 
FMOML. FMOMR. SHRL. SHRR 

061"Y'i 
13AG'i 
06MY9 
13 .. 6'1 ** 
06MY9 
06MY'i 
06MY'i 
06MY9 
06MY'i 
06MY'i 
13AG9 
06MY:I 
06MY'i 
06MY,:/ 
06MY" ** 
06MY:I 
U6MY,:/ ** 
06MY'i 
06MY9 
06MY,:/ 
CJ6MY'i 
06MY'i 
06i"Y':i 
06MY:/ 
06MY9 
06MY':i 
06MY':i 
06MY'i 
06MY'i 
o 6i" Y 'i 
061"1Y9 ** 
06MY9 
06MY9 
06MY9 
06MY9 
06MY,:/ 
06MY9 
061-1Y,:/ 
06MY9 
06MY9 
06MY9 
06MY':i 

C*****DRT'lT cOM~LETE BMCOL OUTPUT 
C 

*************************************06MY9 

IF ( KLINE + 4 - KPAGE ) 10. 10. 20 
10 PRI"H 5JO."ITYPEl. I. JL. JR. PP 

500 FORMAT (/14X. 5H ** • A5. 20H ** MEMBER OF TyPE. 13. 
1 16H BETWEEN JOINTS. 13. 5H AND. 13. II. 20X. 
2 23HAXIAL FORCE =. E12.3 ) 

06MY9 
06MY9 
06MY9 
06MY9 ** 
06MY9 
15SE9 
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KLINE = KLI NE + 4 06MY,:/ 
GO TO 30 06MY';i 

2 PRINT 510 06MH 
510 FORIv1AT ( 1 H 1 ) 06MY';i 

PRI"lT 520. NPROS. ! HED(Ll. L = 1 • 14 I 06MY::/ ** 
5'1' FORMAT ( 5H • BOX. 10HI-----TRII\1 • I • 061-1Y,:/ 

1 10H PROS • I • 5X. A5. 5X. 14A5. III. 06,''4Y::I ** 
? 20H TABLE 14 (CONT) • II ) 06;-1Y::/ 

PRINT 500. MTYPEI. I • JL. JR. pp 06i"IY':I 
KLINE = 14 06,\1Y';I 

3n IF ( KLINE + 5 - KPAGE 40. 40. 50 06MY'i 
40 PRINT 530 06,'4Y t 

530 FOR,\1A T (II 40H ;:,TA 015T DEFL ::.L0PE 06,vlY'i 
1 36H MOM SHEAR SUP REACT • I ) 06MY':J 

IS TA = 0 06MH 
X '" J.O 06tv1Y'; 

DOI'l!T 540. ISTA. X. W (4) • BM (4). RF.ACT(4) 06MY::/ 
51~n FORMAT ( 5X. 14. 2X. 2EI2.3. lOX. f12.3. lOX. E 12 03 ) 06MY<:t 

KLI\lE KU NE + 5 u6MY;I 
GO TO 60 06MY", 

r;n PRINT 510 061viY,:/ 
PRTNT 520. NPROB. ! HEDIL). L 1 • 14 1 06i'4Y,} ** 
PRINT 530 06MY", 

ISTA = 0 061>1Y';1 
X = 0.0 v6MY':I 

PRINT 540. ISTA. X. W (4) • 8M (41. REACTI41 06MY';1 
KLI NE = 14 06MY", 

6 '1 MD4 = ~ (II + 4 06t"H':t 
DO 120 J 5. MP4 06<,"iY9 

ISTA J - 4 06,YlY'i 
ZI = ISTA J6MY,:/ 
X = Z 1 * H ( I ) 06MY'; 

IF ( KLI NE + 1 - KPAGE I 70, 70. 80 Q6MY,:/ 
70 PRINT 550. D'N (J) • DB,\.1 (J) 061''4Y':/ 

550 FOR'>1AT ( 34X. E12.3. lOX. E12.3 06i"IY::I 
KLI NE = KLI NE + 1 061vlY", 

GO fO 9u 061'4,(::1 
Br: PRINT 510 06MY') 

PRINT 520. NP ROB. ( HED(l). L 1 • 14 I 06i1ljY,:/ ** 
PRT"lT 530 06MY,:/ 
PRINT 550. ,)W(J), DBM(J) 06MY':f 

KLI NE = 16 06MY,:/ 
90 I" / KLINE + 1 - KPAGE 1 100. 100. 110 06MY,:/ 

] I~ PRINT 540. ISTA. X, W (J j, BM! J). REACT!J) 06MY9 
KLI NE KLINE + 1 06MY9 

GO TO 120 06MY'i 
110 PRINr 510 061>1Y'i 

PRINT 520. NPROB. ( HED(L) • L = 1 , 14 1 06MY'i ** 
PRINT 530 06MY':f 

PRINT 540, 1ST A. X. W (J) • BM!J), REACT!J) 06MY9 
KLINE = 16 06MY'i 

120 CONTINUE 06MY'i 
QETURN 06MY::/ 
"ND 06MY9 

C 06MY9 
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C 

C 

SUBROUTINE BMCOl2 
COM~ON I BlOCK4 I 

1 
2 
CO~~ON I BlOCK6 I 

1 
CO~MON I SAlOCl I 
COMMON I SBlOC9 I 

M(201. H1201. KUDEI201. 
FI51.20). ~151.2ul. ~151.20). T(51.2v). 
RI51.20). AEI51.201. P(51.201 
A ( 51 I. B ( 51). C ( 51 I. W ( 51). Do'i ( 511. BM ( 51 I • 
DdM(511. REACT(51) 
I. K, KEY(51lt WS(51t DWS(5) 
FMOMl, FMOMR. SHRl. SHRR 

06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY<:1 
06MY,:/ 
06MY,;/ 
06MY9 
06MY9 

C*****CO~PUTE BMCOl QUANTITIES AND SET MEMBER END FORCES 
C 

**************06MY9 
06MY9 
06MY,:>, 
o 6,1.1Y ':1 
06MY':1 
06MY9 
06MY':1 
06MY9 
06MY9 
06MY':1 
06MY9 
06MY9 
06MY9 
06MY9 
06MY9 
06MY,::/ 
06r-IY:I 
06MY'i 
06MY9 
06MY,:>, 
06MY9 
06MY:I 

10 

20 

10 
40 

50 

1 
2 

1 

COl'll I NUE 
HT2 = HII) + HIlI 
HE2 = H(II * HII) 
HE'3 = HIll * HE2 
MP 1 = M I I I + 1 
'1P2 = MP1 + 1 
'1P'3 :: MP2 + 1 
t.1P4 = MP3 + 1 
~P5 :: MP4 + 1 
MP6 = MP5 + 1 
MP1 :: MP6 + 1 
NS = 1 
A(l) = 0.0 
A(2) = 0.0 
Bill 0.0 
0(2) = 0.0 
((1) = 0.0 
C(2) :: 0.0 

DO 90 J:: '3. MP5 

IF 

AA = F{J-l.l) - 0.25 * HIlI * R(J-1.1) 
BA = -2.0 * I F(J-l.I) + F(J.II ) - HE2 * P(J.II 
CC = F{J-l.II + 4.0 * F(J.II + F{J+1.11 + HE3 * ~I~.II 

+ 0.25 * H I I) * I R I J-l • I I + R I J+ 1. I I I + 
HE2 * I P(J.I) + P(J+l.11 ) 

DD :: -2.0 * ( FIJ.11 + FIJ+1.11 I - HE2 * PIJ+l.II 
EE = F(J+1.ll - u.25 * HIlI * R(J+1.II 
FF = HE3 * QIJ.II - 0.5 * HE2 * I TfJ-1.11 -

TIJ+1011 I 
E = AA * BIJ-21 + B8 
DENUM = E * 81J-11 + AA * CIJ-2) + CC 
DENOM I 30. 20. 30 
D = 0.0 

GO TO 40 
D = -1.0 I DENOM 
C(J) = D * EE 
B ( J I = D * ( E * C I J-1) + DD I 
AIJ) :: D * ( E * AIJ-1) + AA * A(J-2) - Ff ) 
KEYJ = KEY(J) 

GO TO I 90. 50. 60. 50. 10 I. KEYJ 
C{J) = 0.0 
B(J) = 0.1.1 
AIJ) = WSINS) 

IF I KEYJ - 3 I 80, 60. 90 

06MY9 
06MY'i 
06MY':f 
06MY9 
06MY,:/ 
06Mi,;/ 
06MY':1 
06Mi'i 
06MY9 
06MY':1 
06MY9 
06MY'7 
06MY9 
06MY9 
06MY':1 
06MY9 
06MY'::/ 
06MY,;/ 
06MY9 
06MY'i 
06MY9 
06MY9 
06MY'i 



60 

10 
1 

80 
90 

101 

110 

120 

130 

1 

1 
2 
'3 
4 
5 
6 

OTEMP 
CTE"'P 
sTEMP 
ATEMP 
ClJ) 
BIJ) 
AIJI 

GO TO 90 

= 
:: 

:: 

::: 

= 
:: 

:: 

0 
CfJI 
BIJ) 
AIJ) 

1.0 
0.0 
-HT2 * DWSINSI 

DREV :: 1.0 / I 1.0 - ~TEMP * d1J-11 + CTtMP - 1.0 I 
* D / OTEMP 

CREV :::: DREV * CIJI 
BREV:: DREV * I BIJI + I BTEI"lP * CIJ-ll ) * D / DTEMP 
AREV = DREV * ( AIJI + I HT2 * DW~(NS) + ATEMP + 

STEMP * A(J-lJ ) * D / t>TEMP 1 
C(J) :: CREV 
B(J) = BREV 
A(J) :: AREV 
NS = NS + 1 

CONT I NlJE 
WIMP6) = 0.0 
WIMP7) = 0.0 

DO 100 L = 3, MP5 
J = Mil) + 8 - L 
W(J) = AIJ) + BIJI * WIJ+l) + CIJ) * wIJ+2) 

CO,."rINUE 
1'1(21 = 2.U * w(3) - 1'1(4) 
WIMP61 = Z.O * WLf>.1P5) - I'IIMP4'l 

DO 110 J = 3. MP5 
DW I J) = I -W I J-lI + 1'1 (J) ) / H ( I ) 
8MIJ) = F(J.II * I wlJ-lI - 2.0 * W(J) + W(J+l) ) / HEZ 

CONTINUE 
8MI21 ::: 0.0 
BMIMP6) 0.0 

DO 120 J::: 3. MP5 
DBMIJ) ::: I -BMrJ-ll + i:3MIJI ) / HilI 

- prJ.II * ( -WIJ-ll + WIJI ) / HII) 
REACTIJ) ::: ( SM(J-I) - 2.0 * BMIJI + ~MIJ+l) ) / HIlI 

- Q(J,I) + ( TIJ-l.11 - TIJ+l,I) ) / I 2.0 
* HIli) - I RIJ-l,ll * WIJ-21 - RIJ-l.I) 

CONTINUE 

* W(J) - RIJ+l.II * WIJ! + R(J+l.I!" • W(J+2) 
/ 14.0 * HEZ ,- P(J,I) * WIJ-l! - PIJ.I) 
* WIJI - PIJ+l,l) * WIJ) + PIJ+l,l) * WIJ+ll 

/ HilI + SIJ,I) * vdJ) 

DBI4 ( 5) = DoM 15 I - 8M I 4 I / H I I ) 
DBMIMP4) :: DBMIMP4) + SMIMP4) / HII) 
REACT(5) = Rt::ACT(5) + dM14} / HilI 
REACTIMP3) ::: REACTIMP3) +BMIMP4) / HII) 
BMI41 = 2.0 * BM(4) 
BMIMP4) = 2.0 * BMI~P4) 
FMOML ::: BM(4) 
F"10MR = BMIMP41 
SHRL = REACT(4) 
SHRR - REACTIMP4) 

CONTINUE 

RETURN 
END 

06MY9 
06MY9 
06MY>' 
06MY') 
06MY~ 

06MY9 
06MY,;/ 
ObMY~ 

06MY,;/ 
06MY') 
06MY') 
06MY9 
06Mn 
06MY~ 

06MY9 
06MY,;/ 
06MY,;/ 
06MY,;/ 
06MY~ 

06MY,;/ 
06MY'i 
06MY,;/ 
06MY') 
06MY,;/ 
06MY9 
06MY';/ 
06MY~ 

06MY~ 

06MY'i 
06MY~ 

06MY:t 
061>1Y ~ 
o 6 iii Y':1 
06MY':1 
06MY~ 

06MY9 
06MY~ 

06i'iY9 
()6MY~ 

)06MY';/ 
06MY9 
06MY,;/ 
06M Y':1 

" 06MY>, 
15.::>E'i 
l5;;,E,;/ 
15.::>E~ 

15;;,U 
06MY9 
06MY9 
06MY9 
06MY';/ 
06MY9 
06MY'J 
06MY'J 

06MY9 
o bMY'J 

139 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



APPENDIX 4 

INPUT DATA FOR EXAMPLE PROBLEMS 
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.... 
t 

IDENTIFICATION CODED BY , DATE 3-.7/-6 ~ 
PAGE_OF 
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EXAMPLE PROBLEMS - DIRECT PLANE FRAME SOLUTION - WPD/JRR 
SAMPLE INPUT AND PROBLEMS FOR APPENDICES 4 AND 5 - CODED 3/69 

PRI0l SIMPLE FRAME AFTER HM/TAH PRISMATIC MEMBERS 
1 3 3 1 0 0 0 
2 3 

O.OOOEOO 2.0001:01 
O.OOOEOO 1.000EOl 2.000EOl 

1 20 I 1 5.000E-Ol 
0 20 1.000E02 2.000E04 

2 40 1 1 0.500EOO 
0 40 3.000E02 2.000E04 

'3 20 1 1 0.500EOO 
0 20 2.0001:02 2.0(,OE04 

0 
0 
2 
0 1 
3 3 
1 2 1.000E20 1.000E20 1.000E20 
1 3 1.500EOO 
2 1 1.000E20 1.000E20 1.000E20 

PR 1("l 2 SIMPLE FRAME AFTER HM/TAH NON-PRISMATIC MEMBERS 
2 3 0 I 0 4 0 

4 20 3 1 5.("l00E-OI 
0 20 0 ].000E02 2.000E('4 

5 40 3 1 5.000F-Ol 
0 40 0 '3.000F02 2.000E04 

6 20 3 1 5.000E-Ol 
a 20 0 2.000E02 2.000E04 

4 1 2 1 3 
5 1 3 2 3 
6 2 2 2 3 
6 2 1 2 2 

PRI03 MUL T I -STORY FRAME AFTER HM/BRG - NO SIDESWAY 
1 11 7 3 0 0 0 
4 4 

O.OOOEOO 1.800E02 3.600E("l2 6.00C\t=02 
O.OOOEOO 1.440E02 2.640f02 3.840E02 

1 30 I 6.000EOO 
0 30 1.920E08 1.000EIO 

2 30 2 1 6.000EOO 
0 30 1.920E08 -6.000EOI I.ooono 

3 20 1 6.000EOO 
0 20 6.480E08 1.000no 

4 30 2 1 6.000EOO 
0 30 6.480E08 -1.125E02 1.000ElO 

5 30 1 1 6.000FOO 
0 30 6.480E08 1.000EI0 

6 40 2 1 6.nOOEOO 
0 40 6.480E08 -1.125E02 1.000ElO 

7 20 1 6.000EOO 
0 20 1.536E09 1.000EI0 

8 30 4 7 6.000EOO 
10 10 -2.500E04 
20 20 -2.500E04 
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0 30 1.536E09 1.000ElO 
0 1.596FI0 

10 ('I.OOOFO(1 
20 (1.(100FOO 

30 1.596EI0 
0 30 4 5 6.(100"'''0 

0 30 1.536F09 -1.12')F02 1.000EI0 
0 1.596tlO 

10 O.OOOEOO 
20 0.000EOO 

30 1.596EI0 
10 40 4 6 6.000FOO 

20 20 -5.000F04 
0 40 1.536ECl9 1.000EI0 
0 1 1.596Fl0 

14 0.0(10E00 
26 1 n.0(10EOO 

40 le596FI0 
lJ 24 '3 2 6.000F1"l0 

0 24 5.1A4f09 1.000EI0 
12 24 1.265E03 

0 
fl 9 1(1 
4 ') 6 
1 2 0 

11 7 3 
11 7 '1 

11 7 '1 

11 7 f') 

1 1 1.000f20 1.000E20 1.0(10F20 
2 1 1.000E20 1.000F20 1.Q(1(1E20 
'3 1 1.000E20 1.000E20 1.000E20 
4 1 1.000"'20 1.000E2(1 1.01'("'E20 
3 4 1.000E20 
4 2 1.000E20 
4 3 1.000E20 
0 0 
1 1 2 
1 1 
1 .? () 

1 1 1 
2 1 1 
1 1 1 
1 1 0 

PR201 TWO-BAY BENT. LOADS APPLI ED TO r~EMBERS 

1 4 9 3 0 0 
3 3 

O.OOOEOO 2.160E02 4.320F02 
O.OOOEOO 4.440F02 6.(160F()? 

If! 1 1 1.?on""nl 
0 If! 4.950FOR 5.450Fn6 

2 18 2 2 0.000"'(10 
0 18 1.99('F08 3.530Fn6 
9 9 1.520FOO 

3 If! 1.200F(11 
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0 18 4.050E08 5.4(lOE06 
4 37 2 2 1.20nEOI 

0 37 4.130E08 5.1COE06 
14 14 3.360EOO 

0 0 
3 3 
1 1 
4 i' 
4 2 
4 2 
1 1 1.000E20 1.00QE2n 1.0C\t"lE20 
2 1 1.000E20 1.000E20 1.0t"lt"lf2('1 
3 1 1.000E20 1.000E20 1.00t"lF2C 
1 2 -3.000EOI 
2 2 -3.00nFOI 
3 2 -3.000EOI 
1 3 2.160EOI -1.840E02 
2 3 -1.840E02 
:3 3 -2.l90F02 
0 0 
1 1 
1 1 
2 2 
2 2 
2 2 

PR20? TWO-BAY BENT, LOADS APPLIED TO JOINTS 
1 5 15 1 0 0 
3 5 

O.OOOEOO 2.160E02 4.:320E02 
O.OOOEOO 2.760E02 4.440F02 5.250E02 6.060E02 

1 H! 1 I I.?onFOl 
0 18 4.950E08 5.450E(16 

2 9 1 1 9.0001'"00 
0 9 1.990E08 3.530E06 

3 18 1 1.200FOI 
0 18 4.050E08 5.400E06 

4 14 1 1.20nEOI 
0 14 4.130E08 5.IOOE06 

5 23 1 I.200EOI 
0 23 4.130E08 5.IOOE06 

0 0 
0 0 
3 3 
0 0 
1 1 
5 4 2 2 
r; 4 2 2 
5 4 2 2 
1 1 I.COOE20 I.00CE20 1.000E20 
2 1 I.000E20 1.000E20 I.000E20 
3 1 I.000E20 1.000E20 1.000E20 
2 5 -I.840E02 
1 5 2.160EOI -1.840EO? 
3 4 1.520EOO 
2 4 1.520FO(l 
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1 4 1.520fOO 
1 '3 -3.000F01 
2 3 -3.000E01 
3 3 -3.000F.Ol 
1 2 3.360EOO 
2 2 3.360EOO 
3 2 3.360EOO 
3 5 -2.190E02 

PR203 TWO-BAY BENT. SECOND LOADING CONDITION 
2 (') 9 1 0 0 0 
1 2 -7.760E(,)0 
2 2 -7.260EOO 
3 2 -7.2601:0('1 
1 4 -10020EOn 
2 4 -I.f'20FOn 
3 4 -I.020EOO 
1 5 -7.400EOO -1.320E02 
2 5 -1.320E(,)2 
3 5 -1.070E02 

PR2C4 PR203 WITH INVESTIGATION OF AXIAL EFFECTS 
2 0 0 1 0 0 10 1.00E-04 I.OOE-05 

PR,O] nNE RAY RENT '.-1 I TH VEPTICAL COLUMNS 
1 3 6 1 Q a 0 
2 3 

O.O:'1('1FOO 7.4t'\0~02 

0.OO0EOO 2.6401:02 3.69nF()2 
22 '3 2 1. nOF('I1 

Cl 22 1.990F08 3.530'En6 
7 22 2.400EOA 

2 15 1 7.000EOO 
0 15 1.990E08 3.530E06 

3 20 1 1 1.200E01 
0 20 I.C20E09 6.930E06 

0 
0 
3 
1 2 
1 2 
1 1 2.000E02 
2 1 2.000E02 
1 2 1.800EOO 
2 2 1.800EOO 
1 3 10830EOI -4.000E02 
2 3 10830EOI -4.350E02 

PR302 ONE (3AY BENT wITH BATTERED COLUMNS 
1 4 6 1 4 0 (l 
6 3 

O.OO~EOO 2.2MEOI 3.(l7,)Fnl 2.7075~02 2.79,)f02 3.015E02 
O.OO('lEO(l 2.640F02 3.6 9 OFJ12 

22 3 2 1.?04EOI 
0 22 1.990f08 3.530E06 
0 15 2.408 EOA 

2 15 1 7.024FOO 
0 15 I.990E08 3.530E06 

'3 20 1 1 I.20nEOI 
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0 20 1.('I20E09 6.930£06 
4 22 3 2 1.704E01 

0 22 1.990E08 3.530F06 
7 22 2.408EOI'\ 

0 0 3 () 0 
0 I) 

0 (1 
0 0 
0 a 
0 0 
0 ('\ 

1 1 1 2 ? 
2 2 2 3 3 

2 4 :3 5 7 
4 5 '2 6 1 
1 1 2.000E02 
6 1 2.000E02 
2 2 1.800[00 
5 2 1.8(10EOO 
3 3 1.830EOI -4.000E02 
4 "3 1.A:30FOl -4.350E'0? 

TERMINATE 
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COMPUTER RESULTS FOR EXAMPLE PROBLEMS 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



PRnA 
PR]Ol SIMPLE F~AME AFT~~ HM/TAH -- PRISMATIC MtMRERS 

•••• INPUT INFORMATION •••• 

TARLE, -- PROGRAM CONTR~L OATA 

NFWPR NAMT NAJL~ KOIIT NAr'lM NCOM 

1 3 1 

TABLE , -- X AND Y LINE CO(lRnTNATES 

NXL = 
NYL = 

X LINE 

Y LINE 

1 
2 
3 

2 
3 

cnORr'lTNATE 

O. 
'.000E+01 

n. 
1.onn~+01 
2.1)00E+01 

o 

NIT nT(lL 

o -0. 
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PROR 
PRlO} SIMPLE FRAME AFTFR ~M/TAH -- PRISMATIC MFMBERS 

TARLE ) -- MEHREP TYPE DATA 

TYPE M KOOE Noe 

1 20 1 1 s.nOIlF-Ol 

FROM TO CONTO 

o (10-0 

TYPE 

F 

1.nOOf+02 -0. 

M KODE NI')C 

S 

-no -0. 

2 40 

FROM TO CONTO 

o 40-0 

TYPE 

3 

FROM TO CONTO 

o 20-0 

F n 

3.0001:+02 -0. 

M KC'IOE NDC H 

1 5.00IlF-0l 

F 

?.OOOE+OZ -0. 

S 

-no -0. 

5 

-n. -0, 

TARLE 4 -- MEMRER INCIOEt!CF: OATA 

ALONG 
Y LINE 

1 

2 

3 

ALONG 
)( LINE 

2 

1 

o 

o 

2 

ME~BER TYPE~ RETwEEN X LyNES 
2< 

MEMBER TYPE~ 8ETwEEN Y LINES 
2 1 

o 1 

3 3 

T 

T 

T 

-I). 2.00nF+04 

-fl. 2.000F+04 

p AF 

2.000f+04 



PRt'lB 
F'Rl01 SIMPLE F~AME AFTFR HM/TAH -- PRI~HATIC MFMBERS 

TABLE ~ -- DIAGONAL MEMBFR INCTDENCE 

LEFT END RIGHT EN" 
)( LINE Y LINE X LtNji:" Y LTNE 

NONE 

TA8LE " -- APPLIED JOINT LOAn!; AND RESTRA t~ITS 

)( LINE Y LINE P)( py pZ SX 

1 2 -0. -/). -0. 1.nOOE+t'O 
1 3 1.S00E+OO-o. -n. -0. 
2 1 -n. -0. -0. 1.{100E+20 
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SY Sl 

\.OOOr+20 1.OOOF+?n 
-0. -n. 

I.OO/)E.+20 1 .0 (\ n F ... ?,' 
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PRoS 
PRI01 SIMPLE ~~A~E ArT~R HM/TAH -- PRI~MATIC MF.MBERS 

**** OUTPUT INFOR~ATION **** 

TA~LE 11 -- JOINT NU~BER~ 

X LT NE" 

Y LINE 1 , 

3 

2 , 

1 

TA~LE 12-- JOINT o I SPLACr'MF'~ITC: 

JnYNT x OYSPL Y rnSPL THF.:T A Z 

1 3.474E-21 -4.156E'-21 -3.650E-20 
2 1. 153E-2r' 4t.156E-21 -6.51lE-21l 
3 6.j)31E"01 -2.01RF-04 "9.5ME-02 
4 1.335E+O(\ 2.078F.-n4 -7.482E-0'. 
5 1.334E+OII -4.156E-04 -1.761E-02 

TABLE 13-- JOlr-.JT REACT IO'IS 

JoINT Fl( rY M7 

2 -1.15;\E+01"! -4.156E'-nl 6.S11E+OO 
1 -3.474E-01 4.15"E-Ol 3.650E+1)0 



PRne 
PRI01 SIMPLE FRAME A~TE~ ~M/TAH -- PRISMATIC MEMBERS 

TARLE 14--- INDIvIDUAL M~M~F.P nATA 
(DESIGNERS STGN cnNVENTION) 

•• totORIZ •• "EM~F'R OF TYPE 

A)(IAL FORr"E = 
MOMENT AT LEFT END = 
SMEAR AT LEFT END = 
MOMENT AT RYGHT END • 
SMEAR AT ~Ir.HT F.NO = 

•• VEPTL •• "EMFI!:D OF TYpE 

AXIAL FORrE =: 

MOMENT AT L!='FT fNO III 

SHEAR AT LEFT F:"JD :II 

MOMENT AT RYGHT END = 
SHEAR AT [)IGHT FI\'O = 

•• VERTL •• vEMFlFR OF TYPE 

AlfJAl FORCE = 
MOMENT AT LFFT END == 
SHEAR AT LEFT FNO III 

MOMENT AT RIGHT END ::II 

SHEAR AT ~Ir.HT END = 

•• VEPTL •• "'EMAE"R OF TYPE 

AX IAL FORr'E = 
MOMENT AT LEFT END = 
SHEAR AT LEFT END = 
MOMENT AT RIGHT END = 
SHEAR AT PfAHT END = 

2 ~ETwEEhI JOh!T5 

-3.414E-Ol 
S.OO9E+OO 

-4.151E-Ol 
-3.293E+OO 
-4.151E-Ol 

1 I:!I::TIrIF.EI\' JOI~JTS 

4.15bE-OI 
-4. 98bE+OO 

1.147E+OO 
b.482E.+00 
1.147E.+00 

3 BETWEEN JOINTS 

-4.15bE-01 
1.1:147E-Ol 
3.~57E-Ol 
3.b42E+OO 
3.457E-Ol 

3 BETwF:EN JOINTS 

-4.15bE.-01 
-3.2~OE+OO 

3.457E-Ol 
1.b74E-Ol 
3.457E-Ol 
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4 ANI'" C, 

2 AW) 4 

1 ANf'\ 1 

3 ANn <; 
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PROB 
PR}02 SIMPLE FRAME ArTER H~/TAH -- NON.PRISMATYC ME~RERS 

•••• INPuT INFOR~ATION •••• 

TASLE 1 -- PROGRAM CONTROL nAT~ 

Nf'''PR NAHT NAJLR KOIIT NAI)M NCO~ NIT oTnL 

2 :1 o 1 o 4 o -0. 

TARLE? -- X AND V LINE ~onRnTNATES 

USING X AND V LTNE ~ATA ~ROM PREVyOUS PROBLEM 

TA8LE 1 ... - MEM8ER TVpE O~TA 

USING DATA FROM PREvIOUS PROBLEM PLUS THE FOLlO~I~G 

TYPE M KnOE Noe 

4 20 3 1 5.00nf-ot 

FROM To CONTO 

o ;:to 0 

F 

1.000[+02 -0. 

TYPE M KODE Nne 

5 40 S.oonE-Ot 

FROM TO CONTO F 

o 40 0 :1.00()E+02 -0. 

TYPE M KOOE NOC 

6 20 

FROM TO CONTO 

o 20 0 

3 5.000E-01 

F 

2.000E+OZ -0. 

s T 

-0. -0. -0. 

s T 

-0. -0. -0. 

s T 

-0. -0. -0. 

RTnL 

AF 

2.000F+()4 

AE 

AF 

Z.000F'+04 



PROB 
PR102 SIMPLE FRA~E AFTFR ~M/TAH -- NON-PRISMATTC ~€MREQS 

TA~Lf 4 -- MEM~ER INCInE~lCF DATA 

ALONG 
Y LINE 

2 

3 

ALO~G 

X LINE 

1 

2 

o 

o 

5 

MEM8ER TYPE~ RETwEEN X LINES 
2 

MEMBER TYPE~ RET~EEN Y LTNES 
t 2 " 

o 4 

TARLE 5 -- DIAr,ONAL MEMB~R INrTDE~CE 

LEFT END RJGHT EN" 
X LINE Y LINE I LINF Y LINE 

NO ADDITIONAL (I AT A 

TARLE ~ -- AppLIED JnINT LI')AI'lC; ANO QFSTRAI~ITS 

NO ADDITIONAL DATA 
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PROB 
PRI02 SIMPLE ~RA~E A~TER H~/TAM -- NON.PRISMATIC MEMBE~S 

•••• OUTPUT IN~ORMATrON •••• 

TARLE 11 -- JOtNT NUMBER5 

Y LINE 

3 

2 

JOINT 

1 
2 
:1 
4 
5 

4 

, 

x OrSPL 

3.47QE-2] 
1.15?E-2'" 
/').249E-01 
1.33QE+on 
1.33QE+on 

TARLE 13-- JOINT RF.:ACTJO~IS 

JOINT 

2 
1 

FX 

-1.152E.00 
-3.47QE-Ol 

X LINE 

Y I"lrSPL 

-4.157E-21 
4.157E-21 

-2.018E-04 
2.078E-04 

-4.157E-04 

FY 

-4.157E-Ol 
4.157E-Ol 

THETA Z 

-3.6SI'lE-20 
-6.50QE-20 
-9.5~C:;E-02 
-7.4AnE-02 
-1.715E-02 

6.50QE+OO 
3.656E+OO 



PRI'l8 
PRI02 SIMPLE FRAME AFTFR W~/TAH -- NON-P~ISMATJC MF~REPS 

TARLE 14--- INf)IVlLHlAL MF'M~F.:R nATA 
(DEStGNERS SIGN CONVENTION) 

** HORtZ ** "E"lRFP OF TYPE 

utllL FORI"E :: 

MOMF,NT AT LFFT EN!) :: 

SHEA~ AT LEFT f'ND :: 

MOMENT AT RTGHT EN!) :: 

SHEAR AT ~Jr;HT FNI1 :: 

** VERTL ** '4EM~fP OF TYPE 

AxIAL FnRt"E = 
MOMENT AT LFFT FND :: 

SHEAR AT 1.f:.FT f': ~If) 0: 

"'OMfNT AT RIGHT FNO 0: 

C;WEAR AT "'IGHT nm :: 

** VEPTl ** I'EMRFP Of TYPE 

AxIAL F()~t"E 0: 

M()II1F ~JT AT LF"FT END :: 

SHEAR AT LEFT nm :: 

MOMt="NT AT RTGHT Er-1!1 0: 

SHF:AR AT !)Ir;HT nm :: 

** vERTL ** <AE,MRFP ()f TypE 

AXIAL FORt"E 0: 

MOMF"NT AT LFFT END :: 

SHEAR AT LEfT FN[) 0: 

MOMENT AT RY<;HT fNO :: 

SHEAR AT I'JGHT fND :: 

5 ~f:.TwFE"J JOJ~'T~ 

-3.4"9E-01 
5.013E+OO 

-4.151E-01 
-3 • .301£+00 
-4. 151E.-O 1 

4 ~t:. TwFE~1 JO I r,' T C; 

4.1!:>7E-OI 
-5.013t::+01) 

1.152E+00 
~.50qE+00 
1.1521:+00 

6 tlt::TWfE'" J()I~,TC; 

-4.1!)7E-Ol 
1. 1fSt:.-o 1 
3.47~1:-(Jl 
3.656E.+OO 
3.419E-!l1 

1'1 tiETwEEf.J JuI",T<; 

-4.1571:.-01 
-3.301E+OO 

3.479F-01 
1.HSE-O! 
3.4791:-01 
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4 II ~Jf' c; 

t' lIH"'I 4 

1 A~1I1 .1 

3 1l~.P ;:; 
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PROe 
PRI03 ~ULTI-STORY FRAMf A~TER H~/BRG - NO SIOESWAY 

•••• I~PUT INFoRMATION •••• 

TARLE 1 -- PROr.RAM CONTROL nATA 

1 11 7 3 o 

TA~LE ? -- X AND Y LINE COORnTNATES 

NXL = 
NYL • 

x lINE 

Y 

1 
:'. 
3 
4 

Llt..JE 

2 
3 
4 

4 
4 

n. 
1.AOOE+02 
3.600E+0? 
".nnnE+O? 

cnOPOI"IATE 

O. 
1.44nE+02 
?640E+02 
3.A4nE+02 

NIT 

o o -0. 

OTal 

-no 



PROS 
PRI03 MULTI-SToRY FR~MF AFTER H~/BRG - NO SIOESWAY 

TARLE 3 .- MEMRER TYPE DATA 

TYPE M KnOt Nnc 

30 

FROM TO CONTO F 

o 30-0 -0. 

TYPF. M Knot NnC 

2 10 2 b.nOflF'+on 

FROM Tn CONTD F 1'\ 

o 30-0 

TYPE M KnOE NnC 

3 20 

FROM TO CONTO F 

o 20-0 "'.48nE+Ofl -0. -no 

TYPE M KnOE NDC 

4 30 2. 

F FROM TO CONTO 

o 30-0 ~.480E+Ofl -1.12~F'+02 -0. 

TYPE M KODE NOC H 

5 30 1 

s T 

-0. 

s T 

-0. 

s T 

-0. 

s T 

-no 

177 

-no 

R 

1.0()(W+\P 

AF 

-0. 
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PR(18 
PRI03 MULTI-STORY FRAME AFTER HM/BRG - NO SIOESWAY 

TABLE 1 (COllin 

F FR('\M TO CONTD 

o 10-0 "'.480E+OA -0. 

TYPE to4 KODE Nne 

40 2 1 6.nOOE+00 

FRnM TO CONTD F 

o 40-0 

TYPE to4 KnOE NOC 

7 20 1 

FROM TO COt>HO F I') 

o 20-0 1.536f+09 -0. 

TYPE ~ KOOE NOC H 

8 30 4 7 6.00nE+00 

FROM TO CONTO F' f.\ 

10 10 -0 -I). -2.sonE+04 
20 20 -0 -0. -2.500~+04 

0 30 -0 1.53&E+09 -0. 
0 1 1.C;9bE+I0 -0. 

10 -0 O. -0. 
?O 1 n. -0. 

30 -0 1.59('E+10 -0. 

TYPE M I'COOE NOC 

30 4 5 6.00I)E+00 

5 T 

-0. -0. 

s T 

-0. 

S T 

-0. -0. 

S T 

-0. -0. 
-0. ·0. 
-0. -0. 
-0. -0. 
-0. -0. 
-0. -0. 
-0. -0. 

-(l. I.OOOF.]O 

p 

1.000F+IO 

AF 

-0. 1.000F+I0 

R Af 

-n. -0. 
-0. -0. 
-0. 1.000F+I0 
-0. -0. 
-I). -0. 
-0. -0. 
-0. -0. 



PROS 
PR]03 

TABLE 

FROM 

0 
0 

lIO 

FROM 

20 
0 
0 

2" 

FROM 

0 
12 

MULTY-STORY FR~MF AFTER HM/B~G - NO SIOE~WAY 

3 (CONTI 

TO CONTO F ~ S T 

30 -0 1.536E+011 -1.12co.E+02 -0. -0. 
1 1.C;96E+lo -0. -0. -0. 

~ 0 -0 1"1, -0. -1"1. -1"1. 
1 o. -0. -0. -0. 

31"1 -0 1.C:;116E+ln -0. -0. -0. 

TYPE M MDE Nne i-I 

In 40 4 6 6.1"101"11'::+01"1 

Tn CONTO F t'\ <; T 

20 "0 -0. -S.OOt'\F+04 -1'1. -0. 
40 -0 1.1:,3f,F+09 -0. -1"1. -0. 

1 1.1:,116E+l0 -0. -0. -0. 
14 -0 O. -0. -0. -0. 

1 o. -0. -1"1. -n. 
41) -0 1.C:;96E+ln -0. -11. -0. 

TYPE M KOOE Nl)e H 

11 24 3 2 6.1'I0I'lE+OO 

TO CONTO F 1"\ S T 

24 -0 =i.lA4E+09 -0. -0. -0. 
24 -0 -0. -0. 1.l>6C;E+o3 -0. 

179 

R III' 

-fJ .. 1.001"lt:"+1<.1 
-n. -0. 
-11. -0. 
-1"1. -0. 
-1"1. -0. 

R fl· 

-q. -0. 
-0. 1.l)on~+lO 

-0. -0. 
-n. -n. 
-0. -0. 
-fl. -1"1. 

~ Ilf 

-0. 1.000r.llJ 
-0. -0. 
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PROS 
PR]03 MULTI-STORY FRAMF. A~TER ~~/BRG - NO SIDESWAY 

TARLE 4 -- MEMRER INCIDE~CF DATA 

ALONG 
Y LINE 

MEMBER TYPE~ BETWEEN X LTNES 
2 '1 4 

o n o 

? a q 1 n 

3 4, 5 

2 0 

AI.ONG 
X LINE 

ME"IBER TYPE5 RETItIEF.N Y LTNES 
2 '1 4 

11 1 3 

2 11 1 3 

3 11 1 ~ 

11 7 n 

TABLE ~ -- DIAGONAL MEM8~R INr.TDENCE 

LEFT END RIG~T F'NI"I 
x LINE Y LrNF x LIN~ Y LTNE 

NONE 

TABLE A -- APPLIF'D JOINT LOAn5 AND RESTRAINTS 

X LINE Y LINE PX PY pZ 

1 1 -0. -0. -0. 
2 1 -0. -0. -0. 
3 1 -0. -0. -0. 
4 1 -0. -0. -0. 
3 4 -0. -0. -0. 
4 2 -0. -0. -0. 
4 3 -0. -0. -0. 

SX SY sz 
1.nOOE+20 1.0nOE+20 1.000E+20 
1.000E+20 1.000E+20 1.000F.+20 
1.000E+20 1.000E+20 1.000E+20 
1.000E+20 1.000E+20 1.000r+20 
1.000E+20-0. -0. 
1.000E+20-0. -0. 
1.000E+20-0. ~o. 



PROB 
PRI03 MULTI-STORY FRA~F AFTFR H~/eRG - NO SlnFSWAY 

.. *. OUTPUT INFORMATION •••• 

TARLE 11 -- JOINT NUMBER~ 

)( LP.lF 

Y LINE , 4 

4 13 14 1 c:; n 

3 Gl 1 t' 1 1 I;::' 

5 f, .., 

~ 4. 

TARLE lZ-- JOINT o r SPLAC"'MFf\IT~ 

JOINT l( DlSPL Y r)tSPL THFTA 1 

-A.449E-17 -Z.o!:;4!'-]/') 4.1]7E-l'5 
2 R.323E-11 -2.bC;OF-lI" - ... 07!<E-l'i 
3 -'.115E-l~ -3,39I'1E-16 5,4f>lE-l"i 
4 1.,?3E-l" -i?,bn1r-16 -6,47"'E-l" 
5 3.n7;?E-04 -3.R21F-n4 -~,q6r.,E-0' 

6 1.~f,t.E-04 -3.FHbF-n4 5,87"E-03 
7 1.1f2RE-04 -4.M3E-1)4 -1.871E-0) 
8 -,.974E-17 -3.74RE-1)4 Q.33t'F:-03 
If 1,581E-04 -4.023F-n4 1.32'"E-01 

10 1.007E-04 -4.131E-04 -1.114E-03 
11 1.015~E-04 -"i.2C:;9E-1)4 1.300E-03 
12 5.127E-I Cl -4.0?~E-()4 -2.51~f-01 
13 -7.nbt.E-0~ -4.CIlRE-04 -5ol2rtE-04 
14 3.984E-01\ -4.?4)F-Q4 -4.Q7~E-04 

15 -l.RlnE-I~ -5.3flbE-f')4 5.419E-04 

TA~LE 13-- JOINT REACTIO~!S 

JOINT FX F'Y MZ 

1 A.44RE+01 2.654£+0 4 -".137E+0'5 
2 -A.323E+O~ 2.650E+(l4 4.078E+05 
3 1.11I:;E+04 3.3'HIF+n4 -5.4~1F:+05 
4 -1.323E+04 2.~01E+04 b.47AE+05 

15 2.HI0E+02 -0. -0. 
A 1.~74E+O' -0. -0. 

12 -5.127E+01 -0. -0, 
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TAI1LE 14--- TN!')! VIIlUAL MJ!"M~FR nA fA 
(DFSIGNERS STAN Cn~VENT!nN) 

•• ... nQIZ •• ·'EMRF.:R OF TYPE 

AXIAL FORrE = 
MOMfNT AT LFFT FN!) = 
SHEAR AT I. EFT J!"ND = 
MOMENT AT RJGHT F:NI'l = 
SHEAR AT 0I~'"'T F"~m '" 

•• HORtZ •• '~EMPEQ OF TYPE 

AXIAL F ('IRr.E = 
MnMfNT AT LFFT F'"NI) '" SHEAR AT I.EFT F;1Ij!') '" MOMENT AT RTGHT f. ~If) '" SIiEAR AT PI(';HT F::Nll '" 

A ~ETIi/EEN JOtIlJT~ 

-~.14M.+03 

-1.lJ6E+Oh 
2. 4MhE.+04 

-1.1,.,1E+0" 
-?514E+04 

q BE. TIIIEE", JOiNTC; 

-2.01j2E+02 
-3.1l'iE+04 
-1.2bOE+03 
-r::;.6/j4E.+05 
-4.035E+03 

•• HORIZ •• MEMRr:Q OF TYPE 10 ~~Tli/EEN JOINTS 

STA I 

o O. 

I) I ST 

-1.921[+1)6 

S ANrl " 

b AM) 1 

7 ANn R 

2 -1.763E+06 -4.410E-08 

3 -1.60SE+06 
-1.031E-01 ?f,30F+fl4 

-1.44I3E+06 4.?10E-07 

S 4.7S('E-07 
-1.1"'4E-02 

6 1.076E-06 
-1.22AE-0? 

7 4.200E+Ol -4.3?SF-ol -9.741E+OS 
2.fl30E+04 



PRce 
PR103 MULTY-STORY FRAME A~TER HM/RPG - NO SYO~SWAY 

TARLE 14 I CONTI 

STA I DIST D~FL SLOPE MOM SHEAR 

8 4.8001:+01 -'i.OC)BE-01 .8.1b3E+!')5 
-1.348E-02 ?h30f+!')4 

9 S.400E+(J1 -S.9tHF-Ol .b.585E+!')5 
-1.402E.02 ?630F+(J4 

1 0 6.000E+Ol -6.748F:-nl -5.007E+05 
-1.451E.02 2.h3nF+1'14 

11 6.600'::+01 -7.6,91="-01 -3.429E+05 
-1.493E-0? ?.630E"HI4 

12 7.200E+Ol -8.S14F-Ol -1.850E+'l5 
-1.S2CE-02 2.b3f)f;+()4 

13 7.800E+01 -9.4"81=:-01 -2.723E+04 
-1.'j2~E-02 2.t'>3nF+04 

14 8.400E+Ol -1.014E+Oll 1.306£+05 
-1.477E-02 2.h3'1F+f14 

15 9.0001:+01 -1.1'3F+()n 2.884£+115 
-1.164E-02 2.A3f)r+fl4 

16 9.600E+Ol -1.2115F.'+011 4.462E+05 
-1.1 9 0E-O," ?h3oF:+n4 

17 1.020E+02 -1.2 761:+011 6.040E+05 
-9.S4?E-03 ?A30f+f')4 

18 1.080E+02 -1.3141=:+00 7.f:J19f+115 
-6.56bE-03 ?I'>30F+04 

,9 1.140E+02 -1.3731='+00 9.197E+1'5 
-2.973E-03 2.1>30F+'l4 

~O 1.200E+02 -1.3Q1r+On 1.077E+1I6 
1.235E-03 -2.37!'1F+"I4 

~1 1.260E+02 -1.3~3F+1l0 9.353E+'1'j 
4.BR9E-03 -?'.370~+n4 

?2 1.320F+02 -1.3r:;4F+an 1.931E+05 
1.9f.\n:-03 -?17nE+n4 

23 1.380(+02 -1.3061=:+0() b.509E+05 
1.'153E-02 -i.'.370~+04 

24 1.440E+02 -1.243E+/,)n 5.081E+:15 
1.25:[1E-O;,> -2.37nF+f)4 

i?5 1.SOOE+02 -I.IF-a!:+!)/') 3.66I>E+05 
1.,95E-02 -2.37I')f+1'I4 

(16 1.560E+02 -1.01!l41='+00 2.244E+"5 
1.4 A3E-02 -?3 7I')E+n4 

'2" 1.620E+02 -9.qC:2r:-Ol 8.22f)E+fJ4 
1.;01E-02 -2.370F.'+04 

28 1.680E+02 -9.0r:;2F-ol -5.Q99E+04 
1.492[-02 -2.31 0[+04 

29 1.740E+02 -8.1r::7r:-Ol -2.022E+1'5 

183 

SUP REACT 

1.foI4SE-(11 

4.94RE-01 

-'i.4,0F.-01 

3.'i70F-01 

4. SI'l7F:-0 7 

-Q.?R?f-OR 

?114F-01 

-?I1ISE-01 

4.01hE-n1 

1. ?1 .. ?f-n9 

,.,.;.>09E-10 

'i.04?F-f)7 

-?~061':-O1 

C;.042F-01 

(I. 

C;.lnE-(l~ 

-3.1!'14E-IO 

1. (1l4F:-n1 

1.'IQ6F-07 

'1.<i'19E-07 

1.1>92E-nl'l 

7.'1'1lE-(17 
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PR!')S 
PRl03 MULTr-sTn~Y fR4Mf AfTfR HM/HRG - NO SJDESWAY 

TAFlLE 14 (CONT I 

STIt i ilJST O~fi SLOPE "'OM SHFAw <:IIP RfllCT 

1.4f.7E-tl? -::>.:HOf+04 
10 1.1:4001=:+02 -7.277f-Ol -3.444f+"I5 -".n72F-07 

1.433£-02 -2.1701::+04 
11 1.800F:+02 -f>.417f-Ol _4.~o5E+1'5 7.11l?E"-07 

1.193E-0? -?:Hnr:+04 
'~2 1.920F'+n2 -r;.5~1f-Ol -o.2IH':-+n5 1.4~4F-07 

1.14AE._O? -?37IWo04 
13 1.980f+1l2 -4. 772F- 0' -7.709f+05 4. I 72F.-07 

1.?CJQE-O? -2.3 7 01 +04 
14 2.040,::+n2 -3.9 tl 3F-nl _9.131':-+115 -4.H43E-OA 

1.248E-02 -?17"f+r14 
15 2.100':-+02 -3.2 f.4F'-lll -1.0:'5E+('Io <i.1CJIf-07 

1.lQ4f-n2 -2.3701'+1)4 
1f> 2.160F"+n2 -2.S"'Sf-Ol -1.1~7F.:+r>0 -1.304E-07 

1.139E-02 -?37 0F+"4 
17 2.220F.:+"2 -1.k45f-lll -1.34 OF'+!)0 -7.1 ?BE-IJ7 

l.nR1E-0? -2.:HOr+n4 
38 2.2801=:+02 -1.1~oF-Ol -1.482E+06 1.1"4E-07 

1.1l23E-n2 -2.17""+"4 
19 2.340'::+n2 -5.818f-n? -1.624E:.+nb -}.490f-n7 

~.1,35E-03 -::>.17nf+04 
... 0 2.400F"+n2 -3. 748f-(14 -1.766E+flb <'.370[+04 

** ~nQIZ ** "EMlJfQ oF' TYPE 4 t;E. hEEN JC'\ r~ITS '-i AN("l 1 0 

A)(IAl F'ORI"'E = -3.1'39E+03 
MOMF:NT AT LF"fT nm I: -6.1671:+04 
SHEIIR AT I.EFT Ft,1n I: 1. 7 13E+03 
Mn"1fNT AT RTr,HT r:Nn :a -5.705E+04 
SHEAR AT r'H(;4T fNf) = -1.062[+01 

** YOIHZ ** 'xE--RfR OF' 'TYPE r; 13E.TwEEN JO I !\ITS 10 II 1,1" 1 1 

AX TAL F'OR~E = 2.1:1'141;:+0;> 
MOMEI'IT AT LffT F:Nf'l = ~.674E+03 
SHEAR AT I EFT F:ND = 2.239E+01 
MI')MENT AT RTr.HT ENfi : 1.070£+04 
SHEAR AT ~I(.lHT fNIl = 2.239E+01 



PRM 
PR103 MULTI-STORY fR&M~ AfTER HM/BRG - NO SIOE~WAY 

TARLE 14 (CONTI 

STA I 

o 

2 

3 

5 

6 

7 

8 

** ~ORIZ ** 'AEMRfR OF TYPE h tH::TwE'EN JOINTS 1 1 A~m 1 ? 

AXIAL FOR~E = -4.414E+03 
MOMfNT AT LEfT nm = -Q.040E+04 
SHEAR AT I EfT P.Jn = 2.10AE+03 
MOMFNT AT RIGHT EN!) • -1.10lE+OS 
SHEAR AT RIGHT FND = -2.332E+03 

** HORIZ *. '~E"IRER Of TYPE 1 ~EhlfEN JOhl[S 13 ANf\ 14 

AXIAL FORrE = ?l'ol7E+02 
MOMENT AT L~fT fND = 3.237E+03 
SHEAR AT LEfT ft\m = -3.!:i79E+01 
MOMENT AT RTG~T FND = -3.2UISF+03 
SHEAR AT PIr:;HT (ND .. -3. 5HE+0 1 

** HORIZ •• ~EM~ER Of TYPE 2 fjETwEFN JOI~ITc:; l4 ANn 1 'i 

AXIAL F(lR~E 

DIST DfFL 

O. 

1.200E+01 -1.5'6E-02 

1.800E+01 -2.746F-0? 

3.000£+01 -5.770f-n? 

3.600E+01 -7.4'4E-n? 

4.200[+01 -9.0~9[-n2 

4.800[+01 -1.0~5F-O' 

= -2.158~+02 

C;IIP RfAC':T 

-2.0 "AF:+04 
-1.C;53E-03 A.11M+02 

-1.591f+fl4 
-2.n50E-03 

-1.14n~+n4 4. I)7SF:-l n 

-7.249E+n3 
-2.('33E-03 f· .316E+n? 

-3.460E+03 
-2.741E-03 

-2.742E-03 5.11"E+n2 
3.040[+03 -].I>73E-09 

4.S1~E+02 

~.75nE+o3 
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PROF.! 
PR10~ 

TAHLf 14 (CONT) 

STA I DtST 

9 5.400E+Ol 

10 6.000E+ol 

1 1 6.600E+01 

1 ? 7.200E+ol 

13 7.800F.+01 

14 8."00F+Ol 

1 S 9.000E+01 

16 9.600F:+Ol 

17 1.020E+02 

18 1.080E+1\2 

19 1.1401::+02 

?O 1.200F:+02 

";11 1.260E+02 

?2 1.320E+02 

?3 1.3aOF.+02 

;>4 1.440F.:+02 

?5 1.500E+02 

76 1.560E+02 

27 1.620E+02 

28 1.680E+"2 

?9 1.740E.02 

DI"FI. SLOPE-

-2.4h7E-03 
-1.213F-Ol 

-2.?14E-03 
-1.346F-Ol 

-1.A99E-03 
-1.4"OF-01 

-1.'533E-03 
-1.S"2F-ol 

-1.127E-03 
-1.619F-rq 

-6.q23E-04 
-1.6flIF-01 

-2.40AE-u4 
-1.6"'SF-01 

2.1~7E-04 

-1.6"2F:-01 
6.I'.AAE.04 

-1.6~2F-01 

1.1 04E-03 
-1.S"6F-ol 

1.'512E-03 
-1.4""5F-Ol 

1.RlHE-03 
-1.3"'21"-1'11 

2.199E-1l3 
-1.2?OF-01 

2.4S6E-03 
·1,073F-01 

2.fl40E.03 
-9.1441:-0::> 

2.740E-03 
-7.500F-O? 

2.744E-03 
-S.8"i4F-0' 

2."'42E-03 
-4.21,8F-oil 

2.423E-03 
-2.815F-02 

2.I174E-03 
-1.571F-I1? 

1 • .:;;B4E-03 
-6.1 Q9E-01 

9.437E-04 

MOM SHFIlR C;I jp RF A~T 

3.91M +11? 
8ol00E+03 ...,.q~~F-lo 

3.316F.:+02 
1.009E+04 3.1'\I'I1E-09 

?716F.+0? 
1.172E+04 "'.21 9E-09 

?11M+02 
10299E+04 -4.1'l?lf-09 

1.~I""F+02 
1.390F.+n4 4.fl"HF-OQ 

Q.161~+01 
1.445E+114 -7.7c;;3E-ll 

3.1 6 3f+01 
1.464E+04 ".fl,7E-nQ 

-;>.~3n+01 
1.,,47E+,,4 1. nC;M:-OC) 

-".B37f+n1 
1.394(+1'14 ,.n",flF:-09 

-1.484f+02 
1.305E+04 fl.9 A5E-lO 

-2.0B4F+02 
1.180E+04 ?ilAOE-09 

-il.f.84F+0? 
1.019E+1'I4 1.R32F-OQ 

-3.?A4F+02 
8.217E+n3 1.513E-09 

-3.884F+O? 
5.J.4A7E+03 1.870F:-09 

-4.484F+0;> 
30197E+1'\3 2.6flf.E-OQ 

-s.084E:+1)2 
1.465E+02 -4.Q4~F.:-I0 

-5.684f+02 
_3.264E+03 2.076E-09 

-".284E+02 
-7.034E+03 Q.7n9E-l1 

-I'..a84F+02 
-10116E+1)4 1.591E-119 

-7.484F+02 
-1.5f:15E+n4 ?135E-l0 

-8.084E+Q2 
.2.050E.n4 1.164E-10 

-A.684E+02 



PROB 
PR103 MU~TI-STORV FRaME" AFTER MM/BPG - NO SIDESWAV 

TAB~E H (CONTI 

STA 1 OIST DfFl SLOpE MOM SHEAR 

'0 

STA I 

o 

1.800E+02 -5.3~6F-n4 -2.5711="+114 

** VERTL ** MEMRfR OF TYPE 11 BETI!IEEN JOI~ITS 

AXIAL FORrE = -2.654E.+04 
MOMFNT AT LEFT ~NO = 8.643E+0'5 
SHEAR AT LEFT F~D = -9.115f+03 
MOMENT AT RTGHT FND = -4.137E+0'5 
SHEAR AT ~t~HT ENn :. -8. 448£+0'3 

** VERTL ** UEMI=!FP of TYPE 7 iiETWEE~J JOINTS 

AXIAL FORI"E = -1.077[+03 
MOMENT AT LFFT END = 8.3'11£+04 
SHEAR AT lEFT FNIJ = -2.954[+03 
MOMENT AT RTGHT END = -2.106E+05 
SHEAR AT PIr.HT END = -2.9')4E.+03 

** vERn ** YEM~tP OF TYPE 3 ~ETwEEN JOlt-ITS 

AXIAL FORCE = 3.587E+Ol 
MOME~JT AT LEFT END = -3.17QE.+03 
SHEAR AT LEFT FND = 2.1 8 0E+02 
MOMENT AT RtGHT END = 2.30'5E+04 
SHEAR AT PIGHT END :. 2.1B6E+02 

** vERTL ** UEMRFR OF TVPE 11 8ET~EEN JOINTS 

AX tAL FORr::E = -2.650E+04 

OIST SLOPE MOM 

o. -8.513E+05 

1 A"J11 

5 At-iI"l 

9 A Nfl 

2 AN!') 

187 

<';111-' PfACT 

J:l.Q A4F:+(';? 

c:; 

q 

11 

SUP ~FACT 
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PROA 
PR103 

TA~LE ,4 (CONTI 

STA I DIST 

6.000f+('I0 

2 1.200F.+('I1 

3 1.800E+Ol 

4 2.400F:+Ol 

5 3.000E+1l1 

" 3.bOOF.+ol 

7 4.200F.+Ol 

Fl 4.8001=:+01 

9 S.400E+('I1 

10 6.000E+Ol 

11 6.600E+Ol 

12 7.200E+ol 

13 7.800E+ol 

14 8.400E+01 

15 9.000F.+Ol 

16 9.600E+Ol 

17 1.020E+02 

18 1.080E+02 

19 1.140E+02 

20 1,200E+02 

?1 1.260E+02 

OFFL 

3.246F-('I::> 

S.919F-0::> 

8.0 7 SF-0::> 

~.7C::3F-0? 

1.009F-01 

1.1 R2F-Ol 

1.2?9F-Ol 

1.2421='-01 

1.2?7F-ol 

1.I R6f-Ol 

I.P3f-Ol 

1.042F-ol 

9.4 7 4F-0? 

8.4?OF-n::> 

7 • .208f-o::> 

6.1441='-0::> 

4.9!J4F-0? 

3.BA3F-Il? 

2.846F-0::> 

1.919F-0? 

1.1~6F-0? 

SlOCIE M('lM 5HF.A~ SliP RI; ACT 

S.117E-03 A.q81E+O, 
-7.974E+I'\S -1.??9F-07 

4.454E-03 ~.9B1E+01 
-7.435E+05 -7.S13E-OR 

3.<;94E-03 A.981F+03 
-6.A9l'>E+'15 -7.''I75F-0~ 

2.7Q6E-03 ~.981E+03 
-b.3<;7E'+"5 -6.;9<;1=:-01'01 

2.0"oE-03 A.981F+1l3 
-5.8181:+115 -4.l'A4E-OR 

1.3~7E-03 A.Qglf+03 
-S.2AOF.+{15 -1.4Q9F-07 

7.75SE-04 R.981E+03 
-4.741E+05 -1.0l'-RF-07 

2.?foRE-04 A.9BIE+('I3 
-4.2021':+05 -1.70n-07 

-2.<:,95E_04 R.981E+03 
-3.663[+05 -1.0"'2E-07 

-6.A3SE-04 S.981E'+03 
-3·124E+oS -1.711E-07 

-1.045E-03 A.981E+03 
-2.S8SE+05 -1.27"E-('I7 

-1.344E-03 A.981E+03 
-2.046E+oS -R.130E-OR 

-1.c;AIE-03 A.91C;1:+03 
-10512E+OS -1.211E-08 

-1.7'i6E-03 A.79C;F.:+03 
_9.83AF:+04 -'i.440F:-OB 

-1.A70E-03 'I.689E'+03 
-4.6.2'iE+1')4 -3.?!'I9E-OR 

-1.923E-03 1".1596[+01 
:'.325E+1\3 "'5.'503E-OR 

-1.917E-03 . R.51aF.:+03 
5.644[+1')4 -6.8RIE"08 

-1.A52E-03 A.4S'5f+03 
1.072E+05 -2.7?8F:-OFI 

-1.728E-03 A.40"E+03 
1.S76E+'15 -1.3:\1E-08 

-1.C;46F.-03 A.370F+1)3 
2.07RF.:+!1S -A.4AOE-09 

-1.30SE-03 A.34l'>E+03 
2.S79F.+nS -1.007E-0f! 

-1,OOTE-03 A.332E+1)3 



PRoe 
PRI03 

189 

MULTI-STORY FRftME AFTER HM/BRG - NO StOr::SWAY 

TAI-ILE 14 (CONT) 

STA I DIST DFFI SLOPE MO"'1 Sl'iFdQ SliP PEACT 

22 1.320E+02 S.3l7E-t)~ 3.079E+'l5 -l.072E-OR 
-6.501E-04 Q.325f+"3 

23 1.380E+02 1.4,6F'-01 3.57I1E+<15 -1.1Q7F.:-OQ 
-2.360E-04 1<.323E+03 

24 1.440E+02 8.3'3E-17 4.07AE+OS -A.1?3F.+01 

•• VERTL •• MEI.1RfR OF TYPE 7 BETWEEN JOINTS 6 ANf"J 1 n 

AXIAL FORrE :I -2.622E+03 
MOMENT AT LEFT END = -9.227E+04 
SHEAR AT LEFT fND :I 3.028E+03 
MOMENT AT RIGHT END • 2.711E+05 
SHEAR AT ~IGHT FNO = 3.0t!AE+03 

•• vERTL •• '~EMRr::R OF TYpE 3 BETWfF.:N JOINTS 10 A~'f"J 14 

AXIAL FORCE :I -9.37SE+02 
MOMENT AT LFF'T ENO :II 2.2b7E+04 
SHEAR AT LEFT END = "4.333E+02 
MOMENT AT RtGHT END • -2. 933E+04 
SHEAR AT ~IGHT END III -4.~33E+02 

•• VERTL •• ~·EI.1~EP OF TYPE 11 BETwEEN JOINTS 3 AU') 7 

4X IAL FORtE • -3.39.8E+04 
MOMENT AT LfF'T END = 1.141[+06 
SHEAR AT LEFT FND = -1.203E+04 
MnMENT AT RIGHT END = -S.461£+05 
SHEAR AT Rlr.HT END ". -1.115E+04 
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PRC'lR 
PR103 MULTl-~TORY FRAMF AFTER ~M/R~G - NU SIOF.SWAY 

TAHLE 14 (CONT) 

00 VERTL ** 'IEMRFO nF TYPE 7 dETwEE"l JOlfIITS 

AX IAL FOFlf"E :: -3.0441:.+03 
MOMENT AT LEFT END :: 1.337E.+0'> 
SHEAR AT , EFT E"ND .. -4.1tJ5E+0' 
MOMENT AT RTGHT p.,m .. -3.btJ5E+OS 
SHEAR AT OI~HT F:ND :: -4.1eSE+0' 

** VERTL ** "EMRt=:P OF TYPE 3 ~E HoF:EN JOINTS 

AXIAL FOR"'E :: -A.'1!j4E+0? 
MOMENT AT LFFT FNO :: -2.551E+(l4 
SHEAR AT LEFT E"lD = 4.943E+02 
MIjMFNT AT RTGHT ENO .. 3.315E+04 
SHEAR AT !')I~HT FNO :: 4. 943E+02 

** vERTL ** 'JEMRE~ OF TYPE 11 tH: TIIIEEN JOIl\ITC; 

AXIAL FORrE '" -(,.b03E+04 
MOMENT AT LEFT END -= -1.J53E+06 
SHEAR AT LEFT FND :. 1. 427E+04 
MOMENT AT RrGHT ~ND • 6.478E+0<; 
SHEAR AT ~IAHT END • 1.323E+04 

** vERTL ** ~EMRF~ OF TYPE 7 t:lETwEE.t<, JOlt-ITS 

AXIAL FOR"'E • -2.332E+03 
MOMENT AT LEFT END • -1.088E+05 
SHEAR AT LEFT E"fIIO • 4.341E+03 
MOMENT AT RIGHT END lilt 4.121E+05 
SHEAR AT ~IGHT END • 4.341E+03 

7 A 1\1[" 11 

11 A~JO Ie:, 

4 At-ID A 

F! ANIi ii' 



PROB 
PR201 TWO-~AY 8ENT, LOAOS APPLIED TO MfMRERS 

TARLE 1 .- PROGRAM CnNTR~L nAT~ 

NF' wPR NAMT "IA JLR KOIIT MA ~'" NCO'" 

1 3 1'\ -0 

TARLE ~ -- X A~O Y LINE ~OnRnT~ATE~ 

NXL = 
NYL I: 

X LI~E 

1 
2 
l 

Y LINE 

3 
~ 

C "ORn P'! HE 

o. 
i'.1~/lF:+02 
4. ·'Pl'ff+O? 

o. 
4.44/lE'+O? 
".o,.,nF;+O? 

NIT 

o -I'). 
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PRnB 
PRt'Ol TWO-RAY HENT, LOAns APPLIEO TO MFM8ERS 

TABLE , -- MEMAER TYPE D~TA 

TYPE M KOOE Nnc I-l 

1 18 1 1.200F+Ol 

FROM TO CONTO F 1:1 

0 lA -0 4.950E+OA -0. -0. 

TYPE M KOOE NOC H 

2 18 2 2 9.00rlF.+00 

FROM Tn CONTO F I'l 

0 18 -0 1.990E+01\ -0. -0. 
9 9 -0 -0. 1.520E+00 -0. 

TYPE M KOOE Nnc 

3 lA 

FROM TO CONTO F 

o 18-0 4.050E+08 -0. -no 

'TYPE M I(OOE NOC I-l 

4 37 2 2 1.200E+Ol 

FROM To CONTO F 

o 37-0 
14 14-0 

4.130E+08 -0. -0. 
-0. 3.360E+00 -0. 

S 

-0. 

S 

-0. 
-0. 

s 

-0. 

s 

-0. 
-0, 

T R Af' 

-0. 5,4!)OF+06 

T R AF 

-0. 3.530F+06 
-0. -0. 

T R AF 

-0. 

T R AE 

-0. 5.100r+06 
-0. -0. 



PROB 
PR?Ol TWO-SAV BENT, LOADS APPLIED TO MFMdERS 

TA~LE 4 -- MEMRER tNCIDE~CF DATA 

ALONG ME~BER TVPE~ RETWEEN X LTNES 
V LINE ? ~ 

o n 

1 

3 

ALONG "'E'-'AER TVPEC; HETYlEEN V LYNES 
X LINE" 2 "l 

it 2 

2 ? 

3 ? 

TABLE c:; -- DIAGONAL I.lEMAr:'R Yw'YDENCE 

LEFT END RIG""T E'Nr'! "'EMRER TYPE 
X LINE V LtNF. X LtNF' V LTNE 

NONE 

TARLE .., -- APPLIED JOINT LOA(,)C; AND RESTRA I/.JTS 

X LINE V LINE px PV pZ sx 

1 1 -0. -0. -no 1.nOOE+?0 
2 1 -0. -0. -no 1.000E+?0 
3 1 -0. -0. -no 1.000E+20 
1 2 -0. -1.000E'+0]-n. -0. 
2 2 -0. -3.000E+01-0· -0. 
3 2 -0. -3.000E+01-n. -0. 
J 3 Z.160E+01-1. Rlt OE+O?-0. -0. 
2 3 -0. -1.~ltOf+02-0. -0. 
3 3 -0. -2.190E+02-0. -0. 
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C;V 5Z 

1.000f+;?n l.oonE+?n 
1.000E+20 1.000E+",n 
1.000E+20 ].0001':+?0 

-0. -no 
-0. -no 
-no -0. 
-0. -no 
-0. -0. 
-0. -0. 
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PArlB 
PA201 TWO-9AY BENT, LOADS APPLIED TO M~MBEAS 

•••• OUTPUT INFOAMATION •••• 

TABLE 11 -- JOINT NUMBERS 

Y LINE 1 

3 7 

2 4 

1 3 

TA~LE 12-- JOI~T DISPLACFMENT~ 

JOINT X DISPL 

1 1.156E-IQ 
2 1.317E-IQ 
3 1,151E-IQ 
4 2.403E-Ol 
5 2.403E-Ol 
6 2,402E-Ol 
7 2.772E-01 
8 2.766E-Ol 
9 2.764E-Ol 

TABLE 13-- JOI~T REACTIO~S 

JOINT 

1 
2 
3 

FX 

-1.156E+(H 
-1.317E+Ol 
-1.151E+Ol 

X LINE 

Y DISPL 

-1.898E-18 
-2,163E-18 
-2,7n9E-18 
-1.652E-n2 
-1.884E-n2 
-2.358E-02 
-2.468E-02 
-2.734E-02 
-3.385E-02 

1.898E+02 
2.163E+02 
2.709E+02 

THETA Z 

-2,69nE-17 
-2,930E-17 
-i,683E-17 
-2,48AE-04 
-1,203E-04 
-i.S23E-04 
-6.884E-OS 
-S.20SE-05 
-8.320E-05 

1041 

2.690E+03 
2.93nE+03 
2.683E+03 



PR!"B 
PR;:»01 TWO-~AY BENT, LOADS APPLIED TO MFMBERS 

TARLE 14--- INDIvIOUAL MFMRER nATA 
(DEStGNEPS STGN CnNVENTION) 

** HORIZ ** ME~REQ OF TYPE 

AXIAL FORCE :z 

MM1ENT AT LF'FT F'ND = 
SHEAR AT LEFT I:. NO = 
MOMFNT AT RYOHT END :z 

SHEAR AT QIr.HT FND = 

** 1040RIZ ** "E~~rp OF TYPE 

AxIAL FO~"E = 
MOMENT AT LFFT fND = 
SHEAJoI AT LEFT F~m = 
MOMENT AT Rlr;HT um = 
SHEAR AT DIr.HT FNn = 

** HOPtZ ** 'AEMREP OF TYPE 

AxIAL FORC"E = 
MOMENT AT LFFT F'NO = 
SHEAR AT I.EFT F~ID = 
MOMENT AT RtGHT FNO = 
SHEAR AT PIr.HT FND = 

** HORIZ ** ~'E"4REP OF TYpE 

AX tAL FORrE = 
MOMENT AT LFFT END = 
SHEAR AT LEFT EIliO = 
MOMENT AT RtGHT END = 
SHEAR AT "Ir,HT END = 

3 BETwEEN 

1.1~~£+oo 
;>.11:14£+03 

-1.800£+01 
-1.703E+03 
-1.8 UO£+01 

3 t:iE TwEEN 

-2.330E+00 
1.!)~OE+03 

- 1 • 7 ,j 1 E + 0 1 
-2. 085E+03 
-1.701E+Ol 

1 I:H:TwEE"l 

-1.00b£+01 
f,..~63E.+02 

-".0';1E+1)0 
-6 • .L94£+02 
-6. 09 1E+00 

1 ~ET wEE~1 

-4.300£+00 
4.40~E+f')2 

-4.742E+Of') 
-5. 83('E+02 
-4.742£+00 
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JOINTS 4 AI\J['\ ., 

JOINTS !> AN['\ f, 

JOIf-JTS 7 ANn p 

JOI~ITC; Ii ANn 9 
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PROR 
PRZOI T~O-RAY SENT, LOADS APPLIED TO MFMBERS 

TARLE }4 (CONT) 

** VERTL •• ~EMR~P OF TYPE 4 ~tTWEEN JOI~T5 1 ANI') 4 

AXIAL FORCE = -1.8'i8E+02 

STII I DIST SLOPE MOM SUP RFlICT 

o O. ~.l~lF+OO 
-2.760E-04 

1.200E+01 2. 3"OF-O 1 -1.775E+n3 
8.1~lF+OO 

-1.677[+(13 
-3.7f.3E-04 A.]HtF+OO 

3 
IoI.181E+Oo 

4 4.AOOE+01 -1.41:10F+n3 

5 2.1"9E-Ol -10382E+'13 

2.1l8F-Ol -?S47F.-nQ 

7 8.400E+Ol -1.18f.£+1)3 
-5.771E-04 8.181E+f)0 

8 9. 600E+0 1 .1.08RE+fl3 
-".087E-04 Fl.181E+OO 

1.080[+02 1.911F-01 

10 1.200E+(l2 1.8~4F-(l1 

1 1 - 7 • 93 ? F + " 2 

12 1.440£+02 -A.495E-I0 
FI.181E+00 

13 1.560E+02 

14 1.680E+02 1.5'10F.-Ol -1.333E-09 

15 1.800E+02 -3.&011:+02 
1.154[+01 

16 1.920E+02 1.3?2F-01 -2.21"E+02 -1.2741':-09 
-7.553(-04 1·1541:,+01 

17 2.040(+()2 -8.315E+"1 2.1221:-11) 
-7.577(-04 

1.140F.-01 5.535£+01 
1.154E+(1l 

19 2.280[+02 1.OCiOF.-ol 1.93A[+02 ?1?4f-10 



PROB 
PR?Ol TwO-BAY BENT, LOADS APPLtED TO MfM~ERS 

TABLE \4 (CaNT! 

STA I DIST DF'F'L SLOPE MOM 

20 2.400E+02 

?1 8.7117F-02 4.70AE+02 

22 2.640E+I12 7.815F-02 6.n93E+02 
-7.094E-04 1.154F+"1 

?3 2.760E+02 6.9113F-0? 7.47AE+02 

?4 2.880E+02 
1.154F+Ol 

25 3.000E+02 5.3~4F-0? 1.02C;E+113 
-6.32?E-04 1.154F+"1 

?6 3.120E+02 1.163E+03 
-5.984E-04 lol54F+"1 

?7 3.240E+02 1.30?E+03 
-5.~OSE-04 

?8 3.360r::+02 3.215E-0? 1.440[+"'3 
-S.187E-04 

3.480E+02 2.5 Cl 2F-O? 1.579E+"3 
-4.72AE-(l4 

30 1.717E+n3 

31 3.720E+02 
1.154~.+01 

3.A40E+02 1.0741'"-02 
-3.1l1E-04 1.154~+01 

33 3.960F.+02 2.133E+"3 
1.154F+Ol 

34 4.080E+o2 2.271E+n3 
1.t54F+Ol 

35 4.200E+02 1.825F'-03 c.410F+"3 
-1.131E-04 1.154~+1')1 

4.320E+02 2.54AE+"3 

37 2."87E+"3 

2 BETwEEN JOINT~ 

AXIAL FORrE = -1.779E+(')2 
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SIJP REACT 

-1.01,4F-IO 

-3.IA3F-I0 

-1.O'iSF-I0 

2.12?E-I0 

5.?75F-l1 

-1.f,A)F-ll 

-1.1C,4F:+Ol 

7 
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PROB 
PR;l01 

TARLE 14 (CONT) 

STA I I.)IST 

o O. 

9.0001='+00 

2 

3 2.700f."+01 

3.600F'+01 

5 4.500F.+Ol 

6 5.400f."+01 

7 6.300F'+01 

7.200F+Ol 

9 8.100E+r'1 

10 

1 1 

12 1.080F+02 

13 1.170E+02 

14 1.260E+02 

15 1.350E+02 

16 

17 1.530F.+02 

18 1.620E+02 

OF'Fl SLOP!:: 

2.772F-Ol 
C;.SOOE+OO 

2.7~4F'-Ol 

.,.C;OQF+OO 

-1.410E-04 5.c;OOF+00 
2.741F'-01 

".15001"+ 00 

- ... 4~RE+'12 
<;.1500£+00 

.'+.003E+02 
S.;OOF+OO 

-2.427E-04 <;·500~+OO 
-J.013E+i')2 

'i.<;OOF+OO 

7.0201'"+00 

-2.7f>2E-04 7.020[+00 

7.020F'+00 

-?.A47E-0<t 7.0?0~+O(l 

7.(J20E+00 

7.020F+OO 

-2.71'-0E-04 7.0201='+00 
1.'f05E+02 

7.0Z0F+OO 

7.020F+00 
3·16F1E+n2 

•• VERTL •• ~EMAF'R OF TYPE 4 ~l:.TwFE~J JOINTS 

AXIAL FQRroF. = -2.1631:+02 

"liP REACT 

<;.5001::+(10 

1.137E-13 



PROB 
PR201 T~O·BAY ~ENT. LOADS 4PPLJEO TO MFM~[AS 

TARLE 14 (CONn 

STA I OIST OF'FL SLOPE MOM 

0 O. 2.4n3F-Ol .2.351E"+"3 
-1.C:;4SE-04 

1.2001:+01 2.31't5F-Ol - 2 • 233 F + ,13 
-2.194E-04 

2 2.400E+nl 2.3C::;SF-Ol -2011I'>E+03 
-2.11,1'19[-04 

3 3.600[+1'11 2.3"C;F-01. -1.~9'H'+113 
-3.389£-04 

4 4.800E+01 2.2(\4F-nl -1.ARIF+1\3 
-3.93"[-04 

5 6.000E+O} 2.2,7F-Ol -1.763F+Q3 
-4.44"'[-04 

6 7.2001:+01 2.1 Q 3F-01 -1.64"E+1\3 
-4.921'[-1'14 

7 R.400F+nl 2. P'4F-01 -1.52~F.:+1'I3 
-5 •. 310[-04 

B 9.600F,+01 2.0~OF-nl -1.41],:'+1'13 
-S.7AOE-04 

9 1.0"'OE+n2 1.9"'OF-nl -1.293E+03 
-6.156E-04 

10 1.200[+02 1.916,:'-01 -1.175[+1\3 
-b.497E-04 

11 1.320E+n? I.Bi8F-nl -1.05AF+113 
-6.805[-04 

12 1.440E+02 1.7C::;7F-Ol -9.404E+02 
-7.n7RE-04 

13 1.5601:+1'12 1.672F-Ol -~.22AE+112 

-7.'317E-04 
14 1.6801::+1'12 1.5 111 4F-nl -7.0S3E+112 

-7.'522E-04 
,S 1.800E+02 1.4~4F-I1' -5.474E+02 

-7.M<tE-04 
16 1.920[+n2 1.4'12F-Ol -3.'H9C;E+:l2 

-7.7941=:-04 
17 2.040E+02 1.3f'!SF-Ol -Z.317E+112 

-7.'161F.:-04 
18 2.160E+n2 1.214f-Ol -1.3791:+,,1 

-7.'IR3E_04 
19 2.280E+n2 1.119F-01 6.40~r::+01 

-7.A5BE-04 
;'>0 2.400E+02 1.0!'SE-Ol 2.41QE+t12 

-7.7AAE-1'l4 
?1 2.520E+n2 9.314F-Ol' J.9QRE+n2 

-7.f,72E-04 
22 2.640[+02 8.3Q4F-0i' 5.577E+n2 
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!,HfA~ ';;IJP h'F"IICT 

9.7Qf,E+on 
9.79~F+oO 

-7.?18[-119 
9.79M+OO 

-;:>.910[-09 
q.7'1~F+on 

-4.?~?1'"-10 
9.7Q~F+OO 

-1.?73E-09 
CI.79M,+(lO 

-1 • ?13E-l? 
9.79~E+OO 

-".122F:-n9 
Q.79~F+O(\ 

4.?44F-ln 
9.79~f+OO 

-1.?14F-1)9 
9.7Q~F+nl') 

-1.('73F-09 
Q.79f..F+on 

-1.?13F.:-1? 
CI.79MH1O 

-?547E-09 
9.79M:+OO 

-P..4P3F-lo 
9.79f,F+OO 

4.238F-I0 
9.79~f+(l() 

-~.q~7F-l(l 

1.31I,F+1')1 
4.?":iOF-I0 

1.31",F+O\ 
-1.0f-lE-09 

1.:Hr-E+Ol 
4.244F-I0 

1.~I~F+nl 

-6.1~p.F-ln 

1.11~F_+Ol 

R.490E-IO 
1.31~I='+Ol 

-l.i'73F:-oQ 
1.31~E+Ol 

l.n~lE-I0 
1.31M'+1')1 

-l.rlr:;C;F.:-l" 
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PROB 
PR~Ol TWO-RAY BENT. LOADS APPLTED TO MFM~ERS 

TARLE 14 (CONT) 

STA 1 

;>3 

?4 

;>7 

?9 

13 

35 

STA 1 

o 

2 

DIST OFFL SLOPE MOM 

1.31f.F+Ol 
2.760E+02 

-7.302E-04 1.3l6E+01 

1.3l"F+Ql 
3.000E+02 5.771F-O? 1.03lE+03 

1.31f.f+01 
3.120F:+02 1.1H9F:+03 

1.316F+Ol 
3.240E+02 lo347E+03 

-6.012E-04 1.31"1:+01 
3.360[+02 

-5.0~IE-04 1.31f.E+Ol 
3.600[+02 1.1'4211::+03 

3.720[+02 1.644F-0? 
1.31#0,£+01 

2.136E+03 

3.960E+02 
-2.700E-04 1.316F+Ol 

1.31#o,F+Ol 
4.200E+02 

1.316f+Ol 
4.320E+02 

4.440E+02 

** VERTL ** 4EMRfP OF TYPE 2 HfTwFFN JOINTS 

AX14L FQRrE *' -1.tj~41::+02 

01ST 

O. 

9.000E+1')0 

1.800E+Ol 

nF'FL 

2.7Mf-Ol 

SLOPF SHFAR 

-1.0blE+"3 

1.16QE.+Ol 
-8.5081':+02 

C;IlP REliCT 

0. 

o. 

?<HoE-ll 

-4. 123F.:-11 

-1.316!-+01 

SliP REACT 

-1.21?E-O~ 



PROB 
PR201 TWO-BAY BE~T, LOA~S APPLIED TO MfM~ERS 

TARLE 14 (CO~T) 

STA I OIST SLOPE MOM 

-1.578E-04 
3 2.100F.:+nl -7 .4~1e: +nc 

4 3.600£+01 -6.405E+02 

s 4.500E+Ol 
-2.441E-04 

6 5.400E+Ol -4.302E+02 

1 6.300E+Ol _3.2S0E+Il2 
-2.788E-04 

e 1.200E+Ol 

8.100F.+Ol -1·141E+1'\2 

10 9.000£+01 2.5131=:-01 4.176[+00 

11 9.900£+01 1.230F+02 

12 1.080E+02 
-2.113E-04 

13 3.607£+02 

14 1.260E+02 4.796E+02 
-2.392E-04 

15 1.350£+02 5d84E+1')2 
-2.122E-04 

16 1.440F.:+02 
-1.H1E-04 

1.530E+02 
-1.419E-04 

18 1.620E+02 9.549E+(l2 

SH£AR SliP REACT 

1 • 169f + 01 

1.1fl9F"+I)} 

1.321[+01 

1.321F+f)1 

1.321E+01 

1.3211':+01 

1.321E+nl 
-1.454F"-09 

1.321[+01 
-1.?13P;:-09 

-1.3?IF+ol 

** VE~TL ** ~EM~EP OF TYPE 4 tit:TWEEN JOI~JT5 3 ANn 

AXIAL FORCE = -2.109E+02 

STA 1 015T SLOPE MOM SliP RF'Af.r 

o O. _1.B60E+n3 ~.135F+(lO 

-2.193E-04 F<.135f+on 
1.200(+01 2.311.9e:-01 
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PRnB 
PR?OI TWO-BAY BE~T, LOAns APPLIED TO MFMHERS 

TABLE 14 (CONT) 

STA I DIST DE"FL SLOPE MOM 

-3.30SE-04 
2 2.400E+Ol 2.3::'9F-nl -1.664E+1l3 

-3.18AE-04 
3 3.600E+ol 2.2 Q 4F-Ol -1.561E+n3 

-4.::'43E-04 
4 4.800E+Ol 2.213F-Ol -1.469E+I)3 

-4.1,10E-04 
5 6.000[+01 2.171F-Ol -1.3TlE+113 

-S.0~QE-04 
6 1.200F+Ol 2.116F-(11 -1.214E+"3 

-S.439E-04 
1 8.400E+01 2.0C;Of-Ol -1.116E+(13 

-S.1~IE-04 
B 9.600E+Ol 1.9A1F.-Ol -1.01QE+1l3 

-6.094E-04 
9 1.080[+n2 1.9n8f-Ol -9.1310E+()2 

-(I,.319E-04 
10 1.200E+n2 1.foj'~IF-nl -8.833E+"2 

-6.f>36E-04 
11 1.320F+n2 1.1Ci2F-01 -1.8~1E+1l2 

-(I,.R64E-04 
1 ? 1.440E+02 1.M9F-Ol -6.881E+n2 

-1.1)~4E-04 

13 1.560E+1)2 1.5A5F-n 1 -~.YOSE+02 
-1.;>3SE-04 

14 1.680E+02 1.4<:18F-nl _4.Y29E+"2 
-1.319E-04 

15 1.800E+n2 1.41"9F-nl -3.549E+"2 
-1.4A2E-04 

16 1. 920E+02 1.3'OF-Ol -2·171)1:+"2 
-1.0:;45E-04 

11 2.040E+02 1.2::'9F-Ol -1.906E+01 
-1.56EIE-04 

] S 2.160[+02 l.nSF-l)l S.888£+n1 
-1.551E-04 

19 2.2S01:+02 1.048F-nl 1.96AE+n2 
-7.493E-04 

?O 2.400[+02 9.5'1'6F-I)" 3034AE+n2 
-1.3 Q6E-04 

;>1 2.520[+02 8.f, n9f-n? 4.121E+n2 
-1.?S9E-04 

22 2.640F.+1)2 1.8181='-0::' 6.10~E+1)2 

-1.081E-04 

SHFA~ Cjup REACT 

R.13<;F.:+110 
-1. ?14F-09 

J<.135F::+OO 
-2.541F-C\9 

Fl.135F+OO 
-4.;>0:;0E-]0 

A.130:;r+oo 
-4.?Sf>E-I0 

Fl.135F+OO 
-~.4qSF-ln 

A.13C;E+OO 
-A.4A9F-I0 

8. }3SE+OO 
-~.504F-I0 

A.]35~+00 

-4.?41F-ln 
A.}35F.:+00 

-A.4'\9F-ln 
~.13o:;t+00 

-1.~99F-09 
8.13SE+1)0 

-1.f>qAF-('9 
Fl.13C:;F+no 

?116E-I0 
A. }3C;F +00 

1.R91E-IO 
1.1 4 qF+rl 

-f>.161E-IO 
lol4QE+Ol 

-6.1f>9F-IO 
1.1 4Q[+01 

-2.123F-I0 
1.14qF:+nl 

?1?4E-I0 
1.1 4Q F+ol 

1."1~F-13 
1.1 49E+01 

-,....3,,9E-IO 
1.1 4QF+Ol 

-1.nf>IE-I0 
1.1 49f+nl 

1.0f,4F-I0 
1.1 4Qf+Ol 



PRnB 
PR;:>OI TWO-BAY BENT. LOADS APPLJED TO ~FM8ERS 

TARLE" 14 (CONT) 

STA I 

?3 

25 

;:>7 

10 

34 

36 

37 

DIST 

2.760E+02 

2.8ROE+02 

3.000E+02 

3 .120E +()2 

3.240r.:+02 

3.36I')E+02 

3.480E+02 

3.600E+n2 

3.720E+02 

4.0ROF:+n2 

4.200E+02 

4.32()E+1')2 

DEFL SLOPE MOM 

7.48I'lE+02 

1.lb2E+113 

1.300E+I,3 

1.43e1F.:+o3 
-5.175E-04 

1.S76E+1l3 
-4.717E-04 

1.714E+n3 

1.~90E+113 

2.M!OE+!13 

SHFAR 

1.14QF+(l1 

1.149F+Ol 

1.14Qf+Ol 

1 • 14Qf+ () 1 

1.14QF+Ol 

1.149f+Ol 

1.149E+Ol 

.* VERTL •• ME~RF~ OF TYPE 2 BETWEEN JOINTS 

STA I 

o 

2 

AXIAL FORrE 

OIST 

o. 
9.000E+OO 

1.800E+OI 

DFF'L 

2.7fl4t:;:-IH 

2.7C;SF'-Ol 

2.744E'-nl 

:: -2.23·AE+02 

SLOPE' MO~ SHFAR 

-:'.842E+,,2 

-1.?llE-04 4.26QF+OO 

4.269F+OO 

203 

-l.':nOF-IO 

O. 

-l.R~IE-IO 

-1.201F.-IO 

-.;.214f-ll 

-1.?13F-ll 

Q 

"up ~fACT 
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PROS 
PR201 

TARLE 14 (CONT) 

ST~ I OIST 

3 2.700E+ol 

4 3.6001::+1'11 

5 4.500E+01 

6 5.4001::+01 

7 6.300E+01 

8 1.200E+Ol 

9 8.100E+Ol 

1 0 9.000E+l:ll 

1 1 9.90017+01 

12 1.080E+o2 

13 1.170[+1')2 

14 1.260£,:+1'12 

15 1.350E+02 

16 1.440E+02 

17 1.5301::+1'12 

18 1.620E+02 

OF"FL 

2.71H"-01 

2.111f:"-01 

2.71')OF-01 

2.b"2F-01 

2.61,2F-01 

2.641F-01 

2.6l9F-01 

2.51")6F-01 

2.'572F-01 

2.5481="-01 

2.5~3F-01 

2.4<:18F-01 

2.474F-01 

2.449E"-01 

2.4i'5f-01 

2.41'121="-01 

SLOPE MOM 5HFAh> C;IIP REf.CT 

.It.690F+'l2 -4.3~4E-{'I9 

-1.6S2E-04 4.269F+00 
-4.30r:;E+02 -1.4c:;c:,E-Oq 

-1.A41E-04 4.26qf+00 
-3.921E+ 11 2 -4.'"51f-10 

-2.025E-04 4.2691' +110 
_3.531[+1'12 -?4?C,F-09 

-2.1F1SE-04 4.2t:>9F+no 
-J.153E+n2 -2.4?5F-Oq 

-2. ~?1f-04 4.i?"QF+f)O 
-2. 7~qf+:12 -4.f\C;3F:-10 

-2.452E-04 4.2f,QF+OO 
-2.384E+"2 2.\41E-(,!Q 

-2.560E-04 r:;.1H9F+OO 
-1.li63E+1':2 -1.4C;5F-OQ 

-2."44E-04 C,.1A9f+00 
-1.342[+112 -1.4C:;SE-oq 

-2.705E-04 ".T8C1r+OO 
-li.21S[+o1 -1.940F.-Oq 

-2.742E-04 C,.7f\ O r+1'I0 
-3.00<;[+°1 -4.fl49F-]1'1 

-2.756E-04 5.1t19E+On 
2.205E+01 -i'.Qn9F-nQ 

-2.74"E-04 ".1HClf+OO 
7.415E+01 1.212E-OQ 

-2.712E-04 5.7H9f+f)0 
1.262E+02 -'.1C:;2E-OQ 

-2. "C:;C:;E-04 S.1B9E+OO 
1.71:!3E+n2 -?4?4F-IO 

-2.S1C:;E-04 5.189F+OO 
2.3U4E+02 -C:;.7q9E+OO 



PRnB 
PR?02 TWO-BAY BENT. LOAns APPLIED TO J~INTS 

•••• INPUT INFoRMATION •••• 

TABLE 1 -- PROGRAM CONTRnL nATA 

NIT 

1 5 15 1 -0 o -0. 

TARLE ? -- X AND Y LINE COnFHlTNATES 

NXL II 3 
NYL ,. 5 

X LINE Cr"lORnIIIIATE 

1 o. 
2 2.1"nE+02 
3 4.3?OF.+02 

Y LINE cnORI) r ~IA TE 

1 n. 
2 ?7"nE+02 
3 4.441)[+02 
4 5.20;0E+02 
C; ".nI;0F.+02 
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PRQA 
PR?02 T~Q-8AY SENT, LOADS APPLIED TO JnlNTS 

TA~LE ~ -- MEMREQ TypE DATA 

TYPE M KOOE NOC 

1 18 1 1 1.200E+Ol 

FROM TO CONTO F 

o 18-0 4.9S0E+OA -0. 

TYPE tool KnDE NOC 

2 1 9.000E+00 

FROM TO CONTD F I') 

o iii -0 

TYPE M KnOf NDC 

3 18 1 1.2001:+01 

FROM Tn CONTO F 

o lA-O 4.0501':+0.'1 -0. 

TYPE M KnOE Noe 

14 

FROM To CON TO 

o 14-0 

TYPE 

5 23 

TA8LE :3 (CONT) 

FROM TO CONTO 

o 23-1) 

F 

4.130E+08 -0. 

H 

1.200F.:+Ol 

4.131)(+08 .0. 

s 

-0. -0. 

s 

-0. -0. 

s 

-0. -0. 

s 

-0. -0 •. 

S 

-0. -0. 

T 

-0. 

T 

-0. 

T AF 

-0. 

T AF 

T AF' 

-0. 



PROB 
PR:?Ol TWO-SAY BENT. LOADS ~PPLtED TO JOINTS 

ALONG MEIoIBER TYPES BETWEEN )( LYNES 
Y LINE 2 , 

1 0 0 

2 0 0 

3 3 3 

4 0 0 

5 1 

ALONG Mf""HER TYPES AETwEEN Y LyNES 
X LINE 1 2 , 4 c:; 

1 5 4 ., 2 

l 5 ? 2 

3 5 4 ~ 2 

TARLE r; -- DIAGONAL MEMBr::'R IN/'~TDENCE 

LEFT END RIG~T EN" ME/'n~ER TYPE 
)( LINE Y LINE" )( LI NE' Y LT NF. 

NONE 
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PR('IS 
PR:?02 TIIlIO-BAY aE~IT , 1.0ArJS APF'LIED TO JI"IINTS 

TAfiLE' I., -- AF'F'U FO JOINT LnAOC; AND RESTRAIMTS 

X LINE Y LINE PX FlY pI SX SY 5Z 

1 1 -no -0. -no 1,nOOE·(l0 1,000E.20 1.0001:.20 
2 1 -0. ,,0. -0. 1,000E.;'0 1.00nE.20 1.000E.20 
3 1 -0. -0, -0. 1,OOOE.20 I.onOE.?n i.DOOF';-O 
2 5 -r). -1,1'\401:+02-('1. -0, -0. -no 
1 5 2,160E.Ol-l,A40E.n2-n, -0, -0. -0. 
3 4 1.520E+00-0. -0. -0. -0. -0. 
2 4 1.520E'00-0. -0. -0. -0. -£'I. 
1 4 1.C;20E·00-tl. -no -0, -0. -no 
1 3 -no -3.nOOE·OI-0. -0. -0. -no 
2 3 .. 0. -3.000E.OI-0. -0, -0. -no 
3 3 -0. -3.000E.OI-0. -0. -0. -0. 
J 2 3.360E.on-0, -£'I. -0. -no -1'1, 
2 2 3.36oE+OO ... n. -0. -0. -0. -0. 
3 2 3.36nF.Oo-n. -no ... 0. -0. -no 
3 5 -0. -?.1C~oE.o2-n. -0. -0. -0. 



PROB 
PR20Z TWO-RAY 8E~T. LOAns APPLJEn TO JnINTS 

**** OuTPUT INFORMATJON **** 

TAALE 11 -- JOINT NUMBER~ 

x LINE: 

Y LINE ~ 

5 11 14 I" 

4 10 1 1 1? 

3 7 ~ ~ 

2 4 " 
1 1 , '\ 

TA~LE 12-- JOI~T OISPLAC~M~NT~ 

JnINT X f')ISPL Y DySPL TH~TA Z 

I 1.156E-I Q -1.898E-,8 -2.691)£-17 
2 1.317E-19 -2.1~3E-18 -Z.9JI1E-17 
3 I.ISIE-ll!) -2. 70qF:-lf~ -Z.f;J:\3E-17 
'+ 1.500E-01 -1.027f"-02 -7.3?llf-04 
5 1.51:14E-Ol -1.171f-02 -7.42 QE-04 
6 ].49I11E-Ol -1.466(-02 -7.31hE-04 
7 Z.403E-Ol -1.652E-(l2 -2.4F\QF:-n4 
8 2.403E-01 -1.8A4F-02 -1.203E-04 
9 2.40t!E-Ol -2.35Af-n2 -Z.'52lE-04 

10 2.6Z6E-01 -2.0"'OE-02 -2.62~E.-04 
11 2.600E-01 -2.309E-02 -2.92"E-04 
12 2.619E-01 -Z.872E-(l2 -2.c;]lE-04 
13 2.772E-0\ -2.468f-OZ -6.8A4E-OS 
14 ?.766E-01 -2.734E-02 -5.20"E-05 
15 2.764£-01 -3.3A5F-02 -B.320F-OS 

TA~LE 13-- JOINT REACT IO~IS 

JOINT Fl( FY M1 

1 -1.156E'+01 1.898E+02 2.690E+03 
2 -1.31 7f+01 2.1~3F+02 2.93"£+03 
3 -1.1SlE+01 2.709E+02 2.~A3E+0' 

209 
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T~O-RAY BENT, lOAns APPLIED Tn JnlNTS 

TARLE 14--- INnIVIOUAL MrM~ER nATA 
(DESYGNERS STGN CONVENTION) 

•• I-IO~IZ •• MEMRF.R OF TYPE 

AX IAL FORrE :: 

MOMFNT AT LEn ENO = 
SHEAR AT tEFT END = 
MOMFNT AT RYGHT END = 
SHEAR AT r:>Ir,IofT END = 

•• HORIZ •• ME"1RFI:I OF TYpE 

AxIAL FORrE = 
MOMENT AT LEFT E:ND :: 

SHEAR AT LEFT END :: 
MOMENT AT Rt"HT ENn :: 

SI-IEAR AT f'JIr.HT ENn = 

•• HORIZ •• ~EMRF:Q OF TYpE 

AXIAL F!')RrE :: 

"40MENT AT LEFT END :: 

Sf-lEAR AT LEFT FND :: 

M(,)"IENT AT RYt.HT E"J!,) :: 
SHEAR AT 0IGHT END :: 

•• HORIZ •• "E"lRER OF TYpE 

AxIAL FI")RI"E :: 

MOMF.NT AT LEn END = 
SHEAR AT '-EFT END = 
MOMFNT AT RYGHT ENII :: 

SOoiEAR AT "Ir.HT EN!') = 

3 !::tETWfEt-.1 

1.138E+00 
2.1~4t.+(l1 

-1.t!OOE+01 
-1.703£+03 
-1.&UO£+01 

3 I,H::TWEF':"I 

-2.330E+00 
1.5':iOE+03 

-1.7Ult.+Ol 
-2. UtdS£+03 
-1.7UIE+Ol 

1 BEtwEEN 

-1.6U6£+01 
6.963E+02 

-6.091E:.+OO 
-6.194E+Ol 
-6.091£+00 

1 BE.TWEEN 

-4,300E+00 
4,4UAE.+02 

-4,742£+00 
-r;,8J6£+O~ 

-4.742E+00 

JOlt-ITS 7 ANn ~ 

JOl~ITS H A ~I(l Q 

JOINTS 13 At-.ln 14 

JOINTS 14 ANI) It, 



PRns 
PR'-02 TwO-eAY BENT. LOADS APPLTEO TO JnINTS 

TARLE 14 (COIIITI 

** VERTL ** 'IEMREt? OF TYPE 5 IiETwEEN 

AXUL FORrE = -1.898E+02 
MOMENT AT LEFT END :II -4.935E+02 
SHEAR AT LEFT END :II 1.151E+Ol 
MnMENT AT RJ(H-lT END = 2.bb4E+03 
SHEA~ AT QIr.HT ENO = 1.151E+01 

** VERTL ** \'EMRER OF TYPE 4 ~ETwfE~1 

AXIAL Fo~rE .. -1.898E+07 
1\o10MENT AT LF.FT I::NO :II -1.870E+03 
SHEAR AT tEn END .. 8.114E+00 
MOMENT AT RTGHT r::ND = -5.0b4E+O? 
SHEAR AT "H';HT fNI') .. 8.114E+00 

** VERTL ** ~EMREI) OF TYPE 2 BETII/EEN 

AXIAL FORI"E .. -1.779E+02 
MOMF.NT AT LEFT F.NO .. -2.449E+02 
SHEAR AT LEFT END .. fl.l.ib8E+OO 
MnMENT AT RYGHT END = 3.130E+02 
SHEAR AT I)IGHT END :II 6.888E+00 

** VERTL ** MEMRF.'I) OF TYPE 2 BETWEEIII 

AXIAL FORI:E = -1.7NE+02 
MOMENT AT LEFT END .. -6.950E+02 
SHEAR AT LEFT END .. 5. 405E+OO 
MnMENT AT RTGHT END .. -2.572E+02 
SHEAR AT t?IGHT EIIID = 5.405E+00 

211 

JOINTS 1 lHd'l 4 

J.OINTS 4 AM) 7 

JOII\!TS 7 AND 1 n 

JOI"JTS 10 A Nf) 1" 



ZIZ 

TWO-RAY RENT, LOADS APPLIED TO JnlNTS 

TARLE J 4 (CONTI 

** VEoTL ** ~'EMRE"p OF TYPE 5 t:lETwF.EN JOINTS 2 Af'm 5 

AxIAL F(')R,.E :: -2.163E+02 
MOMENT AT LFFT FN!) I: -6."94E+02 
SHEAR AT t EFT fl'JD :: 1.312E+01 
MOMENT AT RIGHT END :: 2.C;23E+03 
SHEtlR AT 0IG~T EN!) :: 1. 312E+01 

** VERTL .* '!EMREQ of TYPE 4 8ETwEEN JOhlTS 5 ANn A 

AxIAL F!1RrE :: -2.163E+02 
MOMENT AT LFF'T ENO = -2.3471::+03 
S~EAR AT LEFT p.Jr) :: Q.714E:.+OO 
MOMENT AT RYC;HT END = -7.145E+02 
SHEtlR AT I:)I~HT END :: 9.714E+OO 

*. VERTL .* "EMAEC) OF TYPE '2 BETwEEN JOIl'ITS 8 ANI) 11 

AXIAL FORCE :: -1.854E+02 
MOMENT AT LFFT END = -1.017E+02 
SHEAR AT LEFT END = 1.296E+01 
MOMENT AT RTGHT END = Q.482E+02 
SHEAR tiT oI"HT END 11 1.Z"'bE+Ol 

•• VERTL *. UEMREC? OF TYPE 2 tJETwEEI'J JOINTS 1 1 ANn 14 

AX IAL FORCE = -1.!354E+02 
M!1MENT AT LEFT END :III -1.0:'6E+03 
SHEAR AT LEFT END I: 1.IItI:lE+01 
MOMENT AT RIt,HT END I: -1.2b1E+02 
SHEAR AT pIGHT END I: 1.148E+01 



PRna 
PR~1l2 TWO-BAY BENT, LOADS APPLIED TO J~INTS 

TARLE 14 (CONTI 

•• VERTL •• ME~RE'P OF TypE 5 BETWEEN 

AXIAL FORCE = -2.709E+02 
MOMENT AT LFFT END = -4.877E+02 
SHEAR AT LEFT END .. 1.11t7E+01 
MOMENT AT RIGHT END .. 2.617E+03 
SHEAR AT PIr,HT FND = 1.147E+01 

•• VERTL •• MEM~F'R OF TYPE 4 f:lETWEEN 

AX IAL FORr.E • -2.709E+02 
MOMENT AT LFFT END D -1.d56E+03 
SHEAR AT LEFT FND .. 8.0e8E+00 
MOMENT AT RIGHT END D -5.006E+02 
SHEAR AT PIGHT END = 8.068E+on 

•• VERTL •• I.1EMRER OF TYPE 2 BETWEEN 

AXIAL FORCE = -2.Z3RE+02 
MOMENT AT LFFT END = -Z.328E+02 
SHEAR AT LEFT END = 5.680E+00 
MOMENT AT RIGHT END .. 2.273E+02 
SHEAR AT PIGHT END • 5.680E+00 

•• VERTL •• MEMBER OF TYPE 2 BETWEEN 

AX I AL FORCE .. -2.238E+02 
MOMENT AT ~EFT END • -5.S25E+02 
SHEAR AT LEFT END .. 4.196E+00 
MOMENT AT RIGHT END • -2.426E+02 
SHEAR AT PIGHT END • 4.B6E+00 

213 

JOI"'TS 3 AND f, 

JOHITS bAND q 

JOINTS 9 AND 12 

JOINTS 12 A~ID \5 
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PROB 
PR?03 TWO-BAy RENT, SEC ON" LOADING CDNnlTION 

**** INPUT INFORMATlnN **** 

TARLE 1 _. PROGRAM CONTRnL DAT4 

NEWPR NAMT NAJLR KOIIT II,IAnM NCt1M NIT 

2 o q 1 11 o o -0. 

TARLE ~ .- X AND Y LINE COt1ROTNATES 

USING X AND Y LINE ~ATA ~POM PRFVTOUS PROHLE~ 

TARLE ~ -- MEMBER TypE D6TA 

USING DATA FROM PREVIOUS PRO~LE~ PLUS THE FOLIOWIN~ 

NONE 

;.>TnL 

·0. 



PROB 
PR203 TwO-BAY BENT, SECONn LOADING CONnITION 

TARLE 4 -- MEMBER INCIDENCF nATA 

ALONG 
Y LINE 

~F~aER TYPES ~ETwFEN x LTNES 
12" 

1 o 0 

2 o 0 

3 3 3 

4 o 0 

5 1 

ALONG MfMRER TVPE~ ~ET~EEN Y LTNES 
X LINE 1 ? , 4 ~ 

1 5 4 ? 2 

2 5 2 

3 5 4 ? 2 

TABLE ~ -- DIAGONAL ~EM8FR INrTDENCE 

LEFT END RIGHT ENn MEMAER TVPE 
x LINE v LINE x LINF V LTME 

NO ADDITIONAL DATA 
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PROS 
PR~03 TWO-BAV BENT, SECONO LOADING CONnITION 

TAijLE ~ -- APPLIEO JOINT LOADS AND RFST~AI~TS 

USING PREVIOUS DAT~ ~LU. 

x LIt-IE V LINE PX PV pZ 

1 2 -2.26QE+Oo-0. -0. -0. 
2 2 -2.~60E+OO-O. -0. -0. 
3 2 -2.26QE+00-O. -0. -0. 
1 4 -1.020E+OO-O. -0. -0. 
2 4 -1.020E+OO-O. -0. -0. 
3 4 -1.020E+Oo-n. -no -0. 
1 5 -1.400E+OO-l.320E+n2-o. -0. 
2 5 -0. -1.320E+02-0. -0. 
3 5 -0. -1.070E+02-0. -0. 

SX SV Sz 
-0. -0. 
-n. -0. 
-0. -0. 
-0. -no 
-0. -no 
-0. -0. 
-0. -no 
-0. -0. 
-0. -no 



PRM 
PR;>03 

**** OIITPUT INFOPMATJON **** 

TARLE 1?'-- JOJ'\lT o T SPL A C~MF ~IT <; 

JnINT x f)Jt:;PL 

1 I;.021E-2/l 
2 ~ .(U~ I E-2O 
3 6.01RE-2n 
4 Ihll1E-0? 
5 ".604E-0" 
I; R.ll I:;E-O" 
7 1.317E-01 
R 1.317E-0\ 
9 1.317E-01 

10 1.447E-Ol 
11 1o43!lE-Ol 
12 1.444E-01 
13 I.S3flF-Ol 
14 I.Ci3JE-Ol 
15 1.530(-01 

T,4~LE 13-- JOINT RfAr.:TIo~'s 

Jf"lIIIJT F"X 

1 -6.021E+oO 
Z -1;.91;1E+01'I 
3 -6.n1~E+o" 

217 

y f"IISPL THETA Z 

-3.321E-18 -1.434E-17 
-3.467f-18 -1.573E-17 
-3.692F-IA -1.434E-17 
-1.791E-n2 -4.031E-04 
-1.R77F'-02 -4.09~E-04 

-1.99RF-02 -4.03nE-04 
-2.891E-02 -1.423E-04 
-3.019F'-02 -b.1711E-05 
-3.214F-n2 -1.4?":iE-04 
-3.608E-02 -1.51;1E-04 
-3.745E-02 -1.74.]F-04 
-3.910f-02 -1.50 4f-04 
-4.3?4F-02 -4.2f13E-05 
-4.471f-Oe -2.7R4E-ns 
-4.125f-02 -4."575E-05 

FY M7 

3.321E+02 1.434E+03 
3.41;1£+02 1.51)E+03 
3.692£+02 1.434E+03 
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PRoB 
PRLl03 TWO-BAY BENT, SECONn LOADING CONnITIO .... 

TA~LE 14--- INDIVIDUAL MEMAER DATA 
(DESYGNERS StGN cnNVENTION) 

•• I-IORIZ •• MEIo4RER OF TYPE 

AX IlL FORr.E • 
MOMENT AT LEFT END • 
SI-IEAR AT LEFT END • 
MOMENT AT RYGHT END • 
S~EAR AT PIAI-IT END • 

•• HORIZ •• PoIEMRER OF TYpE 

AXIAL FORCE • 
MOMENT AT LEFT END • 
SHEAR AT LEFT END • 
MOMENT AT RJGI-IT END • 
SHEAR AT RIAI-IT fND • 

•• HORIZ •• '1E"'AER OF TYPE 

AXIAL FORrE :: 

MDMENT AT LEFT END :: 

SHEAR AT LEFT END = MnM[NT AT RIGHT [NO • 
SI-IEAR AT QIGHT END :: 

•• HORIZ •• ME"'REI1 nF TYPE 

AXIAL FORCE • 
MOMENT AT LEFT END • 
SI-IEAR AT LEFT END • 
MOMENT AT RJGHT END • 
S~EAR AT RIGHT END • 

3 BETwEEN 

8.103E-Ol 
1.248£+03 

-1.0C!6E+Ol 
-9.681E+02 
-1.026E+Ol 

3 BETWEEN 

-1.254E+00 
9.339E+02 

-9.947E+00 
-1.215E+03 
,,9.947E+00 

1 BETwEEN 

-1.059E+Ol 
4.227E+02 

-3.600E+00 
-3.54QE+02 
-3.600E+00 

1 BETWEEN 

-3.164E+00 
3.011E+02 

-3.168E+00 
-3.1:132E+02 
-3.168E+00 

.JOINTS 7 AND A 

.JOINTS 8 ANO q 

.JOINTS 13 ANn 14 

.JOINTS 14 AND 15 



PROS 
PR~03 TWO-SAY BENT, SECONn LOADING CONnlTION 

TABLE 14 (CONT) 

•• VERTL •• '4EM8ER OF TYPE 5 BETfiEEN 

AX!AI.. F'ORCE • -3.3l1E+02 
MOMENT AT LEF'T END • -2.246E+02 
SHEAR AT LEFT ~ND • S.99AE+00 
MOMENT AT RIGHT END = 1.~31E+03 
SHEAR AT ~IGHT ENO • 5.9fi8E+00 

•• VERTL •• UEMBER OF' TYPE 4 SETWEEN 

AXIAL FORCE • "3.321E+02 
MOMENT AT LEFT END ,.. -1.050E+03 
SHEAR AT LEFT END • 4.811E+00 
MOMENT AT RIGHT END = -2.319E+02 
SHEAR AT ~IGHT ~NO • 4.871E+00 

•• VERTL •• UEMBER OF TYPE 2 SETfiEEN 

AXIAL FOReE • -3.124E+02 
MOMENT AT LEFT END a -1.286E+02 
SHEAR AT LEFT END = 4.012E+00 
MOMENT AT RIGHT END ,.. 1.9&4E+02 
SHEAR AT RIGHT END • 4.012E+00 

•• VERTL .- UEMBER OF TYPE 2 BETwEEN 

AX IlL FOReE • -3.124E+02 
MOMENT AT LEFT END • -4.216E+02 
SHEAR AT LEFT END • 3.524E+00 
MOMENT AT RIGHT END • -1.361E+Ol 
SHEAR AT RIGHT END • 3.524E+OO 
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JOINTS 1 ANn 4 

JOINTS It AND 7 

JOINTS 7 AtVO 10 

JOINTS 10 AND 13 
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PROS 
PR203 TWO-SAY RENT, ~ECOND LOADING CONnITION 

TA~LE 14 (CONT) 

•• VERT!. •• '1EMRE'P OF TYPE 5 BETWEEN 

AXIAL FORrE • -3 •• 67E.+02 
MOMENT AT LEFT END :II -3.4.3E+02 
SMEAR AT LEFT ~ND • 6. 935E+00 
MOMENT AT RTGMT END = 1.570E+03 
SMEAR AT ~IGMT END ;:: 6.935E+00 

•• vERTL •• UEMRER OF TYPE 4 BETWEEN 

AXIAL FORrE = -3.467E+02 
MnMENT AT LEFT ~ND • -1.328E+03 
SMEAR AT LEFT END ,. 5.802E+OO 
MOMENT AT RtGMT END • -3.529E+02 
SHEAR AT RIr,MT F.ND :II 5.802E+00 

•• VERTL •• ""EMRER OF TYPE 2 BETWEEN 

AX IAL FORt"E • -3.1b4E+02 
MOMENT AT LEFT END :I -5.135E+01 
SHEAR AT LEFT END • 7.735E+00 
MnMENT AT RIGHT END • 5.75lE+02 
SHEAR AT ~IAHT ~Nn • 7.735E+00 

•• vERTL •• t.1EMIi3ER OF TYPE 2 BETioJEEt>J 

AX IAL FORrE • -3.164E+02 
MOMENT AT LEFT END • -6.533E+02 
SHEAR AT LEFT ~NO • 7.247E+00 
MOMENT AT RTGMT END • -6.634E+01 
SMEAR AT ~IAHT END ,. 7.i:!47E+00 

JOINTS 2 ANI') 5 

JOINTS 5 ANn ~ 

JOINTS 8 AND 11 

JOINTS 11 ANn 14 



PROS 
PR;?03 TwO-RAY BENT, SECOND LOADING CONDITION 

TABLE 14 (CONTI 

•• VERTL •• MEMRER OF TYPE 5 BETWEEN 

AX IAL FORr:E • -3.692E+02 
MOMENT AT LEFT END = -2.242E+02 
SHEAR AT LEFT END s 5. 995E+00 
MOMENT 4T RIGHT END • 1.430E+03 
SHE4R AT ~Ir,HT END s 5.~95E+00 

•• VERTL •• ~AE"'BFP OF TYPE 4 ~ETWEEN 

AxItlL FORCE = -3.692E+02 
MOMENT 4T LFFT END :I -1.049E+03 
SHEAR AT LEFT FND :I 4.8b8E+00 
MOMENT AT RIGHT END == -2.315E+02 
SHEAR AT ~IGHT END == 4.l468E.+OO 

•• VEPTL •• UEMRFP OF TYPE C 8ETWFEN 

AxUL FOReE == -3.292E.+02 
MOMENT AT LFFT END :: -1.255E.+02 
SHEAR AT LEFT FND == 3.575£+00 
MOMENT AT Rrr.HT END III 1.641[+02 
SHEAR AT nIAHT FNO II 3.5l5£+00 

•• VERTL •• MEMREP OF TYPE 2 BETWEEN 

AxIAL FORI':E = -3.292£+02 
MOMENT AT LfFT END = "3.822E+02 
SHEAR AT LEFT FNO :I 3.081E+00 
MOMENT AT RIGHT END == -1.321£+02 
SHEAR AT ~Ir.HT END = 3.0l41E+Oo 
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JOINTS 3 ANO f> 

JOINTS 6 ANn Q 

JOhlTS Q AND I? 

JOlt-ITS 12 I\l\lD 15 
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PROS 
PR?04 PR203 wITH INV~STIGATION OF AXIAL EFFECTS 

•••• INPUT INFORMATION •••• 

TABLE 1 -- PROGRAM CONTROL DATA 

NfWPR NAMT NAJL~ KOIIT NAr'\~ Ncn!.! NIT ['ITOL 

2 o o 1'\ o 10 1.OOOE-04 

TARLE / -- ~ ANO Y LINE COO~OTNATES 

USING X AND Y LINE nATA FROM pREVrOUS PROBLEM 

USING DATA FROM PREVIOUS PROBLEM PLUS THE FOll OwIN~ 

NONE 

1.000F-OS 



PROB 
PRi'04 

TABLE 

PR203 WITH INVFSTIGATION OF AXIAL EFFECTS 

4 .. -

ALONG 
Y LINE 

2 

3 

4 

5 

ALONG 
X LINE 

2 

3 

MEMRER 

1 

0 

0 

3 

0 

1 

5 

s 

5 

INCIDENCE DATA 

"4E"4BER TYPES BETWEEN X L TNES 
2 ~ 

0 

0 

3 

0 

1 

MEMBER TYPES RETwFEN Y LTNES 
2 , 4 r; 

2 2 

4 2 

2 2 

TABLE 5 -- DIAGONAL MEMB~R INCIDENCE 

LEFT END RIGHT ENn MEMRER TYPE 
X LINE Y LINE X LIN~ Y LTNE 

NO ADDITIONAL DATA 

TABLE 6 .- APPLIED JOINT LOAO~ AND RESTRAINTS 

NO ADDITIONAL DATA 

CLOSURE OBTAINED AFTER 3 ITERATTONS 
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PRn8 
PR204 PR203 WITH INV~STIGATION OF AXIAL EFFECTS 

•••• OUTPUT INFORMATION •••• 

TABLE 11 -- JOINT NUMBERS 

X LINE 

'( LINE 1 , , 
5 13 14 11:i 

4 10 11 P 

3 7 ~ q 

2 4 c; 

1 , , 

TA8LE 12-- JOINT OISPLAC~MENTS 

JOINT )( DISPL '( DISPL THETA Z 

1 6.022E-21) -3.319E-18 -1.'+58E-17 
2 6.972E-20 -3.467E-18 -1.6(10E-17 
3 6.0n6E-2n -3.694E-18 -1.457E-17 
4 8.293E-0" -10 796£-1'12 -4.l1aE-04 
5 8.791E-0<' -1.R77E-02 -4.1R2E-04 
6 8.29QE-0? -1.999E-02 -'+.lIRE-(l,+ 
7 1.346E-Ol -2.889E-Q2 -1.45'+E-0'+ 
8 1.346E-Ol -3.n19f'-n2 -6.923E-05 
9 1.346E-Ol -3.216E-02 -1.456E-04 

11'1 1.478E-Ol -3.6n6E-02 -1.585E-0'+ 
11 1.464E-Ol -3.145E-Q2 -1.767E-0'+ 
12 10475E-01 -3.971E-D2 -1.528E-D'+ 
13 1.56AE-Dl -'+.322E-02 -4.329E-D5 
14 1.564£-01 -4.471E-n2 -2.83nE-05 
15 1.563£ .. 01 -4.727F.-02 -'+.641E-D5 

TARLE 13-- JOI~T REACTIO~IS 

JI)INT FX FY MZ 

1 -6.022E+OII 3.319£'+02 1.458E+03 
2 -6.972£+0(1 3.467E+02 1.6OI)E+03 
3 -6.Q06E+01) 3.694E+02 1.457E+03 



PROB 
PR?04 pR203 WITH INV~STIGATION OF AXIAL EFFECTS 

TABLE 14--- INDIVIDUAL M~MAER DATA 
(DESIGNERS STGN cnNvENTION) 

•• HOIHZ •• MEMBER OF TYPE 

AXIAL FORCE = 
MOMENT AT LEFT END I: 

SHEAR AT LEFT ENO • 
MOMENT AT RIGHT END = 
SHEAR AT ~Ir.HT END • 

•• HORIZ •• !.4EMRF.R OF TYPE 

Ale IAl FQRr.E = 
MOMfNT AT LF.FT END :II 

SHEAR AT LEFT END = 
MOMfNT AT RJBHT END = 
SHEAR AT ~Ir-HT ENO I: 

•• HORIZ •• ""EMRE~ OF TypE 

AXIAL FORr'E = 
MOMENT AT LEFT fND = 
SHEAR AT LEFT END = 
MOMENT AT RIGHT END :: 

SHEAR AT ~Ir.HT END = 

•• IolORIl •• V,EMBER OF TYPE 

AXIAL FORCE = 
MOMENT AT LEFT END • 
SHEAR AT LEFT END :II 

MOMENT AT RTGHT ENO = 
SHEAR AT RIr-HT END I: 

3 BETWEEN 

8.293E-Ol 
1.276E+03 

-1.049E+Ol 
-9.899E+02 
-1.049E+Ol 

3 t:lETWEEN 

-1.258E+OO 
9.557E+02 

-1.01BE+Ol 
-1.242E+03 
-1.018E+Ol 

1 ijEhEEN 

-1.061E+Ol 
4.296E+02 

-3.6&OE+00 
-3.&09E+02 
-3.6&OE+00 

1 BETWEEN 

-3.147E+OO 
3.070E+02 

-3.227E+OO 
-3.900E+02 
-3.227E+00 
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JOINTS 7 ANI'l FI 

JOhTS 1'1 AJ\II') 9 

JO II>,ITS 13 ANI'l 14 

JOINTS 14 AN!') 1., 
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PRne 
PR;?04 PR201 wITH INVFSTIG~TION OF AXIAL EFFECTS 

TABLE 14 (CONT) 

•• VERTL •• "'EMBER OF TYPE 5 BETWEEN 

AXIAL FORr.E = -3.319E+02 
~(,\MENT AT LFFT ENO = -2.J17E+02 
SHEAR AT I EFT END = 6.022E+OO 
MOMENT AT RIGHT END IE 1.4!)8E+03 
SHEAR AT ~IGHT END = 6.022E+OO 

•• VEI:ITL •• '~EMRfl:l OF TYPE 4 ~ET\l/EEN 

AXIAL FnRCE = -3.319E+02 
MOMENT AT LEFT END ~ -1.076E+03 
SHEAR AT lEFT END = 4.922E+OO 
MnMENT AT RTGHT END • -2. J 17E+02 
SHEAR AT PIGHT ~ND = 4.922E+OO 

•• vERTL *. ~"EMRER OF TYPE 2 BETilEEN 

AXIAL FOReE • -3.123E+02 
"'OMENT AT LEFT END IE -1.JS8E+02 
SHEAR AT LEFT END • 4.093E+OO 
MOMENT AT RYAHT END ~ 1.999E+02 
SHEAR AT !:lIGHT FND • 4.093E+On 

** VERTL ** ~IE"'RfQ OF TYPE 2 Bt:TwEEN 

AX IAL FORCE III -3.123E+02 
MOMENT AT LEFT END • -4.296E+02 
SHEAR AT LEFT END .. 3.593E+OO 
MO"'ENT AT RYGHT END ;I -1.3S8E+02 
SHEAR AT PIGHT END • 3.593E+OO 

JOINTS 1 ANf"I 4 

JOINTS ... ANI') 1 

JOINTS 7 ANI) 10 

JClINTS 10 AN!) 13 



PRC'B 
PR204 pR203 WITH INvrSTIG4TION OF AXIAL. EFFECT~ 

TABLE 14 (CONT) 

•• VERTL •• "'E"4RE~ OF TYPE 5 BETWEEN 

AXIAL FORCE • -3.'+67E+02 
MOMENT AT LEFT END = -3.S'+9E+02 
SHEAR AT LEFT rND = 6.972E+00 
MOMENT AT RIG~T END ::I 1.600E+03 
SHEAR AT PIGHT F.NO = 6.972£+ 00 

•• VEIHL •• "'EMRE~ (IF TYPE 4 tlETIIIEEN 

AXIAL FORCE ::I -3.467E+02 
MOMENT AT LEFT END = -1.358E+03 
S~EAR AT LEFT END = 5.872[+00 
MOMENT AT RTG~T ENn = -3.549E+Ol 
S~EAR AT ~Ir,~T FND '" 5.872£+00 

•• VERTL •• MEMRFR OF TYPE 2 BETWEEN 

Ax IAL FORt"E = -3.164E+02 
MOMENT AT LFFT fNO .. -6.050E+01 
S~EAR AT LEFT END '" 7.960E+00 
MOMENT AT RTr.~T END = S.tidOE+02 
SHEAR AT I)Ir.HT F.ND = 7.960E+00 

•• VERTL •• IAEMREQ OF TYPE 2 !:tETIIIEEN 

AXIAL FORl"E = -3.164£+02 
MOMENT AT LEFT END • -6. 67 9E+02 
SHEAR AT I EFT END = 7.460E+00 
MOMENT AT RTGHT END ,. -6.050E+01 
SHEAR AT ~IGHT END • 7.4t)OE+00 
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JOhlTS 2 AND ~ 

JOIMTS 5 ANn R 

JOINTS B ANfl 1 I 

JOlt-ITS 11 A~1i 1 '+ 
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PRnB 
PR~04 PR203 wITH I~VFSTIGATION nFAXIAL EFFECTS 

TAijLE 14 (COIIIT) 

•• VERTL •• UEMREI;I OF TYPE S BETWEEN 

AXIAL FORCE ,. -3.694[+02 
MOMENT AT LFFT ~ND = -2.314E+02 
SHEAR AT LEFT ~ND = 6.006E+00 
MOMENT AT RIGHT END = 1.4~7E+03 
SHEAR AT ~Ir.HT ~~D ,. 6.006E+OO 

•• VE~TL ** '~E MRE'R OF TYPE 4 BETWEEN 

AxIAl. FORrE :I -3.694E+02 
Ih.1t'1ME'NT AT LEFT END ,. -1.075E+03 
SHEAR AT LEFT END ,. 4. 906E+00 
Mf)"lENT AT RIGHT END :I -2.314E+02 
SHEAR AT DIGHT END :I 4.906E+OO 

** VE~TL ** I~EMFlfl;l OF' TYPE 2 I:iETwEEN 

AX IAl FORI"'E = -3.292E+02 
MOMENT AT LEFT END = -1.322E+02 
SHEAR AT LEFT END = 3.b47E.+00 
MOMENT AT RTGHT END :I 1.675E+02 
SHEAR AT ~IGHT FND ,. 3.647E+00 

** VE~TL ** OJEMRER OF TYPE 2 BETWEEN 

AXIAL FORtE = -3.292E+02 
MO~ENT AT LEFT END = -3.~OOE+02 
SHEAR AT LEFT END 11 3.147E+00 
MOMENT AT RIGHT END = -1.322E+02 
SHEAR AT ~Ir,HT END = 3.147E+00 

JOINTS 3 ANI" " 

JOlr-.ITS f-, ANn q 

JOI"ITS 9 I\ND 12 

JOINTS 12 ANn 1'" 



FIRM 
PR"'Ol ONE BAY BENT wtT~ VFRTICAL CnLUMNS 

**** INPUT INFORMATION •••• 

TARLE 1 -- PROGRAM CONTR~L DATA 

NEWPR NAMT NAJLR KOUT NAn M NCOM 

1 3 

TA!:<LE 2 -- X AND 

NXL = 
NYL = 

X LINE 

1 
2 

Y LI"JE 

1 
2 
3 

Y 

" 

LINF: 

" 3 

1 

r:OORntIllATES 

COOROTNATE 

tI. 
2.4t10E+02 

cnORnp·IATE 

o. 
i?64l'1E+OZ 
3.6QOE+02 

o 

NIT 

o -0. 
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nTOL 

-0. 
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PROS 
PR)OI O~E eAY BENT WITH VFqTICAL COLUMNS 

TABLE 3 -- MEMBEP TYPE DATA 

TYPE M K.nDE NDC H 

22 3 2 1.200F.:+Ol 

FROM TO CONTO F n S 

0 22 -0 1.990E+08 -0. -0. 
7 22 -0 -0. -0. 2.400E+08 

TYPE M KOOE Nnc 

2 15 

FROM TO CONTO F S 

o lS-0 -0. 

TYPE M KOOE NDC 

3 20 

FROM TO COI\jTO F S 

o 20-0 -0. 

TABLE 4 -- MEMREP INCIOENCF DATA 

-0. 
-0. 

-0. 

-('I. 

ALONG 
Y LINE' 1 

ME~aE'R TYPES BETWEEN X LyNES 
2 

1 

2 

3 

ALONG 
X LINE 1 

o 

o 

3 

MEMBER TYPES 8ETWEEN Y LyNES 
2 ~ 

1 2 

1 2 

T R tiE 

-0. 3.S30F+06 
-0. -0. 

T AF 

-0. 

T 

-0. 



PROS 
PFl-;Ol ONE RAY BE~T wyTH V~~TICAL COLUMNS 

TARLE S .- DIA~ONAL MEMBFR INCIDENCE 

LEFT END RIGHT ENO MEMRER TYPE 
l( LINE Y LINE l( LINF' Y LINE 

NONE 

TABLE 6 .- APPLlfD JOINT LOAnC; AND RESTRAINTS 

X LINE Y LINE PX PY pZ 

1 1 -0. -1". -no 
2 1 -0. -0. -0. 
1 2 1.800E+00-0. -0. 
2 2 1.800E+OO-O, -0. 
1 3 1.830E+01-4.000E+02-0. 
2 3 1.830E+01-4.350E+02-0. 

231 

Sl( SY 5Z 

-0. 2.000E+02-0. 
-0. 2.000E+02-0. 
-0. -I). -0. 
-0. -no -0. 
-0. -0. -no 
-0. -0. -fl. 
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PRnB 
PR301 ONE RAY BENT WTTH VF.RTICAL COLUMNS 

•• *. OUTPUT INFORMATION •• *. 
TABLE \1 -- JOINT NU~BfRS 

Y LINE 

3 5 

2 3 4 

TARLE \2-- JOINT r)ISPLACF'MFNTC:; 

JOINT X OISPL 

1 A.994E-3 11 

2 A.994E-3n 
3 4.A06E-O? 
4 4.AOflE-O? 
5 l.b07E-01 
6 l.b07E-OJ 

TABLE 13-- JOINT REACTIOMS 

JOINT 

1 
2 

FX 

-0. 
-0. 

X LINE 

Y DISPL 

-1.968[+00 
-2.207E+00 
-1.998E+00 
-2.240r+OO 
-2.010r+OO 
-2.253E+00 

F'I' 

3.937E+1l2 
4.413E+02 

THETA Z 

1.403E-29 
1.403E-29 

-9.344E-04 
-9.344E-04 
-1.042E-03 
-1.042E-03 

"1Z 

-0. 
-0. 



PROF! 
PR~Ol ONE ~AV BENT _ITH VFRTICAL COLU~NS 

TARLE ,4--- INDIvIDUAL M~MRfR DATA 
(DESIGNERS STGN cnNVENTIONI 

•• HORIZ •• ~EMRER OF TyPE 

AX IAL FORCE I: 

MOMENT AT LEFT ~NO .. 
SHEAR AT LEFT END .. 
MOMENT AT RIGHT END .. 
SHEAR AT PIr,HT END I: 

•• VERTL •• ~EMRER OF TYPE 

AxIAL FORrE :: 

MnM~NT AT LEFT fND = 
SHEAR AT LEFT flllD I: 

MOMENT AT RIGHT END .. 
SHE4R AT ~Ir,HT END = 

•• VERTL •• I,4EMRE'~ OF TYPE 

AXIAL FORtE = 
MOMENT AT LEFT END :: 
SHEAR AT LEFT FIIlO • 
MOMENT AT RIr,~T END I: 

S~EAR AT QIGHT END = 

•• VEPTL •• IJEMREQ OF TYPE 

AXIAL FORCE .. 
MOMENT AT LEFT END .. 
SHEAR AT LEFT END • 
MOMENT AT RIGHT END .. 
SHEAR AT oIGHT ENO • 

•• VERTL •• ~EMRFR OF TYPE 

AXIAL FORCE .. 
MOMENT AT LEFT (NO = SHEAR AT LEFT END I: 

MOMENT AT RIGHT ENO .. 
SHEAR AT ~IGHT END • 

3 8ETlt/EEN 

5.821E-l1 
1.527E+02 

-6.272E+(1) 
-1.:)21E+02 
-6.212E .. 00 

1 BETwEEIIJ 

-3.937E+02 
1.165E·03 
2.010E+Ol 

-2.1~lE-35 
'5."11E-35 

2 t:JETWEE'II 

-3.931E+02 
-1."80E+02 

1.814E·01 
1.151E+03 
1.t:l14E+Ol 

1 BETWEEN 

-4.413E+02 
1.165E+01 
2.010E+01 
3.966E-36 

-6.019E-36 

2 BETlt/fEN 

-4."13E+02 
-1.480E+02 

1.814E.+Ol 
1.157E+03 
1.814E+Ol 
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JOI~ITS 5 AN['I ~ 

JOH-ITS 1 A~JO "3 

JOhJTS 3 At\Jf) S 

JOINTS 2 ANfl 4 

JOINTS 4 ANfl ", 
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PROB 
PR302 ONE BAY BENT wrTH BATTERED COLUMNS 

•••• INPUT INFOR~ATION •••• 

TA9LE I -- PROGRAM CONTROL OAT~ 

TAHLE 

NFWPR NAMT NAJLR KOllT "JAnM ~ICOM 

1 

? 
_. 

4 

)( AND 

NXL :: 

IIIYL :: 

)( LINE 

? 
; 

• C; 

" 
Y LI'liE 

? 
1 

Y LINE 

f> 
3 

1 4 n 

rOORnTNATES 

Cf'lORnrNATE 

Cl. 
??1l0E+Ol 
'.(l15E+Ol 
2.107E+02 
2.1QSE+02 
3.0"5E+02 

CI'lOROIMATE 

o. 
2.f>40E+02 
J.6QOE+02 

NIT 

o -0. 

OTOL IHOL 



PRne 
PR30(' ONE BAY BENT WTTH BATTERED CnLUMNS 

TA8L~ , -- MEMREP TYPE DaTA 

TYPE M KODE Nnc 

1 22 3 2 1.204E+Ol 

FROM To CON TO 

o 
o 

22 -0 
]5 -0 

TYPE 

F 

1.990E+OA -0. 
-0. -0. 

M KODE NnC H 

2 15 1 7.024~+00 

FRI"M To r:ONTO F 

o 15-0 1.990E+08 -0. 

TYPE ~ KnOE NOC 

3 20 1 1.20nE+01 

FROM TO CONTO F 

o 20-0 1.020E+09 -0. 

TYPE "'1 KOOE NDC H 

1+ 22 :3 2 1.204E+01 

FROM TO CONTD F ~ 

0 ?2 -0 1.990F+OA -0. 
7 22 -0 -0. -0. 

5 

-0. -0. 
2.408E+08 -0. 

5 

-0. 

S 

-0. -0. 

S 

-0. -0. 
2.408E+08 -0. 
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T Af 

-0. 
-0. 

T 

-0. 

T 

-0. 

T R AF 

-no 3.530F+(jf-
-no -0. 
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PRn8 
PR302 O"'E RAY 

TA8LE' 4 MEM~ER 

ALONG 
Y LINE 

1 

2 

J 

ALONG 
X LINE" 

2 

3 

4 

5 

6 

0 

0 

0 

" 
0 

0 

0 

0 

0 

BENT WTTH BATTERED COLUMNS 

INCIOEMCE OATA 

ME~8ER TYPES RETlolfEN X LYNES 
Z ':3 4 5 6 

" " 0 0 

0 I) " 0 

0 ~ 0 0 

MEMFIER TYPES BETwEEN Y LTNES 
2 , 

" 
0 

0 

0 

0 

" 

TABLE c; -- DIAGONAL MEMBF"R INCIDENCE 

LEFT END RIGHT ENf'I I'4EMRER TYPE 
X LINE Y LINE" X LINF" Y LT"IE 

1 1 2 2 
2 2 J 3 2 
4 3 5 2 2 
5 2 6 1 4 



PROS 
PR302 ONE RAV BENT WTTH RATTERED CnLUMNS 

TARLf ~ -- APPLI~O JOINT LOAn5 ANn RESTRAI~TS 

x LINE V LINE PX PV pZ 

1 1 -0. -0. -0. 
6 1 -0. -0. -I). 

2 2 1.800E+OO,,0. -I). 

S 2 1.1\00E+OO-o. -0. 
J 3 1.1\30E+Ol-4.000f+02-n. 
• 3 1.1\30E+Ol-•• ~SOE+02-0. 

237 

51( Sy SZ 

-0. 2.000E+02-0. 
-0. 2.000E+02-1'). 
-0. -0. -11. 
-0. -0. -0. 
-0. -0. -no 
"0. -0. -1'1 • 
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PRI'lB 
PR302 ONE BAY B~NT WITH RATTERED COLUM~S 

•••• OUTPUT INFORMATION •••• 

TABLE 11 -- JOINT NUMBER~ 

Y LINE ? 

3 o 

2 (I 4 n 

1 3 (I 

TARLE 12-- JOINT OISPLAC~MF~T~ 

JOINT )( DISPL 

1 1.581E-Ol 
2 1.584E-01 
3 -1.634E-Ol 
4 '"'5. 344E-0i? 
5 1.622E-01 
to. 1.~3qE-Ol 

TABLE 13-- JOI~T REACTIONS 

JOINT 

3 
6 

.... n. 
'"'0. 

X LtNF" 

5 

o 

(I 5 

(I o 

Y OTSPL 

-2.0?9f+OO 
-2.25SE+00 
-1.9~lF+OO 

-2.000E+00 
-2.242F:+OO 
-2.2071:+00 

FY 

3.922E+02 
4.414E+02 

o 

o 

6 

THfTA Z 

-1.41I"E-03 
-5.269E-04 
-2.241E-OEI 
-2.0RI-,E-03 

3.732E-04 
2.S24E-O~ 

Ml 

-0. 
-0. 



ONE ijAV BENT WYTH BATTERED COLUMNS 

TARLE 14--- INDIvIDUAL MFMRER DATA 
(DESIGNERS STGN cnNvENTION) 

** HORIZ ** MEMBER OF TVPE 

AxIAL FORrE :r 

MOMENT AT LEFT END III 

SHEAR AT LEFT END • 
MOMENT AT RJGHT END = 
SHEAR AT ~Ir,HT fND :: 

** nlAGL ** ~EM8F:R OF TY FIE 

AX tAL FORrE = 
MOMENT AT LF:F'T END = 
SHEAR AT LEFT E~JI') = 
MOMENT AT RTGHT /:ND = 
SHEAR AT PIAHT END = 

** DlAGL ** '~EM"IF'" OF TYPE 

AxIAL FORr.E = 
MOMENT AT LEFT END = 
SHEAR AT LEFT /:NO III 

MOMENT AT RIGHT END = 
SHEAR AT I:!IGHT END :II: 

** I)IAGL ** MEMREq OF TVPE 

AX IAL FORt"E :r 

MOMENT AT LEFT END • 
SHEAR AT LEFT END = 
MOMENT AT RtGHT END :: 
SHEAR AT RIGHT END = 

.* DIAGL .* HEMAEI:! OF TYPE 

AXIAL FORCE = 
MOMENT AT LEFT END :I: 

SHEAR AT LEFT END = 
MOMENT AT RIGHT END :I 

SHEAR AT I:!IGHT END = 

3 BETwEEN 

8.34QE.00 
4.3~qE·03 

-5.381E.00 
3.108E.03 

-5. 381E·OO 

1 I:;iETIoiEE"J 

-3.QOq£.02 
4.680E-o~ 
3.257£.01 

-1. 848E·03 
6.112E.01 

2 tiET-EEN 

-3. Q10£.02 
-1.821£·03 

5.880E.01 
4.375E.03 
5.880E.01 

2' tiE.TWEEN 

-4.397E.02 
3.092E.03 

-2.042£.01 
3.080£.02 

-2.642E.01 

4 BETWEEN 

-4.399£.02 
2.956E.O~ 

-2. 41i6E.01 
5.895E-OQ 

-3.666E.01 
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JOINTS 1 ANt" 2' 

JOINTS 3 AI\'f'i 4 

JOINTS 4 ANI') 

JOINTS 2 ANt" 5 

JOINTS 5 ANO " 
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PROB 
11001 SINGLE STORY F~AME MY MASTERS AXJAL LOAD _ 

.*.* INPUT INFORMATION •••• 

TABLE , -- PROGRAM CONTROL DATA 

1 2 2 

TARLE ~ ME~~EQ tYPE DATA 

TYPE M MOE: Nne 

25 3 1 1.~91'.F.'+Ol 

FROM TO CONTO 

o 25-0 1.33~E+08 -0. 

TYPE M KODE NDe 

2 25 

FROM TO CONTD 

o 25-0 

3 1 2.50'7F+01 

F 

1.726E+OR -0. 

-0 

-0. 

-0. 

TARLE ? -- X AND Y UNE c:orlFmTNATES 

NXL .. t! 
NYL • ? 

X LINE COORDINATE 

1 -0. 
2 E..L'I'.RE+02 

Y LINE eMQDI~ATE 

1 -0. 
~ 4.140E+02 

NIT 

-0 -0. 

s 

-no 

S 

-0. 

n • 3 NOV ",9 

nTOl RTf'lL 

-0. 

T fiF 

-0. 

T R 

-0. 1.1"'5F+(lt> 
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