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CHAPTER 1
INTRODUCTION

The collection of programs reported herein was developed
during the program of study of M. EL-Zanaty at the University of Alberta,
in order to investigate the behavior of frames. This report discusses
the development of the computer programs presented throughout that
study. It also gives the user's manuals, logic flows, and listings
of all programs.

Five different computer programs (ESTANF, NONELA, INPLAF,
PLAFIT, and INSTAF) are presented in this report. Program ESTANF
performs an eigenvalue analysis (buckling problems). NONELA is a
program to evaluate the load-deformation characteristics of frames with
linearly elastic material.

-~ Two computer programs (INPLAF and PLAFIT) have been
developed to solve for the load-deformation characteristics of frames
by plastic analysis. INPLAF performs an incremental plastic analysis

while PLAFIT is based on an iterative technique. Each program has

~the option to perform first or second order analysis.

The program INSTAF has been developed to evaluate the load-
deformation characteristics of inelastic structures. It has the provision
of including residual stresses in the cross-sections and strain hardening

of the material in the solution.

A1l programs reported herein are capable of analyzing unbraced

as well as braced frames.



Details of formulation and typical results for a wide variety
of problems are contained in Structural Engineering Report No. 83,
"Inelastic Behavior of Multistory Steel Frames" by EL-Zanaty et al.
(1980).




CHAPTER 11
DEVELOPMENT OF PROGRAMS

2.1 Introduction to Program Development

A1l programs developed during this investigation handle only
plane frame type problems with no limitations on the size. In general,
the programs handle two sets of load one of which is constant while
the other is variable. Source language is FORTRAN IV. Double precision
is used throughout.

The equation solver used is skyline Cho]esky decomposition.
A1l programs use the equation solving package developed by Elwi and
Murray (1977) with a few modifications. A type of dynamic array allo-
" cation proposed by McCormick (1975), is used. This simple data manager
identifies an array by its FORTRAN name, its Tength, and a logical
number which designates the common block to which the array belongs.

The MAIN program segment is composed of a number of
comment statements; a number of statements where the lengths of the
common blocks are specified and passed to the data manager; a call
statement to the main executive routine MAINMG; and an END card.

The executive routine MAINMG calls all other subroutines
- Which read the data, formulate and solve the problem, and output the

final results.



2.2 Program ESTANF: Eigenvalue Stability Analysis of Frames

_ This program solves for the lowest eigenvalue and the asso-
ciated eigenvector, of a frame, using inverse power iteration technique.
The program 1nc1udeslan automatic recording.of the present
variables and last converged-at solution for added flexibility in
restarting the iterative process. A flag is used as a control para-

meter to specify if the present run is original or a restart one.

2.2.1 Logic Flow of ESTANF

The sequence of events coded into thé main executive routine
'MAINMG of the program is as follows. Details of the required input are
given in Appendix A.
Read problem control parameters (Sub:INPUT1).

i
.

If the problem is not a restart, go to 5.
Read from FILE1 all information stored.

Go to 19.

(32 B~ N VS N

Read nodal geometry, member properties and connectivities
(Sub: INPUT2)

6. Read external boundary conditions (Sub: BOUND).

7. Read load control parameters, load factors, and load variable

flag (Sub: LOADCV).

8. Read nodal loads, and/or prescribed displacements (Sub: JLOAD1).

9. Read member loads and compute the corresponding nodal loads
(Sub: MLOAD1). ,

10. Form the column heights array (Sub: COLHT).

11.  Form the diagonal component addressing array (Sub: ADDRES).
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12.

13.
14.

15.
16.

17.

18.

19.

20.
21.

22.

Form and assemble the structure e]astic.stiffness matrix.

Also form geometric element stiffness for unit axial forces
and write the stiffnesses on FILEI.

(Subs: STIFF, ELEMS, MODIFY, and ASSEMB).

Add external boundary conditions (Sub: BOUND1).

Use Cholesky decomposition to partition [K11] and reduce the
10ad partition {Ri} (Sub: EQSBST).

Solve for nodal displacements (Sub: BKSB1).

Loop over number of load cases to find nodal displacements

and member forces (Subs: DISPL2 and STRES2).

Read the inverse iteration control parameters and the assumed
eigenvector (Sub: INPUTI).

Assemble the geometric stiffness matrix arising due to the
variable set of axial forces into array B. Also assemble the
constant geometric stiffness into the elastic stiffness matrix.
This constant geometric stiffness is due to the constant set
of external forces which devé]op a set of constant axial forces
in the members (Sub: STIFF1).

CaTcu]ate the smallest eigenvalue and the corresponding
eigenvector by inverse power iteration using Cholesky decom-
position (Subs: EIGV and MULT1).

If eigenvalue is obtained without exceeding the maximum number
of iterations specified, go to 22.

Store all information necessary for a restart of the problem
on FILET.

Return to MAIN.



The functions of subroutines INPUT1, INPUT2, BOUND, LOADCV,
JLOAD1, MLOAD1, and INPUTI are described in steps 1, 5, 6, 7, 8, 9,
and 17 respectively. Subroutines COLHT and ADDRES form part of the
equation solving package and are common to all programs and are listed
in Sect. E;9. Subroutines ELEMS, MODIFY, ASSEMB, and BOUND1 are
common to programs ESTANF, INPLAF, and PLAFIT and are listed in Sect. E.10.
Also, the data storage and retrieval package and the data manager are
common to all programs and are listed in Sects. E.7 and E.6 respectively.

The remaining subroutines of program ESTANF are listed in Sect. E.l.




2.3 Program NONELA: Nonlinear Elastic Analysis

This program solves for the load-deformation characteristics

of frames using a Newton-Raphson method. The program is capable of

analyzing braced and unbraced frames. The Re-start capability described

in Sect. 2.2 1s also used. A flag is used to indicate if the re-start

1s due to a new load increment or due to a default in convergence.

Two sets of applied loads are used, one is constant while the other

increases monotonically or both can vary independently from one another..

2.3.1

Logic Flow of NONELA

The sequence of events coded into the main executive subroutine,

MAINMG, is as follows. Details of the required input are given in

Appendix B.

1.
2.
3.

Read the problem control parameters (Sub: INPUT1)

If the problem is not a re-start go to 10.

Read from FILE10 all the information stored from the

previous step.

Assemble the two sets of épp]ied loads into a new load vector

using the load factors introduced at stép 1.

‘Read from FILE9 the number of this load increment.

| If the re-start is due to default in convergence at the

previous load increment go to 8.

Read from FILE9 the displacement vector obtained from the
previous load increment, then go to 18.

Read from FILE10 the displacement vector obtained from the

last converged solution.



11.
12.
13.

14.
15.
16.

17.

18.

19.
20.

21.
22

23.

Go to 18.

Read nodal geometry, member properties and connectivities
(Sub: INPUT2).

Read external boundary conditions (Sub: BOUND).

Read nodal Toads in two sets (Sub: JLOAD2).

Read member loads and compute the corresponding nodal loads
(Sub: MLOAD2).

Calculate the total loads on the frame.

Form the column heights array. (Sub: COLHT).

Form the diagonal component addressing array (Sub: ADDRES).
Evaluate the derivatives of the shape vector for each

Gauss point in a beam element (Sub: SHAPE).

Form and assemble the tangent stiffness matrix for flexural
elements. Also assemble resisting forces together with
external forces to find the vector of unbalanced forces

(Subs: STIFF, TR, TR1, and ASSEMB).

If the frame is unbraced, go to 21.

Form and assemble the tangent stiffness matrix for the bracing
members and add the matrix to the structure‘stiffness matrix
(Subs: STIFFB and ASSEMB).

Add external boundary conditions (Sub: BOUND2).

Check convergence in unbalanced forces and nodal displacements.
If both vectors converge go to 28 (Sub: CONVER).

If the number of iterations exceeded the maximum number allowed,

go to 28.
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24.
25.
26.

27.
28.

29.

Solve for nodal displacements {Ar} (Subs: EQSBST and BKSB1).
Output the incremental nodal displacements {Ar} (Sub: DISPL1).
Output the total nodal displacements {r} and evaluate con-
vergence inrdisplacement vector (Sub: DINCR).

Go to 18.

Write on FILE9 and FILE10 all the necessary information for
re-start of the problem.

Return to MAIN.



2.4 Program INPLAF: Incremental Plastic Analysis of Frames

This program solves for the load-deformation characteristics
of frames using an incremental step-by-step method described by
EL-Zanaty et al. (1980). The'program has the capability of performing
first or second order elastic-plastic analysis. The input description

is found in Appendix C, and the 1isting in Sect. E.3.

2.4.1 Logic Flow of INPLAF

The sequence'of events coded into the main executive routine
MAINMG of the program is as follows.
1. Read the problem control parameters (Sub: INPUTT).
2. Read nodal geometry, member properties and connectivities
(Sub: INPUT2). |
3; Read the external boundary conditions (Sub: BOUND).
4. Read nodal Toads (Sub: JLOAD2).
5.  Read member loads and compute the corresponding nodal loads,
then add 4 and 5 (Sub: MLOAD2).
6. Form the column heights array (Sub: COLHT).
7. Form the diagonal component addressing array (Sub: ADDRES).
8. Compute the maximum number of hinges that can be formed °
at a joint without causing a joint mechanism (Sub: MNHING).
9. Form and assemble the structure tangent stiffness matrix.
For a second order analysis include the geometric stiffness
matrix (Subs: STIFFP, ELEMS, MODIFY, and ASSEMB).
10.  Add the external boundary conditions (Sub: BOUND1).

10




11.

12.

13.

14,
15.
16.
17.

18.
19.
20.
21.
22,

23.

24.

25.
26.
27.

28.

11

If conducting a second order analysis store the structure
stiffness matrix on FILE1.

Use Choleski decomposition to partition [K11] and reduce the
load partition {R.} (Sub: EQSBST).

If the_determinant of the stiffness matrix is not negative,
go to 18. |

If performing first order analysis, go to 35.

Change the sign of the incremental load.

Retrieve the stiffness matrix from FILE1.

Decompose the stiffness matrix [K] and reduce the load vector
{AR} (Sub: EQSBST).

Solve for incremental nodal displacements (Sub: BKSB1).

If the number of load cases is equal to one go to 23.

Set the number of load cases equal to one.

Output nodal displacements for constant load vector (Sub: DISPL1).
Output the member end forces (Sub: STRES1).

Output nodal displacements for incremental load vector (Sub: DISPL).

Check if any nodal displacement due to the small increment in
Toad is greater than 1 x 10%. If it is go to 36, otherwise
continue.

Output the incremental member end forces (Sub: STRES1).

If the analysis is first order, go to 33.

Form equivalent load vector takiﬁg sway forces into account
(Sub: CORRB).

Retrieve the stiffness matrix from FILE].



29.

30.
31.

32.
33.

34.
35.
36.

12

Decompose the matrix [K] and reduce the load vector {AR}
(Sub: EQSBST).
Solve for nodal displacements (Sub: BKSB1).

"Output nodal displacements corresponding to the equivalent

load vector (Sub: DISPL1).

Output the member end forces (Sub: STREST).

Search for the location of the next plastic hinge. Place a
real hinge at this location. Then update load vector, nodal
displacements and member end forces and output the results
(Sub: HINGE).

Assume a new load increment {AR}. .

Go to 9.

Return to MAIN.
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2.5 Program PLAFIT: Plastic Analysis of Frames Using An Iterative
Technique
This program solves for the load-deformation curve of frames

using an iterative method described by EL-Zanaty et al. (1980). A flag
1s used to specify if the analysis is a first or second order. The

input description is found in Appendix C, and the listing in Sect. E.4.

2.5.1 Logic Flow of PLAFIT

The sequence of events coded into the main executive sub-
routine, MAINMG, of the program is as follows.

1. Read the problem control parameters (Sub: INPUT1)

2. Read nodal geometry, member properties and connectivities
(Sub: INPUT2),

3. Read.the external boundary conditions (Sub: BOUND).

4. Read nodal loads (Sub: JLOAD2).

5. Read member loads and compute the corresponding nodal loads,
then assemble the result into the vector of nodal loads
(Sub: MLOAD2).

6. Form the column heights array (Sub: COLHT).

7. Form the diagonal component addressing array (Sub: ADDRES).

8. ~ Compute the maximum number of hinges that can be formed at
each joint without causing a joint mechanism (Sub: MNHING).

9. Form and assemble the tangent stiffness matrix. Also modify
the constant load vector by assembling an applied moment equal
to the plastic moment capacity at the location where a hinge

has formed (Subs: STIFFP, ELEMS, MODIFY, and ASSEMB).



10.
1.

12.
13.

14.

15.
16.

17.

18.

19.

20.
21.
22.
23.

14

Add the extermal boundary conditions (Sub:BOUND1).

Decompose the matrix [K] and reduce the load vector {R}

(Sub: EQSBST).

Solve for nodal displacements (Sub: BKSB1).

Check the sign of the determinant of the stiffness matrix.

If the sign is negative set a flag NV=1.

If conducting a first order analysis and NV=1, go to 29.

If the number of load cases is equal to 1, go to 17.

Output nodal displécements due to the constant load vector
(this consists of the constant applied loads in addition to the
plastic moment capacities acting as applied moments at the
locations of hinge formation). Also output member end forces
for the same set of loads (Sub: DISPL1 and Sub: STRES1).
Output nodal displacements and member end forces due to total
variable applied loads (Sub: DISPLI and Sub: STRESI).

Find the location of the new hinge and update the load
vector, nodal displacements, and member end forces using a
load factor A (Sub: HINGE).

Check the convergence of A. If it has converged insert a
real hinge at the particular section where M has just attained
MpC and set a flag IT = 999. If convergence does not occur
go to 23.

if the problem is first order analysis, go to 24.

If IT = 999, go to 24.

IT = IT +1.

" go to 9.




24,
25,
26.
27.
28.
29.

Set the number of load sets equal to 2.

Number of hinges formed = No of hinges +1.
IT=0

If NV=1, go to 29.

go to 9.

Return to MAIN.

15
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2.6 Program INSTAF: Inelastic Stability Analysis of Frames

The program solves for the load-deformation characteristic
of an inelastic frame. It has the provision of including residual
stresses of the cross sections and/or the strain hardening of the material
in the analysis. It has also the re-starting éapab11ity presented in

Sect. 2.2.

2.6.1 Logic Flow of INSTAF

The sequence of events coded into the main executive routine,
MAINMG, of the program is similar to that listed in Sect. 2.3.1, with a
few changes that can be stated as follows.

1. At step 10, the cross-sectional residual strain distribution
is given (Sub: INPUT2).

2. In formulating and assemblingithe tangent stiffness matrix for
flexural elements (Step 18), each member is subdivided into
3 elements. A substructure scheme developed by Elwi and Murray
(1977) 1s then used to eliminate the internal degrees of freedom
and assemble only the member end degrees of freedom into the
structure stiffness matrix.

3. A gradient test is performed at step 24 to determine if the
stiffness matrix is still positive definite. If the sign of
the determinant of the tangent stiffness matrix is negative
the program stops. A re-start run is then performed with a

decrease in the applied loads.

[N



CHAPTER III
APPLICATION

3.1 Introduction

In this chapter an example problem is solved using the
different programs developed. The structure chosen for illustration is
‘a one bay-one story frame with fixed bases as shown 4in Fig. 3-1. The
input file and sample output for each analysis performed are given in

Appendix F.

3.2 Buckling Analysis

In this analysis each member was treated as one element.
The classical solutions tabulated by Lu (1962) give a critical load of
1689.6 compared to 1696.67 obtained from the present analysis. The
difference in results is about 0.42%. The input data file and

the output are given in Sect. F.1.

3.3 Nonlinear Elastic Analysis

The results obtained for the example frame of Fig. 3-1 are
shown in Fig. 3-2 for different values of o where o is a fraction of the
vertical load. The input data file for o equal 0.5 and sample output

for the problem are given in Sect. F.2.

17
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3.4 Inelastic Analysis

Figure 3-3 illustrates the results obtained for the example
frame using the different plastic analyses. The load-deformation curves
(1), (2) and (3) represent the inelastic analysis, the second order
jterative elastic-plastic analysis, and the second order incremental
elastic-plastic analysis, respectively. In the inelastic analysis
(curve 1), the effects of residual stresses and strain hardening were not
considered. The input files and sample outputs for the three cases are

given in Sects. F.3, F.4, and F.5.

s
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USER'S MANUAL FOR ESTANF
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APPENDIX A
User's‘ManuaI For ESTANF

A.1 Problem Identification Cards

A.1.1 Heading Card (20A4)

One card which contains any title for the problem.

A.1.2 Re-start Identification Card (I5)

' 5
| IREF]
IREF: If 1, this is a re-start.run (continuation to the previous
run).

If 0, this is a new problem.

A.2 Problem Control Card (614, F12.0)

4__8 1216 20 24 36
| N0 TNE [ NEBEL | NLC | NLT | IFEIG | UNIT |

N Number of joints.
NE Number of elements
~ NEBEL: Number of external boundary elements

NLC : Number of load cases

NLT : Number of Tload types

IFEIG: Eigenproblem run flag,
If 0, this is a simple analysis
If 1, this is an eigenvalue analysis.

UNIT : Length conversion factor; e.g. 12.0 if section and
material properties are entered in 'inch' units, while

_ the nodal geometry is entered in 'foot' units.
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A.3 Nodal Geometry Cards (I5, 2F12.0, I5)

One card/node, unless automatic generation of nodal data is

used.
5 17 29 34
| N[ X(N) | Y(N) | INC |
N : Node number.
~X(N) : X-coordinate of the node.
Y(N) : Y-coordinate of the node.
INC If non zero, automatic nodal generation will be initiated.

The generated nodes will have numbers (NOLD + K* INC),
where NOLD is the nodal number on the preceding card, and
K is a positive integer. Generation terminates when
(NOLD + K % INC) = N. The coordinates of the generated
nodes are linearly interpolated between node NOLD and
node N. INC should be positive.

Note: The first nodal geometry card must have INC=0, and the last must

have N=NJ.

A.4 Member Data Cards

A.4.1 Member Property Default Card (3F12.0)

12 28 36
| ADEF | RDEF | YDEF |

ADEF : Default value for member area.
RDEF : Defdult value for moment of inertia of member.

YDEF : Default value for Young's modulus.
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Note: If UNIT=12.0 on card A.2, ADEF, RDEF, and YDEF should be entered
in in?, 1n* and k/1n?, respectively. If UNIT=1.0 any consistent

set of units may be used.

A.4.2 Member Property and Connectivity Cards (815, 3F12.0)

One card/member, unless automatic member data generation is used.

5 | 10 15 20 25 30 35 40 52 64 76

l M 'NOD(I,M),NOD(J,M)’MKODE(M),MFLAG(M)IINC'NOD]lNODZlAREA RI ’YMOD’
(M) |(M)](M)
M : Member number. The last member card must have
M=NE.,
NOD(I,M) : The node number at end I of member M.
NOD(J,M) : The node number at end J of member M.

MKODE(M) : 0, if member is continuous at both ends.
1, if member is hinged at end I only. |
2, if member is hinged at end J only.

3, if member is hinged at both ends.

MFLAG(M) : If 0, the geometric stiffness matrix is not considered.
If 1, the geometric stiffness matrix for member M is
included in the analysis. (Note that for eigenvalue
analysis MFLAG=1 for all columns).

INC : If nonzero, automatic generation of member data will
be initiated.  The new members will have numbers
(MOLD + K+ INC), where MOLD is the member number on
the preceding card, and K is a positive integer.

These members will have the cross section and material



properties of the member on the card initiating the
generation (i.e. the present card). The end nodes
of the new members will be (NOD(I,MOLD) + K+NOD1)
and (NOD(J,MOLD) + K«NOD2) for nodes at end I and J,
respectively. INC must be zero for the first member

card and zero or positive otherwise.

NOD1 : Incrementation value for nodal number of end I.

NOD2 : Incrementation value for nodal number of end J.

AREA(M) Area of member section, if other than ADEF.

RI(M). : Moment of inertia of member section, if other than
RDEF.

YMOD(M) Young's.modulus of member material, if other than
YDEF.

Note: Units of AREA, RI, and YMOD are the same as for ADEF, RDEF, and

YDEF, respectively.

A.4.3 Echo Check Flag Card (I5)

K : If 1, the complete nodal geometry and member data will
be contained in the output.
If 0, the output will not contain an echo check of the

completed data.

27
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A.5

28

External Boundary Elements Cards (316, F12.0)

One card per external boundary element. A boundary element is

defined as a spring with very high stiffness attached to a node. Each

‘element' can restrain one or more of the degrees of freedom at a node.

Several elements with different sitffnesses in different directions can

be attached to one node.

A.6

6 12 18 30
| N | NPB(N) | KODE(N) | BES(N) |

N : Number of the external boundary element.
NPB(N) : Number of the node to which this element is attached.
KODE(N) A three digit number of the form ijk, corresponding |
to degrees of freedom u, v, and r, respectively.
If any of these is 1, the corresponding degree of
freedom will be restrained, otherwise the digit must
be 0.
BES(N) : The spring stiffness of this element, if other than 102°.

Load Data Cards

A.6.1 Load Flag Card (215)

5 10
| JLFLAG | MLFLAG |

JLFLAG : "If 0, no joint loads will be prescribed.
If 1, joint loads will be prescribed.
MLFLAG : If 0, no member loads will be prescribed.

If 1, member loads will be prescribed.



A.6.2 Load Identification Cards (215, F12.0)

One card for each load type

| 5 10 22
| LT | LVF(LT) | FL(LT) |

LT : Load type number (The first card must have LT =1
and the last LT = NLT).

LVF(LT) If 0, this load is a constant set of load.
If 1, the load is a variable set of load.

FL(LT) : The load factor corresponding to LT type of load.

A.6.3 Joint Load/DispIacement Cards

This group consists of a group of cards for each load type.
Each load type group consists of a number of cards per each loaded node.
The first card in a node group is a nodal identification card. The

rest of the cards for this node, each describes a case of loading.

A.6.3.1 Nodal Identification Card (6I5)

5 10 15 20 25 30
| N | IDESP | NBEL(1) | NBEL(2) | NBEL(3) | INC |

N : Node number (not necessarily in order)

IDESP : If non-zero, displacements will be specified
(NBEL(I), : The boundafy element numbers attached to this node,
I=1,3) in case non-zero displacements are specified.

~These three numbers correspond to degrees of freedom

u, v, and r, respectively. In case this node is
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restrained in 3 directions with one element, and
non-zero displacements are specified only in 2 directiéns.
then this boundary element number appears only twice
in the corresponding locations. '

INC : If non-zero, automatic loading generation will be
initiated. Nodes with numbers (NOLD'+ K*INC) will
be assigned the same loads as on the node (N)

initiating the generation.

A.6.3.2 Nodal Load Cards (15, 3F12.0)

5 17 29 41
|JKODE JU [ V| R |

JKODE : A three digit number of the form ijk, the digits corres-

ponding to u,v, and r, respectively. If any digit is 1,
_the corresponding u, v, or r will be interpreted as a
displacement in the direction of the corresponding NBEL
of card A.6.3.1, otherwise it must be zero.

u : Load in the X-direction

v : Load in the Y-direction

R : Moment in the X-Y plane, positive anti-clockwise.

Note: If UNIT=12, and YMOD is in K/in?, U and V must be in kips and R

in K-ft. Notice that the U, V, and R values are assembled directly

into the load array B.



A.6.3.3 Termination Card

One blank card at the end of each load type of the 'joint

load/ displacement card group'.

A.6.4 Member Load Specification Cards

This group consists of a number of cards for each load type.

One card is assigned for each element on which non-zero loads are applied

for this particular type. Load generation is carried out for one load
type for one case of loading at a time, Load types are entered in
order. However, in cases other than when automatic load generétion is
used, the cards for a specific load type may be entered in any order,
since any one card defines completely the member number, the load, its

position, and orientation with respect to the member.

A.6.4.1 Member Load Cards (315, 2F12.0, 4F10.0)

. One card per member per load per load type, unless automatic

load generation is used.

5 10 15 27 39 49 59 69 79
|'M | INC [ K| CL|]CN|QI |AI [QJ|AJ|

M : Member number
INC : If non zero, automatic load generation will be initiated

for load type LT. The load on the card initiating the

generation, or its end effects, will be assigned to members

with numbers (MOLD + L*INC), where MOLD is the member

number on the preceding card, and L is a positive integer.
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CL

CN

1)
AI
Q
AJ

If 1, the load is concentrated.

If 2, the load is uniformly distributed.

If 3, the load is trapezoidal.

Projection along the member of a vector fn direction
of load. |

Projection normal to the member of a vector in
direction of load.

Maénitude of load at distance (AI* length) from end I.
Fraction of length from end I to beginning of load.
Magnitude of load at distance (AJ* length) from end I.

Fraction of length from end I to end of load.

Note: If the load is concentrated, QJ and AJ may be omitted. If the

load is uniform, QJ may be omitted. Units of load are in K, or

K/ft, if UNIT=12.0.

[

A.6.4.2 Termination Card

One blank card at the end of each group of member Toad cards

assigned to a particular load type.

A.7 Inverse Power Ilteration Cards

A.7.1 Eigen Problem Control Parameters Card (F12.6, 3I5)

17 22 27

|TOL | ITLIM | IFPR | INFLAG |

TOL

Tolerance limit; an arbitrarily small value which

32

specifies desirable accuracy for convergence criterion.
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ITLIM : Maximum number of iterations. The program stops
when this number 1is reached, whether convergence is
attained or not.

IFPR : If 0, only fhe final eigenvalue and the corres-
ponding eigenvector are printed.

If 1, the eigenvalue and the corresponding eigenvector
obtained after each iteration are printed.

INFLAG : Input flag. |
If 0, an assumed eigenvector is generated consisting
of a unit vector.

If 1, the assumed eigenvector is read from the next

sequence of cards.

A.7.2 Assumed Eigenvector Cards (8F10.0)

These cards are to be omitted if INFLAG=0

10 20 80
| l | vO(I), I=1,NN l

{vo(r)y : An assumed eigenvector

NN : Number of equations of equilibrium = NJ*IDOF.
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APPENDIX B
‘User's Manual for NONELA

Problem ident1f1cat10n Cards

B.1.1 Heading Card (20A4)

One card which contains any title for the problem.

B.1.2 Re-start Control Card (215, 2F12.0)

5 0 22 34
| "TREF | IRCO | FL1 | FLZ |

IREF : If 0, this is a new problem.
If 1, this is a re-start run corresponding to a new
Toad increment.

IRCO : a correction run flag.
equal 0, if cénvergence is obtained in the previous
load increment.
equal 1, if the previous run does not converge.

FL1,FL2 Load factors 1 and 2 respectively.

Problem Control Card (614, 2F12.0)

4 8 12 16 20 26 36 48
| 'NJ | NFE | NE | NEBEL | NMT | ITLIM | TOL | UNIT |

N Number of joints
NFE : Number of flexural elements (elements subjected to axial

force and bending moment).



B.3

used.
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NE Total number of elements (flexural elements and truss
elements; truss elements are subjected to axial force only).
NEBEL: Number of external boundary elements.
NMT :  Number of different member types.
1, if all the members are flexural elements (in this case
NFE=NE)
2, if the two types of elements are present (1h this
case NE>NFE)
ITLIM: Maximum number of iterations. The program stops when
this number is reached whether convergence is attained
or not.
TOL Tolerance 1imit; an arbitrarily small value which
specifies described accuracy for convergence criterion.
UNIT :  Length conversion factor; e.g. 12.0 if section and
material properties are entered in "inch' units, while

the nodal geometry is entered in 'foot' units.

Nodal Geometry Cards (15, 2F12.0, I5)

One card/node, unless automatic generation of nodal data is

5 17 29 34
| N | X(N) | Y(N) | INC |

N : Node number

X(N) : X-coordinate of the node.

Y(N) Y-Coordinate of the node.
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If non-zero, automatic nodal generation will be 1n1t1ated.
The generated nodes will have numbers (NOLD + K* INC),
where NOLD is the nodal number on the preceding card,

and K is a positive integer. Genefation terminates when
(NOLD + K * INC) = N. The coordinates of the generated
nodes are linearly interpolated between node NOLD and

node N. INC should be positive.

Note: The first nodal geometry card must have INC=0, and the

last must have N=NJ.

B.4 Member Data Cards

B.4.1 Member Property Default Card  (4F12.0)

12

24 36 48

| ADEF | RDEF | A4MDEF | YDEF |

ADEF
RDEF
A4MDEF

YDEF

Default value for member area

Default value for moment of inertia of member
Default value for forth moment of area and can be
calculated as / y“dA.

A
Default value for Young's modulus.

Note: If UNIT=12.0 on card B.2, ADEF, RDEF, A4MDEF, and YDEF should be

entered in in%, in*, in® and k/in?, respectively. If UNIT=1.0

any consistent set of units may be used.
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B.4.2 Member Property and Connectivity Cards (614, 4F12.0)

One card per member, unless automatic member data generation

is. used.

4 8

12 16 20 24 36 48 60 72

| M [NOD(I,M)|NOD(J,M)| INC |NOD1|NOD2|AREA(M) [RI(M)|FMA(M) | YMOD(M) |

M
NOD(I,M)
NOD(J,M)
INC

NOD1
NOD2
AREA(M)
RI(M)
FMA(M)

YMOD(M)

Member number; the last member card must have M=NE.
The node number at end I of member M.

The node number at end J of member M.

If non-zero automatic generation of member data will
be initiated. The new members will have numbers
(MOLD + K * INC), where MOLD is the member number .on
the preceding card, and K is a positive integer.
These members will have the cross section and
material properties of the member on the card
initiating the generation (i.e. the present card).
The end nodes of the new members will be (NOD(I,MOLD)
+ K * NOD1) and (NOD(J,MOLD) + K * NOD2) for nodes
at end I and J, respectively. INC must be zero for
the first member card and zero or positive otherwise.
Incrementation value for nodal number of end I.
Incrementation value for nodal number of end J.

Area of member.section, if other than ADEF

Moment of inertia of member section, {f other than RDEF
Forth moment of area of member section, if other than
A4MDEF. |

Young's modulus of member material, if other than YDEF.




Note: Units of AREA, RI, FMA, and YMOD are the same as for ADEF,

RDEF, A4MDEF, and YDEF, respectively.

B.4.3 Echo Check Flag Card (15)

If 1, the complete nodal geometry and member data will be

contained in the output.

If 0, the output will not contain an echo check of the

completed data.

B.5 External Boundary Elements Cards (316, F12.0)

One card per external boundary element. The definition of

é boundary element is given in Sect. A.5.

6

18 30

| N ] NPB(N) | KODE(N) | BES(N) |

N
NPB(N)
KODE(N)

Numbér of the external boundary element.

Number of the nodé to which this element is attached.
A five digit number of the form ijklm, corresponding
to degrees of freedom u, v, r, %; , and %% ,
respectively. If any of these is 1, the corresponding
degree of freedom will be restrained, otherwise the
digit must be 0. Notice that the degree of freedom

corresponding to strain perpendicular to the member

should be restrained.
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BES(N) : The spring stiffness of this element, if other than
1020,

B.6 Load Data Cards

B.6.1 Load Flag Card (215)

5 10
| JLFLAG | MLFLAG |

JLFLAG : If 0, no joint loads will be prescribed.
‘ COIf T, joint loads will be prescribed.
MLFLAG : If 0, no member loads will be prescribed

If 1, member loads will be prescribed.

B.6.2 Joint Load/Displacement Cards

This group consists of a number of cards per loaded node,
unless automatic load generation is used. The first card in a nodal
load group is a node identification card. The rest of the cards for
this node, each describes a case of loading. If JLFLAG=0 on card B.6.1,
this group is omitted. |

B.6.2.1 Nodal Identification Card (615)

One card at the head of a nodal load group.

5 10 15 20 25 30
| N T TDESP | NBEL(1) | NBEL(2) | NBEL(3)| INC |

N o Node number (not necessarily in order).

IDESP : If non-zero, displacements will be specified.
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I=1,3)

INC

(NBEL(I), :
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The boundary element numbers attached to this node,
in case non-zero displacements are specified.
These three numbers correspond to degrees of freedom
u, v, and r, respectively. In case this node is
restrained in 3 directions with one eiement. and

" non-zero displacementg are specified only 1h 2'
directions, then this boundary element number appears
only twice in the corresponding locations.
If non-zero, automatic loading generation will be
initiated. Nodes with numbers (NOLD + K * INC) will
be assigned the same loads as on the node N

initiating the generation.

B.6.2.2 Nodal Load Cards (215, 3F12.0)

5

10 22 34 46

| JKODE |

LVF | U | V | R |

JKODE :

LVF

A three digit number of the form ijk, the digits correspond
to u, v, and r, respectively. If any digit is 1, the
corresponding u, v, or r will be interpreted as a displace-
ment in the direction of the corresponding NBEL 6f card
B.6.2.1, otherwise it must be zero. _

A flag indicating the variability of load. It cbu]d be

either 0, or 1. Thus, two different sets of loads can



be applied to the structure. Each set is increased
independently using load factors FL1 and FL2 introduced
in Sect. B.1.2. Notice that one of the sets can be kept

constant by setting the corresponding load factor equal

to 1.0.
u : Load in the X-direction.
v : Load in the Y-direction
R : Momeht in the X-Y plane, positive anti-clockwise.

Note: If UNIT=12.0, and YMOD is in K/in®, U and V must be in kips and
R in k-ft. Notice that U, V, and R values are assembled directly
into the load array B.

B.6.2.3 Termination Card

One blank card at the end of the joint load/displacement

card group.

B.6.3 Member Load Specification Cards

This group consists of a number of cards for each member on
which non-zero loads are applied, unless automatic load generatibn is
used. Two sets of load can be applied to the structure one is kept
constant and the other is increased monotonically or both can be increased
monotonically. Load generat1dn is carried out for one load for one case
of loading at a time. In cases other than when automatic load generation

is used, the cards may be entered in any order, since any one card
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defines completely the member number, the case of loading, the load,
and its type, position, and orientation with respect to the member.

If MLFLAG=0 on card B.6.1 this group is omitted.

B.6.3.1 Member Load Cards (414, 2F12.0, 4F10.0)

One card per member per load per load type, unless automatic

load generation is used.

4 8 12 16 28 40 50 60 70 80
M T INC [ LVF | K| CL | CN | QI | Al | QJ | AJ |

M : Member number

INC : If non-zero, automatic 1oadvgeneratﬁon will be initiated.
The 1oad on the card inititing the generation, or its
end effects, will be assigned to members with numbers
(MOLD + L * INC), where MOLD is the member number on the
preceding card, and L is a positive integer.

LVF A Toad variability flag defined in Sect. B.6.2.2

K : If 1, the Load is concentrated.
If 2, the load is uniformly distributed.
If 3, the load is trapezoidal.

cL Projection along the member of a vector in direction of

load.
N Projection normal to the member of a vector in direction
of load.
QI : Magnitude of load at distance (AI* length) from end I.
AL Fraction of length from end I to beginning of load.

Q Magnitude of load at distance (AJ* length) from end I.



Ad Fraction of length from end I to end of load.
Note: If the load is concentrated, QJ and AJ may be omitted. If the
load is uniform, QJ may be omitted. Units of load are in K, or

K/ft, if UNIT=12.0.

B.6.3.2 Termination Card

One blank card at the end of the group of member load cards.
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APPENDIX C
User's Manual forVINPLAF and PLAFIT

Problem Identification and Control Cards

C.1.1 Heading Card (20A4)

One card which contains any title for the problem.

C.1.2 Problem Control Card (614, F12.0)

4 8 12 16 20 24 36
| NJ | NE | NEBEL | NLC | ITAF | MNHE | UNIT |

N Number of joints.

NE Number of elements.

NEBEL: Number of external boundary elements.

NLC : 1, if one set of load is applied to the frame

2, if two different sets of loads are applied to the frame.

ITAF: If 0, a first order analysis is produced.
If 1, a second order analysis is produced. |

MNHE An estimated maximum number of hinges that may be formed
to achieve a mechanism. This number is just a 1imit which
will cause the program to stop if it is exceeded.

UNIT : Length conversion factor (see Sect. A.2)
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C.2 Nodal

Geometry Cards (I5, 2F12.0, I5)

One card per node, unless automatic generation of nodal data

is used.
5 17 29 34
| N | X(N) | Y(N) | INC |
N Node number
X(N) : X-coordinate of the node
Y(N) : Y~-coordinate of the node.
INC If non-zero, automatic nodal generation will be initiated.
The generated nodes will have numbers (NOLD + K * INC),
where NOLD is the nodal number on the preceding card,
and K 1s a positive integer. Generation terminates when
(NOLD + K * INC) = N. The coordinates of the generated
nodes are linearly interpolated between node NOLD and
node N. INC éhould be positive.
Note: The first nodal geometry card must have INC=0, and the last must
have N=NJ.

C.3 Member Data Cards

C.3.1 Member Property Default Card (5F12.0)
12 24 36 48 60
| ADEF | RDEF | SMDEF | YSDEF | YDEF |
ADEF Default value for member cross sectional area.
RDEF Default value for moment of inertia of member cross

- SMDEF

section.

Default value for plastic section modulus.
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YSDEF : Default value for yield stress of the member material.
YDEF : Default value for Young's modulus.

Note: If UNIT=12.0 on card C.1.2, then ADEF, RDEF, SMDEF, YSDEF, and
YDEF should be entered in in?, in*, in®, k/in? and k/in?, respectively.

If UNIT=1.0 any consistent set of units may be used.

C.3.2 Member Property and Connectivity Cards

Two cards are provided for each member, unless automatic data
generation is used. The first card in a member group describes the member
end conditions and the connectivity while the second card specifies the

member properties.

€.3.2.1 Member Connectivity Card (814)

4 8 12 16 20 24 28 32
| ™™ TNOD(T,M) [NOD(J,M).|MKODE (M) [MFLAG(M)| INC | NOD1 | NOD2 |

M : Member number. The last member card must have M=NE.
NOD(I,M) The node number at end I of member M,
NOD(J,M) : The node number at end J of member M.
MKODE (M) : 0, if member is continuous at both ends.
1, if member is hinged at end I only
2, if member is hinged at end J only
3, if member is hinged at both ends.
MFLAG(M) If 0, the geometric stiffness matrix is not considered.
If 1, the geometric stiffness matrix for member M
is included in the analysis.
INC : If non-zero, automatic generation of member data will

be initiated. The new members will have numbers
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(MOLD + K * INC), where MOLD is the member number on
the preceding card, and K is a positive integer.
These members will have the cross section and material
properties of the member on the card initiating the
generation. The end nodes of the new members will
be (NOD(I,MOLD) + K * NOD1) AND (NOD(J,MOLD) + K * NOD2)
for nodes at end I and J, respectively. INC must
be zero for the first member card and zero or
positive otherwise.

NOD1 ; Incrementation value for nodal number of end I.

NOD2 : Incrementation value for nodal number of end J.

C.3.2.2 Member Property Card . (5F12.0)

12 24 36 48 60

| AREA(M) | RI(M) | PSM(M) | YS(M) | YMOD(M) |

AREA(M) Area of member section, if other than ADEF.

RI(M) : Moment of inertia of member section, if other than
RDEF.

PSM(M) : Plastic section modulus of member section, if other
than SMDEF.

YS(M) : Yield stress of the material of member, if other than
YSDEF.

YMOD(M) Young's modulus of member material, if other thah YDEF.




C.4

C.5
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C.3.3 Echo Check Flag Card (15)

5
x|
K : If 1, the complete nodal geometry and member data will
be contained in the output.

If 0, the output will not contain an echo check for the

completed data.

External}Boundary_E]ements Cards . (316, F12.0)

One card per external boundary element.

6 12 18 30

| N T NPB(N) | KODE(N) | BES(N) |

N : Number of the external boundary element.
NPB(N) : Number of the node to which this element is attached.
KODE(N) : A three digit number of the form ijk, corresponding

to degrees of fkeedom u, v, and r, respectively.
If any of these is 1, the corresponding degree of
ffeedom will be restrained, otherwise the digit
must be zero.

BES(N) : The spring stiffness of this element, if other than 102°,

Load Data Cards

€C.5.1 Load Flag Card (215)

5 10
| JLFLAG | MLFLAG |
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JLFLAG : If 0, no joint loads will be prescribed.
If 1, joint loads will be prescribed.
MLFLAG : If 0, no member loads will be prescribed

If 1, member loads will be prescribed.

C.5.2 | Joint Load/Displacement Cards

This group consists of a number of cards per loaded node,
unless automatic load generation is used. The first card in a nodal
load group is a node identification card. The rest of the cards for
this node, each describes a case of loading. If JLFLAG=0 on card C.5.1

this group is omitted.

€.5.2.1 Nodal Identification Card (615)

One card at the head of a nodal load group.

5 10 15 20 25 30
| N | IDESP | NBEL(1) | NBEL(2) | NBEL(3) | INC |
N : Node number (not necessarily in order).
IDESP : if non-zero, displacements will be specified.

(NBEL (I),: The boundary element numbers attached to this node,
1=1,3) in case non-zero displacements are specified. These
three numbers correspond to degrees of freedom u,
v, and r, respectively. In case this node 1s re-
strained in 3 directions with one element, and non-
zero displacements are specified only in 2 directions,
then this boundary element number appears only twice

in the corresponding locations.
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INC : If non-zero, automatic loading generation will be
jnitiated. Nodes with numbers (NOLD + K * INC)
will be assigned the same loads as on the node

N initiating the generation.

€.5.2.2 Nodal Load Cards (215, 3F12.0)

5 10 22 34 46
|JKODE [ LVF | U | V | R |

JKODE: A three digit number of the form ijk, the digits correspond
to u, v, and r, respectively. If any digit is 1, the
corresponding u, v, or r will be interpreted as a displace-
ment in the direction of the corresponding NBEL of card
C.5.2.1, otherwise it must be zero.

LVF : - A flag indicating the variability of load. It could be
either 0, or 1. Thus, two different sets of loads can
be applied to the structure. One of the sets is kept
constant while the other is increased monotonically.

u : Load in the X-direction.

v : Load in the Y-direction.

R : Moment in the X-Y plane, positive anti-clockwise

Note: If UNIT=12.0, and YMOD is in K/in*, U and V must be in kips and
R fn K-ft. Notice that the U, V, and R values are assembled directly

into the load array B.

C.5.2.3 Termination Card

One blank card at the end of the joint load/displacement

cakd group.



C.5.3 Member Load Specification Cards

This group consists of a number of cards for each member on
which non-zero loads are applied, unless automatic load generation i§
used. Two sets of load can be applied to the structure, one is kept
constant and the other is increased monotonically. Load generation is
carried out for one load for one case of loading at a time. In casés
other than when automatic load generation is used, the cards may be
entered in any order, since any one card defines completely the member
number, the case of loading, the load, and its type, position, and
orientation with respect to the member. If MLFLAG=0 on card C.5.1 this

group is omitted.

C.5.3.1 Member Load Cards (414, 2F12.0, 4F10.0)

One card per member per load per load type, unless automatic

load generation is used.

4 8 12 16 28 40 50 60 70 80
| M ] INC [ LVF [ K| CL[CN|QI |AL {QJ|A|

M : Member number.

INC : If non-zero, automatic load generation will be initiated.

The 1oad on the card initiating the generation, or its
end effects, will be assigned to members with numbers
(MOLD + L * INC), where MOLD is the member number on
the preceding card, and L is a positive integer.

LVF A load variability flag defined in Sect. C.5.2.2

K : If 1, the Toad is cohcentrated.
If 2, the load is uniformly distributed.

If'3, the load is trapezoidal.
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CL

CN

Ql
Al
QJ
AJ

Note:

Projection a]ong the member of a vector in direction
of load.

Projection normal to the member of & vector in
direction of load.

Magnitude of load at distance (Al * length) from end I.
Fraction of length from end I to beginning of load.
Magnitude of load at distance (AJ * length) from end I.

Fraction of length from end I to.end of load.

If the load is concentrated, QJ and AJ may be omitted. If the

load is uniform, QJ may be omitted. Units of load are in K, or

K/ft, if UNIT=12.0.

C.5.3.2 Termination Card

One blank card at the end of each group of member load cards

assigned to a particular load type.
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APPENDIX D
User's Manual for INSTAF

Problem Identification Cards

D.1.1 Heading Card (20A4)

One card which contains a title for the problem.

D.1.2 Re-start Control Card (315, 2F12.0)

5 10 15 27 39
| IREF | IRCO | IC | FL1 | FLZ |

IREF : If 0, this is a new problenm.
If 1, this is a re-start run corresponding to a new load
increment.

IRCO : a correction run flag.
0, if convergence is obtained in the previous load
increment.
1, if the previous run does not converge.

IC | : 0, at the start of the problem and also at each new load
increment as long as ILL=1 from the last output.
1, if ILL=999 in the last output (first time only).

2, thereafter

FL1,FL2 : Load factors 1 and 2, respectively.



57

D.2 Problem Control Card (614, 2F12.0)

4

8 12 16 20 24 36 48

| 'NJ | NFE | NE | NEBEL | NMT | ITLIM | TOL | UNIT |

NJ
NFE

NE

NEBEL:

NMT

ITLIM:

oL

UNIT

Number of joints.

Number of flexural elements (elements subjected to

axial force and bending moment).

Total number of elements (flexural elements and truss
elements; truss elements are subjected to axial force
only).

Number of external boundary elements.

Number of different member types.

1, 1f all the members are flexural elements (in this

case NFE=NE)

2, if the two types of elements are present (in this case
NE>NFE)

Maximum number of iterations. The program stops when
this number is reached.

Tolerance limit; an arbitrarily small value which specifies
described accuracy for convergence criterion.

Length conversion factor; e.g. 12.0 if section and
material properties are entered in 'inch' units, while

the nodal geometry is entered in 'foot' units.




D.3 Number of Different Variable Cards (315)

5

10 15

[NDXST | NDMT | NDRT |

NDXST

NDMT
NDRT

Number of different types of cross-section.
Number of different types of material property.
Number of different types of residual stress

distributions.

D.4 Nodal Geometry Cards (15, 2F12.0, ‘15)

One card per node, unless automatic generation of nodal

data is used.

5

17 29 34

| N | X(N) | Y(N) | INC |

X(N) :
Y(N) :
INC

Node number

X-coordinate of the node.

Y-coordinate of the node.

If non-zero, automatic hoda] generation will be initiated.
The generated nodes will have numbers (NOLD + K * INC),
where NOLD is the nodal number on the preceding card, and
K is a positive integer. Generation terminates when
(NOLD + K * INC) = N. The coordinates of the generated
nodes are linearly interpolated between node NOLD and

node N. INC should be positive.
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D.5 Member Data Cards

D.5.7 Member Cross Section Geometry Cards (I5, 4F12.0)

One card per each different type of cross section of members

(There are as many cards as NDXST).

5

29 41 53

| NN | H(NN) | W(NN) | TF(NN) | TW(NN) |

NN
H(NN)
W(NN)
TF(NN)
~ TW(NN)

Type number of the member cross section.
Total height of the cross section (I-beam).
Width of the flange

Flang thickness of the cross section

Web thickness of the cross section

D.5.2 Member Material Property Cards (15, 6F12.0)

One card per each different type of material property

(There are as many cards as NDMT).

5

29 4] 53 65 77

I"MN | EY(MN) | EP(MN) | EULT(MN) | YS(MN) | YPS(MN) | ULTS(MN) |

MN
EY(MN)
EP(MN)

EULT(MN)
YS(MN)
YPS(MN)
ULTS(MN)

Type ﬁumber of member material.

The yield strain (ey) of the material.
Plastic strain (ep) of the material (usually
called strain hardening strain).

Ultimate strain of the material.

Yield stress for this type of material.
Strain hardening stress

Ultimate stress of the material.

———



For the above definitions see the figure below.
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D.5.3 Member Residual Strains Cards (15, 5F12.0)

One card for each different type of residual strain distribtuion

(As many cards as NDRT).

60

5 17 65
| NR | | EPR(NR,I), I=1,5 |
NR : Type number of the section residual strain distribution.

EPR(NR,I) : The value of residual strain at location I of the

cross section (see figure below).

|5’f . . |
3
4

5€C > —J

D.5.4 Member Property and Connectivity Cards (915)

One card per member, unless automatic member data generation
is used. The data are arranged so that the flexural elements are

introduced first followed by the truss elements (bracing members).



5 10 15 20 25 30 35 40 45
| M [NOD(I,M)[NOD(J,M) [MXST(M)|MT(M) |MRT (M) | INC[NOD1|NODZ|

M : Member number; the last member card must have M = NE.
NOD(I,M) : The node number at end I of member M

NOD(J,M) The node number at end J of member M

MXST(M) Type number of the cross section for member M

MT(M) : Material type number for the member

MRT(M) : Residual strain distribution type number for the

member cross section.

INC : If non-zero, automatic generation of member data
will be initiated. The néw members will have
numbers (MOLD + K * INC), where MOLD is the member
number on the preceding card, and K is a positive
integer. These members will have the cross section
and material properties of the member on the card
initiating the generation (i.e. the present card).
The end nodes of the new‘members will be (NOD(I,MOLD)
+ K * NOD1) and (NOD(J,MOLD) + K * NOD2) for nodes
at end I and J, respectively. INC must be zero for
the first member card and zero or positive otherwise.

NOD1 : Incrementation value for nodal humber of end I.

NOD2 : Incrementation value for nodal number of end J.

D.5.5 Echo Check Flag Card (15)

K : If 1, the compiete nodal geometry and member data will be

contained in the output.
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If 0, the output will not contain an echo check of the

completed data.

D.6 External Boundary Elements Cards (316, F12.0)

D.7

One card per external boundary element.

6

18 30

| N | NPB(N) | KODE(N) | BES(N) |

N
NPB(N)
KODE(N)

BES(N)

Number of the external boundary element.

Number of the node to which this element is attached.

A five digit number of the form ijklm, corresponding
‘ ou v

to degrees of freedom u, v, r, = and 3y

If any of these is 1, the corresponding degree of

» respectively.

freedom will be restrained, otherwise the digit
must be 0. Notice that the degree of freedom
corresponding to strain perpendicular to the member
should be restrained.

The spring stiffness of this element, if other than

1029,

Load Data Cards

D.7.1

Load Flag Card (215)

10

| JLFLAG | MLFLAG |

JLFLAG

MLFLAG

If 0, no joint loads will be prescribed.
If 1, joint Toads will be prescribed.
If 0, no member Toads will be prescribed.

If 1, member loads will be prescribed.



D.7.2 Joint Load/Displacement Cards

This group consists of a number of cards per loaded node,
unless automatic load generation is used. The first card in a nodal
load group is a node identification card. The rest of the cards for
this node, each describes a case of loading IF JLFLAG = 0 on card

D.7.1, this group is omitted.

D.7.2.1 Nodal Identification Card (615)

One card at the head of a nodal load group.

5 10 15 20 25 30
| N | IDESP | NBEL(1) | NBEL(2) | NBEL(3) | INC |

N ¢ Node number (not necessarily in order)

IDESP : If non-zero, displacements will be specified.
(NBEL(I), : The boundary element numbers attached to this node,
I=1,3) in case non-zero displacements are specified. These

tHree numbers correspond to degrees of freedom u, v,
and r, respectively. In case this node is restrained
in 3 directions with one element, and non-zero
displacements are specified only in 2 directions,
then this boundary element number appears only twice
in the corresponding locations.

INC : If non-zero, automatic loading generation will be
initiated. Nodes with numbers (NOLD + K * INC) will
be assigned the same loads as on the node N initiating

the generation.
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D.7.2.2 Nodal Load Cards (215, 3F12.0)

22 34 46

| OKODE [LVF [ U | V | R |

JKODE

LVF

U
v
R
NOTE:

A three digit number of the form ijk, the digits
correspond to u,v, and r, respectively. If any
digit is 1, the corresponding u, v, or r will be
interpreted as a displacement in the direction of
the corresponding NBEL of card D.7.2.1, otherwise

it must be zero.

A flag indicating the variability of load. It
could be either 0, or 1. Thus, two different sets
of loads can be applied to the structure. Each set
is increased independently using load factors FL1 and
FL2 introduced in Sect. D.1.2. Notice that one of
the sets can be kept constant by setting the corres-
ponding load factor equal to 1.0.

Load in the x-direction

Load in the y-direction.

Moment in the x-y plane, positive anti-clockwise.

If UNIT = 12.0, and YMOD is in K/in?, U and V must be in
kips and R in K-ft. Notice that the U, V, and R values

are assembled directly into the load array B.

D.7.2.3 Termination Card

One blank card at the end of the joint load/displacement card

group.

64



D.7.3 Member Load Specification Cards

This group consists of a number of cards for each member on
which non-zero loads are applied, unless automatic load generation is
used. Two sets of load can be applied to the structure, one is kept
constant and the other is increased monotonically or both can be increased
monotonically. Load generation is carried out for one load for one case
of loading at a time. In cases other than when automatic load generation
is used, the cards may be entered in any order, since any one card
defines completely the member number, the case of loading, the load, and
its type, position, and orientation with respect to the member. If

MLFLAG=0 on card D.7.1 this group is omitted.

D.7.3.1 jMember Load Cards (414, 2F12.0, 4F10.0)

One:card per member per load per load type, unless automatic

load generation is used.

4 8 12 16 28 40 50 60 70 80
| M| INC | LVF | K| CL | CN | QL | Al | QI | AJ ]

M : Member number.

INC : If non-zero, automatic load generation will be initiated.
The load on the card initiating the generation, or its
end effects, will be assigned to members with numbers
(MOLD + L * INC), where MOLD is the member number on the
preceding card, and L is a positive integer. |

LVF A load variability flag defined in Sect. D.7.2.2

K : If 1, the load is concentrated.

If 2, the load is uniformly distributed

If 3, the load is trapezoidal.

65

[N -




cL Projection along the member of a vector in direction of

load.

CN Projection normal to the membér of a vector 1n‘d1rection
of load.

QI Magnitude of load at distance (AI * length) from end I.

Al | : Fraction of ]ength from end I to beginning of load.
Q) :  Magnitude of load at distance (AJ * length) from end I.
AJ :  Fraction of length from end I to end of load.

NOTE: If the load is concentrated, QJ and AJ may be omitted. If the
load is uniform, QJ may be omitted. Units of load are in K, or

K/ft, if UNIT = 12.0.

D.7.3.2 Termination Card

One blank card at the end of each group of member load cards

assigned to a particular load type.
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APPENDIX E
PROGRAM DESCRIPTIONS AND LISTINGS

E.1 Program ESTANF

Program ESTANF consists of the following parts.
1.  MAIN
2. MAINMG, the main executive subroutine
3. The input packqge
INPUTT, INPUT2, BOUND, LOADCV, INPUTI, JLOAD1, and MLOAD1.
4. The data managing package
ISPAC, LOCOM, REMOV, REMOV2, and BLOCK DATA.
5. The data storage and retrieval package CLEAR, ICLEAR,
RTRV1, RTRVZ2, STORE1, and STORE2.
6. The equation solving package
(a) ADDRES and COLHT.
(b) EQSBST and BKSBI1
7. The formulation and output package
(a) ASSEMB, ELEMS, MODIFY, MULT1 and BOUNDI
(b) STIFF, STI?F]. DISPL2, STRES2, and EIGV.
The 1isting for packages, 1, 2, 3, 6b, and 7b follows. The
listing for package§ 4, 5, 6a, and 7a can be found in Sections E.6,
E.7, E.9, and E.10, respectively. Descriptions of the subroutines can
be found in the 1isting.
This program uses two line-files, one of which is permanent
(FILE1) and the other is temporary (FILE2). They are used in sequential

I/0 operations.
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C***********************************************************

ESTANF

3 3K K kK %k

THIS IS A PROGRAM FOR EIGENVALUE STABILITY ANALISIS
OF FRAMES . THE PROGRAM SCLVES FOR LOWEST EIGENVALUE
USING INVERSE POWER ITERATION TECHNIQUE. THE EQUATION
SOLVER USED IS CHOLESKY DECOMPOSITION OF SKYLINE
INCORE TYPE.

e 2 25 o b 3k e ok ok ok ok 3k 3K ok ok a3k kK ok A K K K K ke ok A oK K K K ke ok ok ok ok K ok ok ok 3k s ok 3K K K K K K

QOO OOOOOOO

IMPLICIT REAL*8(A-H,0- Z)
REAL*8 NAMES

COMMON/PROBIA/ NNN(500)

COMMON/IA1/ MMM (200 )

COMMON/1A2/ KKK(1000)

COMMON/RA 1/ AAA(4000)

COMMON/RA2/ BBB(25000)
COMMON/DIMCOM/LAST1,LAST2,LAST3,LAST4,LASTS,MXDIM
*,NAMES(5,20),1PT(5, 21) 1COM(5)

e 3k 26 2k 2 30 ok 3k ke ok 3k o 3K 3 3k 3 ok 3 e ok 3k ok 3 K K K < ok 3k ok kK K K ok ke 2k ak ok sk ke ok Ak ok K oK ke K oK 3 ko oK K

OO0

500
4000
200
25000
1000

END
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C***********************************************************

OOOOOOOOO0 O

OO0

O OO0

20

OOOO0

SUBROUTINE MAINMG

ok ok ok ok 3k ok A ok ok 3k Ak 3K K A kK kK

THIS IS THE MAIN MANEGER OF PROGRAM ESTANF. IT
CONTROLS THE READING , THE FORMULATION , THE SOLUTION
AND THE OUTPUT OF THE RESULTS.

K A ok ok ko ok ok Ak ok 3K ok Ak K ok Ak oK ok K K 3k k3K K K ok 3Kk Ak 3K 3K ok Ak KK ok 3K ok dk K 3k ke 3k 3K Ak 3Kk 3k K ok Xk 3K ok kK ok Xk

IMPLICIT REAL*8(A-H,0-Z)
REAL*8 NAMES,NAME

COMMON/PROBCV/ UNIT,NJ,NE,NLC,IN,IO,NEBEL,IFEIG,
*NLT, IREF

COMMON/PROBIA/ NNN(
COMMON/IA1/ MMM (
COMMON/IA2/ KKK (
COMMON/RA1/ AAA (
COMMON/RA2/ BBB (
COMMON/DIMCOM/LAT,L
*IPT(5,21),1COM(5)

,LA3,LA4,LAS,MXDIM,NAMES(5,20),

30 o 3 ok ok 3k o Sk oK 3l 3k ke e 3K ok Si ok Sk 3k o e 3 ok ke o ok ok sk oK sk 3k s Kk ok ok ok ok ok ok 3Kk ok ok ok sk ok oK 3k o oK oK

CALL TIME(O0,0)

IN =5
10 = 6
READ PROBLEM CONTROL VARIABLES

CALL INPUT 1

IF(IREF.EQ.0) GO TO 20

WRITE(10,2000)

REWIND 1

READ (1) L1,L2,L3,L4,L5,M1

READ (1) NN,NWA,ILOAD,TOL,ITLIM,IFPR,114,115
CALL RTRV2 (1,BBB(1),I114)

CALL RTRV1 (1,KKK(1),115)

GO TO 200

NODE 2

IDOF 3

ILOAD
CALL CLEAR (NAMES(1,1),100)
REWIND 1

REWIND 2

"w nn

READ NODAL GEOMETRY AND MEMBER PROP. AND CONNECTIVITIES

J1 = ISPAC (1HX,NdJ,2)




R A0S T R

B 2 Al L\ A

OO0

OO0

OO0 O

ISPAC (1HY,NJ,2)

J2 =

J3 = ISPAC (4HAREA,NE,2)

J4 = ISPAC (2HRI,NE,2)

J5 = ISPAC (4HYMOD,NE,2)

I1 = ISPAC (3HNOD, (NE*NODE), 1)
12 = ISPAC (5HMKODE,NE, 1)

I3 = ISPAC (5HMFLAG,NE, 1)

CALL INPUT 2 (AAA(J1),AAA(U2),AAA(U3),AAA(U4) ,AAA(US),
*NNN(11),NNN(I2) ,NNN(I3))

J6 = ISPAC (BHFEF.(IDOF*NODE*NE*NLC).Q)
CALL CLEAR (AAA(J6),(IDOF*NODE*NE*NLC))

READ EXTERNAL BOUNDARY CONDITIONS

J7 = ISPAC (3HBES,NEBEL,2)
K1 = ISPAC (3HNPB,NEBEL,3)
K2 = ISPAC (4HKODE,NEBEL,3)

CALL BOUND (AAA(J7),MMM(K1),MMM(K2),6NEBEL,IN,IO)

L1 = ISPAC (1HB, (IDOF*NJ*NLC),b4)
CALL CLEAR (BBB(L1), (IDOF*NJ*NLC))

READ LOADS IF ANY

J8 = ISPAC (2HFL,NLT,2)
J9 = ISPAC (3HLVF,NLT,2)

CALL LOADCV (AAA(U8),AAA(UY) NLT,JLFLAG,MLFLAG,IN,IO)
READ JOINT LOADS AND / OR DISPLACEMENTS
IF(JLFLAG.EQ.0) GO TO 50

CALL JLOAD1 (BBB(L1),AAA(JT7),AAA(UB),AAA(US) NLT,
*NLC, IN, 10)

"nwu

C READ AND PREPARE MEMBER LOADS IF ANY

C
50

60

OO0

70

IF(MLFLAG.EQ.0) GO TO 60

CALL MLOAD1 (AAA(J1),AAA(U2),AAA(UB),AAA(UB),AAA(UY),
*BBB(L1) ,NNN(I1),NNN(I2))

CONTINUE

CALL REMOV (3HLVF,2)

CALL REMOV (2HFL,2)

FORM COLUMN HEIGHTS AND ADDRESSING ARRAY

M1 ISPAC (4HMAXA, (IDOF*NJ+1),5)

M2 ISPAC (3HMHT, (IDOF=*NJ),5)

CALL ICLEAR (KKK(M2), (IDOF*NJ))

DO 70 I=1,NE

CALL COLHT (NODE, (NODE=*IDOF),IDOF,I,
*KKK(M2) ,NNN(I1))

CONTINUE
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OO0

OO0

OO0

00

-0

110
C

72

NEQ = NJ = IDOF .
CALL ADDRES (KKK(M1) ,KKK(M2),NEQ,NWA)
CALL REMOV (3HMHT,5) ‘

RESERVE AND CLEAR SPACE FOR ELASTIC STIFFNESS MATRIX

L2 = ISPAC (1HA,NWA, 4)
CALL CLEAR (BBB(L2),NWA)

FORM ELEMENT STIFFNESSES AND ASSEMBLE ELASTIC
STIFFNESS INTO A.

CALL STIFF (NNN(I1),NNN(I2),NNN(I13),KKK(M1), 6 AAA(U1)
*AAA(J2) ,AAA(J3),AAA(U4),AAA(US),BBB(L2),
*UNIT,NE,IFEIG)

ADD EXTERNAL BOUNDARY CONDITIONS

CALL ?0UND1 (BBB(L2) ,KKK(M1) ,MMM(K1) ,MMM(K2), AAA(JT),
*NEBEL
CALL STORE2 (2,BBB{L2),NWA)

CALL TIME (3,3)

CALL EQSBST (BBB(L
CALL BKSB1 (BBB(L1

WRITE (10,2100)

CALL TIME (3,3)

J8 = ISPAC (4HFEF2.(IDOF*NODE*NE=*NLC),2)

CALL CLEAR (AAA(J8), (IDOF*NODE*NE=*NLC))

DO 110 I=1,NLC

CALL ?ISPLZ (AAA(J8),BBB(L1),AAA(UB),]I,NJ,NE,NLC,
*IN, 10

CALL STRES2 (AAA(J1),AAA(U2),AAA(U3),AAA(US),AAA(UD),
*BBB(L1),AAA(U8) ,NNN(I1) ,NNN(I2),NE,I NLC,UNIT,IN,IO)
CONTINUE

CALL TIME (3,3)
IF(IFEIG.EQ.0) GO TO 900
ILOAD = 2

CALL CLEAR (BBB(L2),NWA)
L3 = ISPAC (3HAGV,NWA,4)
CALL CLEAR (BBB(L3),NWA)
REWIND 2

CALL RTRV2 (2,BBB(L2),NWA)
NN = NEQ

L4 = ISPAC (2HVO,NN,4)

LS = ISPAC (2HTT,NN,4)
CALL CLEAR (BBB(L5),NN)
CALL INPUTI (BBB(L4),MMM(K1),MMM(K2) NEBEL,NN,TOL,
*]TLIM,IFPR,IN,I0)

1) ,NEQ,NLC, ILOAD,OQ)

2), (M
1),B M1),NEQ,NLC,0)

n



e AV AE

200
C

900
C

C

C
1000
1100

2000

2100
C

*NN,NWA, ILOAD, TOL,
END OF PROBLEM

CALL STIFF1 (NNN(IT),NNN(13),BBB(L2),BBB(L3),KKK(M1),

*AAA(JB),NE,NLC)

REWIND 2

CALL STORE2 (2,BBB(L3),

CALL STORE2 (2,BBB(L2),

114 = IPT(4,LA4+1) 1

115 = IPT(5,LA5+1) 1

CALL EIGV (BBB(L2) ?S(LS).BBB(LS),BBB(L4),KKK(M1).
I7 '

IFPR, IREF,IR,IN,I0)

~w oo

CALL TIME (3,3) :

IF(IR.EQ.0) GO TO 900

REWIND 1

WRITE (1) L1,L2,L3,L4,L5,Mt1

WRITE (1) NN, NWA ILOAD TOL ITLIM,IFPR,I14,115
CALL STORE2 (1 BBB(1) 114)

CALL STORE1 (1,KKK(1},115)

CALL TIME (3.3)

RETURN

FORMAT STATEMENTS

FORMAT (15)

FORMAT (215)

FORMAT (5X,’RE-START OF PROBLEM'//,5X,19( {H*))
FORMAT (//,’ BACK SUBSTITUTION OF STRUCTURE',

*' PROBLEM IS COMPLETED' //)

END
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O OO0OOOOO0O0O0O O

(@

1000
1100
1200
2000
2100

'C***********************************************************

SUBROUTINE INPUT 1

ok ok ok ok K 3 Ak ok ok ok 2k ok oK Ak K Kk K Xk

THIS SUBROUTINE READS THE PROBLEM CONTROL VARIABLES
FOR PROGRAM ESTANF.

*****************************************************

IMPLICIT REAL*8(A-H,0-Z)

COMMON/PROBCV/ UNIT,NJ,NE,NLC,IN,10,NEBEL,IFEIG,
*NLT, IREF

DIMENSION HED(20)

READ(IN,1000) HED

WRITE(I0,2000) HED

READ (IN,1100) IREF

IF(IREF.EQ.1) RETURN

READ (IN,1200) NJ,NE,NEBEL,NLC,NLT,IFEIG,UNIT
WRITE(10,2100) NJ,NE,NEBEL,NLC,NLT,IFEIG,UNIT

RETURN

FORMAT (20A4

FORMAT (15)

FORMAT (614,F12.0)

FORMAT (///, 30X 20A4//,30X,20(1H*)///)
FORMAT (5X, ' PROBLEM CONTROL VARIABLES'/,5

*10X, "NUMBER OF JOINTS

*10X, ' NUMBER OF ELEMENTS

#10X,’ NO. OF EXTERNAL BOUND. ELEMENTS

*x10X,’ NUMBER OF LOAD CASES

*10X,' NUMBER OF LOAD TYPES

*x10X,’ EIGEN PROBLEM RUN FLAG

*10X,' LENGTH CONVERSION FACTOR

*10X,50(1H*))

END

)
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O OO0 O

DA 1 5.

C***********************************************************

50

100
200

C
300

SUBROUTINE INPUT 2 (X,Y,AREA,RI,YMOD,NOD,MKODE,MFLAG)

A K A 3 e Ak Nk K K oK K K K K

THIS SUBROUTINE READS THE NODAL GEOMETRY AND
MEMBER PROPERTIES . PROGRAM ESTANF

s e e 3 o 3 3 3 o ok K ok K ok oK oK ok oK 3 3 ok oK b 3K 3K oK oK o oK 3K K oK ok 3 3k ok ok 3k ok 3k 3 3K K 3K 3K ok K K KK

IMPLICIT REAL=*8(A-H,0-Z)

COMMON/PROBCV/ UNIT,NJ,NE,NLC,IN,IO0,NEBEL,IFEIG,
*NLT, IREF

DIMENSION X(1),Y(1),AREA(1),RI(1),YMOD(1),NOD(2,1),
*MKODE (1) ,MFLAG(1)

WRITE(10,2000)

READ (IN,1000) N,X(N),Y(N),INC

IF(INC.EQ.0) GO TO 200

NINT = (N-NOLD) / INC

RN = NINT
IF(RN.LT.FLOAT(N-NOLD)/FLOAT(INC)-0.001) GO TO 999

DX = (X(N)-X{NOLD))/RN
DY = (Y(N)-Y(NOLD))/RN

L = NOLD

M = NINT - f

DO 100 J=1,M

LL = L + INC

X(LL) = X(L) + DX

Y(LL) = Y(L) + DY

L = LL

CONT INUE

WRITE (10,2100) N,X(N),Y(N),INC
NOLD = N

IF(N.LT.NJ) GO TO 50

" READ (IN,1100) ADEF,RDEF,YDEF

WRITE(10,2200) ADEF,RDEF,YDEF

WRITE(10,2300)

READ (IN,1200) M, (NOD(I I=1,2),MKODE (M) ,MFLAG(M),

M
(

¥ ) 4
*INC,NOD1,NOD2, AREA (M) ,RI M), YMOD(M)
IF(AREA(M).EQ-O) AREA(M) = ADEF
IF(RI(M).EQ.O) RI(M) = RDEF
IF(YMOD(M).EQ.0) YMOD(M) = YDEF

IF(INC.EQ.0) GO TO 500
NINT = (M-MOLD) / INC - 1

L = MOLD

DO 400 I=1,NINT

LL =L + INC
AREA(LL) = AREA(M)
RI(LL) = RI(M)
YMOD(LL) = YMOD(M)

75



University of Alborna

400
C
500

600

- 999

9999

1000
1100
1200
1300
2000

2100
2200

2300
2400
2700

2750
2800

MKODE(LL) = MKODE (M)

MFLAG(LL) = MFLAG(M)

NOD(1,LL) = NOD(1,L) + NOD1

NOD(2,LL) = NOD(2,L) + NOD2

L = LL

"WRITE(10,2400) M,NOD(1,M),NOD(2,M),MKODE (M) ,MFLAG(M),
*INC,NOD1,NOD2,AREA(M),RI(M),YMOD(M)

MOLD = M

IF(M.LT.NE) GO TO 300

READ (IN,1300) K

IF(K.EQ.0) GO TO 600

WRITE(10,2700)

WRITE(10,2750) (N,X(N},Y(N),N=1,NJ)
WRITE(I0,2800)

WRITE(IO,2850) (M, (NOD(I,M),I=1,2), 6 MKODE (M) 6MFLAG(M),

*AREA(M) ,RI(M),YMOD(M) M=1,NE)
RETURN

WRITE (10,9999) N
FORMAT (' NODAL GEOMETRY DATA INPUT ERROR',15)

STOP
 FORMAT STATEMENTS

FORMAT(15,2F12.0,15)

FORMAT(3F12.0)

FORMAT(815,3F12.0)

FORMAT(I5) .

FORMAT (///,5X,’ NODAL GEOMETRY DATA AS INPUT'/, 5X,
*28(1H*)//, 10X, 1HN 7X, 1HX, 14X, 1HY ,9X,3HINC/)

FORMAT (6X,15, 2015 6,15)

FORMAT (/// 5X MEMBER PROPERTIES DEFAULT VALUES'/,

*5X,32(1H*)// 1OX " AREA’ ,11X,’ =',D15.6,//,
*10X,' M. INERTIA’,GX.’=’,D15.6,//,
*10X,’ Y. MODULUS' ,6X,’'=',D15.6)

FORMAT -(///,5X,’ MEMBER DATA AS INPUT'/,5X,20(1Hx*)//,
*GX, 1HM, 4X, 1HI,4X, 1HJ, 2X, 4HCODE, 2X,4HFLAG, 2X, 3HINC,
*1X,4HINCI, 1X,4HINCJ,5X,4HAREA, 13X, 1HI, 13X, 4HYMOD/ )

FORMAT (5X,815,3D15.6)

FORMAT (///,5X,’ COMPLETED NODAL GEOMETRY DATA'/,
*5X,30(1H*)//,4X, 1HN,7X, 1HX, 14X, 1HY/)

FORMAT (15, 2015.6)

FORMAT (/// 5X,’ COMPLETED MEMBER DATA’/,5X, 21(1H*)

- *x5X, 1HM, 4X, 1HI 4X tHJ,2X,4HCODE, 2X, 4HFLAG 5X 4HAREA,

2850

*13X,1HI,12X,4HYMOD/)
FORMAT (515,3D15.6)

END
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C***********************************************************

100

C.
C
C
C

1000

SUBROUTINE BOUND (BES,NPB,KODE,NEBEL,IN,IO)

3 ok oK Ak K ok Ak oK K oK 3K oK XK KK

THIS SEGMENT READS THE EXTERNAL BOUNDARY CONDITIONS

0 3 o0 3e 3E 3 3k ok 3 ke ok ok ¢ o ok ok 2k oK ke Ak ok ok ok 3k 3K 3 oK ke e ik ok 3K ¢k oK K K ok ol K 3K Kk Kk ok i K ok K K

IMPLICIT REAL*8(A-H,0-Z)
DIMENSION BES(1),NPB(1),KODE(1)

DO 100 J=1,NEBEL

READ (IN,1000) N,NPB(N),KODE(N),BES(N)
IF(BES(N).EQ.0) BES(N) = 1.0E20

WRITE(10,2000)

WRITE(I0,2100) (N,NPB(N),KODE(N),BES(N),N=1,NEBEL)

RETURN

FORMAT STATEMENTS

FORMAT (316,F12.0)

2000 FORMAT (///,730,' EXTERNAL BOUNDARY ELEMENTS DATA'/,

2100

C

*T730,31(1H*)//,
*3(4X, 1HN, 3X, 3HNPB, 1X,4HKODE, 7X,2HEB,6X}/)

FORMAT (3(315,015.6))

END
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: C***********************************************************

SUBROUTINE LOADCV (FL,LVF,NLT,JLFLAG,MLFLAG,IN,IO)

ok ok vk 3k 3k 3k sk 3 K oK oK K K Xk K K K

THIS SUBROUTINE READS CONTROL PARAMETERS,LOAD
FACTORS, AND LOAD VARIABLE FLAG.

2k 3k Sk 3K 3K o ok 2k 2k 3k Ak o A 3 3K ok 3k 3 3K 3k ok ke 3k 3k A 3k e 3k A 2k 3k ok ke ok ke Ak A K ok ke ok K o X K kK K o KK K kK

IMPLICIT REAL*8(A-H,0-Z)
DIMENSION FL(1),LVF(1)

WRITE(I10,2000)

READ (IN,1000) JLFLAG,MLFLAG

DO 100 LT=1,NLT

READ (IN,1100) LT,LVF(LT),FL(LT)
100 WRITE(10,2100) LT,LVF{LT),FL(LT)

C
RETURN
C
C FORMAT STATEMENTS .
C

1000 FORMAT (215)

1100 FORMAT (215,F12.0)

2000 FORMAT (//,5X,’ LOAD CONTROL PARAMETERS'/,5X,23(1Hx)
*//,10X,’ LOAD TYPE LVF LOAD FACTOR'/)

2100 FORMAT (10X,15,4X,15,2X,F12.6)

C :
END
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C**********************************************************

C

O O OO0

100
40

200

300
400

500
C
600
C

SUBROUTINE INPUTI (VO,NPB,KODE,NEBEL,NN,TOL,

3 3K A o ok K kK 3K 3Kk ok 3K ok Kk

ITERATION. _

~ ITLIM,IFPR,IN,IO)

THIS ROUTINE READS INFORMATION NECESSARY FOR INVERSE

******************************************************

IMPLICIT REAL*8(A-H,0-2)
DIMENSION VO(1),NPB(1),KODE(1)
WRITE(10,2000)

READ (IN,1000) TOL,ITLIM,IFPR,INFLAG
WRITE(I0,2100) TOL,ITLIM,IFPR,INFLAG

WRITE(I0,2200)

K = INFLAG + t .
GO TO (100,500),K

DO 40 I=1,NN
VO(I) = 1.0

DO 400 KK=1,NEBEL

N = NPB(KK)

KOD = KODE (KK) |
NE = 3 * N ~
IF((KOD-100).LT.0) GO TO 200
VO(NE-2) = 0.0

KOD = KOD - 100
IF((KOD-10).LT.0) GO TO 300
VO(NE-1) = 0.0

KOD = KOD-10

IF(KOD.EQ.0) GO TO 400
VO(NE) = 0.0

CONT INUE

GO TO 600

READ (IN,1100) (VO(I) ,I=1,NN)

WRITE(10,2300) (VO(I),I=1,NN)
RETURN

c
C  FORMAT STATEMENTS
C

1000
1100
2000

2100

FORMAT (F12.6,315)
FORMAT (8F10.0)

FORMAT (///,5X," EIGEN PROBLEM BEGINS'/

*,5X,20(1H*)//)

FORMAT (10X,’ EIGEN PROBLEM CONTROL PARAMETERS' /

*,10X,32(1H-)//,
*10X,’ TOLERANCE LIMIT

=',F12.86//,



vl Alixrta

Uniwersnty

- *10X,’ PRINT CODE

2200
2300
C

*10X,  MAXIMAUM NO. OF ITERATIONS

', 15/
', 15/
*, 15/

NN

*10X,’ INPUT CODE '
*10X,40(1H=) ) .
FORMAT (//,5X,' ASSUMED EIGENVECTOR' //)
FORMAT (8F12.8)

END
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C**********************************************************

OO O O0O0O0O0O0O O

200

225

250
275
300

325
350

SUBROUTINE JLOAD?! (B,BES,FL,LVF,NLT,NLC,IN,IO)

K 3 2k ok ok oK oK A Ak oK kK A oK Kk

THIS SEGMENT READS JOINT LOADS AND/OR DISPLACEMENTS

3k a3 3¢ 3k ok 3k 3k 3K o oK K K 3 K kK oK ok i K K ke 3k kK ok o 3k e K ok K K Kk K 3 ok ok ke ok ok kK A K oK koK ok K Ak

IMPLICIT REAL*8(A-H,0-2Z)
DIMENSION B(NLC,1),BES(1),FL(1),LVF(1),NBEL(3)

WRITE(10,2000)

DO 900 LT=1,NLT

READ (IN,1000) N,IDESP,(NBEL(I),I=1,3),INC
IF(N.LE.O) GO TO 900

N3 =3 =N
N2 = N3 - 1
Nt = N3 - 2

READ (IN,1100) JKODE,U,V,R
IF(IDESP.EQ.O0) GO TO 300

JKODE

(K-100).LT.0) GO TO 225

WN1) = U » BES(NBEL(1))
100

0).LT.0) GO TO 250
V » BES(NBEL(2))

)

GO TO 275
R = BES(NBEL(3}))

XZXXZ

ZwMm [ I]

1
K.EQ.0

C—O 1 —— 1

—
m

N, (NBEL(1),I=1,3),INC
JKODE , LT, LVF (L T),U,V,R

T WA —
+ OO~ ————

—

oz =- - -
rFroONOZZZN

wrr

non o9 SO0 4 ur
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700
800

900

C
C
C
1000
1100
2000

2100
2200
C

Tmm
—r-r-
OO0
rr
LR —
+ + 4+
n<C

CONTINUE
RETURN

FORMAT STATEMENTS
FORMAT (615)

FORMAT (15,3F12.0)

FORMAT (///,T30,’ JOINT LOADS DATA AS INPUT'/,T730,25
*(1H*)//,’ N NBU NBV NBR INC CODE LT LVF',
*7X,'U",14X,' V' ,14X,'R" /)

FORMAT (515) _

FORMAT (27X,315,3D15.6)
END

82




C**********************************************************

OO OO0 OOO0 (@)

OO0

200
C

250

275

SUBROUTINE MLOAD1Y (X,Y,FEF,FL,LVF,B,NOD,MKODE)

ok ¢ ok o ok K ok Ak A K K K ok A oK K K

THIS SUBROUTINE READS MEMBER LOADS AND CALCULATES

- THE END FORCES. THE END FORCES ARE STORED IN VECTOR
B AS EQUVALENT LOADS, AND IN VECTOR FEF AS MEMBER
END FORCES. THE JOINT LOADS ARE THEN ADDED TO B .

,******************************************************
IMPLICIT REAL*8(A-H,0-Z)
COMMON/PROBCV/ UNIT,NJ,NE,NLC,IN,I10,NEBEL,IFEIG,

*NLT, IREF

DIMENSION X(1),Y(1),FEF(NLC,1),B(NLC,1),NOD(2,1),

*MKODE (1) ,FL(1),LVF(1),FQ(6),FK(6)

MODIFY UNITS FOR LOAD VECTOR

DO 200 J=1,NLC

DO 200 I=1,Nd

II = 3 =1

B(J,1I) = B(J,II) * UNIT
CONTINUE

READ AND PREPARE MEMBER LOADS

c13 =1. / 3.

WRITE(10,2000)

DO 800 LT=1,NLT

READ (IN,1000) M,INC,K,CL,CN,QI,AI,QuU,AY

IF(M.LE.O) GO TO 800

y&&TE(IO.2100) M,LT,LVF(LT),INC,K,CL,CN,QI,AI,QU, AU
MM =
Ql =
QU =
CONT
] =
J =
DX
DY
XL
CT
ST
DC

']

* ¥

2= sl

r—OoO» 1 == ~r
—r

— —

1
N
N

——

£~~~ —m
NNOCCC N -

—_— ———e -

><

* < X

¥ —~

N —t

+ ~——

O ——

<

*

*

N

T KXMN <O CC—=0O
2K D>~

"Ha2O0O0DO~—00Z0

/ DSQRT(CL**2+CN*%2)
COSG = DC * CL

SING = DC = CN

AIM = 1. - Al

GO TO (300,400,500),K
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C FIXED END FORCES FOR CONCENTRATED LOADS

C
300 COSG = COSG * QI
SING = SING * QI
FQ(3) = -AIM**2*xAI*XL*SING
FQ(6) = AIM*AI**2xXL*SING
DV = (FQ(3) + FQ(6)) / XL
FQ(1) = -AIM*COSG
FQ(2) = -AIM = SING + DV
# FQ(4) = -Al * COSG
FQ(5) = -Al * SING - DV
GO TO 600
C
C FIXED END FORCES FOR UNIFORM LOADS
C
400 D1 = AJ - Al
D2 = 0.5 * (AJ*x2 - Al*x2)
D3 = C13 * (AJ*x3 - Al*x3)
D4 = 0.25 *(AJ**4 - Alxx4)
COSG = COSG * QI * XL
SING = SING * QI * XL
FQ(3) = -XL * SING * (D2 - 2.*D3 + D4)
FQ(6) = XL * SING * (D3 - D4)
: DV = (FQ(3) + FQ(6)) / XL
2 FQ(1) = -COSG * (D1 - D2)
z FQ(2) = -SING * (D1 - D2) + DV
x FQ(4) = -COSG * D2
oz FQ(5) = -SING * D2 - DV
€ GO TO 600
c
C FIXED END FORCES FOR TRAPEZOIDAL LOADS
C
500 (AL = XL / (AJ - AI)
'COSGI = COSG * QI * AL
COSGJY = COSG * QU * AL
SINGI = SING * QI * AL
SINGJ = SING * QU * AL
DI = AJ - Al
. D2 = 0.5 * (AJ**2 - AI*x2)
. D3 = C13 * (AJ**3 - AI*x3)
- - DA = .25 % ( AUxx4 - Al*x4)
D5 = 0.2 * (AJ*x5 - Al**5)
D6 = D2 - 2.=D3 + D4
D7 = D3 - 2.%D4 + D5
AIT = AU*D1 - (1.+AJ)*D2 +D3
BII = AU*D6 - D7
AlJ = D2 - D3 - AI*(D1-D2)
BIJ = D7 - AI*D6
AJI = AyxD2 - D3
BJI = AY*(D3-D4) - (D4-D5)
AdJ = D3 - AI*D2
| BJJ = D4 - D5 - AIx(D3-D4)
c

FQ(3) = -XL * (SINGI*BII + SINGJU*BIJ)




FQ(6) = XL * (SINGI*BJI + SINGU*BUU)
DV = (FQ(3) + FQ(6)) / XL

FQ(1) = -(COSGI*AII + COSGU*AIJ)
FQ(2) = -(SINGI*AIl + SINGJ*AldJ) + DV
FQ(4) = -(COSGI*AJI + COSGJ*AJJ)
FQ(5) = -(SINGI*AJI + SINGU*AJJ) - DV

MODIFY END FORCES VECTOR FQ FOR HINGED ENDS

DOOO

00  CONTINUE

K1 = MKODE(MM) + 1

DO 605 KK = 1,6
605 FK(KK) = FQ(KK)

GO 70 (650,620,630,610),KI
610 FK(3) = 0.0

FK(B6) = 0.0
GO TO 640
620 FK(6) = FK(B) - 0.5%FK(3)
DV = 1.5*%FK(3) / XL
FK(3) = 0.0
GO TO 640
630 FK(3) = FK(3) - 0.5%FK(6)
DV = 1.5%FK(6) / XL
640 K(2) = FK(2) - DV
FK(5) = FK(5) + DV
650 FK(3) = FK{3) * UNIT
FK(6) = FK(6) * UNIT
C
C ASSEMBLE FQ INTO FEF
C
IF(LVF(LT).EQ.0) GO TO 660
LC = 1
GO TO 670
660 LC = 2

670 KEF = 6 * MM - 6

DO 675 KK =1,6

KEF = KEF + 1

FEF(LC,KEF) = FEF(LC,KEF) + FK(KK)
675  CONTINUE

C
C ASSEMBLE FQ INTO LOAD VECTOR B
C .
I1 = 3*NOD(1,MM) ,
B(LC,II-2) = B(LC,II1-2) - FK(1)*CT + FK(2)=ST
B(LC,II-1) = B(LC,II-1) - FK(1)*ST - FK(2)=*CT
B(LC,1I) = B(LC,II) - FK(3)
Ju = 3*NOD(2,MM)
B(LC,Jd-2) = B(LC,Jd-2) - FK(4)*CT + FK(5)=*ST
B(LC,JJ-1) = B(LC,dd-1) - FK(4)*ST - FK(5)*CT
c B(LC,Jy) = B(LC,dd) - FK(6)
700 INC.EQ.0) GO TO 750

IF(
MOLD = MOLD + TIABS(INC)
MM = MOLD
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IF(MM.GT.M) GO TO 999
IF(MM.EQ.M) GO TO 750
IF(INC.EQ.O0) GO TO 750

GO 70 600
750  CONTINUE
MOLD = MM
GO TO 250
C
800  CONTINUE
C
RETURN
C
999  WRITE(IO,9999) MM,M
STOP
C
C FORMAT STATEMENTS
C

1000 FORMAT (315,2F12.0,4F10.0) _
2000 FORMAT (///,730,' MEMBER LOADS AS INPUT'/, 4X,

*' M LT LVF INC CODE’ ,6X,'CL",13X,”CN" ,13X,'QIl",

*13X, AI' ,13X,'QU' , 13X," Ad" /)

2100 FORMAT (515,6D15.6) '

9999 FORMAT (’ GENERATION INCREMENT ERROR MM=" 15,
*/ M=',15)

END

C
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OO0 O OO0O0O0O0O0O0O O

100

200

300

400
500

600

650

K

SUBROUTINE EQSBST (A,B,MAXA,NB,NLC,ILOAD,IT)

ok 3k 3k 3k oK 3K 3Kk K 3K 3K %k 3k ok ok ok K K %k

THIS SUBROUTINE TRIANGULARIZES A STIFFNESS MATRIX
STORED COLUMN-WISE UNDER A SKYLINE AND REDUCES THE
CORRESPONDING LOAD VECTOR, DOWN TO EQUATION NB. .

o 3k 3 2k o ok 3K ok A ok e ok ok o o 3 3 0 3K 3k 3 oK oK o 3 oK 3k ok oK 3K oK o 3 oK oK ok a3k ok Sk K 3K ok oK e ok K K ok K ok

IMPLICIT REAL*8(A-H,0-2)

DIMENSION A(1),B(NLC, 1) ,MAXA(1)

DO 1000 N=1,NB

KN = MAXA(N)

KL = KN + 1

KU = MAXA(N+1) - 1

KH = KU - KL

IF{KH) 900,500,100

IF(ILOAD.EQ.2.AND.IT.GT.0) GO TO 650
= N - KH

IC =0

KLT= KU -

DO 400 dJ=1,KH

IC = IC + 1

KLT= KLT - 1

KI = MAXA(K)

ND = MAXA(K+1) - KI - 1
IF(ND) 400,400,200
KK = IC
IF(KK.GT.ND) KK = ND
C =0
, KK

DO 300 1
C = C + A(KI+L)*A(KLT+L)
(KLT) - C

L

= +

A(KLT) =

= +
D.EQ.2.AND.IT.GT.0) GO TO 650

o

Eap b ||

K =K
IF(ILOA
K =

oo
o

OOXX
—

>
X

CON
A(KN) - C

DO 800 IC=1,NLC
K =N
C=0.0
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700
800

900
950

C
1000
C

C
3000

C

DO 700 KK = KL,KU

K =K -

C =C+ (KK)*B(IC K)
CONTINUE

B(IC,N) = B(IC,N) - C
CONT INUE

IF(A(KN)) 950,950,1000
WRITE(6,3000) N,A(KN)
STQOP

CONT INUE

RETURN

FORMAT (’ ZERO OR NEGATIVE ELEMENT ON MAIN DIAGONAL NO.’
*,14,D015.6)

END

8
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O O OO0 O

100
200

300

400
500
600

SUBROUTINE BKSB1 (B,A,MAXA,NN,NLC,KB)

s ok 3k 2k ok K Ak Ak o K oK kK 3K o Ak

THIS SUBROUTINE IS A PART OF THE PARTIAL REDUCTION

‘PACKAGE. IT FORMS THE LAST STAGE OF BACKSUBSTITUTION,

THE OPERATION (L(-1)(T)*RIx*) . IN CASE OF AN
UNSUBSTRUCTURED PROBLEM 1T PERFORMS THE OPERATION
//D(-1)*L(-1)(T)*R//

e 3 9K e e K o ol K 3 A ok o i ak oK ek ok K ok 3k K K 3 Kk ok sk K i sk o kK ok ok ke aK alk K ak ol ol ok ok ke ok K ok ok oK K

IMPLICIT REAL*8(A-H,0-Z)
DIMENSION A(1),B(NLC,1),MAXA(1)

IF(KB.NE.O) GO TO 200
DO 100 I=1,NLC

DO 100 dJ=1,NN

K = MAXA(J)

B(I,J) = B(I,J)/A(K)

DO 60

)
KU = +1) - 1
IF(KU-KL) 600,300,300
DO 500 I=1,NLC
IF(B(I,N).EQ.0.) GO TO 500
K =N
DO 400 KK=KL,KU

B(I,K) - A(KK)*B(I,N)
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C**********************************************************

C

SUBROUTINE STIFF (NOD,MKODE,MFLAG,MAXA,X,Y,AREA,RI,

OO OO0O0OO0OO0O0O0O0

DIMENSION NOD

*X(1),
* AS(7

(@]

REWIN
DO 70

— X
oo

o
=<
Ww oan

wn
et
nmauunu

C2
S2
SC
ALP
BETA

FORM LM

LM(3)
LM(2)
LM(1)
LM(B)
LM(5)
LM(4)

FOR
AS(1)

eXeXe]

OO0

4 3k 3k ok 3k ok ok ok Ak 3K Ak A K kK Xk

Y(1),ARE
), AC(7),

D1
O M

D CN—-~Mmn

SI *x 2
CO > SI
YMOD (M)
YMOD (M)

ARRAY

LI L B £ T I A |
P ¥ R Y
(o2 e )] wWw

— e O e Pt

rrwrrow
== ==

MULATION

= BETA

'YMOD,A,UNT,NE,IFEIG)

THIS SUBROUTINE FORMS THE ELASTIC STIFFNESS MATRIX
OF 6 DOF PLANE FRAME MEMBER. THE UPPER TRIANGLE IS
STORED COLUMN-WISE IN A VECTOR.

2 3k 3K 3k 3k ok e ok oK A 3K oK 3k 3k K K 3K sk 3K 3k oK K ok K K K 3K < K ok 3k kK 3K 3K 3K K 3K 3K 3K 3K 2k K o K K ok kK oK kK kK

IMPLICIT REAL*8(A-H,0-Z)

(2,1) ,MKODE (1) ,MFLAG(1) ,MAXA(1),
A(1),RI(1),YMOD(1),A(1),LM(6)
S(21)

X(1)) * UNT

Y(I)) * UNT

Xxx2 + DYx%x2)

* RI(M) * XLI
* AREA(M) = XLI

1
-2

1
-2
OF ELASTIC STIFFNESS MATRIX
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12.0 * ALP
6.0 * ALP

AS(3)

4.0 * ALP

2.0 * ALP

AS(5)

.0) CALL MODIFY(K,AS)

FORM ELASTIC STIFFNESS MATRIX

CALL ELEMS(AS,S,CL,SL,CL2,SL2,CSL,C2,82, SC)
CALL ASSEMB (MAXA S A, LM, 6
IF(IFEIG.EQ.0) GO T0 700

C FORMULATION OF GEOMETRIC ELEMENT STIFFNESS
MFLAG(M)

Q.0) GO TO 700

XLI

6.0/5.0 * XL

.0/10. = XL

0 S — S " —

— > D> > >
TOLLnnumLnom
-

XKNOUITBWN

mn "nywnuonn

12424 %,

L =
IF(L.E
AC(1
AC(2
AC(3
AC(4
AC(5
AC(G

AC(7

CALL ELEM

CALL STOR
700  CONTINUE

RETURN

‘END

mwmoy —-
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C***********************************************************

(@} OO0 (]

300
400
450

500
600

SUBROUTINE STIFF1 (NOD,MFLAG,A,AGV,MAXA,PP NE,NLC)

0 2 o M e o ok K K K kK Ak kK K Ak K

THIS SUBROUTINE ASSEMBLES THE GEOMETRIC STIFFNESS
MATRIX AND ADD THE CONSTANT GEOMETRIC STIFFNESS
MATRIX INTO THE ELASTIC STIFFNESS MATRIX.

30 e 2 3K 3k K K Ok o o 3K e ok K K K K K oK ok oK ok ok sk ke 3k ok ok ok K ok o K 3K 3k 2k 2k 3K 3K 3K kK 2k K ok e 3k ok A ok o K K K Ok

IMPLICIT REAL*8(A-H,0-2)

DIMENSION MFLAG(1),MAXA(1),
*S(21),NOD(2,1),LM(6),51(21)

REWIND 1
DO 600

A(1),AGV(1),PP(NLC,1),

—_—
- - b
—==z

m

—— R —— =

L )] ;M ww
e et (T e e

i o g af ad ml

T EESEEEs
e~ ——nn
—~ OO nuunnnoOgo
< ORIMrMT WrEr-wuh-an
1=ENN——== ==

L1 aask i g BF - & s Ne ) I ,% N 4V )
* -

o
—
NO

-

S
M1 5
DO 500 LC=1,NLC |
IF(LC.EQ.1) GO TO 400
DO 300 KK=1,21

S(KK) = -S(KK) * PP(LC,M1)
CALL ASSEMB (MAXA,S,A,LM,6)

GO TO 500

DO 450 Ju=1,21

S1(Jd) = "S(dd) * PP(LC,M1)
CALL ASSEMB (MAXA,S1,AGV,LM,6)
CONTINUE

CONTINUE

RETURN

END
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O O O0O00O00OO0O00O0 O

100

300
C

C
C

SUBROUTINE DISPL2 (FEF2,B,FEF,K,NJ,NE,NLC,IN,I0)

3 3 3 o K oK 3K Aok A oK K ok R K

THIS SUBROUTINE QUTPUTS NODAL DISPLACEMENTS FOR LOAD

CASE (K). IT PREPARES DUMMY VECTOR FEF2 TO CALCULATE
MEMBER END FORCES.

2 sk e e e o ol K ek K K K ok K e ok K A i K 3K K 3 ok K 3k B o K K K 3 K D ok i kK R 3 K K K K K K oKk

IMPLICIT REAL*8(A-H,0-Z) ‘
DIMENSION FEF2(NLC,1),B(NLC,1),FEF(NLC,1)

WRITE(10,2000) K

DO 100 N=1,NJ

N3 = N * 3

N1 = N3 - 2 ,
WRITE(I10,2100) N, (B(K,NN),NN=N1,6N3)
LC = K

DO 300 Il=1,NE

IIl = 6*%I1 + 1

DO 300 JJ=1,6

FEF2(LC,III-JJ) = FEF(LC,I1II-dd)
CONTINUE

RETURN
FORMAT STATEMENTS

C
2000 FORMAT (’1’,’LOAD CASE NO. ' ,14,//

*,' NODAL DISPLACEMENTS' ,//
*,4X,'N',7X,"U" ,14X,'V' ,14X,'R" /)

2100 FORMAT (14.3D15.6)

C

END
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C**********************************************************

C

(@} OOOOOOO

OO0

100

200 .

300

400

SUBROUTINE STRES2 (X,Y,AREA,RI,YMOD,B,FEF2,NOD,

MKODE NE, K, NLC UNIT IN 10)

o 3k ke ok o 3k oK 3K %k 3k oK o 3K K Kk

END

SUBROUTINE STRES2 COMPUTES AND OUTPUTS MEMBER
FORCES FOR A PLANE FRAME PROBLEM.

sk ok ok K 3k 2k ok ok 3K kK 3k 3k 2 3k 3 3k oK 3 A 2k dk 3k ok Ak K o sk 2 oK Ak 3k K ok S oK A K A Ak oK K oK K K K Ak XK XK oK K K Kk

IMPLICIT REAL*8(A-H,0-2)

DIMENSION X(1),Y(1),AREA(1),R (1),YMOD(1),B(NLC,1)
* FEF2{(NLC,1),NOD(2,1),MKODE (1

DO 500 M=1,NE

I = NOD(1,M)

J = NOD(2,M)

DX = (X(d) - X(I)) = UNIT

DY = (Y(J) - Y(I)) = UNIT

XLI = 1. / DSQRT(DX*%2+DY**2)

COST= DX * XLI

SINT= DY * XLI

C1 = 2. * YMOD(M) * RI(M) = XLI

C2 = AREA(M) = YMOD(M) = XLI

DU = B(K,(3%J-2)) - B(K,(3*1-2))

DV = B(K,(3*J-1)) - B(K,(3*I-1))

DP = C2 * (DU*COST + DV*SINT)

ROT = 3. * (DV*COST - DU*SINT) =* XLI

DMI = C1 * (2.*B(K,(3*I)) + B(K,(3*J)) - ROT)
DMJ = C1 * (2.%B(K,(3*J)) + B(K,(3%I)) - ROT)
DV = (DMI + DMJ) * XLI

MODIFY END FORCES FOR MEMBER TYPE

KK =

DMI
DMy

()
<
n O nOnumn

MM =

MKODE (M)

.EQ.0) GO TO 400
(100,200,300),KK
DMJ - DMI*.5
DV - 1.5%DMI=*XLI
0.0
400
DM1 - 0.5%DMJ
DV - 1.5%DMJ*XL]
0.0
400
DV - (DMI + DMd)*XLI
0.0
0.0

6*M

FEF2(K,MM-5) = FEF2(K,MM-5) - DP
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ToTheria

500

600
c

C
C
C

2000

2100

C
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FEF2(K,MM-4) = FEF2(K,MM-4) + DV
FEF2(K,MM-3) =(FEF2(K,MM-3) + DMI)/UNIT
FEF2(K,MM-2) = FEF2(K,MM-2) + DP
FEF2(K,MM-1) = FEF2(K,MM-1) - DV
FEF2(K,MM) =(FEF2(K,MM) + DMJ) /UNIT
CONTINUE

WRITE(10,2000)

DO 600 M=1,NE

M2 =6 M

Mt = M2 - 5

WRITE(I10,2100) M,NOD(1,M),NOD(2,M), (FEF2(K,1),I=M1,M2)
CONTINUE :

RETURN
FORMAT STATEMENTS
FORMAT (///,"MEMBER END FORCES',//,3X,’'MEM',b3X,' 1’ 64X,
g0 TX, NI 13X, VI 13X, MDY 13X, U N, 138X, VY, 13X,
*' MJ’ /)
FORMAT (315,6D15.6)

END
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C**v********************************************************

C

(@) (@] OOOOOOOO0

100

150

200

300

40

SUBROUTINE EIGV (A,AG,TT,VO,MAXA,NN,NWA,K ILOAD,
TOL,ITLIM,IFPR,IREF,IR,IN,IO)

ok ok K 3K o 3K 2k o Ak ok X K K Xk K

THIS SUBROUTINE CALCULATES THE SMALLEST EIGENVALUE
FOR THE EQUATION AX = (LANDA)BX BY INVERSE ITERATION
USING CHOLESKY DECOMPOSITION.

ok 2 ok o 3k ok 2k ok 3k Kk ok ke 3 a3 Ak ke ok Ak ok K 3K ok kK oK 3k 3K ok oK A oK 3Kk A oK K KK A 3K K ok Ak KK ok koK 3K K 3K K K %k

IMPLICIT REAL*8(A-H,0-Z)
DIMENSION A(1),AG(1),TT(1),v0(1),MAXA(1)

IT = 0

EOLD = 0.0

IF(IREF.EQ.1) IT=1

REWIND 2

CALL RTRV2 (2,AG,NWA)

CALL RTRV2 (2,A,NWA)

CALL MULT1 (TT,AG,VO,MAXA,NN,NWA)
CALL EQSBST (A, TT,MAXA,NN,1,ILOAD,IT)
CALL BKSB1 (TT,A,MAXA,NN,1,0)
IF(IT.GT.0) GO TO 150

REWIND 2

CALL RTRV2 (2,AG,Nwa)

CALL STORE2 (2,A,NWA)

K=20

ABMAX = 0.0

DO 200 I=1,NN

C = TT(1)
IF(DABS(C).LT.ABMAX)} GO TO 200
K=1

ABMAX = DABSI(C)

CONTINUE

EIGV = TT(K)

C=1./ EIGV

DIF = 0.0

DO 300 I=1,NN

VS = vO(l)

VO(I) = TT(1) *= C

DIF = DIF + DABS(VS-vO(I))
CONTINUE

DIFE = DABS(EIGV-EOLD)
EOLD = EIGV

IT = IT + 1

IF(IFPR.EQ.0) GO TO 40
WRITE(10,2000) IT,DIF,EIGV,C
WRITE(10,2100) (VO(I),I=1,NN)
IF(DIF.LT.TOL) GO TO 50
IF(DIFE.LT.TOL) GO TO 50
IF(IT.GT.ITLIM) GO TO 999
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50
C
C

999

C
C
C
2000

2100
2200

2300

GO TO 100 o

WRITE(10,2200) EIGV,C, (VO(I),I=1,NN)
IR = 0

RETURN

WSITE(IO,QBOO) IT,EIGV,C
IR = 1 -

" RETURN

FORMAT STATEMENTS

FORMAT(//,5X,’ ITERATE’ ,2X,13,3X,' HAS BEEN COMPLETED’
*,2X,’ WITH TOLERANCE OF’' ,2X,E12.4//,5X,
*' EIGENVALUE = ' ,E12.5,5X,’ LOAD FACTOR =’ ,F12.6,//,
*5X,' THE EIGENVECTOR IS :',/)

FORMAT (5X,8F10.6)

FORMAT(//,5X,’ EIGENVALUE =’ ,E12.5,5X,’ LOAD FACTOR =’
*F12.6//,5X,' AND THE VECOR 1S : '/(5X,8E12.4))

FORMAT (' THE NO. OF ITERATES HAS REACHED ',bI5//,

»' EIGENVALUE = ' ,E12.5,5X,’ LOAD FACTOR =',F12.6)

END
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E.2 Program NONELA

Program NONELA consists of the following parts.
1. MAIN
2.  MAINMG, the main executive subroutine
3. The input package
(a) INPUTI and INPUT2
(b) BOUND, JLOAD2, and MLOAD2.
4. The data managing package
ISPAC, LOCOM, REMOV, REMOV2, and BLOCK DATA.
5. The data storage and retrieval package CLEAR, ICLEAR, RTRV1,
RTRV2, STORE1, and STOREZ.
6. The equation solving package
(a) ADDRES and COLHT
(b) EQSBST and BKSB1
7. The formulation and output package
(a) ASSEMB, BOUND2, DISPL1, SHAPE, DINCR, and CONVER.
(b) STIFF, STIFFB, TR, and TRI
The 1isting for packages 1, 2, 3a, 6b, and 7b follows. The
listing for parts 3b, 4, 5, 6a and 7a can be found in Sects. E.8, E.6,
E.7, E.9, and E.10, respectively. Descriptions of the subroutines can
be found in the listing.
Five files (line-files) are used in this program exclusively
in sequential I/0 operations. FILES 1, 2, and 3 are temporary files
while FILES 9 and 10 are permanent. FILE9 contains the present trial

vector while FILET0 contains the last converged-at solution.

[
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C********************************************************

NONELA

kK ok 3 %k %k %k

THIS 1S A PROGRAM FOR ELASTIC STABILITY ANALYSIS
OF PLANER FRAMED TYPE STRUCTURES. THE PROGRAM SOLVE
FOR LOWEST EIGENVALUE AND/OR EVALUATES THE NONLINEAR
RESPONSE OF THE STRUCTURE. .

W o e o o o b ok ok ofe o ok oKk ok ok oK ok ki i K K K K aK ok ak 3k ok i KOOI K ke 3Kk ok o K 3K oKk K kK 3K Kk ok

OOOOOOOOOOO0

IMPLICIT REAL*8B(A-H,0-2)
REAL*8 NAMES

COMMON/PROBIA/ NNN(200)

COMMON/1A1/ MMM (200 )

COMMON/RA1/ AAA(4000)

COMMON/RA2/  BBB(1000)

COMMON/RA3/ CCC(1000)
COMMON/DIMCOM/LAST1,LAST2,LAST3,LAST4,LAST5,MXDIM,
*NAMES(5,20),IPT(5, 21) 1COM(5)

3k 2k 2% 3k 3k o Kk 3k 2k 3k 3k 3K A 3 e 3k A ke ke 3K 3 3K ke K ke Ak Kk K ok 3 e K 3K 3K 3K ke e ok Dk o 3K 3K 3k ok K e K oK ok K ok 3K K

OO0

200
4000
200
1000
1000

CALL MAINMG
END
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C**********k************************************************

OOOOOOOO0 O

OO0

(@) O OO0

SUBROUTINE MAINMG

% ok ke ok ok i ok o oK %k ok K KK ok Xk X

" THIS IS THE MAIN MANAGER OF PROGRAM NONELA. I7
CONTROLS THE READING , THE FORMULATION ,THE SOLUTION
AND THE OUTPUT OF THE RESULTS.

3 3K 3k 3K ok K K 3k 3 ok 3k 3 3k ok Ak Kk 3k 3k ok 3 oK 3K K K K 3K ok K KK 3K 3k 3k 3K 3K oK o o 3 K K e ok ok K Ak Ak Ak A K Xk K X K

IMPLICIT REAL*B(A-H,0-Z)
REAL*8 NAMES,NAME

COMMON/PROBCV/ UNIT,FL1,FL2,TOL,NJ,NE,NFE,NMT NEBEL,
=IN,I0,ITLIM, IREF,IRCO

COMMON/PROBIA/ NNN(
COMMON/IA1 / MMM (
COMMON/RA1 / AAA(
COMMON/RA2  / BBB(
COMMON/RA3  / CCCI
COMMON/DIMCOM/ LA1,
* IPT(5,21),1COM(5)

DIMENSION XGAUS(6,4)
DATA XGAUS/-1.0,0.0,1.0,3%0.,-1.0,-0.5773503,0.5773503

*,1.0,2%0.0,-1.0,-0.7745967,0.0,0.7745967,1.0,0.0,
*-1.0,-.86113631,-.33998104,.33998104, .86113631,1.0/

2,LA3,LA4,LAS,MXDIM,NAMES(5,20)

a3 3k 3k Sk ok 2k 3k 3k o 3K 3k 3K 3k 3 3K A ok 3K 3 A K 3k 3 3k 2 3k 3k ok 3K ok Ak 3 ol A e 3k ok koK 3Kk 3K e K ok Ak Ok 3k A oK kK Ak K XK

CALL TIME (0,0)
IN = 5
10 6

REWIND
REWIND
REWIND
REWIND 10

READ PROBLEM CONTROL VARIABLES

—_ O —

CALL INPUTH
IF(IREF.EQ.0) GO TO 40

READ (10) NJ,NFE,NE, IDOF,NGAUS,NMT ,NEQ, INN,NEBEL,
*ITLIM,TOL,UNIT

READ (10) L1,L2

CALL RTRV2 (10,BBB{(L1),NEQ
CALL RTRV2 (10,BBB(L2),NEQ

——

[

oot

[
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DO 10 I=1,NEQ
10 BBB(I) = BBB(I) * FL1 + BBB(I+NEQ) * FL2
CALL STORE2 (1,BBB(L1),NEQ)

READ (10) NwA
READ (10) I1,13,K1,K2,111,113
READ (10) J1,d2,43,44,U5,06,J7,48,49,410,112
READ (10) LI.L2.L3 MO.M1.M2 M3,115
CALL RTRV1 (10.NNN(1),II1)
CALL RTRV1 (10,MMM(1),113)
CALL RTRV2 (10,AAA(1),112)
CALL RTRV2 (10,CCC(1),115)
C
DO 12 I=1,INN :
12 AAA(UB+I-1) = AAA(UB+I-1) * FL1 + AAA(J9+I-1) =* FL2
C _
READ (9) LI

IRCO = IRCO + 1
GO TO (15,20) ,IRCO
15 CALL RTRV2 (9,BBB(L2),NEQ)

LI = LI + 1
CALL STORE2 (10,BBB(L2),NEQ)
GO TO 25

20  CALL RTRV2 (10,BBB(L2),NEQ)

25 WRITE(10,2000) LI
WRITE(10,2100)

DO 30 N=1,NJ
N5 = N * 5
Ni = N5 - 4
30  WRITE(I0,2200) N, (BBB(NN),NN=N1,N5)
c
CALL STORE2 (2,BBB(L2),NEQ)
GO TO 450
c
40  NODE = 2
IDOF = 5
NGAUS = 4
NEQ = NJ * IDOF
LI =1
INN = IDOF * NE * NODE
C

CALL CLEAR (NAMES(1,1),100)
C
C READ NODAL GEOMETRY AND MEMBER PROPER. AND CONNECTIVITIES
C

J1 = ISPAC (1HX,NJ,2)

J2 = ISPAC (1HY,6NJ,2)

Jy3 = ISPAC (4HAREA,NE,2)

J4 = ISPAC (2HRI,NFE,2)

J5 = ISPAC (3HFMA,NFE,2)

J6 = ISPAC (4HYMOD,NE,2)

I1 = ISPAC (3HNOD, (NExNODE), 1)
12 = ISPAC (5HMKODE,NE, 1)
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OO0 O

OO0

200

220
250

300

C
c
C

350
C

CALL INPUT 2 (AAA(J1),AAA(U2),AAA(U3),AAA(U4),AAA(US),
*AAA(J6) NNN(I1))

CALL ICLEAR (NNN(I2),NE)
READ EXTERNAL BOUNDARY CONDITIONS

J7 = ISPAC (3HBES,NEBEL,2)
K1 = ISPAC (3HNPB.NEBEL. 3)
K2 = ISPAC (4HKODE NEBEL .3

)
CALL BOUND (AAA(J7),MMM(K1) ,MMM(K2),NEBEL,IN,I0)

WRITE(10) NJ,NFE,NE, IDOF,NGAUS,NMT,NEQ, INN, NEBEL,
*ITLIM,TOL,UNIT

J8 = ISPAC (4HFEFC,INN,2)

J9 = ISPAC (4HFEFV,INN,2)
CALL CLEAR (AAA(d8B), (INN%2))
L1 = ISPAC (2HBC,NEQ,4)

L2 = ISPAC (2HBV,NEQ,4)
CALL CLEAR (BBB(L1), (NEQ*2))

READ LOADS IF ANY

READ(IN, 1000) JLF,MLF

IF(JLF.EQ.0) GO TO 200

CALL JLOAD2 (BBB(L1),BBB(L2),AAA(J7),IDOF,IN,I10)
IF(MLF.EQ.0) GO TO 250

CALL MLOAD2 (AAA(U1),AAA(U2),AAA(UB),AAA(UD),BBB(LT),
*BBB(L2) ,NNN(I1) ,NNN(I12),UNIT,IDOF,NJ,IN,10)

DO 220 I=1,INN
AAA(UB+I-1) = AAA(UB+I-1) + AAA(J9+I-1)

CONTINUE

WRITE(10) L1,L2

CALL STORE2 (10,BBB(L1),NEQ)
CALL STORE2 (10,BBB(L2),NEQ)
DO 300 I=1,NEQ

BBB(I) = BBB(1) + BBB(I+NEQ)
CALL REMOV (2HBV,4)

CALL STORE2 (1,BBB(L1),NEQ)

FORM COLUMN HEIGHTS AND ADDRESSING ARRAY

I3 = ISPAC (4HMAXA, (NEQ+1),1)

14 = ISPAC (3HMHT,NEQ, 1)

CALL ICLEAR (NNN(I4),NEQ)

DO 350 I=1,NE
. CALL COLHT (NODE, (NODE=IDOF),IDOF,I,NNN(14),
*NNN(11))

CONTINUE
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CALL ADDRES (NNN(I3),NNN(I4),NEQ,NWA)
CALL REMOV (3HMHT, 1)

C RESERVE SPACE FOR DERIVATIVES OF SHAPE VECTOR
C .

NGAUS2 = NGAUS + 2

MO = ISPAC (3HPHI, (4%xNGAUS2),5)

M1 = ISPAC (4HPHIP, (4«NGAUS2),5)

M2 = ISPAC (5HPHIDP, (4*NGAUS2),5)
C .
C RESERVE AND CLEAR SPACE FOR TANGENT STIFFNESS MATRIX
C

M3 = ISPAC (2HTK,NWA,5)
C

. DO 400 IG=1,NGAUS2
XI = XGAUS (IG,NGAUS)
CALL SHAPE (XI,CCC(MO),CCC(M1),CCC(M2),]I1G)
400 CONTINUE

C

L2 = ISPAC (4HDISP,NEQ,4)

L3 = ISPAC (5HTDISP,NEQ,4)

CALL CLEAR (BBB(L2),NEQ)

J10 = ISPAC (4HFEF2, (IDOF*NODE*NE),2)
450 Ig =0

IF = 1
C  FORM AND ASSEMBLE TANGENT STIFFNESS MATRIX
C

600 CALL CLEAR (CCC(M3),NwA)

CALL STIFF (NNN(I1) ,NNN(13),AAA(J1),AAALU2),AAA(U3),
*AAA(J4),AAA(JS),AAA(UB),CCC(MO),CCC(M1),CCC(M2),
*CCC(M3),BBB(L1),BBB(L2),NFE, IDOF UNIT, NGAUS NEQ NJ, 10)

IF(NMT.EQ.1) GO TO 650

CALL STIFFB (NNN(I1),NNN(I3),AAA(J1), AAA(Y2),
*AAA(dB),AAA(dS),CCC(MB),BBB(L1),BBB(L2).NE.NFE.

*IDOF ,UNIT,NJ,10)

ADD EXTERNAL BOUNDARY CONDITIONS

50 CALL BOUND2 (CCC(M3),BBB(L1),NNN(I3),MMM(K1) , MMM(K2),
*AAA(JT7),NJ,NEBEL,I0)

OO OO0

IF(IT.GT.1) CALL CONVER (BBB(L1),C,CONVD,IT,TOL,
*ITLIM,NEQ,IF,I10)
IF(IF.EQ.0) GO TO 800

CALL EQSS?T (CCC(M3),BBB(L1),BBB(L1),NNN(13),
*NEQ, 1,1,
CALL BKSB1 (BBB(L1),BBB(L1),CCC(M3),NNN(I3),NEQ,1,0)
CALL DISPL1 (AAA(J10),BBB{(L1),AAA(U8),NJ,NE,IDOF,
*IN,10)

REWIND 3
CALL STORE2 (3,BBB(L1),NEQ)
REWIND 1
REWIND 3
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CALL RTRvV2 (1,BBB(L1),NEQ
CALL RTRV2 (3,BBB(L2),NEQ
IT = IT + 1
CALL TIME(3,3)
IF(IT.GT.1.0R.IREF.EQ.1) GO TO 700
CALL STORE2(2,BBB(L2),NEQ)
GO TO 600
700 REWIND 2
CALL RTRV2 (2 B B(
CALL DINCR (BBBI(L'1
*NJ, 10)
REWIND 2
CALL STORE2 (2,BBB(L2),NEQ)
GO TO 600
800 REWIND 9
WRITE(9) LI
CALL STORE2 (9,BBB(L2),NEQ)
IF(LI.GT.1) GO TO 900

II1 = IPT (1,LA1+1) - 1
I12 = IPT (2,LA2+1) - 1
II3 = IPT (3,LA3+1) - 1
I15 = IPT (5,LA5+1) - 1
C
WRITE (10) NWA
WRITE (10) I1,13,K1,K2,111,113
WRITE (10) J1,d2,d3,04,d5,d6,d7,d8,4d9,d10,112
WRITE (10) L1,L2,L3,M0,M1 ,M2,M3,115
CALL STOREt1 (10,NNN(1),II1)
CALL STORE1 (10,MMM(1),113)
CALL STORE2 (10,AAA(1),112)
-CALL STORE2 (10,CCC(1),115)
900 RETURN
C

1000 FORMAT (215)
2000 FORMAT (10X,’ LOAD INCREMENT NO. ' ,I15//)

2100 FORMAT (’NODAL LOADS’,//,4X,'N',7X,'FU’,13X,'FV’,

*13X,’ FR' , 12X, FDU’ ,12X,' FDV' /)
2200 FORMAT (14,5D15.6/)

C
END

)
2),BBB(L3),NEQ,IT,C,CONVD,
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C***********************************************************

O

OO0 O

1000
1100
1200
2000
2100

SUBROUTINE INPUT1

24 2 3k oK ok ok ke 3k A dk ko ok ok ok Xk

THIS SUBROUTINE READS THE PROBLEM CONTROL VARIABLES
FOR PROGRAM NONELA.

a0 ke ok ok 2 2k 3 2 3k 3K 2k ok 3k kK 5 3 K 3 o 3k 3k 3k ke K 3k ke ok oK 3K koK ok e ok ke 3k ok e e ol ok ak ok 3k ok 3k ok e ke ok K

IMPLICIT REAL*8(A-H,0-Z)

COMMON/PROBCV/ UNIT,FL1,FL2,TOL,NJ,NE,NFE NMT NEBEL,
*«IN,I0,ITLIM,IREF,IRCO

DIMENSION HEAD(20)

READ (IN,1000) HEAD

WRITE(10,2000) HEAD

READ (IN,1100) IREF,IRCO,FL1,FL2

IF(IREF.EQ.1) RETURN

READ (IN,1200) NJ,NFE,NE,NEBEL ,NMT,ITLIM,TOL,UNIT"
WRITE(10,2100) NJ,NFE,NE,NEBEL,NMT,ITLIM,TOL,UNIT

RETURN
FORMAT STATEMENTS

FORMAT (20A4)

FORMAT (215,2F12.0)

FORMAT (614,2F12.0)

FORMAT (//,30X,20A4//,30X,20(1H*)///)

FORMAT (5X,’ PROBLEM CONTROL VARIABLES'/,5X,2
*10X,’ NUMBER OF JOINTS
*10X,’ NUMBER OF FLEXURAL ELEMENTS
*10X,’ NUMBER OF ELEMENTS
*10X,’NO. OF EXTERNAL BOUNDARY ELEMENTS
*10X,’ NUMBER OF DIFFERENT MEMBER TYPES
*10X,  MAXIMUM NO. OF ITERATIONS
*10X,’ TOLERANCE LIMIT
*10X,’ LENGTH CONVERGENCE FACTOR
*10X,50(1H*) )

END

*)//,

N s o

CH»'- - - - o=
NN
N

5(
15
I5
I5
15
I5
15
F1
F1

m u i unnnmn
MM\\\\\\-‘

- m m owm m w wm o~
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C*********************************************************

O OO0 O

50

100
200

c
300

SUBROUTINE INPUT 2 (X,Y,AREA,RI,FMA,YMOD,NOD)

3K 9k e 3 3k oK o A o ok Ak Ak A K %k K ok K

THIS SUBROUTINE READS THE NODAL GEOMETRY AND
MEMBER PROPERTIES FOR PROGRAM NONELA

****************************************************

IMPLICIT REAL*8(A-H,0-2)

COMMON/PROBCV/ UNIT,FL1,FL2,TOL,NJ,NE,NFE,NMT, NEBEL,
«IN, 10, ITLIM, IREF, IRCO

DIMENSION x(1),v(1), AREA(1),RI(1),FMA(1),YMOD(1),
*NOD (2, 1)

WRITE(10,2000)

READ (IN,1000) N,X(N),Y(N),INC

IF(INC.EQ.0) GO TO 200

NINT = (N-NOLD) / INC

RN = NINT
IF(RN.LT.FLOAT(N-NOLD)/FLOAT(INC)-0.001) GO TO 999
DX = (X(N)-X(NOLD))/RN

DY = (Y(N)-Y(NOLD))/RN

10,2100) N,X(N),Y(N),INC
NOLD = N
IF(N.LT.NJ) GO TO 50

READ (IN,1100) ADEF,RDEF,A4MDEF,YDEF
WRITE(10,2200) ADEF,RDEF,A4MDEF,YDEF

WRITE(10,2300)

READ (IN,1200) M, (NOD(I,M),I=1,2),INC,
*NOD1,NOD2, AREA(M) ,RI(M),FMA(M),YMOD(M)
IF(AREA(M).EQ.0) AREA(M) = ADEF
IF(RI(M).EQ.O) RI(M) = RDEF
IF(FMA(M).EQ.0) FMA(M) =A4MDEF
IF(YMOD(M).EQ.0) YMOD(M) = YDEF

IF(INC.EQ.O0) GO TO 500
NINT = (M-MOLD) / INC - 1

L = MOLD

DO 400 I=1,NINT

LL =L + INC
AREA(LL) AREA (M)

RI(LL] = RI(M)
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400

C
500

520

550

600

999
9999

1000
1100
1200
1300
1400
1500

FMA(LL) = FMA(M)

YMOD(LL) = YMOD(M)

NOD(1,LL) = NOD(1,L) + NOD1

NOD(2,LL) = NOD(2,L) + NOD2

L = LL

WRITE(10,2400) M,NOD(1,M),NOD(2,M),INC,
*NOD 1, NDD2 AREA(M) RI(M),FMA(M),YMOD(M)

MOLD = M

IF(M.LT.NFE) GO 10 300
IF(NMT.EQ.1) GO TO 550
READ (IN,1400) ADEFB,YDEFB
WRITE(10,2500) ADEFB,YDEFB
WRITE(10,2600)

READ (IN,1500) M, (NOD(I,M),I= 1, 2),INC,NOD1,NOD2,
*AREA(M), YMOD (M)

IF (AREA(M) . EQ.0) AREA(M) = ADEFB
IF(YMOD(M).EQ.O) YMOD(M) = YDEFB
IF(INC.EQ..0) GO TO 540

NINT = (M-MOLD) / INC - 1

L = MOLD

DO 530 I=1,NINT

LL = L + INC

AREA(LL) = AREA(M)

YMOD(LL) = YMOD(M)

NOD(1,LL) = NOD(1,L) + NOD1
NOD(2,LL) = NOD(2,L) + NOD2

L = LL

WRITE(10,2650) M,NOD(1,M),NOD(2,M),INC,NOD1,NOD2,
*AREA (M), YMOD (M)

MOLD = M

IF(M.LT.NE) GO TO 520

READ (IN,1300) K

IF(K.EQ.0) GO TO 600

WRITE(10,2700)

WRITE(10,2750) (N,X(N),Y(N),N=1,NJ)
WRITE(10,2800)

WRITE(10,2850) (M, (NOD(I,M), I=1,2),
*AREA(M).RI(M).FMA(M).YMOD(M) M=1,NE)
RETURN

WRITE (10,9999) N
FORMAT (' NODAL GEOMETRY DATA INPUT ERROR’
STOP

FORMAT STATEMENTS

FORMAT(15,2F12.0,15)
FORMAT (4F12.0)
FORMAT (614,4F12.0)
FORMAT(I5)

FORMAT (2F12.0)
FORMAT (614,2F12.0)

, I5)
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2000
2100

2200

2300

2400
2500

2600
2650
2700
2750
2800

2850

FORMAT (///,5X," NODAL GEOMETRY DATA AS INPUT'/,5X,
*28(1H=*)//,10X, 1HN,7X, 1HX, 14X, 1HY, 89X, 3HINC/)

FORMAT (6X,15,2D15.6,15)
FORMAT (///,5X,' FLEXURAL MEMBER PROP. DEFAULT VALUES’
*/,5X,36(1H*)//, 10X,’ AREA’ ,16X,’ =',D15.6,//,
*10X,’M. INERTIA' ,11X,'='",D15.86,//,
*10X,’' FOURTH MOM. OF AREA’',2X,’=',D15.6,//,
*10X,’ Y. MODULUS' ,11X,' =" ,D15.6)
FORMAT (///,5X,’ FLEXURAL MEMBER DATA ' /,5X,20(1Hx*)//

*,9X, 1HM, 4X, 1HI1,4X, 1HJ, 3X,3HINC, 1X,4HINCI,
*1X,4HINCJ,5X,4HAREA, 13X, 1HI , 14X,2H14,12X,4HYMOD/)

FORMAT (5X,615,4D15.6)

FORMAT (///,5X,’ BRACING MEMBER PROP. DEFAULT VALUES’
*/,5X,40(1H*)//,10X,’ AREA = ,015.6//,
*10X,’ YOUNG MODULUS =’ ,D15.6)

FORMAT (///,5X,’ BRACING MEMBERS DATA’/,5X,30(1Hx*)//,
*9X, 1HM, 4X, 1HI,4X, 1HJ,2X, 3HINC, 1X,4HINCI , 1X,
*4HINCJ,6X,4HAREA, 12X, 4HYMOD/ )

FORMAT (5X,615,2D15.6)

FORMAT (///,5X,’ COMPLETED NODAL GEOMETRY DATA'/,5X,
*30(1H*)//,4X%, 1HN,7X, 1HX, 14X, 1HY/)

FORMAT (15,2D15.6)

FORMAT (///,5X,' COMPLETED MEMBER DATA’'/,5X,21(1Hx*)//
*,4X, 1HM, 4X, 1HI ,4X, 1HJ,5X,4HAREA, 10X, 1HI, 10X,
*2H14,13X,4HYMOD/ )

FORMAT (315,4D15.6)

END
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OO O OO0 O

100

200

300

400
500

600

650

OOXX
—

SUBROUTINE EQSBST (A,BC,BV,MAXA,NB,NLC,ILOAD,IT)

ok e 3k oK oK 3K %k XK Kk o K oK K A kK Xk

THIS SUBROUTINE TRIANGULARIZES A STIFFNESS MATRIX
STORED COLUMNWISE UNDER A SKYLINE AND REDUCES THE
CORRESPONDING LOAD VECTOR, DOWN TO EQUATION NB.

o 3 30 3¢ 3k 3 ok 3k ok M 3 oK 3 o0 3K 36 ok 2 oK ok 3K 3 ok ok 3 ok 3k e 3k 3 oK 3 3k 3k e ok 3k ok ok ok e ok ok ok ok 3 Ok 3 oK ek oK

IMPLICIT REAL*8(A-H,0-Z)
DIMENSION A(1),BC(1),BV(1),MAXA(1)

DO 1000 N=1,NB

KN = MAXA(N)

KL = KN + 1

KU = MAXA(N+1) - 1
KH = KU - KL
IF(KH) 900,500,100
IF(ILOAD.EQ.2.AND.IT.GT.0) GO 7O 650
K =N - KH

IC =0

KLT= KU

DO 400 J=1,KH

IC = IC + 1

KLT= KLT - 1

KI = MAXA(K)

ND = MAXA(K+1) - KI - 1
IF(ND) 400,400,200

KK = IC

IF(KK.GT.ND) KK = ND

C =0
1,KK

DO 300
C = C + A(KI+L)*A(KLT+L)
(KLT) - C

L

+

A(KLT) =

= +
D.EQ.2.AND.IT.GT.0) GO TO 650

[

K =K
IF(ILOA
K =N

A
A
1
.E

(@]

o
o
o
x
]

OPEXOO

KL,KU

—~I>
+XX>X 1 XO
> (w) X
¥ X
> > —
XX

O— -
R
~— —

A(K
A (KN

CONTINUE
K=N

X0 4 u ann

O

o

P
~— et —

=<
ncH

m

(KN) - C

109



University of Alberta

700

800
900
850
C
1000
C

C
3000

C

(]

KK) * BV(K)
(N) - C
.1) GO TO 900

Mm<

A(KK) * BC(K)
C(N) - C1t

- IF(A(KN)) 950,950,1000

WRITE(6,3000) N,A(KN)
STOP

CONTINUE
RETURN

FORMAT (' ZERO OR NEGATIVE ELEMENT ON MAIN DIAGONAL NO.’
*,14,015.6)

END
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C********************************************************

OO O OO0O0OOOOOO0 O

100 -

200

300

400
500

550
600

SUBROUTINE BKSB1 (BC,BV,A,MAXA,NN,NLC,KB)

3¢ ok 3k Ak oK A oK K K oK K K Bk ok

THIS SUBROUTINE IS A PART OF THE PARTIAL REDUCTION
PACKAGE. IT FORMS THE LAST STAGE OF BACKSUBSTITUTION,
THE OPERATION (L(-1)(T)*RI*)} . IN CASE OF AN
UNSUBSTRUCTUREDPROBLEM IT PERFORMS THE OPERATION
//D(=1)%L(-1)(T)*R//

s 3k 2k 356 ok 3k o ok k2 2 2 ok 9k 3 ok 3k 3 3K ok 3k ke 3k 3K ak ok ok K ok 3 ok S ke k3 ke e 3K e 3 3K ok ok ok ke ok ok ke ok ok

IMPLICIT REAL*8(A-H,0-Z)
DIMENSION A(1),BC(1),BV(1),MAXA(1)

IF(KB.NE.O) GO TO 200
DO 100 J=1,NN

K = MAXA(J):

BV(J) = BV(dJ) / A(K)
IF(NLC.EQ.1) GO TO 100
BC(J) = BC(J) / A(K)
CONTINUE

N = NN

DO 600 L=2,
KL = MAXA(N
KU = MAXA(N
IF(KU-KL) 6
IF(BV(N).EQ.
K= N :
DO 400 KK=KL,KU

K=K -1 4

BV(K) = BV(K) - A(KK) * BV(N)
IF(NLC.EQ.1) GO TO 600
IF(BC(N).EQ.0) GO TO 600

NN

)

+ 1

0 , 300

+
)
, 300

) GO TO 500

1
1 -
0,30
0) G

K =N

DO 550 KK=KL,KU

K=K-1

BC(K) = BC(K) - A(KK) * BC(N)
N=N-1 '

RETURN.

END
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C*******************************************************

C

O OOOOO0

(@) OO0

SUBROUTINE STIFF (NOD,MAXA,X,Y,AREA,RI,FMA, YMOD,

% PHI,PHIP,PHIDP,TK,B,DISP,NE, IDO,

* UNIT,NGAUS,ND,NJ,I0)

THIS SUBROUTINE FORMS THE TANGENT STIFFNESS
MATRIX OF 10 D.O.F. PLANE FRAME MEMBER.

2K 2k 3k 2k ok 3k o 3K K3k 3k 3k 2k ke ok kK 3k 3K ok ok K ok 3k ok ok ke Ak K ok A K ok 3K Ak 3 3k K oK k3K kK 3K ok A %k K kK kK Xk K

IMPLICIT REAL*8(A-H,0-Z)

DIMENSION NOD(2,1),MAXA(1),X(1),Y(1),AREA(1),RI(1),
*FMA(1),YMOD(1),PHI(4,1),PHIP(4,1),PHIDP(4,1),TK(1),
*B(1),DISP(1),D(10),DM(8),PHIL(4),PHIPL(4),PHIDPL(4),
*PHITP(4),DIP(8),DIM(8),DIMS(8),PHIP1(8),PHIP2(8),
*PHID1(8),BB(8),S5(8,8),WGAUS(6,4),T(8,10),TEMP(8,10),
*SS(10,10),A(55),LM(10) .

DATA WGAUS/0.0,2.0,5*%0.0,2*1.0,4*0.0,0.5555556,
*(,8888889,0.5555556,3*0.0,0.34785485,0. 65214515

*0.65214515,0.34785485,0.0/

sk ok o o ok 3k sk ok A ok oA 3K ok dke ke ok ke e ok ok 2k ok sk ok i ol sl ok ok o e 3 ok e ol oK oK sk ke kst ok 3k dc e ol o e ok ke

WRITE (10,2200)

DO 900 M=1,NE

I = NOD(1,M)

J = NOD(2,M)

111 = 1

Jdl = J

DX = (X(J) - X(I)) =* UNIT
DY = (Y(J) - Y(I)) = UNIT
XL = DSQRT (DX*%2 + DY*x2)
XLI = 1. / XL

CO = DX * XLI

SI = DY * XLI

CL = CO * XLI

SL = SI * XLI

CL2 = CL *x 2

SL2 = SL *x% 2

CSL = CL * SL

C2 = CO ** 2

S2 = SI xx 2

SC = CO * SI

YA = YMOD(M) * AREA(M)

YR = YMOD(M) * RI(M)

YR4 = YMOD(M) * FMA(M)

DO 50 KK=1,1IDO
LM{KK) = IDO = I - IDO + KK

LM(KK+IDO) = IDO * J - IDO + KK
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180

200
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300
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CONT INUE
CALL TR

DO 150 I=1
DO 150 J=1
S(I,d) = 0.
CONTINUE

DO 175 I=1,8
BB(I) = 0.0

=D
=D
D

1

R

o =

—

—

o
PBHWN
" ot onn

VTP = 0.0

DO 180 I=1,4
VTP = VTP +
NGAUS2 = NGA

6.
6.

,S1,8C,C2,52,DM)

2. * XLI=*=3,

* XLI * XLI
12, * XLI**3,
* XLI * XLI

PHITP(I) * DM(I+4)
us + 2

DO 600 1G=1,NGAUS2

WG = 0.5 * XL * WGAUS(IG,NGAUS)

DO 200 I=1,4
IF(I.EQ

PHIL(I) = PHI(I,]
PHIPL(I) = PHIP(I,
PHIDPL(I) = PHIDP(I
Ct = 1.0

CONTINUE

U = 0.0

Vv = 0.0

UP = 0.0

ubep = 0.0

VP =.0.0

VDP = 0.0

DO 300 I=1,4

U = U + PHIL(I)
v =V + PHIL(I)
UP = UP + PHIPL(I
UDP = UDP + PHIDPL
VP = VP + PHIPL(I
VDP = VDP + PHIDPL(
.CONTINUE

UP2 = UP * UP

VP2 = VP % VP

VDP2 = VDP = VDP

G
I

)
G
I

)
G

.1.0R.1.EQ.3) C1 = XLI

* 1,/(XLI-C1+1.)
* C1
) * XLI * Ci

AT GAUSS POINT EVALUATE U’ ,v', V"

113



University of Atberta

%

VPI
RVPI
VPVD
At
A2
A3
A4
AS
AG
A7
A8
A9
A10
At1
A12
A13
At4
A15
A16
A17
A18
A19
A20
A20
A20 =

PP
OM
SM
vV =
IF(IG.
GO T0

Y

Y

o
=
TR TR

DIP(1)
DIP(I+

DIM(I)
DIM(I+
DIMS(I

1./ (1-VP2)

DSQRT (VPI)

VP = VDP

1 + UP

UP + 0.5*%(UP2+VP2)
1. + VP2 * VPI

VDP * A3

A3 * VDP2

At + VP2*RVPI

VDP * AB

A3 + 1,

VP = RVPI * A8
VPVD = VPI =* A3

2. * A4 * RVPI

A9 VDP

3. A10 = RVPI = VP
A5 VPI

4, A10 = VPVD = VPI]
VTP * A1

VDP = UDP

A12 = VDP

RVPI » VP2 x VTP
A1 + VP2
DSQRT(A20)

1. / A20

* % X *

A * A2 + 0.5 * YR * A5

YR * A7

R *» A2 + 0.5 * YR4 = A5

-YR * (A16 + A17 + A18 + A19) =* A20
EQ.1) GO TO 350

375

PP
oM
SM

.EQ.1.0R.IG.EQ.NGAUS2) GO TO 600

PP = A1 - OM = VDP
PP * VP + VDP * (-OM*xAQ + SM*A10)
-OM * A6 + SM * A4

I=1,4
= BB(I) + WG * FE1 = PHIPL(I)
= BB(1+4) + WG *(FE2*PHIPL(1) + FE3*PHIDPL(I))
= YA * A1 = PHIPL(I)
4) = YA * VP = PHIPL(I)
+ YR * VDP = (A10*PHIPL(I) + A3*PHIDPL(I))
= -YR * VDP * PHIPL(I)
4) = -YR * (A12 * PHIPL(I1) + A6 * PHIDPL(I))
) = YR * A1 = PHIPL(I)
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400

C .
C
C

500
600

650

700

DIMS(I+4)

*

= YR * VP * PHIPL(I)
+YR4 * VDP * ( A10*PHIPL(I) + A3*PHIDPL(I))

PHIP1(I) = PHIPL(I)
PHIP1(1+4) = 0.0
PHIP2(1) = 0.0
PHIP2(1+4) = PHIPLI(I)
PHID1(1) = 0.0
PHID1(I+4) = PHIDPL(I)
CONTINUE
FORM ELEMENT STIFFNESS MATRIX
DO 500 I=1,4
DO 500 u=1,8
S(1,J) = S(1,J) +WG * PHIPL(I) =
* ( A1 = DIP(J) - VDP = DIM(J)
* + PP * PHIP1(dJ) - OM * PHID1(J))
S(I+4,d)= S(I1+4,J)
* + WG * (PHIPL(I) =*
* ( VP = DIP(J) - VDP * (A9*DIM(J)-A10*DIMS(J))
* + PP*PHIP2(J)-OMx*(A9*PHID1(J)
* +(A11 + A13) * PHIP2(J))
* + SM * (2.*A10*PHID1(J)+(A14+A15)% PHIP2(J)))
* + PHIDPL(I) =
* ( -A6 * DIM(J) + A4 = DIMS(J)
* -OM * ( PHIP1(J) + A9 * PHIP2(J))
* + SM % (2. = A10 * PHIP2(J) A3 * PHID1(J))))
CONTINUE
CONTINUE
WRITE (10,2300) M,III,dJdd,P1,0M1,SM1,PP,OM,SM
CALL TR1 (BB,D,CO,SI,SC,C2,52)
DO 650 1=1,5
J = 11 + 1
Ji1 = Jd + 1
B(J) = B(J) - D(I)
B(J1) = B(J1) - D(I+5)
CONTINUE
DO 700 dJ=1,10
DO 700 1=1,8
T(1,d) = 0.0
T(1,1) = CO
T(1,2) = Sl
T(2.4) = C2
T(2,5) = S2
T(3,6) = CO
T(3,7) = SI
T(4,9) = C2
T(4,10) = S2
T(5,1) = SI
T(5v2) = -CO
7(6,3) = -1.
T(6,4) = SC

115



University of Alberta

740
750

2200

2300
c

7(6,5) = -SC
T(7,6) = Sl
1(7,7) = -CO
7(8,8) = -1,
7(8,9) = SC
7(8,10) = -SC

FORM ELEMENT STIFFNESS MATRIX IN GLABOL

DO 720 L=1,10
DO 720 K=1,8
D1t = 0.0

=
— Q0

OO OX

N) *= T(N,L)

- —

Z20OXrr
" Ww-

i

i — 4+ H
— —
lw R w b B

1o+

8
(N,L) * TEMP(N,K)
1
1

>
noo FXOOOOOX0OO

Uy
—umn
— et b
OO

Pt -
- —h

+

CONTINUE

CALL ASSEMB (MAXA,A,TK,LM,10)
CONTINUE

RETURN

XPr»rOO0OX0nno

i
6
6
K
1
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COORDINATES

FORMAT (//,’ STRESS RESULTANTS',//,5X,’ MEMBER NO.',2X,
*/NODI' ,2X,'NODJ’ , 10X, PI’ , 13X, ML’ 12X,  MI*" 12X, .

*' Pg’ 13X, MU, 12X, MU', /)

FORMAT (5X,15,4X,15,2X,15,2X,86D15.6)

END
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C

O OOO0OOO0OO0

100

w i) OO0V cUOC -

SUBROUTINE STIFFB (NOD,MAXA,X,Y,AREA,YMOD,TK,B,
DISP,NE,NFE,IDO,UNIT,NJ,I0)

3¢k oK e kA o k3 ok ke 3K ok ok K ok kK

THIS SUBROUTINE FORMS THE TANGENT STIFFNESS

MATRIX FOR A BRACING MEMBER IN A FRAME.

****************************************#*************

IMPLICIT REAL*8(A-H,0-Z)

DIMENSION NOD(2,1),MAXA(
*TK(1),B(1),DISP(1),LM(4)
*PHIP(2),PHIP1(4),PHIP2(4
*T7(4,4),TEMP(4,4)

NNE = NFE + 1
WRITE (10,2000)

?0 900 M=NNE,NE
J
DX
DYy
XL
XLI
CO
SI = DY = XL

YA = YMOD(M) = AREA(M)

DO 50 KK=1,2

Hunuwuwonoaun
o
- W»n
0
P ]

1)
D
by

D¢

LM{KK) = IDO * I - IDO + KK
LM(KK+2) = IDO * J - IDD + KK

* 5
* 5
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200  CONTINUE
c
DO 250 1=1,4
BB(I) = 0.0DO
250  CONTINUE
&>
PHIP(1) = -XLI
PHIP(2) = XLI
UP = PHIP(1) * DM(1) + PHIP(2) * DM(2)
VP = PHIP(1) * DM(3) + PHIP(2) * DM(4)
UP2 = UP * UP
VP2 = VP * VP
A1 = 1 + UP
A2 = UP + 0.5D0 * (UP2 + VP2)
PP = YA * A2
WRITE (10,2100) M,PP
FE1 = XL * PP * AT
FE2 = XL * PP % VP
YAA = YA * A1
YAV = YA * VP
c |
DO 300 I=1,2
BB(I) = FE1 % PHIP(I)
BB(I+2) = FE2 % PHIP(I)
DIP(I) = YAA * PHIP(I)
DIP(I+2) = YAV * PHIP(I)
PHIP1(I) = PHIP(I)
PHIP1(I+2)= 0.0D0
PHIP2(I) = 0.0DO
| PHIP2(I+2)= PHIP(I)
goo CONTINUE
C FORM ELEMENT STIFFNESS MATRIX
C
DO 400 I=1,2
DO 400 J=1,4
S(I,d) = S(I,J) + XL * PHIP(1) * (A1*DIP(J)
* + PP*PHIP1(J))
S(I+2,J) = S(I+2,d) + XL * PHIP(I) * (VP*DIP(J)
* : + PP*xPHIP2(dJ))
400  CONTINUE
c
D(1) = BB(1) * CO + BB(3) * SI
D(2) = BB(1) * SI - BB(3) = CO
D(3) = BB(2) * CO + BB(4) * SI
D(4) = BB(2) * SI - BB(4) = CO
C
DO 500 1=1,2
J o= I1 + 1
J1 = Jd + 1
B(J) = B(J) - D(I)
B(J1) = B(J1) - D(I+2)
500 CONTINUE
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DO 550 J=1,4
DO 550 I=1,4
550 T(I,J) = 0.0D0
C
T(1,1) = CO
T(1,2) = SI
T(2,3) = CO
T(2,4) = SI
T(3,1) = SI
T(3,2) = -CO
T(4,3) = SI
c T(4,4) = -CO
g FORM ELEMENT STIFFNESS MATRIX IN GLOBAL COORDINATES
DO 650 L=1,4
DO 650 K=1,4
D1 = 0.0DO
DO 600 N=1,4
600 D1 = D1 + S(K,N) = T(N,L)
650 TEMP(K,L) = D1
C
DO 750 L=1,4
DO 750 K=1,4
D1 = 0.0D0
DO 700 N=1,4
700 D1 = D1 + T(N,L) * TEMP(N,K)
SS(L,K) = D1
750  SS(K,L) = D1
K= 1
DO 800 I=1,4
DO 800 J=I1,4
A(K) = sS(I,J)
K=K+ 1
800  CONTINUE

CALL ASSEMB (MAXA,A,TK,LM,NR)

C
900  CONTINUE
C
RETURN
C
C  FORMAT STATEMENTS
C

2000 FORMAT (5X,’BRACING MEMBER NO.’ ,5X,’ AXIAL FORCE'/)
2100 FORMAT (10X,15,15X,D15.6)

C
END
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C***********************a**********************************
C
SUBROUTINE TR (D,CO,SI,SC,C2,32,DM)

C 3K e 2 e 3 3K 3 3k o kK ok ok kK %k
C .
C THIS SUBROUTINE TRANSFORMS THE NODAL DISPLACEMENTS
C FROM SYSTEM COORDINATES TO LOCAL ONS.
C
C *****************************************************
C

IMPLICIT REAL*8(A-H,0-Z)
C

DIMENSION D(10),DMm(8)
C

OM(1}) = D(1) * CO + D(2) * §I

DM(2) = D(4) = C2 + D(5) * §2

DM(3) = D(6) * CO + D(7) * SI

DM(4) = D(9) » C2 + D(10)* S2

DM(5) = D(1) = SI - D(2) * CO ‘
DM(6) = -D(3) + D(4) * SC - D(5) * SC
DM(7) = D(6) * SI - D(7) * CO

DM(8) = -D(8) + D(9) * SC - D(10) * SC
RETURN

END
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C********************************************************

C
SUBROUTINE TRt (BB,DD,CO0,SI,SC,C2,S2)

C ok 3K 3 3 2k 3K 3 ok 3k 2k 3k o 3k %k
C
C THIS SUBROUTINE TRANSFORMS THE NODAL FORCES
C FROM LOCAL TO GLABOL COORDINATES.
C
C m************************************************y*
C

IMPLICIT REAL*8(A-H,0-Z)
C

DIMENSION BB(8),DD(10)
C

DD(1) = BB(t) *= CO + BB(5) * SI

DD(2) = BB(1) » SI - BB(5) * CO

DD(3) = -BB(6)

DD(4) = BB(2) * C2 + BB(B) * SC

DD(5) = BB(2) * S2 - BB(6) * SC

DD(6) = BB(3) = CO + BB(7) * SI

DD(7) = BB(3) = SI - BB(7) * CO

DD(8) = -BB(8)

DD(9) = BB(4) = C2 + BB(8) * SC

DD(10) = BB(4) = S2 - BB(8) * SC
C

RETURN
C



E.3 Program INPLAF

Program INPLAF consists of the following parts.
1.  MAIN
2. MAINMG, the main executive subroutine.
3.  The input package
(a) INPUTT and INPUT?2
(b) BOUND, JLOAD2, and MLOAD2.
4. The data managing package )
ISPAC, LOCOM, REMOV, REMOV2, and BLOCK DATA.
5. The data storage and retrieval package
CLEAR, ICLEAR, RTRV1, RTRV2, STORE1, and STORE2.
6. The equation solving package
(a) ADDRES and COLHT
(b) EQSBST and BKSB1
7. The formulation and output package
(a) ASSEMB, ELEMS, MODIFY, BOUND1, DISPL1, STRESI, MULTIT,
and MNHING
(b) STIFFP, HINGE, and CORRB.
The 1isting for packages 1, 2, 3a, 6b, and 7b follows. The
listing for parts 3b, 4, 5, 6a, and 7a can be found in Sects. E.8,
E.6, E.7, E.9, and E.10, respectively. Descriptions of the subroutines
can be found in the 1isting.
Two temporary files (1 and 2) are used in sequential I1/0

operations. Both files are 1ine-files.
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C*******************************************************

INPLAF

o ok o 2 3K K

THIS IS A PROGRAM FOR ELASTO-PLASTIC STABILITY
ANALYISIS OF PLANER FRAMED TYPE STRUCTURES: THE
PROGRAM EVALUATES THE RESPONSE OF THE STRUCTURE
USING INCREMENTAL TECHNIQUE. .

20 25 e ok o ke e ok ok 3k 3k ok 3k aie A ke ok o ok ak ke 3k ke ok 3k K ok ok 3 oK ok ke 3k ok e ok ok e ok b ob: 3K Ak 3K 3 K ok ok

OOOOOOOCOOO0

IMPLICIT REAL*8(A-H,0-Z)
REAL*8 NAMES

COMMON/PROBIA/ NNN(200)

COMMON/1A1/ MMM (200 )

COMMON/RA 1/ AAA(4000)

COMMON/RA2/ BBB(1000)

COMMON/RA3/ ccc(1000) )
COMMON/DIMCOM/LAST1,LAST2,LAST3,LAST4,LASTS,MXDIM,
*NAMES(5,20),IPT(5,21),1COM(5)

3 3 e o 3 3ic a3k ok 3k 3K 3k afc e 3K e bk a3k ok ke 3k ok 2k ok ke a3k 3k k3K 2k K 3K ok 3K 3 ok k3K 3Kk 3K Kk 3K 2 ok K 3 K 3K

OO0

200
4000
200
1000
1000
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»

C*********************************************************

SUBROUTINE MAINMG

ok ok ok 3k ok ok 3k 3k 3k ok Ak ok ok ok %k ok

THIS IS THE MAIN MANAGER OF PROGRAM INPLAF. IT
CONTROLS THE READING , THE FORMULATION ,THE SOLUTION
AND THE OUTPUT OF THE RESULTS.

3 e 3 K A 3Kk 3K 3K 3K 2K oK k3K 3k 3K ok A 3K 2 ke 3k 3k ke ok 3k 3k ok 3k 3k ok 2k 3k 3K kK 2k 3K oK ok 3k 3K K 3k ok 3K ok ok ok ¢ ok b K Kk

OOOOOOOOO0 O

IMPLICIT REAL*8(A-H,0-2)
REAL*8 NAMES,NAME

COMMON/PROBCV/ UNIT,NJ,NE,NEBEL,MNHE,ITAF,NLC,IN,IO
COMMON/PROBIA/ NNN

(
COMMON/IA1 ./ MMM(
COMMON/RA1 / AAA§

(

(@]

COMMON/RA2  / BBB
- COMMON/RA3  / CCC
COMMON/DIMCOM/ LA1
* IPT(5,21),I1COM(5)

2,LA3,LA4,LAS ,MXDIM,NAMES(5,20)

e ok e ok o 3k 25 3k o s e o o 3ic ok sk i dde ok e ok ok o 3K ok ke e ke ok ke ok ok ok ok 3K 3 3K sk ok 3K K K K 3k oI 3K o 3k 3K ok oK

OO0

CALL TIME (0,0)
IN =5

I0 =6

REWIND 1

READ PROBLEM CONTROL VARIABLES

O OO0 O
'
1
'
1
1
'
]
!
'
]
'
[
]
'
1
]
1
'
1
1
1
'
1
'
1
'
]
'
]
'
1
(@]

CALL INPUTT

NODE 2

IDOF 3

ILOAD 1

NEQ NJ = IDOF

CALL CLEAR (NAMES(1,1),100)

NODAL GEOMETRY AND MEMBER PROP. AND CONNECTIVITIES

ISPAC (1HX,NdJ,2)

ISPAC (1HY,NJ,2)

ISPAC (4HAREA,NE,2)

ISPAC (2HRI,NE,2)

ISPAC (2HPM, (NE*2),2)
ISPAC (4HYMOD,NE,2)

ISPAC (3HPSM,NE,2)

ISPAC (2HYS,NE,2)

ISPAC (3HNOD, (NE*NODE), 1)

OO0
X
m
>
Q

(=
(8]
Mo n e nsn
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(@]

OO0

70
C

12 ISPAC (5HMKODE,NE, 1)
I3 ISPAC (S5HMFLAG,NE, 1)

CALL INPUT 2 (AAA(J1),AAA(42
*AAA(UB) ,AAA(UT), AAA(dS) NNN (

), AAA (Y
I1),NNN

READ EXTERNAL BOUNDARY CONDITIONS

J9 = ISPAC (3HBES,NEBEL,2)
K1 ISPAC (3HNPB,NEBEL,3)
K2 = ISPAC (4HKODE,NEBEL,3)

CALL BOUND (AAA(US) ,MMM(K1), MMM(K2),NEBEL,IN,I0)

" ou

IDOF * NODE * NE

J10 = ISPAC (4HFEFC,INN,2)
J11 ISPAC (4HFEFV,INN,2)
CALL CLEAR (AAA(J10), (INN=*2))

L1 = ISPAC (2HBC,NEQ,4)
L2 = ISPAC (2HBV,NEQ,4)
CALL CLEAR (BBB(L1), (NEQ*2))

INN

READ LOADS IF ANY

READ (IN,1000) JLF,MLF

IF(JLF.EQ.0) GO TO 50

CALL JLOAD2 (BBB(L1),BBB(L2),AAA(J9),IDOF,IN,I0)
IF(MLF.EQ.0) GO TO 60

CALL MLOAD2 (AAA(UJ1),AAA(J2),AAA(U10),AAMA(U1T),
*BBB(L1),BBB(L2), NNN(I1) NNN(I2) UNIT, IDOF NJ, IN 10)
CONT INUE

FORM COLUMN HEIGHTS AND ADDRESSING ARRAY

IS5 = ISPAC (4HMAXA, (NEQ+1),1)

16 = JSPAC (3HMHT,NEQ, 1)

CALL ICLEAR (NNN(16),NEQ)

DO 70 I=1,NE

CALL COLHT (NODE, (NODE*IDOF ), IDOF,I,NNN(I6),
*NNN(11))

CONTINUE

CALL ADDRES (NNN({I5),NNN(16),NEQ,NWA)
CALL REMOV (3HMHT, 1)

L3 ISPAC (2HBT,NEQ,4)

L4 ISPAC (2HDT,NEQ,4)
CALL CLEAR (BBB(L3),(NEQ*2))
L5 ISPAC (2HFL, (NE*2),4)
J12 = ISPAC (5HFEFC2,INN,2)
J13 ISPAC (5HFEFV2,INN,2)
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80

CALL CLEAR (AAA(J12), (INN*2))

K3 = ISPAC (5HMAXNH,NJ,3)

CALL ICLEAR (MMM(K3),NJ) | | B
CALL MNHING (NNN(I1),NNN(I2),MMM(K1),MMM(K3), NE,
*NJ, NEBEL )

DO 80 I=1,NEQ
BBB(L3+I-1) = BBB(L1+I-1)
CONTINUE

REWIND 2

CALL STORE2 (2,BBB(L2),NEQ)

C RESERVE AND CLEAR SPACE FOR ELASTIC

C
C

OO0

OO0

91

92

STIFFNESS MATRIX

NH = 0

NV = 0 |

M1 = ISPAC (1HA,NWA,5)

M2 = ISPAC (2HAG,NWA,5)
M3 = ISPAC (2HUF,NEQ,5)
M4 = ISPAC (2HTT,NEQ,5)

CALL CLEAR (CCC(M3),(2*NEQ))
CALL CLEAR (CCC(M1), (NWA*2))
CALL CLEAR (BBB(L5), (NE*2))

FORM ELEMENT STIFFNESS AND ASSEMBLE

ELASTIC STIFFNESS INTO A.

CALL STIFFP (NNN(I1),NNN(I2),NNN(I3),NNN(I5),
*AAA(U1),AAA(J2) ,AAA(J3),AAA(U4) ,AAA(UB),CCC(MT),
*AAA(J12),AAA(J13) ,UNIT,NE, ITAF)

- ADD EXTERNAL BOUNDRAY CONDITIONS

'CALL BOUND1 (CCC(M1) ,NNN(I5),MMM(K1),MMM(K2),
*AAA (J9) , NEBEL )

IF(ITAF.EQ.0) GO TO 91

REWIND 1

CALL STORE2 (1,CCC(M1),NWA)

CALL EQSBST (CCC(M1),BBB(L1),BBB(L2),NNN(I5),NEQ,
*NLC, ILOAD,0) -

IF(ILOAD.NE.999) GO TO 95

IF(ITAF.EQ.0) GO TO 900

IF(NV.EQ.1) GO TO 95

REWIND 2 |

CALL RTRV2 (2,BBB(L2),NEQ)

DO 92 I=1,NEQ

BBB(L2+1-1) = -BBB(L2+1-1)

CONTINUE

REWIND 1

REWIND 2

CALL RTRV2 (1,CCC(M1
ﬁeLL STORE2 (2,BBB(L

= 1

)‘1

) ,NWA)
2),NEQ)

126




Rl it

B At 1 3 A

95

100
200

250

400

CALL EQSBST (CCC(M1),BBB(L1),BBB(L2),NNN(I5),NEQ,

*NLC, ILOAD, 0}
CALL BKSB1 (BBB(L1),BBB(L2),CCC(M1),NNN(I5),NEQ,NLC,0)

IF(NLC.EQ.1) GO TO 200
NLC = 1
CALL DISPL1 (AAA(J12),BBB(L1),AAA(J10),NJ,NE, IDOF,

*IN,I0)

CALL STRES1 (AAA(J1),AAA(U2),AAA(J3),AAA(U4),AAA(JB),
*BBB(L1),AAA(J12),AAA{J13) ,NNN(11),NNN(I2), NE,IDOF,
*UNIT, IN, 10) | |

DO 100 I=1,NEQ

BBB(L4+I-1) = BBB(L1+I-1)

CONTINUE

CALL ?ISPL1 (AAA(J13),BBB(L2),AAA(J11),Nd,NE, IDOF,
*«IN, 10

DO 250 1=2,NEQ,3

C = DABS(BBB(L2+I))

IF(C.GT.1.0E+6) GO TO 900

CONTINUE

CALL STRES1 (AAA(U1),AAA(J2),AAA(U3),AAA(JA), AAA(UB),
*BBB(L2),AAA(J13),AAA(J12) ,NNN(I1) NNN(I2), NE,IDOF,
*UNIT, IN, 10)

IF(ITAF.EQ.0) GO TO 400

REWIND 2

CALL RTRV2 (2,BBB(L2),NEQ)

CALL CORRB (NNN(I1),NNN(I2) ,NNN(I3) ,NNN(I5),6AAA(J1),
*AAA(J2),AAA(J3),AAA(J4),AAA(JB),CCC(M2),CCCIMA),
*BBB(L2),BBB(L4),AAA(J13),UNIT,NEQ, NWA, NE)

CALL STORE2 (2,BBB(L2),NEQ)

REWIND 1 |

CALL RTRV2 (1,CCC(M1),NWA)

CALL EQSBST (CCC(M1),BBB(L1),BBB(L2),NNN(I5),NEQ,
*NLC, ILOAD,0)

CALL BKSB1 (BBB(L1),BBB(L2),CCC(M1),NNN(I5),NEQ,NLC,0)

CALLO?ISPL1 (AAA(J13),BBB(L2),AAA(J11),NJ,NE, IDOF,
*IN, I .

CALL STRES1T (AAA(U1),AAA(J2), AAA(U3),AAA(J4),AAA(UG),
«BBB(L2),AAA(J13),AAA(U12) ,NNN(11),NNN(I2), NE,IDOF,
*UNIT, IN, I0) o

REWIND 2

CALL RTRV2 (2,BBB(L1),NEQ)

IF(ITAF.NE.O) CALL RTRV2 (2,CCC(M1),NEQ)

CALL HINGE (AAA(J3),AAA(J7),AAA(JU8) NNN(I1) NNN(I2),
*BBB(L5),BBB(L1),BBB(L3),BBB(L2),BBB(L4),CCC(M1),
*CCC(M3) ,AAA(J13),AAA(U12) MMM (K3) ,NE,NJ,NEQ, INN,
*IDOF, ITAF,UNIT, IN, I0)

IF (NH.GT.MNHE) GO TO 900

NH = NH + 1

WRITE (10,2000) NH

CALL TIME (3,3)

DO 500 I=1,NEQ

BBB(L2+I-1) = BBB(L1+1-1)
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500  CONTINUE

c GO TO 90
goo RETURN
C FORMAT STATEMENTS

1000 FORMAT (215) |

2000 FORMAT (//,10X,30(1H*)/,10X,’ HINGE NO.’,
~ *13,3X,’HAS BEEN FORMED'/,10X,30(1Hx)//)
C

END
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O O O 0000OOOOnO (@]

OO0 o

1000
1100
2000
2100

SUBROUTINE INPUT1

3 3 2k 3 3 ok 3k ok ok 3K 3k 3 kK ok kK ok k

THIS SUBROUTINE READS THE PROBLEM CONTROL VARIABLES
FOR PROGRAM INPLAF. o

PR oo K RO K S K Ko o ok o o o SR o 3K o K o oo
IMPLICIT REAL*8(A-H,0-2)

COMMON/PROBCV/ UNIT,Nd.NE,NEBEL,MNHE,ITAF,NLC,IN.IO
DIMENSION HEAD(20)

READ (IN,1000) HEAD

WRITE(I0,2000) HEAD

READ (IN,1100) NJ,NE,NEBEL,NLC, ITAF,MNHE ,UNIT
WRITE(10,2100) NJ,NE,NEBEL,NLC, ITAF,MNHE ,UNIT

RETURN

FORMAT STATEMENTS

FORMAT (20A4)

FORMAT (614,F12.0)

FORMAT (//,30X,20A4//,30X,30(1H*)///)

FORMAT- (5X,’ PROBLEM CONTROL VARIABLES' /,5X,25(
*10X,’ NUMBER OF JOINTS =1
*10X,’' NUMBER OF ELEMENTS =1
*10X,"NO. OF EXTERNAL BOUNDARY ELEMENTS =1
*10X, " NUMBER OF LOAD CASES =1
*10X," IDENTIF. OF TYPE OF ANALYSIS FLAG =", 1
*10X," MAXIMUM NO. OF HINGES ESTIMATED =1
*10X,’ LENGTH CONVERSION FACTOR =' F
*10X,50( 1H*))

END
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C***********************************************************

C

O OO0

50

100
200

C
300

310

SUBROUTINE INPUT 2 (X,Y,AREA,RI,PM,YMOD,PSM,YS,NOD,
* MKODE , MFLAG)

THIS SUBROUTINE READS THE NODAL GEOMETRY AND
MEMBER PROPERTIES FOR PROGRAM INPLAF.

6 3 o o K o K K 2 ok o ok K o sk o ook K ok oK K oK K o ok K o o ok 3K K ok 3 3 oK K ok 3K o ok K o oK ok ok K o ok K
IMPLICIT REAL*8(A-H,0-2)

COMMON/PROBCV/ UNIT,NJ,NE,NEBEL,MNHE, ITAF,NLC, IN, IO
DIMENSION X(1),Y(1),AREA(1).RI(1).YMOD(1),NOD(2,1),

*MKODE (1) ,MFLAG(1),PSM(1),YS(1),PM(2,1)

WRITE(10,2000)
READ (IN,1000) N,X(N),Y(N),INC
IF(INC.EQ.0) GO TD 200
NINT = (N-NOLD) / INC
RN = NINT
IF(RN.LT.FLOAT(N-NOLD)/FLOAT(INC)-0.001) GO TO 999
DX = (X(N)-X{(NOLD))/RN
DY = (Y(N)-Y(NOLD))/RN
LD
NT
J=
+

(
(
0
I
0
L

10,2100) N,X(N),Y(N),INC
NOLD = N
IF(N.LT.NJ) GO TO 50

READ (IN,1100) ADEF,RDEF,SMDEF,YSDEF, YDEF
WRITE(I0,2200) ADEF,RDEF,SMDEF,YSDEF,YDEF

WRITE(I0,2300)

READ (IN,1200) M, (NOD(I,M),I=1,2),MKODE (M) ,MFLAG(M),
*INC,NOD1,NOD2

READ (IN,1300) AREA(M),RI(M),PSM(M),YS(M),YMOD(M)

IF(AREA(M).EQ.0) AREA(M) = ADEF
IF(RI(M).EQ.0) RI(M) = RDEF
IF(PSM(M).EQ.0) PSM(M) = SMDEF
CIF(YS(M).EQ.0) YS(M) = YSDEF
IF(YMOD(M).EQ.0) YMOD(M) = YDEF
PM(1,M) = PSM(M) * YS(M)

PM(2,M) = PM(1,M)

NN = MKODE (M) + 1

GO 70 (340,310,320,330),NN
PM(1,M) = 0.0

GO TO 340

-
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320
330
340

400
C
500

600

999
9999

1000
1100
1200
1300
1400
2000

2100
2200

131

PM(2,M) = 0.0
GO TO 340

PM{1,M) = 0.0

PM(2,M) = 0.0

IF(INC.EQ.O0) GO TO 500

NINT = (M-MOLD) / INC - 1t

L = MOLD

DO 400 I=1,NINT

LL =L + INC

AREA(LL) = AREA(M)

RI(LL) = RI(M)

PSM(LL) = PSM(M)

YS(LL) = YS(M)

YMOD(LL) = YMOD(M)

MKODE (LL) = MKODE (M)
MFLAG(LL) = MFLAG(M)
NOD(1,LL) = NOD(1,L) + NODT
NOD(2,LL) = NOD{2,L) + NOD2
L = LL

WRITE(I0,2400) M,NOD(1,M),NOD(2,M),MKODE (M) ,MFLAG(M) ,
*INC,NOD1.NODZ,AREA(M),RI(M).PSM(M).YS(M),YMOD(M)

MOLD = M

IF(M.LT.NE) GO TO 300
READ (IN,1400) K
IF(K.EQ.0) GO TO 600
WRITE(10,2700)
WRITE(10,2750) (N,X(N),Y(N),N=1,NJ)

WRITE(10,2800)

WRITE(10,2850) (M.(NOD(I.M),I=1.2).MKODE(M)'MFLAG(M).
*AREA(M) ,RI(M),YMOD(M), ,M=1,NE)

RETURN

WRITE (10,9999) N
FORMAT (' NODAL GEOMETRY DATA INPUT ERROR’ ,I5)
STOP

FORMAT STATEMENTS

FORMAT(15,2F12.0,15)

FORMAT (5F12.0)

FORMAT (814)

FORMAT (5F12.0)

FORMAT(15)

FORMAT (///,5X,’ NODAL GEOMETRY DATA AS INPUT' /,
*5X,28(1H*)//,10X,1HN,8X,1HX,14X,1HY,9X,3HINC/)

FORMAT (6X,15,2D15.6,15)

FORMAT (///,5X,’ MEMBER PROPERTIES DEFAULT VALUES’ /,
*5X,32(1H*)//,10X,’ AREA’ ,20X," =',D015.6,//,
*10X,"M. INERTIA',15X,'=' ,D15.6,//,

*10X," PLASTIC SECTION MODULUS =',D15.6//,
*10X,’ YIELD STRESS =" ,015.6//,

*10X," Y. MODULUS' ,15X,’=',D15.6
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2300

2400
2700

2750
2800

2850
C

FORMAT (///,5X,’ MEMBER DATA AS INPUT’ /,5X,20(1H*)//,
*4X,1HM,4X,1HI,4X,1Hd,2X,4HCDDE,1X,4HFLAG,2X,3HINC,
*1X,4HINCI.1X,4HINCd.3X.4HAREA,1OX,1HI,11X,3HPSM,
*9X,2HYS, 11X, 4HYMOD/ )

FORMAT (815,5D12.4)

FORMAT (///,5X,’ COMPLETED NODAL GEOMETRY DATA" /,
*5X,29(1H*)//,4X, 1HN,7X, tHX, 14X, 1HY/)

FORMAT (15,2D15.6)

FORMAT (///,5X,’ COMPLETED MEMBER DATA' /,5X,20(1H*)//,
*4X,1HM,4X,1HI,4X,1Hd,1X.4HCODE,5X,4HAREA,

*10X, 1HI, 13X, 4HYMOD/ )

FORMAT (515,3D15.6)

END
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100

200

300

400
500

600

650

SUBROUTINE EQSBST (A,BC,BV,MAXA,NB,NLC, ILOAD,IT)

3K ek ok 3K ok ok K ok ok kK ok ok K 3K ok

THIS SUBROUTINE TRIANGULARIZES A STIFFNESS MATRIX
STORED COLUMNWISE UNDER A SKYLINE AND REDUCES THE
CORRESPONDING LOAD VECTOR, DOWN TO EQUATION NB.

****************************’k*************************

IMPLICIT REAL*8(A-H,0-2)
DIMENSION A(1),BC(1),BV(1),MAXA(1)

DO 1000 N=1,NB

KN = MAXA(N)

KL = KN + 1

KU = MAXA(N+1) - 1
KH = KU - KL

IF(KH) 900,500, 100
IF(ILOAD.EQ.2.AND.IT.GT.0) GO TO 650

K = N - KH
IC =0

KLT= KU

DO 400 J=1,KH
IC = IC + 1
KLT= KLT - 1
KI = MAXA(K)

'ND = MAXA(K+1) - KI - 1

IF(ND) 400,400,200

KK = IC

IF(KK.GT.ND) KK = ND

cC =0,

DO 300 L = 1,KK

C =C + A(KI+L)*A(KLT+L)

A(KLT) = A(KLT) - C
= +

D

o

K =K 1
IF(ILOAD.EQ.2.AND.IT.GT.0) GO TO 650
K =N

o
[N e

—~ =Xt nunon
o

OOXX00O
—_ —
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e
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700

800

900
950

875
C
1000
C

C
3000

C

KK) * BV(K)
(N) - C
1) GO TO 900

+ .

1

Al
BV
Q.

<<

Ho—~—n n

O —
an

0
K
C
)
LC.E
N
0
K

XOOX+—mOXQO

KK) * BC(K)
C(N) - C1

{

N

IF(A{KN)) 875,950, 1000
WRITE(6,3000) N,A(KN)
STOP

ILOAD = 999

CONTINUE

RETURN

FORMAT (" ZERO OR NEGATIVE ELEMENT ON MAIN DIAGONAL NO.’

*x,14,015.6)
END
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C*********************************************************_

O O OOOOOOOOO0 O

100
200

300

400
500

550
600

SUBROUTINE BKSB1 (BC,BV,A,MAXA,NN,NLC,KB)

3k 3 3 3 o Ak Ak Ak Ak K K K K ok K

THIS SUBROUTINE IS A PART OF THE PARTIAL REDUCTION
PACKAGE. IT FORMS THE LAST STAGE OF BACKSUBSTITUTION,
THE OPERATION (L(-1)(T)*RIx) . IN CASE OF AN
UNSUBSTRUCTURED PROBLEM IT PERFORMS THE OPERATION
//D(-1)%L(-1)(T)*R//

*****************************************************

IMPLICIT REAL*8(A-H,0-Z)
DIMENSION A(1),BC(1),BV(1),MAXA(1)

IF(KB.NE.O) GO TO 200
DO 100 J=1,NN

K = MAXA(J)

BV(J) = BV(J) / A(K)
IF(NLC.EQ.1) GO TO 100
BC(J) = BC(dJ) / A(K)

"CONTINUE

N = NN
DO 600 L=2,NN
KL = MAXA(
KU = MAXA(
IF (KU-KL)
IF(BV(N).EQ.
K= N
DO 400 KK=KL,KU
K= K- 1
BV(K) = BV(K) - A(KK) * BV(N)
IF(NLC.EQ.1) GO TO 600
&F(BC(N).EQ.O) GO TO 600

= N
DO 550 KK=KL,KU

K=K 1
BC(K) - A(KK) * BC(N)
1

N
N) + 1

N+1) - 1

600, 300,300
) GO TO 500

1
0
0

BC(K)
N = N

RETURN
END
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C***********************************************************

C

o X @] OOOOOOOOO0

OO0

OO0

SUBROUTINE STIFFP (NOD,MKODE,MFLAG,MAXA,X,Y,AREA,RI,
YMOD,A,PPC,PPV,UNT,NE, ITAF)

THIS SUBROUTINE FORMS THE ELASTIC STIFFNESS MATRIX
OF 6 DOF PLANE FRAME MEMBER. THE UPPER TRIANGLE IS
STORED COLUMN-WISE IN A VECTOR.

3k 3k 3¢ 3 3k 3K ok 3K A ok ok e 3 30 K K o Ak ok Ak K ok ok 3Kk A K Ak ok 3K ok 3K ok K 3 3Kk ok 3K Ak K ok K ok 3K oK K K K 3K K ok

IMPLICIT REAL*8(A-H,0-2)

DIMENSION NOD(2,1),MKODE (1) ,MFLAG(1),MAXA(1),
X(1),Y(1),AREA(1),RI(1),YMOD(1),A(1),PPC(1),PPV(1),
LM(6),AS(7),AC(7),S5(21)

DO 700 M=1,NE

K = MKODE (M)

1 = NOD(1,M)

J = NOD(2,M) |

DX = (X(J) - X(I)) * UNT

DY = (Y(J) - Y(I)) * UNT

XL = DSQRT (DX*#2 + DY*%2)
XLI = 1. / XL

CO = DX * XLI

SI = DY # XLI

CL = CO * XLI

SL = SI * XLI

CL2 = CL ** 2

SL2 = SL #* 2

CSL = CL * SL

C2 = CO ** 2

S2 = SI #* 2

SC = CO * SI

ALP = YMOD(M) * RI(M) * XLI
BETA= YMOD(M) * AREA(M) * XLI

FORM LM ARRAY

1
"2
-1
-2
FORMULATION OF ELASTIC STIFFNESS MATRIX

BETA
12.0 * ALP
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OO0

100
700

AS(3) = 6.0 * ALP

AS(4) = AS(3)

AS(5) = 4.0 = ALP

AS(6) = 2.0 * ALP

AS(7) = AS(5)

IF(K.NE.O) CALL MODIFY(K,AS)

FORM ELASTIC STIFFNESS MATRIX

CALL ELEMS(AS,S,CL,SL,CL2,SL2,CSL,C2,S52,5C)
CALL ASSEMB (MAXA,S,A,LM,6)
IF(ITAF.EQ.0) GO TO 700

FORMULATION OF GEOMETRIC ELEMENT STIFFNESS
L = MFLAG(M)
IF(L EQ.0) GO TO 700

AC AC(5

CALL ELEMS (AC,S,CL,SL,CL2,SL2,CSL,C2,52,5C)
S(KK) * PPC(M1)

AXA.S.A,LM,6)

DO 100 KK 1
S(KK) =
CALL ASSEMB
CONTINUE

RETURN
END

)
AC
21
KK
(M

137



University of Alberia

138

C******************************************************

C

O OOO0OO0O0O0

50
100

200

SUBROUTINE HINGE (AREA,PSM,YS,NOD,MKOD,FL,
* B,BT,D,DT,UF,UFT,EMF, EMFT , MAXNH,
* NE,NJ,NEQ, INN,I1DO,ID,UNIT,IN,IO)

THIS SUBROUTINE EVALUATES THE ABSOLUTE VALUE OF
M /(PM - M) AT EACH NODE FOR EACH MEMBER AND FIND THE
LARGEST VALUE AND INSERT HINGE AT THIS NODE. IT ALSO
UPDATES LOADS , DISPLACEMENTS AND MEMBER FORCES.

"ok ok oK e ok M oK S K o oK K ok ok K R oK K K oK K ok K o K ok oK ok ok K o K o K ke ok ok e 3K K o o ok o K 3 ok K oK oK

IMPLICIT REAL*B(A-H,0-Z)

DIMENSION PSM(1),YS{1),NOD(2,1),MKOD(1)
*D(1),DT(1),AREA(1) ,UF(1),UFT(1),EMF(1),
*FL(2,1), MAXNH( )

DO 100 M=1,NE

KK = 3
PMC = PSM(M)
AREA(M
M
).

YS ,B(1),BT(1),
), EMFT (1),

, x Y / UNIT
PY

MI =6 *
PPY EMFT( )

IF (DABS(PPY).GT

DO 50 I=1,2

MJ =6 * M - KK

PMC1 = PMC

IF (EMF(MJ).GT.0) PMC1 = -PMC

PMMJ = PMC1 + EMFT(MJ)

IF (DABS(EMF (MJ)).LT..0000001) GO TO 50
FL(I,M) = EMF(MJ) / PMMJ

)
I
5) PMC= 1.18*(1-PPY)*PMC

KK = 0
CONTINUE
K =0
K1 = 0
ABMAX = 0.0
FLC = 0.0
DO 200 M=1,NE
DO 200 I=1,2
= FL(I,M
IF(DABS(C).LT.ABMAX) GO TO 200
K = M |
K1 = I
ABMAX = DABSI(C)
CONT INUE
FLC = - 1. / FL(K1,K)
MKOD(K) = MKOD(K) + Kt
FL(K1,K) = 0.0
N = NOD(K1,K)
MAXNH(JUN)= MAXNH(UN) - 1
ABMAX = ABMAX - .0000001

DC 250 M=1,NE
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DO 250 L=1,2
C = FL(L,M)
I = NOD(L,M)
IF(DABS{C).LT.ABMAX) GO TO 250
IF(MAXNH(I).EQ.0) GO TO 250
MKOD(M) = MKOD(M) +
MAXNH(I) = MAXNH(I) - 1

250  CONTINUE
DO 300 I=1,NEQ
BT(I) = BT(I) + B(I) * FLC
DT(I) = DT(I) + D(I) * FLC
IF(ID.EQ.O0) GO TO 300
UFT(I)= UFT(1)+ UF(1)* FLC

300 CONTINUE
DO 400 I=1,INN
EMFT(I) = EMFT(I) + EMF(1) * FLC

)

400  CONTINUE

WRITE(10,2000)

DO 500 N=1,NJ

N2 = N = IDO

N1 = N2 - IDO + 1
500 WRITE(I0,2100) N, (BT(NN),NN=N1,N2)
575  WRITE(10,2200)

DO 600 N=1,NJ

N2 = N *= IDO
Nt = N2 - IDO + 1
600 WRITE(IO,2100) N, (DT(NN),NN=N1,6N2)
WRITE(10,2300)
DO 700 M=1,NE
M2 =6 M
M1 = M2 -5

700  WRITE(10,2400) M,NOD(1,M),NOD(2,M), (EMFT(I), I=M1,M2)
C

RETURN
C
C FORMAT STATEMENTS
C

2000 FORMAT (///'TOTAL EXTERNAL NODAL LOADS’,//,4X,
* N, 7X,"FU' , 13X, FV' ,13X,' FR" /) _

2100 FORMAT (15,3D15.6)

2200 FORMAT (//,'TOTAL NODAL DISPLACEMENTS',//,4X,'N' ,7X,
*'U,14X,' V' 14X,'R" /)

2300 FORMAT (//,' TOTAL MEMBER END FORCES’,//,3X,'MEM',3X,
*" 11, 4X,"d" ,TX, NI 13X,/ VI' 13X, MI' , 13X,' NJ’ , 13X,
*' VJ' ,13X,"MJ’ /)

2400 FORMAT (315,6D15.6)

C
END
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C***********************************************************

C
SUBROUTINE CORRB (NOD,MKODE,MFLAG,MAXA,X,Y,AREA,RI,

* YMOD,AG,TT,B,D,PPV,UNT,NEQ,NWA,NE)
c ,
C
C THIS SUBROUTINE FORMS THE ELASTIC STIFFNESS MATRIX
C OF 6 DOF PLANE FRAME MEMBER. THE UPPER TRIANGLE IS
C STORED COLUMN-WISE IN A VECTOR.
C
C 3k 34 3k 2 3¢ ok 3K A e 3k ok K 3 3 3k 2k 3k 3K ok ok ke ke 3k k¢ A ke 3k 2 A ke 3K 9K K K o ok ok 3K ok 3k oK 3k ok 3K K K A K kK
C

IMPLICIT REAL*8(A-H,0-Z)

C
C .

DIMENSION NOD(2,1) ,MKODE (1) ,MFLAG( 1) ,MAXA(1),
*X(1),Y(1), AREA(1) ,RI(1),YMOD(1),AG(1),B(1),D(1),
*PPV(1),TT(1),LM(6),AC(7),5(21)

C
C

DO 700 M=1,NE

K = MKODE (M)

I = NOD(1,M)

J = NOD(2,M)

DX = (X{J) - X(I)) = UNT

DY = (Y(J) - Y(I)) * UNT

XL = DSQRT (DX**2 + DY*%2)

XLI = 1. / XL

CO = DX = XLI

SI = DY = XLI

CL = CO * XLI

SL = SI = XLI

CL2 = CL *x 2

SL2 = SL *» 2

CSL = CL * SL

C2 = CO ** 2

S2 = SI *x 2

SC = CO * SI

ALP = YMOD(M) = RI(M) = XLI

BETA= YMOD(M) = AREA(M) =* XLI

C
C FORM LM ARRAY
C

LM(3) = 3 = 1

LM(2) = LM(3) - 1

LM(1) = LM(3) - 2

LM(6) = 3 =

LM(5) = LM(6) - 1

LM(4) = LM(6) - 2

C
C FORMULATION OF GEOMETRIC ELEMENT STIFFNESS

L = MFLAG(M)

IF(L.EQ.0) GO TO 700

MI =6*M-25
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100

700

800

AC(1) = 0.0

AC(2) = 6.0/5.0 * XL

AC(3) = 0.0

AC(4) = AC(3)

AC(5) = 0.0

AC(6) = 0.0 ’

AC(7) = AC(5) :

CALL ELEMS (AC,S,CL,SL,CL2,SL2,CSL,C2,52,5C)
DO 100 KK=1,21

S(KK) = S(KK) * PPV(M1)
CALL ASSEMB (MAXA,S,AG,LM,6)
CONTINUE |

CALL MULT1 (TT,AG,D,MAXA,NEQ,NWA)
DO 800 I1=1,NEQ

B(I) = B(I) + TT(I)

CONTINUE

RETURN
END
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E.4 Program PLAFIT

The program consists of the following parts.
1.  MAIN
2. MAINMG, the main executive subroutine
3. The input package
(a) INPUTY and INPUT2
(b) BOUND, JLOAD2, and MLOAD2
4. The data managing package
ISPAC, LOCOM, REMOV, REMOV2, and BLOCK DATA
5. The data storage and retrieval package
CLEAR, ICLEAR, RTRV1, RTRV2, STORE1, and STORE2.
6. The equation solving package
(a) ADDRES and COLHT
(b) EQSBST and BKSB1
7. The formulation and output package
(a) ASSEMB, ELEMS, MODIFY, BOUND1, DISPL1, STRES1 and MNHING
(b) STIFFP and HINGE
The listing for packages 1, 2, 3a, 6b, and 7b follows. The
listing of parts 3b, 4, 5, 6a, and 7a can be found in Sects. E.8, E.6,
" E.7, E.9, and E.T0, respectively. Descriptions of the subroutines can
be found in the 1isting.
FILES 1 and 2 are temporary files that are used in sequential

I/0 operations. Both are line-files.
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C******************************************************

PLAFIT

6 e K kK %k K

THIS IS A PROGRAM FOR ELASTO-PLASIC ANALYSIS
OF PLANER FRAMED TYPE STRUCTURES. THE PROGRAM
EVALUATES THE RESPONSE OF THE STRUCTURE USING AN
ITERATIVE TECHNIQUE.

*************************************************

CO0O0000000

IMPLICIT REAL*8(A-H,0-Z)
REAL*8 NAMES

COMMON/PROBIA/ NNN(400)

COMMON/IA1/ MMM (200)

COMMON/RA1/ AAA(4000)

COMMON/RA2/ BBB(1000)

COMMON/RA3/ cCC(2000)
COMMON/DIMCOM/LAST1.LAST2.LAST3,LAST4,LAST5,MXDIM,
*NAMES (5,20),1PT(5,21),1COM(5) ,

O

*****************************************************

OO0

400
4000
200
1000
2000

CALL MAINMG

END
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C***********************************************************

OO0 O

(@]

OO0

OO OO0OO0

OO0

SUBROUTINE MAINMG

% 2k 3% %K % K sk A ok ok %k K K %k k *k Kk

THIS IS THE MAIN MANAGER OF PROGRAM PLAFIT. IT
CONTROLS THE READING , THE FORMULATION ,THE SOLUTION
AND THE OUTPUT OF THE RESULTS.

*****************************************************

IMPLICIT REAL*8(A-H,0-2)
REAL*8 NAMES, NAME

COMMON/PROBCV/ UNIT,NJ,NE,NEBEL,MNHE,ITAF,NLC,IN, IO

COMMON/PROBIA/ NNN(
COMMON/ 1 A1 / MMM (
COMMON/RA1 / AAA(
COMMON/RA2  / BBB(
COMMON/RA3 / CCCI
COMMON/DIMCOM/ LA1,
*, IPT(5,21),ICOM(5)

2,LA3,LA4,LA5,MXDIM,NAMES(5,20)

*****************************************************

" CALL TIME (0,0)

5
6

10

READ PROBLEM CONTROL VARIABLES

CALL INPUTT

NODE = 2
IDOF = 3
ILOAD = 1
NEQ = NJ * IDOF

CALL CLEAR (NAMES(1,1),100)

READ NODAL GEOMETRY AND MEMBER PROP. AND CONNECTIVITIES

...................................................... C
Ji = ISPAC (1HX,NJ,2)
J2 = ISPAC (1HY,NJ,2)
J3 = ISPAC (4HAREA,NE,2)
J4 = JSPAC (2HRI,NE,2)
J5 = ISPAC (2HPM, (2*NE),2)
J6 = ISPAC (4HYMOD,NE,2)
J7 = ISPAC (3HPSM,NE,2)
J8 = ISPAC (2HYS,NE,2)
I1 = ISPAC (3HNOD, (NE*NODE), 1)
I2 = ISPAC (5HMKODE,NE, 1)
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I3 = ISPAC (5HMFLAG,NE, 1)

CALL INPUT 2 (AAA(J1),AAA{U2
*AAA(JU6) ,AAA(UT ), AAA(UB) , NNN(

O

yAAA(J3),
1) ,NNN(I2

Pt —

)
I
READ EXTERNAL BOUNDARY CONDITIONS

J9 ISPAC (3HBES,NEBEL,2)
K1 ISPAC (3HNPB,NEBEL,3)
K2 ISPAC (4HKODE,NEBEL,3
CALL BOUND (AAA(JY),MMM (K1

OO0

)
) MMM(K2) ,NEBEL,IN,10)

IDOF = NODE * NE

J10 = ISPAC (4HFEFC,INN,2)
J11 ISPAC (4HFEFV,INN,2)
CALL CLEAR (AAA(J10), (INN%2))

L1 ISPAC (2HBC,NEQ,4)
L2 ISPAC (2HBV,NEQ,4)
CALL CLEAR (BBB(L1),(NEQ*2))

READ LOADS IF ANY

READ (IN,1000) JLF,MLF
IF(JLF.EQ.0) GO TO 50
CALL JLOAD2 (BBB(L1),BBB(L2),AAA(J9), IDOF,IN,10)
50 IF(MLF.EQ.0) GO TO 60
CALL MLOAD2 (AAA(JT1),AAA(U2),AAA(U10),AAA(UTT),
*BBB(L1).BBB(L2).NNN(I1).NNN(I2).UNIT,IDOF,Nd,IN.IO)
0 CONTINUE

6

C

C  FORM COLUMN HEIGHTS AND ADDRESSING ARRAY
C :

15 = ISPAC (4HMAXA, (NEQ+1),1)
16 = ISPAC (3HMHT,NEQ,1)
CALL ICLEAR (NNN(I6),NEQ)
DO 70 I=1,NE
CALL COLHT (NODE, (NODE*IDOF),IDOF,I,NNN(I6),
*NNN(I1))
70 CONTINUE

CALL ADDRES (NNN(I5),NNN(16),NEQ,NWA)
CALL REMOV (3HMHT, 1)

L3 ISPAC (2HBT,NEQ, 4)
L4 ISPAC (2HDT,NEQ, 4)
CALL CLEAR (BBB(L3), (NEQ*
LS ISPAC (2HFL, (NE*2)
L6 ISPAC (3HBTT,NEQ,4
J12 ISPAC (5HFEFC2, INN
J13 ISPAC (BHFEFV2, INN
J16 ISPAC (3HTEF,INN,2

INN

OO0

))
)

)

2
4
2
2)

j
S
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CALL CLEAR (AAA(J12), (INN*2))

K3 = ISPAC (5HMAXNH,NJ,3)

CALL ICLEAR (MMM(K3),Nu)

CALL MNHING (NNN(I1),NNN(I2),MMM(K1),MMM(K3),NE,
*NJ,NEBEL )

REWIND 1
CALL STORE2 (1,BBB(L1),NEQ)
CALL STORE2 (1,AAA(J10),INN)
REWIND 2
CALL STORE2 (2,BBB(L2),NEQ)
REWIND 2
C RESERVE AND CLEAR SPACE FOR ELASTIC
C  STIFFNESS MATRIX

c
: NH = 0
NV = 0
IT =0
M1 = ISPAC (1HA ,NWA,5)

90 CALL CLEAR (CCC(M1),NwA)
CALL CLEAR (BBB(L5),(NE*2))

C FORM ELEMENT STIFFNESS AND ASSEMBLE
C  ELASTIC STIFFNESS INTO A.

CALL STIFFP (NNN(I1),NNN(I2),NNN(I3) ,NNN(I5),AAA(JT),
*AAA(J2),AAA(J3),AAA(JU4) ,AAA(UB),AAA(UB), AAA(UJS),
*CCC(M1),BBB{L1),AAA(J10),AAA(J16),UNIT NE,ITAF,IT)

C
C ADD EXTERNAL BOUNDRAY CONDITIONS
C

CALL BOUND1 (CCC(M1),NNN(I5), MMM(K1) MMM (K2)
*AAA(J9),NEBEL )
CALL EQSBST (CCC(M1),BRB(L1),BBB(L2),NNN(15),NEQ,
*NLC, ILOAD, 0)
95  CALL BKSB1 (BBB(L1),BBB(L2),CCC(M1),NNN(I5),NEQ,NLC,O0)
© IF(ILOAD.EQ.999) NV = f
IF(ITAF.EQ.0.AND.ILOAD.EQ.999) GO TO 900
IF(NLC.EQ.1) GO TO 200
CALL ?ISPL1 (AAA(J12),BBB(L1),AAA(U10),NU,NE, IDOF,
*IN, 10
CALL STRES1 (AAA(U1),AAA(J2),AAA(U3),AAA(JU4),AAA(UB),
*BBB(L1),AAA(U12) ,AAA(J16) ,NNN(I1),NNN(12),NE .
*IDOF ,UNIT, IN, 10)
DO 100 I=1,NEQ
BBB(L4+I-1) = BBB(L1+1-1)
100 CONTINUE

200 CALL ?ISPL1 (AAA(U13),BBB(L2),AAA(J11),NJ,NE, IDOF,
*IN, I0
. CALL STRES1 (AAA(J1),AAA(J2),AAA(J3),AAA(U4),AAA(UB),
*BBB(L2),AAA(J13),AAA(J16) ,NNN(I1),NNN(I2),NE,
*]DOF ,UNIT, IN, IO0)
IF(NH.EQ.0.AND.IT.EQ.0) CALL RTRV2 (2,BBB(L3),NEQ)
REWIND 1
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350

OO0

500

550

C
300
C

CALL RTRV2 (1,BBBI(L
CALL RTRV2 (1,AAA(Y

1),
10),

NEQ)
INN)

CALL HINGE (AAA(d3),AAA(d7),AAA(d8).NNN(I1),NNN(12).

*BBB(L5),BBB(L3),BBB(L
*AAA(J13),AAA(U12), AAA

1),BBB(L6),BBB(L2),BBB(L4),
(J16) ,MMM(K3) ,NE,NJU,NEQ, INN,

*IDOF, ITAF,UNIT,NH,IT,10)

DO 500 I=1,NEQ

BBB(L2+1-1) = BBB(L3+I1-1)

CONTINUE

CALL CLEAR (BBB(L4),NEQ)
IF(ITAF.EQ.0) GO TO 550
IF(IT.EQ.999) GO TO 550

IT = IT + 1

GO TO 90

IF(NH.GT.MNHE) GO TO 900
NLC = 2

NH = NH + 1

IT=20

WRITE(10,2000) NH

CALL TIME (3,3)
IF(NV.EQ.1) GO TO 900
GO TO 90

RETURN

C FORMAT STATEMENTS
C

1600
2000

FORMAT (215)
FORMAT (//,10X,30( tH*

)/, 10X, HINGE NO.’,14,2X,

*"HAS BEEN FORMED’ /, 10X, 30(1Hx%)//)

END
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C***********************************************************

SUBROUTINE INPUT1

% Ak ok A Ak A oK K oK 3k kK K Xk o o ¥k

THIS SUBROUTINE READS THE PROBLEM CONTROL VARIABLES
FOR PROGRAM PLAFIT.

******************************************************

IMPLICIT REAL=*8(A-H,0-Z)
COMMON/PROBCV/ UNIT,NJ,NE,NEBEL ,MNHE,ITAF,NLC,IN,IO
DIMENSION HEAD(20)

READ (IN,1000) HEAD
WRITE(10,2000) HEAD
READ (IN,1100) NJ,NE,NEBEL,NLC,ITAF,MNHE,UNIT
WRITE(IO,2100) NJ,NE,NEBEL,NLC,ITAF,MNHE,UNIT

'RETURN
FORMAT STATEMENTS

000 FORMAT (20A4)

1100 FORMAT  (614,F12.0)

2000 FORMAT (//,30X,20A4//,30X,30(1H*)///)

2100 FORMAT (5X, "PROBLEM CONTROL VARIABLES' /, 5X,2
*10X, "NUMBER OF JOINTS

*10X,  NUMBER OF ELEMENTS

*10X,’ND. OF EXTERNAL BOUNDARY ELEMENTS
*10X,’ NUMBER OF LOAD CASES

*10X," IDENTIF. OF TYPE OF ANALYSIS FLAG
*10X,’  MAXIMUM NO. OF HINGES ESTIMATED
*10X,’ LENGTH CONVERSION FACTOR

*10X,50( 1H*) )

END

OO0 O

H o ww nnn
L

.- W e W e o=

—
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c

O OOOOOO

50

100
200

C
300

310

SUBROUTINE INPUT 2 (X,Y,AREA,RI,PM,YMOD,PSM,YS,NOD,

* MKODE ,MFLAG)

THIS SUBROUTINE READS THE NODAL GEOMETRY AND
MEMBER PROPERTIES FOR PROGRAM PLAFIT.

K oo KKK K KKK o A K KK K K o oo K
IMPLICIT REAL*8(A-H,0-Z)

COMMON/PROBCV/ UNIT,NJ,NE,NEBEL,MNHE, ITAF, NLC IN, IO
DIMENSION X(1),Y(1), AREA(1) RI(1) YMOD(1) NOD(2 1)

*MKODE (1), MFLAG(1) PSM(1) YS(1) PM(2 1)

WRITE(I0,2000)

READ (IN,1000) N,X(N),Y(N),INC

IF(INC.EQ.0) GO TO 200

NINT = (N-NOLD) / INC

RN = NINT ‘
IF(RN.LT.FLOAT(N- NOLD)/FLOAT(INC) -0.001) GO TO 999

DX = (X{N)-X(NOLD))/RN
DY = (Y(N)-Y(NOLD))/RN
L = NOLD
M = NINT - 1

- DO 100 J=1,M
LL = L + INC
X(LL) = X(L) + DX
Y(LL) = Y(L) + DY
L =LL
CONTINUE
WRITE (10,2100) N,X(N),Y(N),INC
NOLD = N

IF(N.LT.NJ) GO TO 50

READ (IN,1100) ADEF,RDEF,SMDEF,YSDEF,YDEF
WRITE(I10,2200) ADEF,RDEF,SMDEF,YSDEF,YDEF

WRITE(I0,2300)
READ (IN,1200) M, (NOD(I,M),I=1,2),MKODE (M), MFLAG(M)
*INC,NOD1,NOD2

READ (IN, 1300) 'AREA(M) ,RI(M),PSM(M),YS(M),YMOD(M)
IF (AREA(M) . EQ.0) AREA(M) = ADEF
IF(RI(M).EQ.O) RI(M; = RDEF

IF(PSM(M).EQ-O) PSM( SMDEF
IF(YS(M).EQ.0) YS(M) YSDEF
IF (YMOD(M) . EQ.0) YMOD(M) YDEF
PM(1,M) = PSM(M) * YS(M)

PM(2,M) = PM(1,M)

NN = MKODE (M) + 1

GO TO (340,310,320,330),NN
PM(1,M) = 0.0
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320
330
340

400
C
500

C
600
C
999

9999

C
C
C
1000
1100
1200
1300
1400
2000

2100

12200

PM(2,M) = 0.0

GO TO 340

PM(1,M) = 0.0

PM(2,M) = 0.0 '
IF(INC.EQ.0) GO TO 500

NINT = (M-MOLD) / INC - 1

L = MOLD

DO 400 I=1,NINT

LL =L + INC

AREA(LL) = AREA(M)

RI(LL) = RI(M)

PSM(LL) = PSM(M)

YS(LL) = YS(M)

YMOD(LL) = YMOD(M)

MKODE (LL) = MKODE(M)
MFLAG(LL) = MFLAG(M)
NOD(1,LL) = NOD(1,L) + NOD1
NOD(2,LL) = NOD{2,L) + NOD2
L = Lt

WRITE(10,2400) M,NOD(1,M) ,NOD(2,M),MKODE (M) ,MFLAG(M),
*INC,NOD1,NOD2,AREA(M) ,RI(M),PSM(M),YS(M),YMOD(M)

MOLD = M

IF(M.LT.NE) GO TO 300
READ (IN,1400) K
IF(K.EQ.0) GO TO 600
WRITE(10,2700)

WRITE(10,2750) (N,X(N),Y(N),N=1,NJ)

WRITE(I10,2800)

WRITE(I1O0,2850) (M,(NOD(I,M),1=1,2),MKODE(M),MFLAG(M),
*AREA(M),RI(M),YMOD(M), M=1,NE)

RETURN

WRITE (10,9999) N
FORMAT (' NODAL GEOMETRY DATA INPUT ERROR',I5)
STOP

FORMAT STATEMENTS

FORMAT(15,2F12.0,15)

FORMAT(5F12.0) .

FORMAT (814)

FORMAT (5F12.0)

FORMAT(15)

FORMAT (///,5X,' NODAL GEOMETRY DATA AS INPUT'/,
*5X,28(1H=*)//, 10X, 1HN,8X, 1HX, 14X, 1HY,9X, 3HINC/)

FORMAT (6X,15,2D15.6,15)

FORMAT (///,5X,’ MEMBER PROPERTIES DEFAULT VALUES'/,
*5X,32(1H=*)//, 10X, AREA’ ,20X,’ =',D15.6,//,
*10X,'M. INERTIA’,15X,'=' ,D15.6,//,

*10X,’ PLASTIC SECTION MODULUS =',D15.86//,
*10X," YIELD STRESS =',D15.6//,

*10X,’Y. MODULUS’ ,15X,’=',D15.6)
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2300

2400
2700

2750
2800

2850
C

FORMAT (///,5X,' MEMBER DATA AS INPUT'/,5X,20(1H*)//,
*4X, 1HM, 4X, 1HI 4X 1HJ,2X, 4HCODE, X, 4HFLAG 2X 3HINC,
*1X, 4HINCI 1X, 4HINCd 3X 4HAREA 10X 1HI,

*11X 3HPSM, 9X, 2HYS, 10X 4HYMOD/)

FORMAT (815 5012 4)

FORMAT (///,5X,’ COMPLETED NODAL GEOMETRY DATA'/,
*5X, 29(1H*)// 4X THN, 7X, 1HX, 14X, 1HY/)

FORMAT (15, 2015.6)

FORMAT (/// 5X,’ COMPLETED MEMBER DATA’/,5X,
*20(1H=*)//, 4X 1HM 4X,1HI, 4X, 1HJ, 1X, 4HCDDE 5X
*4HAREA , 10X 1HI 13X 4HYMOD/ )

FORMAT (515 3015.6)

END
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C**********************************************************

OO O OOOOOO0 (9

100

200

300

400
500

600

650

SUBROUTINE EQSBST (A.BC,BV,MAXA,NB,NLC,ILOAD,IT)

kK 3k 3k ok 3K 3k ok 3K K ok ok ok 4 3k K Xk Xk %k

THIS SUBROUTINE TRIANGULARIZES A STIFFNESS MATRIX
STORED COLUMNWISE UNDER A SKYLINE AND REDUCES THE
CORRESPONDING LOAD VECTOR, DOWN TO EQUATION NB.

3 e 3 3k ok ok 3k ok 3K Ak 3 ok A ok ok 3k ok ke K ok 2k 3K 3k ok 3k K 3k 3k 3K K Kk ok ok 3k 2 3k 3K % 3k 3K 2k oK 3K ok 3 3K Ak oK 3K oK o ok K

IMPLICIT REAL*8(A-H,0-Z)
DIMENSION A(1),BC(1),BV(1),MAXA(1)

- DO 1000 N=1,NB

KN = MAXA(N)

KL = KN + 1

KU = MAXA(N+1) - 1
KH = KU - KL

IF(KH) 900,500,100
IF(ILOAD.EQ.2.AND.IT.GT.0) GO TO 650

K = N - KH
IC = 0

KLT= KU

D0 400 J=1,KH
IC = IC + 1
KLT= KLT - 1
KI = MAXA(K)

ND = MAXA(K+1) - KI - 1
IF(ND) 400,400,200

KK = IC

IF(KK.GT.ND) KK = ND

C =0.0
DO 300

C C

L KK

+
A(KLT) =

+

D.

i+L)*A(KLT+L)
LT) - ¢
2.

AND.IT.GT.0) GO TO 650

1
(K
(K
K

IF(ILOA
K =N

A
A
1
EQ.

o0
o

OO XX
L]

CON

CDNTINUE
= N
C 0 0
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700

800

900
950

975
C
1000
C

C
3000

C

o

07

o

0 KK=KL,KU

1.

A(KK) = BV(K)
BV(N) - C
Q.

+

N <
" —~—nn

ZZ

1) GO-T0 900

o n
Xo Zr—o=x
OO O

XSOXHUJOX

K=
-1
C1 = C1 + A(KK) * BC(K)
= BC(N) - C1

IF(A(KN)) 975,950, 1000
WRITE(6,3000) N,A(KN)
STOP

ILOAD = 999

CONTINUE

RETURN

FORMAT (* ZERO OR NEGATIVE ELEMENT ON MAIN DIAGONAL NO.’

*,14,015.6)
END
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O O O0OO0O000O0O000 O

100
200

300.

400
500

550
600

SUBROUTINE BKSB1 (BC,BV,AfMAXA,NN,NLC;KB)

K 3 ok 3k 3k B ok e A K K K kK K

THIS SUBROUTINE IS A PART OF THE PARTIAL REDUCTION
PACKAGE. IT FORMS THE LAST STAGE OF BACKSUBSTITUTION,
THE OPERATION (L(-1)(T)*RIx*) ., IN CASE OF AN
UNSUBSTRUCTURED PROBLEM IT PERFORMS THE OPERATION
//D(-1)*L(-1)(T)*R//

3 2k A A ke A ok 3k ok Ak 3k 3k 3K 3k ke ke Sk K Ak K K ok oK 3K ok K 3K 3k 3K 3 ok 3K 2k 3K K 3k 3K e oK 3K 3K ke 3K o ok ok K kK ok oK ok K

IMPLICIT REAL*8(A-H,0-Z)
DIMENSION A(1),BC(1),BV(1),MAXA(1)

IF(KB.NE.O) GO TO 200
DO 100 J=1,NN

K = MAXA(J)

BV(J) = BV(J) / A(K)
IF(NLC.EQ.1) GO TO 100
BC(J)' = BC(J) / A(K)
CONTINUE

N = NN

DO 600 L=2,NN

KL = MAXA(N) + 1

KU = MAXA(N+1) - 1
IF(KU-KL) 600,300,300
IF(BV(N).EQ.0) GO TO 500
K= N

DO 400 KK=KL,KU
K=K-1

BV(K) = BV(K) - A(KK) * BV(N)
IF(NLC.EQ.1) GO TO 600
IF(BC(N).EQ.0) GO TO 600
K =N

DO 550 KK=KL,KU

K=K- 1

BC(K) = BC(K) - A(KK) * BC(N)
N=N-1

RETURN
END
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C***********************************************************

C

OO OOOOOOO0

50

SUBROUTINE STIFFP (NOD,MKODE,MFLAG,MAXA,X,Y,AREA,RI,
* YMOD.YS,PM,A.B,FEFC,PPC,UNT,NE,ITAF.IT)

THIS SUBROUTINE FORMS THE ELASTIC STIFFNESS
MATRIX OF 6 DOF PLANE FRAME MEMBER. THE UPPER
TRIANGLE IS STORED COLUMN-WISE IN A VECTOR.

o 30 2 3 e ok o 3k ak ok ok ok ok ok 3k 3 2K ok ok ok ok ok ke ok 3k ok e ok 3K 3K K K ke ok 3K 3K ok ok o oK ok K 3K oK oK ok 3 ok K K

IMPLICIT REAL*8(A-H,0-Z)

DIMENSION NOD(2,1),MKODE (1) ,MFLAG(1),MAXA(1),
*X(1),Y(1),AREA(1),RI(1),YMOD(1),A(1).PPC(1),LM(6)
*,YS(1) ,FEFC(1),B(1),AS(7),AC(7),5(21),PM(2,1)

DO 700 M=1,NE

K = MKODE (M)

1 = NOD(1,M)

J = NOD(2,M)

PMCI = PM(1,M)

PMCJ = PM(2.M)

Ml =6 %M - 3

MJ = 6 % M

MII = MJ - 5

PY = AREA(M) * YS(M)

PPY = PPC(MII) / PY

IF (DABS(PPY).LE.0.15) GO TO 50

PMCI = (1-PPY) * PMCI * 1.18

PMCJ = (1-PPY) * PMCJ * 1.18

IF(PPC(MI).GT.0.0) PMCI = - PMCI

IF(PPC(MJ).GT.0.0) PMCJ = - PMCU

DX = (X{J) - X(I)) * UNT

DY = (Y(J) - Y(I)) * UNT

XL = DSQRT (DX**2 + DY*%2)

XLI = 1. / XL

CO = DX * XLI

SI = DY * XLI

CL = CO * XLI

SL = SI * XLI

CL2 = CL *x* 2

SL2 = SL ** 2
CSL = CL * SL

C2 = CO #* 2

S2 = SI ** 2

SC = CO * SI |
ALP = YMOD(M) = RI(M) * XLI

BETA= YMOD(M) * AREA(M) * XLI

FORM LM ARRAY
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FORMULATION OF ELASTIC STIFFNESS MATRIX

AS(1) = BETA

AS(2) = 12.0 = ALP

AS(3) = 6.0 * ALP

AS(4) = AS(3)

AS(5) = 4.0 = ALP

AS(6) = 2.0 * ALP

AS(7) = AS(5)

IF(K.NE.O) CALL MODIFY(K,AS)

FORM ELASTIC STIFFNESS MATRIX

CALL ELEMS(AS,S,CL,SL,CL2,SL2,CSL,C2,S82,5C)
CALL ASSEMB (MAXA,S,A,LM,6)
IF(ITAF.EQ.0) GO TO 150

FORMULATION OF GEOMETRIC ELEMENT STIFFNESS
L = MFLAG(M) ‘
IF(L.EQ.0) GO TO 700

Mi =6 *M-5
AC(1) = 0.0
AC(2) = XL
AC(3) = 0.0
AC(4) = AC(3)
AC(5) = 0.0
AC(G) = 0.0
AC(7) = ACI(5)

CALL ELEMS (AC,S,CL,SL,CL2,SL2,CSL,C2,52,5C)
DO 100 KK=1,21

S(KK) = - S(KK) * PPC(M1)

CALL ASSEMB (MAXA,S,A,LM,6)

IF(K.EQ.0) GO TO 700

IT = LM(3)

JJ = LM(6)

GO 70 (200,300,400),K
AC(3) = PMCI

AC(2) = 1.5 * XLI * PMCI
AC(6) = 0.5 *= PMCI

AC(5) = - AC(2)

GO TO 450

AC(3) = 0.5 = PMCJ

AC(2) = 1.5 * PMCJ * XLI
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1.5 * PMCJ = XLI

PMCJ
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CONTINUE
RETURN

CONTINUE
END
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C**********************************************************

C

O OO0 OO0

- *D(1),DT(1),AREA(1) EMF(1) EMFT(1),F

20

30

40

50

100

150

200

SUBROUTINE HINGE (AREA,PSM,YS,NOD,MKOD,FL,B,BC,
* BT,D,DT,EMF,EMFT,TEF,MAXNH,NE,
*. NJ,NEQ, INN, IDO,ID,UNIT,NH,IT,10)

THIS SUBROUTINE EVALUATES THE ABSOLUTE VALUE OF
M /(PM - M) AT EACH NODE FOR EACH MEMBER AND FIND THE

LARGEST VALUE AND INSERT HINGE AT THIS NODE. IT ALSO
UPDATES LOADS , DISPLACEMENTS AND MEMBER FORCES.

3 3k 3k o 3 ok 3k ke e 3k e 3K e 2 K o 3k ok e 3K 3K ok sk ok kK oK Kk oK K K ok Ak ke ok K 2K 3k ok oK 3k ok A 3K 3k 3K K % A K kK %k

IMPLICIT»BEAL*B(A-H.O-Z)
DIMENSION PSM(1),YS(1),NOD(2,1),MKO

——
. —
\-’m
- -
]>\—
—
—

*TEF(1),BC(1)

DO 100 M=1,NE

KK = 3

DO 50 I=1,2

PMC = PSM(M) *» YS(M) / UNIT
MJ =6 M - KK

~ IF(DABS(EMF(MJ)).LT.0.0000001) GO TO 50

PY = AREA(M) = YS(M)

MI =6 M -5

PPY = (EMFT(MI) + EMF(MI)) / PY
IF(DABS(PPY).GT.0.15) PMC =(1-PPY) *PMC * 1.18
IF(NH.EQ.0.AND.IT.EQ.0) GO TO 30
IF(TEF{MJ).GT.0.0) PMC = -PMC

GO TO 40

IF(EMF(MJ).GT.0) PMC = -PMC

PMMJ = PMC + EMFT(MJ) + EMF(MJ)
IF(PMMJ.EQ.0.0) GO TO 50

FL(I,M) = EMF(MJ) / PMMJ

KK = 0

CONTINUE

IF(IT.EQ.0) GO TO 150

K = KOLD

K1 = K10LD

ABMAX = DABS(FL(K1,K))

GO TO 225

.LT.ABMAX) GO TO 200

ABMAX = DABS(C)
CONTINUE



KOLD = K
K10LD = K1
225 FLC = - 1. / FL(K1,K)
IF(1D.EQ.O) GO TD 230
IF(DABS(FLC). 0.0001) IT = 999
IF(IT.NE.999) GO TO 275
230 MKOD(K) = MKOD(K) + Kt
FL(K1,K) = 0.0
JN = NOD(K1,K)
MAXNH(UN)= MAXNH(JN) - 1
ABMAX = ABMAX - .0000001
DO 250 M=1,NE
D0 250 L=1,2
C = FL(L,M)
I = NOD(L,M)
IF(DABS(C).LT.ABMAX) GO TO 250
IF(MAXNH(I).EQ.0) GO TO 250
MKOD(M) = MKOD(M) + L
MAXNH(I) = MAXNH(I) - 1
250  CONTINUE
275 DO 300 I=1,NEQ
B(I) = B(I) * (FLC + 1)
BT(I) = BC(I) + B(I)
DT(I) = DT(I) + D(I) * ( FLC + 1 )
300  CONTINUE
DO 400 I=1,INN
TEF(I) = EMFT(I) + EMF(I) * ( FLC + 1 )
400 CONTINUE
WRITE(10,2000)
DO 500 N=1,NJ
N2 = N = IDO
Nt = N2 - IDO + 1
500 WRITE(IO,2100) N, (BT(NN),NN=N1,N2)
575  WRITE(I0,2200)
DO 600 N=1,NJ
N2 = N *= IDO
N1 = N2 - IDO + 1
600 WRITE(IO,2100) N, (DT(NN),NN=N1,6N2)
WRITE(10,2300)
DO 700 M=1,NE
M2 =6 M
M1 = M2 - 5

700  WRITE(10,2400) M,NOD(1,M),NOD(2,M), (TEF(1),I=M1,M2)
C

RETURN
C
C FORMAT STATEMENTS
C

2000 FORMAT (///' TOTAL EXTERNAL NODAL LOADS',//,4X,'N’,7X,
*' FU’, 13X,/ FV’ , 13X, FR' /)

2100 FORMAT (15,3D15.6)

2200 FORMAT (//,” TOTAL NODAL DISPLACEMENTS',//,4X,'N' 7X,
*' U’ 14X, V' 14X, R" /)

2300 FORMAT (//,” TOTAL MEMBER END FORCES’//,3X,’'MEM’ ,3X,
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2400
C

* 10, 4X,"J,TX, NI’ 13X,/ VIZ 13X, ML/, 13X, NJ’ , 13X,

* Vy' 13X, MU' /)
FORMAT (315,6D15.6)

END

160




161

E.5 Program INSTAF

The program consists of the following parts.
1. MAIN
2.  MAINMG, the main executive subroutine
3. The input package.
(a) INPUTT and INPUT2
(b) BOUND, JLOAD2, and MLOAD2
4. The data managing package
ISPAC, LOCOM, REMOV, REMOV2, and BLOCK DATA
5. The data storage and retrieval package
CLEAR, ICLEAR, RTRV1, RTRV2, STORE1, and STORE2.
6. The equation solving package |
(a) ADDRES and COLHT
(b) EQSBST, BKSB1, EQFT, EQKBB, and BKSB2
7. The formulation and output package ,
(a) ASSEMB, BOUND2, DISPfl, MULT2, SHAPE, DINCR, and CONVER
(b) STIFF, TR1, TR2, STIFFB, STRAIN, STEP, and STEP]
The listing for packages 1, 2, 3a, 6b, and 7b follows. The
listing for parts 3b, 4, 5, 6a, and 7a are given in Sects. E.8, E.6,
E.7, E.9, and E.10, respectively. Descriptions of the subroutines can be
found in the listing.
FILES 1, 2, 4, 9, and 10 are all Tine-files used in this program.
FILES 1 and 2 are temporary files while FILES 4, 9, and 10 are permanent.
Direct access is used on file 4. Remaining files are used exclusively

in sequential I/0 operations.
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C**************'******************************************

INSTAF

% o % ok kK %k

- THIS IS A PROGRAM FOR NONLINEAR INELASTIC
STABILITY ANALYSIS OF PLANER FRAMED TYPE STRUCTURES.

3K 3k 3k ok 3k 3k e ok 3k 3k K e e 3K 3k ok 3k ok ok ok 3K ok 3k k3 ok 3k 3k 3k ok 3k 3K ok K 3k K ok 3k ok Ak K K K K K A 3k K K o ok K

OOOOOOOO0O0

IMPLICIT REAL*8(A-H,0-2)
REAL*8 NAMES

COMMON/PROBIA/ NNN(2000)

COMMON/IA1/ MMM (200 )

COMMON/RA1/ AAA(10000)

COMMON/RA2/ BBB(1000)

COMMON/RA3/ CCC(10000)
COMMON/DIMCOM/LAST1,LAST2,LAST3,LAST4,LAST5 ,MXDIM,
*NAMES(5,20) ,IPT(5,21),1COM(5)

3k 3k 3 3 ok 3 o ok ks Sk s ke ok s ok ok sk b ok sk ok Sk ok 3k K Sk sk ok ok 3k K sk sk ok K S S b 3k ok ok ak ok ok kK K ok ok ko ok ok

OO0

12000
10000
200
1000
10000

_ CALL MAINMG
END
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C**********************************************************

OO0 O

OO0 O O

O O OOO0

SUBROUTINE MAINMG

T ok ke ok ke ok o 2k ok o ok o K oK K ok ok

THIS IS THE MAIN MANAGER OF PROGRAM INSTAF. IT
CONTROLS THE READING., THE FORMULATION ,THE SOLUTION
AND THE OUTPUT OF THE RESULTS. '

*****************************************************

IMPLICIT REAL*8(A-H,0-Z)
REAL*8 NAMES, NAME

COMMON/PROBCV/ UNIT,FL1,FL2,TOL,NJ,NE,NEBEL,NDXST,
*NDMT ,NDRT, IN, 10, ITLIM,IREF,IRCO,IC,NFE,NMT

COMMON/PROBIA/ NNN(
COMMON/IA1 / MMM (
COMMON/RA 1 / AAA (
COMMON/RA2  / BBB(
COMMON/RA3  / CCCI
COMMON/DIMCOM/ LA1,
* IPT(5,21),ICOM(5)

DIMENSION XGAUS(4)
DATA XGAUS/-.86113631,-.33998104,.33998104,.86113631/

1)
1)
1)
|
1

LA2,LA3,LA4,LAS,MXDIM,NAMES(5,20)

********************************************%f*******

CALL TIME (0,0)
IN =5
I0 = 6

REWIND
REWIND
REWIND
REWIND
REWIND

— OBN

0

READ PROBLEM CONTROL VARIABLES

H

CALL INPUT1T
IF(IREF.EQ.0) GO TO 40

READ (10) NdJ,NFE,NE,NMT, IDOF, NGAUS NEQ NEBEL, ITLIM,
*TOL,UNIT

READ (10) L1,L2

CALL RTRV2 (10,BBB(L1).NEQ
CALL RTRV2 (10,BBB(L2),NEQ
DO 10 I=1,NEQ

— —
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10

15

20

25

C

BBB(I) = BBB(I) = FL1 + BBB(I+NEQ) * FL2
CALL STORE2 (1,BBB(L1),NEQ)

READ (10) NWA,NWK

READ (10) I1,13,14,15,16,K0,K1,K2,K3,111,113
READ (10) J1,d2,d3,04,d5,U6,d7,48, J9,410,
*J11,d12,J13 d14 d15 d16 112

READ (10) Lt1,L2, L3.L4,M0.M1 M2, M3 4,115
CALL "RTRV1 (10,NNN(1),II1)

CALL RTRV1 (10,MMM(1),113)

CALL RTRV2 (10,AAA(1),112)

CALL RTRV2 (10,CCC(1),115)

READ (9) LI,ILL

IRCO = IRCO + 1

GO TO (15,20) ,IRCO

CALL RTRV2 (9,BBB{L2),NEQ)
CALL RTRV2 (9,BBB(L4),NEQ)
LI = LI + 1

CALL STORE2 (10,BBB(L2),NEQ)

CALL STORE2 (10,BBB(L4),NEQ)

GO TO 25 |

CALL RTRV2 (10,BBB(L2),NEQ)

CALL RTRV2 (10,BBB(L4),NEQ) |
IF(ILL.EQ.999.AND.IC.EQ.1) CALL CLEAR (BBB(L4),NEQ)

WRITE(10,2000) LI
WRITE(I10,2100)

DO 30 N=1,Ny
NS = N * 5
Ni = N5 - 4

WRITE(10,2200) N, (BBB(NN),NN=N1,N5)

CALL STORE2 (2,BBB(L2),NEQ)
GO TO 85

NODE
IDOF
NGAUS
NEQ
NES
NJS
IDOF 1
NEQ1 IDOF1 * NJS

CALL CLEAR (NAMES(1 1),100)
LI = 1

READ NODAL GEOMETRY AND MEMBER PROP. AND CONNECTIVITIES

J * IDOF

PRrWZHONN

ISPAC (1HX,NJ,2)

J2 = ISPAC (1HY,NJ,2)

J3 = ISPAC (1HH,NDXST,2)
Jd = ISPAC (1HW,NDXST,2)
J5 = ISPAC (2HTF,NDXST,2)

ISPAC (2HTW,NDXST,2)
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J7 = ISPAC (2HEY,NDMT,2)
J8 = ISPAC (2HEP,NDMT,2)
J9 = ISPAC (4HEULT NDMT,2)
J10 = ISPAC (2HYS,NDMT,2)
J11 = ISPAC (3HYPS,NDMT,2)
J12 = ISPAC (4HULTS,NDMT,2)
J13 = ISPAC (3HEPR, (5*NDRT),2)
I1 = ISPAC (3HNOD, (NE*NODE), 1)
12 = ISPAC (5HMKODE,NE, 1)
I3 = ISPAC (4HMXST,NE, 1)
I4 = ISPAC (2HMT,NE, 1)
IS5 = ISPAC (3HMRT,NE, 1)
KO = ISPAC (3HNPS, (NES*NODE),3)
C
CALL INPUT 2 (AAA(J1),AAA(J2), AAA(JB) AAA(J4),AAA(US),
*AAA(JB) ,AAA(UT), AAA(dB) AAA(dQ) AAA(J10) JAAA(U11T),
*AAA(d12) AAA(d13) NNN(I1) NNN(IS) NNN(I4) NNN(I5),
*MMM (KO ) )
C
J14 = ISPAC (3HFEF, (IDOF*NODE=*NE),2)
CALL CLEAR (AAA(J14), (IDOF*NODE*NE))
CALL ICLEAR (NNN(I2),NE)
C
C READ EXTERNAL BOUNDARY CONDITIONS
C
J15 = ISPAC (3HBES,NEBEL,2)
K1 = ISPAC (3HNPB,NEBEL,3)
K2 = ISPAC (4HKODE,NEBEL, 3)
CALL BOUND (AAA(J15),MMM(K1) ,MMM(K2),NEBEL,IN,I0)
C
WRITE(10) NJ,NFE,NE,NMT, IDOF,NGAUS,NEQ,NEBEL, ITLIM,
*TOL,UNIT
C
L1 = ISPAC (2HBC,NEQ,4)
L2 = ISPAC (2HBV,NEQ,4)
CALL CLEAR (BBB(L1),NEQ)
CALL CLEAR (BBB(L2),NEQ)
C

C READ LOADS IF ANY

READ (IN,1000) JLF,MLF
IF(JLF.EQ.0) GO TO 50 '
CALL JLOAD2 (BBB(L1),BBB(L2),AAA(J15),IDOF,IN,I10)
50 IF(MLF.EQ.0) GO TO 60
CALL MLOAD2 (AAA(J1),AAA(J2),AAA(U14),AAA(U14),
*BBB(L1),BBB(L2), NNN(I1) NNN(IQ) UNIT, IDOF NJ, IN 10)
60 CONT INUE
WRITE(10) L1,L2
CALL STORE2 (10,BBB(L1),NEQ)
CALL STORE2 (10,BBB(L2),NEQ)
DO 65 I=1,NEQ
65 BBB(I) = BBB(I) + BBB(I+NEQ)
CALL REMOV (2HBV,4)
CALL STORE2 (1,BBB(L1),NEQ)
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c
C  FORM COLUMN HEIGHTS AND ADDRESSING ARRAY
C
16 = ISPAC (4HMAXA, (NEQ+1),1)
17 = ISPAC (3HMHT,NEQ, 1)
CALL ICLEAR (NNN(I7),NEQ)
DO 70 1=1,NE
CALL COLHT (NODE, (NODE*IDOF),IDOF,I,NNN(17),
~ *NNN(I1)) |
70 CONTINUE
C
CALL ADDRES (NNN(I6),NNN(I7),NEQ,NWA)
CALL REMOV (3HMHT, 1)
c

NEQ1 = 16

K3 = ISPAC (4HMAXS, (NEQ1+1),3)

K4 = ISPAC (3HMHT,NEQ1,3)

CALL ICLEAR (MMM(K4),NEQ1)

DO 77 1=1,3 -

CALL COLHT (NODE, (NODE*IDOF1),IDOF1,I,MMM(K4), K MMM(KO))
77 CONTINUE

CALL ADDRES (MMM(K3),MMM(K4),NEQ1,NWK)

- CALL REMOV (3HMHT, 3)

C RESERVE SPACE FOR DERIVATIVES OF SHAPE VECTOR

C _
MO = ISPAC (3HPHI, (4«xNGAUS),5)
M1 = ISPAC (4HPHIP, (4%xNGAUS),5)
M2 = ISPAC (5HPHIDP, (4%xNGAUS),5)
C
C RESERVE AND CLEAR SPACE FOR TANGENT STIFFNESS MATRIX
C
M3 = ISPAC (2HTK,NWA,5)
M4 = ISPAC (3HTKS,NWK,5)
C

DO 80 IG=1,NGAUS

X1 = XGAUS (1G)

CALL SHAPE (XI,CCC(MO),CCC(M1),CCC(M2),1G)
80 CONTINUE

C

L2 = ISPAC (4HDISP,NEQ,4)

L3 = ISPAC (5HTDISP,NEQ,4)

L4 = ISPAC (2HSD,NEQ,4)

CALL CLEAR (BBB(L2),NEQ)

CALL CLEAR (BBB{L4),NEQ)

J16 = ISPAC (4HFEF2, (IDOF*NODE=*NE),2)

CALL CLEAR (AAA(J16),(IDOF*NODE=*NE))
85 I; = 0

IF = 1
C  FORM AND ASSEMBLE TANGENT STIFFNESS MATRIX
C

90 CALL CLEAR (CCC(M3),NWA)
CALL CLEAR (CCC(M4),NWK)
CALL TIME (3,3)
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95

100

200

CALL STIFF (AAA(J1),AAA(J2),AAA(UJ3),A
*AAA(dG).AAA(d?).AAA(dB).AAA(dQ).AAA(d1
*AAA(J12) ,AAA(J13) ,NNN(T1) /NNN(I3), 6 NNN{
*NNN(I15) ,NNN(16),CCC(MO),CCC(M1),CCC(M2
*BBB(L1),BBB(L2), IDOF,NGAUS,NFE,NJ,UNIT
*CCC(M4) ,MMM(KO) ,BBB(L4) ,NWK,IREF,IT,IL

IF(NMT.EQ.1) GO TO 92

CALL STIFFB (AAA(J1),AAA(U2),AAA(J3),AAA(U4),AAA(US),
*AAA(UB ), AAA(JUT),AAA(UB),AAA(US),AAA(U10),AAA(UTT),

*AAA(J12) ,AAA(J13) ,NNN(I1),NNN(I3),NNN(I4),NNN(IS),

*NNN(IG).CCC(MS),BBB(L1).BBB(LZ),IDOF,NFE,NE.UNIT.IO)

IF(IC.EQ.1) IC = 2
CALL TIME (3,3)

ADD EXTERNAL BOUNDARY CONDITIONS

CALL BOUND2 (CCC(M3),BBB(L1),NNN(IB),MMM(K1) MMM(K2),
*AAA(J15) ,NJ,NEBEL, IO}

IF(IT.GT.1) CALL CONVER (BBB(L1),C,CONVD,IT,TOL,
*ITLIM,NEQ,IF,I0) -

CALL TIME (3,3)

ILL = 1

CALL EQSBST (CCC(M3),BBB(L1),NNN(I6),NEQ,ILL)
IF(ILL.EQ.999.AND.IC.EQ.0) GO TO 200

CALL BKSB1 (BBB(L1),CCC(M3),NNN(IE),NEQ,0)

CALL TIME (3,3)

CAL% ?ISPL1 (AAA(U16),BBB(L1),AAA(UJ14),NJ,NE, IDOF,
*IN, 10

DO 85 I=1,NEQ

BBB(L2+I-1) = BBB(L1+I-1)
BBB(L4+I-1) = BBB(L1+I-1)
CONTINUE

REWIND 1

CALL RTRV2 (1, BBB(L1) NEQ)
IT = IT + 1

CALL TIME(3,3)
IF(IT.GT.1.0R.IREF.EQ.1) GO TO 100
CALL STORE2(2,BBB(L2),NEQ)

GO TO 90

REWIND 2

CALL RTRV2 (2,BBB(L3),NEQ)

CALL DINCR (BBB(L1),BBB(L2),BBB(L3),NEQ,IT,C,CONVD,
*NJ, 10)

REWIND 2

CALL STORE2 (2,BBB(L2),NEQ)
IF(IF.EQ.0) GO TO 200

GO TO 90

REWIND 9

WRITE(9) LI,ILL
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CALL STORE2 (9,BBB(L2),NEQ)
CALL -STORE2 (9,BBB(L4),NEQ)
WRITE(10,2300) ILL
IF(LI.GT.1) GO TO 300

IT1 = IPT (1,LA1+1) - 1

112 = IPT (2,LA2+1) - 1

I13 = IPT (3,LA3+1) - 1

II5 = IPT (5,LA5+1) - 1

WRITE (10) NWA,NWK

WRITE (10) 11,13,14,15,16,K0,K1,K2,K3,111,113
WRITE (10) J1,d2,43,d4,d5,d6,47,d8,U9,J10,
*J11,J12,d13,d14,4d15,d16,112

WRITE (10) L1,L2,L3,L4,M0,M1,M2,M3,M4,115
CALL STORE1 (10,NNN(1),I11)

CALL STORE1 (10,MMM(1),113)

CALL STORE2 (10,AAA(1),112)

CALL STORE2 (10,CCC(1),I1I5)

RETURN

FORMAT (215)

FORMAT (10X,’ LOAD INCREMENT NO. ‘' ,15//)

FORMAT (' NODAL LOADS',//,4X,"N',7X,'FU' ,13X,"FV',
*13X,' FR' , 12X, FDU' , 12X," FDV' //)

FORMAT (14,5D15.6)

FORMAT (5X,"ILL =',15)

END
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(C 4 o o o ok 3k ke o o Sk 3K ok ok 3k ke ok oK 3K K oK oKk oK ok ok ok ak ok oK oK ok ok 3k ok 3 K ok 3K ok 3 ok 3k ok 3k S oK 3K K 3K ok 3K K oK 3k K

C
SUBROUTINE INPUT1
C 3k ok ok ok ok ok o 3 oK o oK ok oK %K ok K
C
C THIS SUBROUTINE READS THE PROBLEM CONTROL VARIABLES
C FOR PROGRAM INSTAF.
C
C ok sk oK 2k ok o 3 oK ok 3k ok 3k ok ok ok 3K ok ok K ok 3 3K 3K 3k o 3 ok ok sk ok 3K ok ok ok ok 3k 3K 3K 3K 3K 3K 3K oK ok oK ok o ok ok K oK e ok
C v
IMPLICIT REAL*8(A-H,0-Z)
C
COMMON/PROBCV/ UNIT,FL1,FL2,TOL,NJ,NE,NEBEL,NDXST,
*NDMT ,NDRT,IN,IO,ITLIM, IREF,IRCO, IC,NFE,NMT
C .
DIMENSION HEAD(20)
C _
READ (IN,1000) HEAD
WRITE(10,2000) HEAD
READ (IN,1100) IREF,IRCO,IC,FL1,FL2
IF(IREF.EQ.1) RETURN
READ (IN,1200) NJ,NFE,NE,NEBEL ,NMT,ITLIM,TOL,UNIT
READ (IN,1300) NDXST NDMT NDRT
WRITE(IO0,2100) NJ, NFE NE, NEBEL NMT ,NDXST ,NDMT,NDRT,
*ITLIM,TOL,UNIT
C
RETURN
C
C FORMAT STATEMENTS
C

1000 FORMAT (20A4)

1100 FORMAT (315,2F12.0)

1200 FORMAT (614,2F12.0)

1300 FORMAT (315) :

2000 FORMAT (//,30X,20A4//,30X,20(1H*)///)

2100 FORMAT (5X,’ PROBLEM CONTROL VARIABLES'/,5
*10X," NUMBER OF JOINTS
*10X,  NUMBER OF FLEXURAL ELEMENTS
*10X,  NUMBER OF ELEMENTS
*10X,”NO. OF EXTERNAL BOUNDARY ELEMENTS
*10X,"  NUMBER OF DIFFERENT MEMBER TYPES
*10X,’  NUMBER OF DIFFERENT X-SEC TYPES
*10X," NUMBER OF DIFFERENT MATERIAL TYPES
*10X,’ NUMBER OF DIFFERENT RESIDUAL TYPES
*10X," MAXIMUM NO. OF ITERATIONS
*10X,’ TOLERANCE LIMIT
*10X,’ LENGTH CONVERGENCE FACTOR
*10X,50( 1H*) )

END

*)//,

- e e ay

OIe = = = = = = = =
NN
NN
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C***********************************************************

C
SUBROUTINE INPUT2 (X,Y,H,W,TF,TW,EY,EP,EULT,YS,YPS,
* ULTS EPR NDD MXST MT, MRT NPS )

% 3k ok Ak A ok A oK dk Ak ak M K ok kK ok kK

THIS SUBROUTINE READS THE NODAL GEOMETRY AND
MEMBER PROPERTIES . PROGRAM INSTAF

******************************************************

IMPLICIT REAL*8(A-H,0-Z)

COMMON/PROBCV/ UNIT,FL1,FL2,7T0L,NJ,NE,NEBEL,NDXST,
*NDMT ,NDRT, IN, 10, ITLIM IREF IRCO IC, NFE NMT

DIMENSION X(1) Y(1) H(1) W(1) TF(1) TW(1) EY(1 P(1),
*EULT(1),YS(1), YPS(1) ULTS(1) EPR(1 5) NDD(2 1)
*MXST(1) ,MT(1) ,MRT (1) .NPS(2, 1]

WRITE(IO,2000)
50 READ (IN,1000) N,X(N),Y(N),INC
IF(INC.EQ.0) GO TO 200
NINT (N-NOLD) / INC
RN NINT
IF(RN.LT.FLOAT(N-NOLD)/FLOAT(INC)-0.001) GO TO 999
DX = (X(N)-X(NOLD))/RN
DY =

(@] ODOOOOOOON

(Y(N)-Y(NOLD))/RN
L = NOLD
M = NINT - 1
DO 100 dJ=1,M
LL = L + INC
X(LL) = X{(L) + DX
Y(LL) = Y(L) + DY
L = LL
100  CONTINUE
200  WRITE (10,2100) N,X(N),Y(N),INC
NOLD = N
IF(N.LT.NJ) GO TO 50
C
WRITE(I10,2200)
C
DO 225 NN=1,NDXST
READ (IN, 1100) NN,HINN) ,WINN), TF(NN), TW(NN)
225  WRITE(IO,2300) NN,H(NN),W(NN),TF(NN),TW(NN)

WRITE(10,2400)
DO 250 MN = 1,NDMT
READ (IN,1200) MN,EY(MN),EP(MN),EULT(MN),YS(MN)
*YPS(MN) , ULTS(MN)
250 WRITE(I0, 2500) MN,EY(MN),EP(MN),EULT(MN),YS(MN),
*YPS(MN),ULTS(MN)
WRITE(I10,2600)
DO 275 NR=1,NDRT
READ (IN,1300) NR, (EPR(NR,I),I=1,5)
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275
C

280
300

400
C
500

C
600
999
9999

C

C

C

1000
1100
1200
1300
1400
1500
2000

2100
2200

WRITE(I0,2700) NR,(EPR(NR,I),1=1,5)

WRITE(10,2800)

READ (IN,1400) M, (NOD(I,M), [=1,2) ,MXST (M),
*MT (M), MRT(M) INC,NOD1,NGD2

IF(INC. EQ.0) GO TO 500

NINT = (M-MOLD) / INC - 1

L = MOLD

DO 400 I=1,NINT

LL =L + INC
NOD(1,LL) = NOD(1,L) + NODT
NOD(2,LL) = NOD(2,L) + NOD2
MXST(LL) = MXST(M)

MT(LL) = MT(M)

MRT(LL) = MRT (M)

L~ = LL

WRITE(I0,2900) M,NOD(1,M),NOD(2,M), MXST (M),
*MT (M) MRT(M) INC,NOD1, NOD2

MOLD = M

IF(M.LT. NE) GO TO 300

NPS (

1

2

4

00) K

GO TO 600
0

0 (N, X(N),Y(N),N=1,NJ)
0

0

)

)
;
) (M, (NOD(1,M),I=1,2),MXST(M),
M=1,NE)

RETURN
WRITE (10,9999) N
FORMAT (' NODAL GEOMETRY DATA INPUT ERROR’,I5)
STOP
FORMAT STATEMENTS

FORMAT(I15,2F12.0,15)

FORMAT (15,4F12.0]

FORMAT(IS.G 12.0)

FORMAT(15,5F12.0)

FORMAT (915)

FORMAT(15)

FORMAT (///,5X,’ NODAL GEOMETRY DATA AS INPUT’ /.5X,
*28(1H*)//, 10X, 1HN 7X, THX, 14X, 1HY, 10X, 3HINC//)

FORMAT (6X,15,2D15. 6,15)

FORMAT(///,5X,' DIFFERENT TYPES OF X-SEC PROPERTIES'/,
*5X,35(1H*)//, 1OX "TYPE' ,BX,"H' ,14X,' W' ,14X,' TF',

171
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2300
2400

2500
2600

2700
2800

2900
3000

3100
3200

3300

*13X,"  TW /)

FORMAT(7X,15,4D15.6)

FORMAT(///,5X,' DIFFERENT MATERIAL PROPERTIES’'/,5X,
*29(1H*)//, 10X, TYPE' ,5X,"EY' ,13X,' EP', 13X,’ EULT',
*12X,'YS' , 12X, YPS' , 12X, ULTS' /)

FORMAT (7X,15,6D15.6)

FORMAT(///,5X,' DIFFERENT TYPES OF RESIDUAL STRAINS',
*/,5%X,35(1H*)//, 10X, TYPE’ ,5X,’ EPR1’ ,11X,' EPR2’ , 10X,
*'EPR3’ , 10X, EPR4’ , 12X,  EPRS’ ,/)

FORMAT (7X,15,3X,5D15.6)

FORMAT(///,5X,' MEMBER DATA AS INPUT’/,5X,20(1H*)//,
*9X, 1HM, 4X, tH1,4X, 1HJ,2X, 3HXST, 3X, 2HMT, 3X, 2HRT, 3X,
*3HINC, 1X,4HINCI, 1X,4HINCY/)

FORMAT (5X,915)

FORMAT(///,5X,’ COMPLETED NODAL GEOMETRY DATA’/,5X,
*29(1H*)//,4X, 1HN,7X, 1HX, 14X, 1HY/)

FORMAT(15,2D15.6)

FORMAT(///,5X," COMPLETED MEMBER DATA’/,5X,21(1H*)//,
*4X, 1HM, 4X, 1HI , 4X, 1HJ, 3X, 3HXST,2X,2HMT, 3X,2HRT/)

FORMAT(615)

END
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C**********************************************************

OO0 O OO0OO0OO0O0O0O O

100

200

300

400
500

600

SUBROUTINE EQSBST (A,B,MAXA,NB,IL)

3K 3 2K 3K Ak K A oK 2k Ak 3K A KK 3K kK K K

THIS SUBROUTINE TRIANGULARIZES A STIFFNESS MATRIX
STORED COLUMNWISE UNDER A SKYLINE AND REDUCES THE
CORRESPONDING LOAD VECTOR, DOWN TO EQUATION NB.

s o e o ok 3 o ok ok dke o ke a3k ok ok o ol bl ok oK ok ke ok ki oK ok ki ok ok ok ok ak ok ek ol ol ke ok kK ok K ok K ok ok

IMPLICIT REAL*8(A-H,0-2Z)
DIMENSION A(1),B(1),MAXA(1)

DO 1000 N=1,NB

KN = MAXA(N)
KL = KN + 1
KU = MAXA(N+1) - 1
KH = KU - KL
IF(KH) 900,500,100
K = N - KH
IC =0
KLT= KU
DO 400 J=1,KH
IC = 1IC + 1
KLT= KLT - 1
KI = MAXA(K)
- ND = MAXA(K+1) - KI - 1

IF(ND) 400,400,200
KK = IC

IF(KK.GT.ND) KK = ND
C =0.0

DO 300 L = 1,KK

C =C + A(KI+L)*A(KLT+L)
A(KLT) = A(KLT) - C
K = K + 1

K =N

cC =0.0

DO 600 KK = KL,KU

K =K - 1

KI = MAXA(K)

D = A(KK)/A(KI)

C = C + D*A(KK)
A(KK) = D

CONTINUE

A(KN) = A(KN) - C

K =N

C=0.0

DO 700 KK = KL,KU

K = K - 1

C = C + A(KK)*B(K)
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700

900
950

875
C
1000
C

C
3000

C

B(N) - C

KN)) 975,950, 1000
£(6,3000) N,A(KN)

999
CONTINUE
RETURN

FORMAT (' ZERO ELEMENT ON MAIN DIAGONAL NO.’,14
*D15.6)

END

174
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C********************************************************

C |
SUBROUTINE BKSB1 (B,A,MAXA,NN,KB)
C 3K ok 2k 3k 3k 3k 3 3k 3K ok ok ok Ak %k kK Xk
c THIS SUBROUTINE IS A PART OF THE PARTIAL REDUCTION
C PACKAGE. 1T FORMS THE LAST STAGE OF BACKSUBSTITUTION,
C THE OPERATION (L(-1)(T)*RI*) . IN CASE OF AN
C UNSUBSTRUCTURED PROBLEM IT PERFORMS THE OPERATION
o //D(=1)*L(-1)(T)*R//
C
C ******************************************************
¢ ,
IMPLICIT REAL*8(A-H,0-Z)
C . .
DIMENSION A(1),B(1),MAXA(1)
C . .
IF (KB.EQ.1) GO TO 200
DO 100 J=1,NN
K = MAXA(J) |
100 B{(J) = B(J)/A(K)
C
200 N = NN
DO 600 L=2,NN
KL = MAXA(N) + 1
KU = MAXA(N+1) - 1
IF (KU-KL) 600,300,300
300 IF(B(N).EQ.0.) GO TO 600
K = N
DO 400 KK=KL,KU
K=K- 1
400 B(K) = B(K) - A(KK)*B(N)
600 N = N - |
0 |
RETURN
c
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C***************************************************

OO OO00O00000O0 O

100

200

300

400

500
o

600
700

SUBROUTINE EQFT (A,MAXA,NP,ID,NN)

***************
THIS ROUTINE IS A PART OF THE PARTIAL REDUCTION

PACKAGE. 1T FORMS F(T) FOR AN UPPER TRIANGULAR
MATRIX STORED COLUMNWISE UNDER A SKYLINE.

***********************************************

IMPLICIT REAL*8(A-H,0-2)
DIMENSION A(1),MAXA(1)

NS = NP*ID + 1

NB = NNxID

NI = NP*ID

DO 700 N=NS,NB

KN =MAXA(N)

KL = KN + N = NI

KU = MAXA(N+1) - 1
KH = KU - KL

IF (KH) 700,500,100
K = N - (KU- SKN) + 1
IC =0

KLT = KU

DO 400 J=1,KH

IC = IC + 1

KLT = KLT - 1

KI = MAXA(K)

ND = MAXA(K+1) - KI - 1
IF (ND) 400,400,200
KK = IC

IF(KK.GT.ND) KK=ND
C =0.0

DO 300 L=1, KK

C =C+ A(KI+L)*A(KLT+L)
A(KLT) = A(KLT) - C
K K+ 1

K = NS

DO 600 KK=KL,KU

K = K -1

KI = MAXA(K)

A(KK) = A(KK) / A(KI)
CONT INUE

CONTINUE

‘RETURN

END
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C******************************************************

C
SUBROUTINE EQKBB (A,B,MAXA,NP,ID,NN)
C 3K 3 A 3K %K 3K 3K 3K 3K A kK 3K oK Kk Kk
C
C THIS SUBROUTINE IS A PART OF THE PARTIAL REDUCTION
C PACKAGE. IT FORMS THIS PARTITION KBB* , AND RBB* (THE
C INTER-BOUNDARY SUBARRAYS): '
C
C o ok e 3¢ 20 o o 3K i o i o 3k oK o a3 e 3 e 3 K o e e i N K ol i ol i 3 K ok e ke e i ol i ik ol i Bl O ok ac ak ok
C
IMPLICIT REAL*8(A-H,0-Z)
C
DIMENSION A(1),MAXA(1),B(1)
C
NS = NP*ID + 1
NB = NN=ID
' NI = NP=*ID
C
DO 600 N=NS,NB
KN = MAXA(N)
KU1 = KN + N - NS
KU2 = MAXA(N+1) - 1
IF(KU1.GE.KU2) GO TO 600
KH1 = KU2 - KU1
KH2 = KU1 - KN + 1
K = N - KH2 + 1
KLT = KU1 + 1
C .
DO 300 uJ=1,KH2
KLT = KLT - 1
KI = MAXA(K)
KI1 = KI + K - NS
KI2 = MAXA(K+1) - 1
KHI = KI2 - KI1
IF (KHI) 300,300,100
100 KK = KHI
IF(KK.GT.KH1) KK = KH1
C =0.0
L1 = KI + J + KK
L2 = KLT + J + KK
L3 = NI - KK
DO 200 L=1,KK
200 C =C + A(L1-L)=A(L2-L)*A(MAXA(L3+L))
A(KLT) = A(KLT) - C
300 K = K + 1
C
L4 = NI - KH1
LS5 = KU2 + 1
C =0.0
DO 400 L=1,KH1
400 C =C + A(L5-L)=B(L4+L)
B(N) = B(N) - C
600 CONTINUE

177
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C**************************************************‘*********

C
SUBROUTINE BKSB2 (A,BA,MAXA,NP,NB, ID)

C 8K o ok S K K ok s K o oK K
C
C THIS SUBROUTINE IS PART OF THE PARTIAL REDUCTION
C PACKAGE . IT FORMS A PART OF THE BACKSUBSTITUTION
C SCHEME NAMELY THE QUANTITTY //D(-1)*RI* - F(T)*RBB //
C
C S o o 0 o 6 o o 6 K oK o o o oK K o oK s o o o o o K o oK ok o ko k6 ok oK K ok ok K K 3K oK K
C

IMPLICIT REAL=8(A-H,0-Z)"
C

DIMENSION A(1),BA(1),MAXA(1)
C

NS = NP = ID + 1

NN = NB = ID

NI = NP = ID
C

DO 100 N=1,NI

KN = MAXA(N)

BA(N) = BA(N) / A(KN)
100  CONTINUE

c
DO 400 N=NS,NN
KN = MAXA(N)
KU1 = KN + N - NI
M1 = MAXA(N+1)
KU2 = M1 - 1
IF(KU1.GT.KU2) GO TO 400 .
KH = KU2 - KU1 + f
K = N - KU2 + KN
C
oo 300 J=1,KH
= AM1 - J)
(AR EQ.0.) GO TO 300
B (K) = BA(K) - BA(N)=*AR
300 K=K+ 1
c
400  CONTINUE
c
| RETURN
¢

END
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0
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OO0

SUBROUTINE STIFF (X,Y,H,W,TF,TW,EY,EP,EULT,YS,YPS,

* ULTS,EPR,NOD,MXST ,MT ,MRT,MAXA,PHI,PHIP,
* ' PHIDP,TK,B,DISP, IDO,NGAUS,NE,NJ,UNIT, 10,
* MAXS, TKS,NPS,SD,NWK, IREF,IT,ILL,IC)

THIS SUBROUTINE FORMS THE TANGENT STIFFNESS
MATRIX OF 10 D.O.F. PLANE FRAME MEMBER.

2 3 2K ok A ok 3k ke ok ok 3k ok 3k 3k i ok ok K ok ok e ok ke ke ok ok ok k k3 ke 3k 3K ok 3k ¢ K K 3k K % ok K K ok 3K kK 3K e kK

IMPLICIT REAL*8(A-H,0-2Z)

DIMENSION X(1),Y(1) ,H(1),W(1),TF(1),TW(1),EY(1),
*EP(1),EULT(1),YS(1),YPS(1),ULTS(1),EPR(1,5),

*NOD (2, 1) ,MXST (1) ,MT(1) ,MRT(1),MAXA({1),BAT(186),
*PHI(4,1) ,PHIP(4,1),PHIDP(4,1),TK(1),B(1),DISP(1),
*EPS(5),MAXS(1),NPS(2,1),TKS(1),BS(16),LMS(8),SD(1),
*INFO(4),D(10),DM(8),PHIL(4),PHIPL(4),PHIDPL(4),
*PHITP(4),DIP(8),DIM(8),DIMS(8),PHIP1(8),PHIP2(8),
*PHID1(8) ,BB(8),S(8,8),WGAUS(4),T(8,10),TEMP(8,10),
*S5(10,10),LM(10),A(55),BA(16)

DATA WGAUS/.173927425, .326072575,.326072575,

*, 173927425/

30 2k a0 3k e o ok a ok o ok ol de s o o Sk ok o Ak ke sk e ok 3k e e ok ek oK 3k M 3k ke K ok 3K ke e ok i b i 3K K K 3K oK K K

NI =2

NB =8

ID = 4

NN = 4

ND = 10

NREC = 0
WRITE(10,2200)

DO 900 M=1,NE
KXS = MXST(M)

KMT = MT(M)

KRT = MRT(M)

YSM = YS(KMT)
YPSM = YPS(KMT)
ULTSM = ULTS(KMT)
EYM = EY(KMT)
EPM = EP(KMT)
EULTM = EULT(KMT)
HH = H(KXS)

ww = W(KXS)
TFF = TF(KXS)
TWW = TW(KXS)
YMOD YSM / EYM

(YPSM - YSM) / (EPM - EYM)

~<

=)

-~
nu
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50

100

125

YMOST = (ULTSM - YPSM) / (EULTM - EPM)
I = NOD(1,M)

J = NOD(2,M)

IIT = 1

Jud = J

DX = (X(d) - X(I)) = UNIT

DY = (Y(J) - Y(I)) = UNIT

XL =DSQRT (DX*%2 + DY*%2)

Xtl= 1 ./ XL

CO = DX = XLI

SI = DY = XLI

C2 = CO *=* 2

$2 = SI *x 2

SC = CO *» SI

DO 50 KK=1,1DO

LM(KK) = IDO * I - IDO + KK
LM(KK+1D0O) = IDO * J - IDO + KK
IT = (I-1) =*

Jd = (J-1) =

CALL CLEAR (BAT, 16)

DO 75 I=1,16

BS(I) = 0.0

XL1 = 0.8D0 = XL

XLIt = 1t / XL1

0O 100 I=1,5

J = 11 + 1

J1 = Jd + |

D(I) = SD(J)

D(I+5) = SD(dJ1)

CONTINUE

CALL CLEAR (BA, 16)

IF(IREF.EQ.0.AND.IT.EQ.0) GO TO 130

CALL TR2 (D,CO,SI,sC,C2,52,DM)

NREC = NREC + 1000
READ(4'NREC) (BAT(LL),LL=1,16)
NREC = NREC + 1000

READ(4’ NREC) (TKS(LL),LL=1,NWK)
NREC = NREC + 1000
READ(4’'NREC) (BS(LL),LL=1,16)
NREC = NREC - 3000

DO 125 I=1,8

BA(I) =
BA(I+8) = DM(
CONTINUE

IF(ILL.EQ.999.AND.IC.EQ.1) CALL CLEAR (BA,16)
CALL BKSB2 (TKS,BA,MAXS,NI, NN, ID)

CALL BKSB1 (BA,TKS,MAXS, (NI*ID)
CALL CLEAR (TKS, NWK )
CALL CLEAR (BS, 16)
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128
130

140

150

175

180

200

300

DO 128 1=1,16

BAT(I) = BAT(I) + BA(I)
CONTINUE

NREC = NREC + 1000
WRITE(4'NREC) (BAT(LL),LL=1,16)

DO 625 IuUK=

—h bl et

—S——— % ¥~ C C.-
N X X w

cocco b
+N— 4+ +
—

— P —d —
A —

DO 175 1=1,8
BB(I) = 0.0D0

12 » XL11%%3
6 = XLI1 = XLI1
=12 * XLI1*%3
6 = XLI1 * XLI1

OO npan
[an ]

ono
+ -
F-9

PHITP(I) = DM(I+4)
DO 600 IG=1,NGAUS
WG = XLt * WGAUS(IG)
DO 200 1=1,4
IF(I.EQ.1.0R.1.EQ.3) C1 = XLI1
PHIL(I) PHI(I,IG) * 1./(XLI1-C1+1.)
PHIPL(I) PHIP(I,IG) * Ct
PHIDPL(I) PHIDP(I,I1G) *= XLI1 * C1
Ct = 1.0
CONTINUE
up 0.0D0
UDP = 0.0D0
VP 0.0D0
vDP = 0.0D0

AT GAUSS POINT EVALUATE U’ , v’ V"

DO 300 1=1,4
up Up PHIPL(I) = DM(I)

+

UDP = UDP + PHIDPL{I)* DM(I)

VP = VP + PHIPL(I) * DM(I+4)
VDP = VDP + PHIDPL(I)* DM(I+4)
CONTINUE v
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310

320
330

350

360

UP2 = UP * UP
VP2 = VP * VP

VDP2 = VDP * VDP

VPI = 1/ (1-VP2)
IF(VPI) 310,320,320
RVPI = -DSQRT(-VPI)

GO TO 330

RVPI = DSQRT(VPI)

VPVD = VP * VDP

A1 = 1 + UP

A2 =

A3 = 1 + VP2 x VPI
A4 = VDP * A3

A5 = A3 * VDP2

A6 = A1 + VP2*RVPI
A7 = VDP * AG .
A8 = A3 + 1

AS = VP * RVPI * A8
A10 = VPVD * VPI * A3
A11 = 2 * A4 = RVPI
A12 = A9 * VDP

A13 =

A14 = A5 * VPI

A5 =

Y1 = 0.5D0 * (HH

Y12 = Y1 * Y1

A21 = Yi % A7

A22 = 0.5D0 * Y12 = A5
EPS(1) = A2 + A21 + A22
EPS(2) = EPS(1)

EPS(3) = A2

EPS(4) = A2 - A21 + A22
EPS(5) = EPS(4)

DO 350 I=1,5

EPS(1) =

CONTINUE

CALL STEP (EPS,HH,WW,TFF
*YSM, YPSM, PP, 0OM, SM, TAREA,

IF(1JK.EQ.2.AND.IG.EQ.1) GO TO 360

UP + 0.5D0 *(UP2+VP2)

3 * A10 * RVPI * Vp
4 x A10 * VPVD = VPI

YA = YMOD
YR1 = YMOD
YR = YMOD
YR3 = YMOD
YR4 = YMOD
GO TO 375
P1 = PP
OmM1 = OM
SM1 = SM

*

*
*
*
*

EPS(I) + EPR(KRT,I)

TAREA
R1
R2
R3
R4

, TWW, YMOD, YPL, YMOST,EYM, EPM
R1,R2,R3,R4)
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375 FE1 = PP = A1 - OM * VDP
FE2 = PP = VP + VDP.x (-OMxAQ. + SM*A10)
FE3 = -OM * AB + SM * A4
C .
DO 400 I=1,4
BB(1) = BB(I) + WG * FE1 = PHIPL(I)
BB(1+4) = BB(I+4) + WG = ( FE2 * PHIPL(I)
c * + FE3 * PHIDPL(I) )
DIP(I) = (YA*A1 - YR1*VDP) * PHIPL(I)
DIP(I+4) = (YA*VP - YR1*A12 + YR*A10%xVDP) = PHIPL(I)
* + ( YR*A4 - YR1*AG) » PHIDPL(I)
-DIM(I) = (YRI1%A1 - YR*VDP) * PHIPL(I)
DIM(I+4) = (YR1*VP - YR*A12 + YR3*A10%VDP) = PHIPL(I)
* + (YR3*A4 - YR*AB) * PHIDPL(I)
DIMS(1I) = (YR*A1 - YR3*VDP) * PHIPL(I)
DIMS(I+4) = (YR*VP - YR3*A12 + YR4xA10*VDP) * PHIPL(I)
* + (YR4*A4 - YR3*A6) * PHIDPL(I)
PHIP1(I) = PHIPL(I)
PHIP1(I+4) = 0.0D0
PHIP2(1I) = 0.0D0
‘PHIP2(1+4) = PHIPL(I)
PHID1(I) = 0.0D0
PHID1(1+4) = PHIDPL(I)
400 CONTINUE
C
C  FORM ELEMENT STIFFNESS MATRIX
¢ .
DO 500 1=1,4
DO 500 v=1,8 ’
S(I,J) = S(I,4) +WG * PHIPL(I) =
* ( A1 = DIP(J) - VDP * DIM(J)
* + PP * PHIP1(J) - OM = PHID1(J))
S(1+4,J) = S(I1+4,J)
* + WG * (PHIPL(I) =
* ( VP * DIP(J) - VDP*(A9*DIM(J) - A10*DIMS(J))
* + PP*PHIP2(J) - OM*(AS*PHID1(y)
* +(A11+A13)*PHIP2(J) )
* + SM * (2%A10%PHID1(J) + (A14+A15)*PHIP2(J)))
* + PHIDPL(I) = /
* ( -A6 = DIM(J) + A4 * DIMS(J)
* -OM * ( PHIP1(J) + A9 * PHIP2(J))
: * + SM % (2 = A10 = PHIP2(J) + A3 = PHID1(J))))
500  CONTINUE
600 CONTINUE
C
XL1 = 0.1D0 = XL
XL11 = 1/ XLt
C
DO 610 1=1,2
J = (Id - 1) * 4 + ]
J1 = (JI - 1) * 4 + ]
BS(dJ) = BS(J) - BBI(I)
BS(J+2) = BS(J+2) - BB(I+4)
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610

620

622
625

630

650

700

BS(d1)
BS(J1+2

)

CONTINUE

K =
0

A(K
K =
DO 622 K
LMS (KK)

oo

6
06
)

+

1
2
2
K
2

WnNC —
x—aAu "

LMS(KK+2)
LMS(KK+4)
LMS(KK+6)

CALL ASSEMB (MAXS,A,TKS,LMS,NB)

CONTINUE

WRITE(I10,2300) M,III,JJdJ,P1,0M1,SM1,PP,0OM, SM

ILM = 1

CALL EQSBST (TKS,BS,MAXS,NB,ILM)

. oo

M uan

S HEDDBN

¥ % ¥ ¥

— ok

} - BB(I+2)
+2) - BB(I+6)
Id - 4 + KK
JI - 4 + KK
Id - 4 + KK+2
JI - 4 + KK+2

CALL EQFT (TKS,MAXS,NI,ID,NN)

CALL EQKBB (TKS,BS,MAXS,NI,ID,NN)
NREC = NREC + 1000

WRITE (4’ NREC)
NREC = NREC + 1000
WRITE (4’ NREC)

DO 630 I=1,8
BB(I) = BS(I+8)
CONTINUE

CALL TR1 (BB

DO 650 I=1,5

J =11 + 1

J1 = Jd + 1
B(J) = B(J) +
B(J1) = B(d1) +
CONTINUE

DO 700 J=1,10
DO 700 I=1,8
T(I,Jd) = 0.0D0
T(1,1) = CO
T(1,2) = SI
T(2,4) = C2
T(2,5) = S2
T(3,1) = SI
T(3,2) = -CO
T(4)3) = -1-000
T(4,4) = SC
T(4,5) = -SC
7(5,8) = CO
7(5,7) = SI
T(6,9) = C2
T(6,10) = S2
T(7,86) = SI

(TKS(LL),LL=1,NWK)
(BS(LL),LL=1,18)

,D,C0,S1,5C,C2,52)
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T(7,7) = -CO
7(8,8) = -1.0D0
T(8,9) = sC
T(8,10) = -SC
C
C  FORM ELEMENT STIFFNESS MATRIX IN GLABOL COORDINATES
C
NR = 8
NC = 10
CALL MULT2 (TEMP,TKS,T,MAXS,NR,NC)
DO 750 L=1,10
DO 750 K=1,10
D1 = 0.0D0
DO 740 N=1,8
740 D1 = D1 + T(N,L) * TEMP(N,K)
SS(L,K) = D1
750  SS(K,L) = Di
K= 1
DO 760 1=1,10
DO 760 J=1,10
A(K) = SS(I,J)
K=K+ 1

760  CONTINUE
C
CALL ASSEMB (MAXA,A,TK,LM,ND)

: CALL CLEAR (TKS,NWK)
800 CONTINUE

C
RETURN
C
C FORMAT STATEMENTS
C

2200 FORMAT (///,’ STRESS RESULTANTS' //,5X,’ MEM' ,2X,
*'NODI’,2X,"NODJ’, 10X,  P1’' , 13X, M1’ , 12X, ' MI*' 12X,
*'PJ’ 13X, MY, 12X, MU' /)

2300 FORMAT (I17,2X,15,2X,15,2X,6D15.6)

C : _

END
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C********************************************************

C
SUBROUTINE TRt (BB,DD,CO,SI,SC,C2,52)

C 3 ok ok oK oK ok K o K K o K
C .
C THIS SUBROUTINE TRANSFORMS THE NODAL FORCES
C FROM LOCAL TO GLABOL COORDINATES.
C
C ook ok 3 o o e ke ok ok ok o ak e e i Ok ok oK ok oK ok o ok ak ke K 3k ok o ok ok 3K ol KN ORI ol ok o Ko Ko
¢ .

IMPLICIT REAL*8(A-H,0-2)
C

DIMENSION BB(8),DD(10)
C

DD(1) = BB(1) * CO + BB(3) * SI

DD(2) = BB(1) * SI - BB(3) * CO

DD(3) = -BB(4) :

DD(4) = BB(2) * C2 + BB(4) = SC

DD(5) = BB(2) * S2 - BB(4) * SC

DD(6) = BB(5) * CO + BB(7) * SI

DD(7) = BB(5) * SI - BB(7) * CO

OD(8) = -BB(8)

DD(9) = BB(6) » C2 + BB(8) * SC

DD(10) = BB(B) » S2 - BB(8) * SC
C

RETURN
C
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C********************************************************

(@) (@} OOOOOOO0 (@)

SUBROUTINE TR2 (D,CO0,S1,5C,C2,52,DM)

3 K 3 2Kk o A Ak K kK kK ak ok

THIS SUBROUTINE TRANSFORMS THE NODAL DISPLACEMENTS
FROM SYSTEM COORDINATES TO LOCAL ONS.

*****************************************************
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION D(10),DM(8)

DM(1) = D(1) = CO + D(2) =* SI

DM(2) = D(4) = C2 + D(5) * S2

DM(5) = D(6) * CO + D(7) * SI

DM(6) = D(9) = C2 + D(10)* S2

DM(3) = D(1) = SI - D(2) * CO

DM(4) = -D(3) + D(4) * SC - D(5) * SC
DM(7) = D(6) » SI - D(7) * CO

DM(8) = -D(8) + D(9) » SC - D(10) * SC
RETURN

END
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C***********************************************************

C
SUBROUTINE STIFFB (X,Y,H,W,TF,TW,EY,EP,EULT,YS,

* YPS,ULTS,EPR,NOD,MXST,MT ,MRT,
* MAXA,TK,B,DISP,IDO,NFE,NE,UNIT,I0)
THIS ROUTINE FORMS THE TANGENT STIFFNESS MATRIX FOR
A MEMBER SUBJECTED TO AXIAL FORCE ONLY.
o W o ok o0 oK 3 ok K K e ok 3k ok ok K K K ke ko ok oK i ok 3K 3k 3K K ok K ke Sk Mk ke ke ok ok ik ke ak ok sk ok ok ol ok K K e ak ok oK ok
- IMPLICIT REAL*8(A-H,0-Z)
DIMENSION X(1),Y(1),H(1),Ww(1),TF(1),TW(1) EY(1),EP(1),
*EULT(1),YS(1),YPS(1),ULTS(1),EPR(1,5),NOD(2,1),MXST(1)
* ,MT (1) ,MRT(1),MAXA(1),TK(1),B(1),DISP(1),D(4),DM(4),
*A(10),S(4,4),BB(4),DIP(4),PHIP(2),PHIP1(4),PHIP2(4),
*T(4,4),TEMP(4,4),SS(4,4),LM(4),EPS(5)
C
cC
C
NNE = NFE + 1
NR =4
WRITE(IO,2000)
C
DO 900 M=NNE,NE
KXS = MXST(M)
KMT = MT(M)
KRT = MRT(M)
YSM = YS(KMT)
YPSM = YPS(KMT)
ULTSM = ULTS(KMT)
EYM = EY(KMT)
EPM . = EP(KMT)
EULTM = EULT(KMT)
HH = H(KXS)
ww = W(KXS)
TFF = TF(KXS)
TWW = TW(KXS)
C
YMOD = YSM / EYM :
YPL = (YPSM - YSM) / (EPM - EYM)
YMOST = (ULTSM - YPSM) / (EULTM - EPM)
I' = NOD(1,M)
J = NOD(2,M)
ITI1 = 1
Jud = J
DX = (X(d) - X(I)) = UNIT
DY = (Y(J) - Y(I}) * UNIT
XL =DSQRT (DX**2 + DY*x2)
XLi= 1 / Xt
CO = DX * XLI
SI = DY = XLI
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C2 = CO »* 2
S2 = SI *x 2
SC = CO * SI
DO 50 KK=1,2
LM(KK) = IDO * I - IDO + KK
50 LM(KK+2) = IDO * J - IDO + KK
II = (I-1) = §
Jy = (J-1) % 5
DO 100 I=1,2
J = I1 + 1
J1 = Ju + 1
D(I) = DISP(J)
D(I+2) = DISP(J1)
100 CONTINUE
C
DM(1) = D(1) = CO + D(2) * SI
DM(2) = D(3) = CO + D(4) = SI
DM(3) = D(1) = SI - D(2) = CO
DM(4) = D(3) » SI - D(4) = CO
C
DO 200 -J=1,4
DO 200 I=1,4
S(I,d) = 0.0D0
200 CONTINUE
C
C
PHIP (1) = -XLI
PHIP(2) = XLI
UP = PHIP(1) = DM(1) + PHIP(2)} » DM(2)
VP = PHIP(1) * DM(3) + PHIP(2) * DM(4)
UpP2 = UP = UP
VP2 = VP % VP
A1 = 1 + [P
A2 = UP + 0.5D0 = (UP2 + VP2)
C
DO 275 1=1,5

EPS(I) = A2 + EPR(KRT,I)
275  CONTINUE

C
CALL STEP1 (EPS,HH,WW,TFF,TWW,YMOD,YPL, YMOST,
- *EYM,EPM, YSM, YPSM, PP, TAREA)
c |
YA = YMOD * TAREA
WRITE (10,2100) M,PP
FE1 = XL * PP * Ad
FE2 = XL * PP * VP
YAA = YA * Af
YAV = YA * VP
C
DO 300 1=1,2
BB(1) = FE1 * PHIP(I)
BB(I+2) = FE2 * PHIP(I)
DIP(1) = YAA * PHIP(I)
DIP(I+2) = YAV * PHIP(I)
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PHIP(I)

PHIP1(1) =
PHIP1(1+2)= 0.0D0
PHIP2(I) = 0.0DO0

PHIP2(I+2)= PHIP(I)
300 CONTINUE

C
C FORM ELEMENT STIFFNESS MATRIX
C
’ DO 400 I=1,2
DO 400 J=1,4
- S(1,4) = S(I,J) + XL

*

S(I+2,J) = S(I+2,d) + XL
* .
400 CONTINUE

C FORM ELEMENT STIFFNESS MATRIX IN GLOBAL COORDINATES

C
D(1) = BB(1) = CO + BB(3)
D(2) = BB(1) * SI - BB(3)
D(3) = BB(2) = CO + BB(4)
c D(4) = BB(2) * SI - BB(4)
DO 500 I=1,2
J = II + 1
Ji = Jd + ]
B(J) = B(J) - D(1)
B(Jt) = B(J1) - D(I+2)
800 CONTINUE
DO 550 J=1,4
DO 550 I=1,4
850 T(1,Jd) = 0.0D0
T(1,1) = CO
T(1,2) = SI
T(2,3) = CO
T(2,4) = SI
T(3,1) = SI
T(302) = -CO
7(4,3) = SI
T(4,4) = -CO
C
C
DO 650 L=1,4
DO 650 K=1,4
D1 = 0.0D0
DO 600 N=1,4
600 D1 = D1 + S(K,N) * T(N,L)
650 TEMP(K,L) = D1
C
DO 750 L=1,4
DO 750 K=1,4
D1 = 0.0D0
DO 700 N=1,4

* X % ¥

PHIP(I) * (At1*DIP
+ PPxPHIP

PHIP(I) * (VP=*DIP
+ PP*PHIP

Sl

CO

SI

Co

(
1
(
2

)
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700. D1 = D1 + T(N,L) * TEMP(N,K)

SS(L,K) = D1 :
750  SS(K,L) = D1 '

K= 1

DO 800 I=1,4

DO 800 u=1I,4

A(K) = SS(I,J)

K=K+ 1

800  CONTINUE | |
~~ CALL ASSEMB (MAXA,A,TK,LM,NR)

C
900 . CONTINUE -
c
RETURN
C |
C FORMAT STATEMENTS
C

2000 FORMAT (5X,’ BRACING MEMBER NO.’,5X,’ AXIAL FORCE')
2100 FORMAT (10X,15,15X,D15.6)

c

END.
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C*********************************************************

C
SUBROUTINE STRAIN (EPS,RE,TR,ST,I,J,DDXX,TT,
* YMOD, YPL, YMOST ,EPM,EYM, YSM, YPSM)

c
C THIS SUBROUTINE DETERMINES THE TRANSFORMED SECTION
C AND THE STRESSES IN A REGION. REGIONS IN A PLATE
C SEGMENT ARE DETERMINED FOR ANY ONE OF THE VARIOUS
C STRAIN DISTRIBUTION (18 TYPES FOR TRILINEAR STRESS
C - STRAIN CURVE.
C
C 20 e oK o 3k o e o 3K ok K ok ok 3K ok 3K 2 K o ok 3k ok ok 3k ok ok ok 3K IR 3K i s 3K 3K oK 3 kK ok 3K 3k ok o ok 3 oK 3k
C
IMPLICIT REAL*8(A-H,0-2Z)
C )
DIMENSION EPS(5),RE(5),TR(5),ST(6)
C
UMC = 1.0
P = EPS(I)
Q = EPS(J)
IF(P.LT.0.0) UMC = -1.0
IF(Q.EQ.0.0) GO TO 25
DIV =P / Q
GO T0 50
25 DIV = DABS(P)
50 PP = TT = YMOST / YMOD
QQ = TT = YPL / YMOD
DO 100 N =1,5
RE(N) = 0.0
TR(N) = 0.0
100 CONTINUE
TR(2) = QQ
;R(4i = QQ
‘IF(Dé .LT.0.0) GO TO 200
L =
GO TO 225
200 L =9 »
225 P = DABS(P)
Q = DABS(Q)
PMQ = P - Q
PPQ = P + Q
PEP = P - EPM
PEY = P - EYM
QEY = Q - EYM
QEP = Q - EPM
C
ST(1) = ( YMOST * PEP + YPSM ) = UMC
ST(2) = YPSM * UMC
ST(3) = YSM =* UMC
IF(DIV.LT.0.0) UMC = - UMC
ST(4) = YSM =* UMC
ST(5) = YPSM * UMC
ST(6) = ( YMOST * QEP + YPSM ) * UMC
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250
275

300

IF(P.EQ.Q) GO TO.250

C1 = DDXX * PEP / PMQ
C2 = DDXX * PEY / PMQ
GO TO 275
Ct = 0.0
C2 =0.0
IF(PPQ.EQ.0.0) GO
D1 = DDXX * PEP /
D2 = DDXX * PEY /
D4 = DDXX * QEY /
D5 = DDXX * QEP /
IF(P.GE.EPM.AND.Q
IF(P.GE.EPM.AND.Q.
IF(P.GE.EPM.AND.Q
IF(P.GE.EYM.AND.P
IF(P.GE.EYM.AND.P

*AND.Q.LE.EPM)

. IF(P.GE.EYM.AND.P

*AND.Q.LE.EYM)
IF(P.GE.0.0.AND.P
IF(P.GE.0.0.AND.P

- *AND.Q.LE.EPM) .

IF(P.GE.0.0.AND.

301

302

303

304

=AND.Q.LE.EYM)

P.

LE.

.EPM)
.EYM.AND.
.0.0.AND.
.EPM.AND.
.EPM.AND.

.EPM.AND.

.EYM.AND.
.EYM.AND.

EYM.AND.
GO TO (301,302,303,304,305,306,307,308,309,310,311,

*312,313,314,315,316,317,318)

RE(1) = DDXX
TR(1) = PP
ST(2) =
ST(3) = 0.0
ST(4) = 0.0
ST(5) = 0.0
ST(6) = 0.0
GO TO 400
RE(1) = C1
TR{1) = PP
RE(2) = DDXX
ST(3) =
ST(4) = 0
ST(5) = 0.0
ST(6) = 0.0
GO TO 400
RE(1) = Ct
TR(1) = PP
RE(2) = C2 -
RE(3) =
TR(3) = TT
ST(4) =
ST(5) = 0.0
ST(6) = 0.
GO TO 400
"RE(4) = C

-—

- RE(1)

Ct

(YPL = QEY + YSM )
0.

DDXX - RE(1) - RE(2)
YMOD * Q = UMC

D0 O D000

.LE.EPM)
LE.EYM)
.GE.EPM)
.GE.EYM.

.GE.0.0.

.GE.EPM)
.GE.EYM.

Q.

GE.0.0.

, KK

( YMOST = QEP + YPSM ) * UMC

* UMC

KK
KK
KK
KK
KK

KK
KK

KK
KK

-
-

K + L

2*xK + L
3xK + L
4%K + L
5%K + L
BxK + L
T*K + L
8xK + L
9%xK + L

[

P
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o

317

318

DLV =EITOUVWDYD O

— — — — q—

MO —<4——>om
DUTWN - WWH —4WRN = WW.

—AA—A A4 MO A ——OMm
e e e e
——— e e e O — ——— —

DU WN 2WW—
—_———————Z0D

(R R ALY YT, D ]

—

CONTIN

"RETURN

END

DDXX - RE(5) - RE(4)

o—
—
o

0.

-YMOD * P * UMC
00
D4
DDXX - RE(4)
TT

H o unwn

o
o

0.

-YMOD * P = UMC

(YPL * QEY + YSM) * UMC
0.0

DDXX

TT

0.0

0.0

-YMOD * P * UMC
YMOD * Q * UMC
0.0

0.0

Huununwonoouppeuwouan Hw#un
(]
O

UE
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.C********************************************************

C
SUBROUTINE STEP (EPS,HH,WW,TFF,TWW, YMOD, YPL,
* YMOST,EYM,EPM, YSM, YPSM, PP ,OM, SM,
B TAREA,EIX1G,EIX2G,EIX3G,EIX4G)
C .
C THIS ROUTINE COMPUTES THE TRANSFORMED SECTION
C PROPERTIES AND STRESS RESULTANTS FOR I- BEAM.
C
C *****************************************************
C .
IMPLICIT REAL*8(A-H,0-2)
C
DIMENSION EPS(5),DDX(4),T(4),RE(5),TR(5),ST(6)
C
DDX(1) = 0.5 * ww
DDX(2) = 0.5 * (HH - TFF)
DDX(3) = DDX(2)
DDX(4) = DDX(1)
T(1) = TFF
T(2) = TWW
T(3) = 7(2)
T(4) = T(1)
C
TAREA = 0.0
EIX1G = 0.0
EIX2G = 0.0
EIX3G = 0.0
EIX4G = 0.0
PP = 0.0
oM = 0.0
SM = 0.0
C
' DO 900 M=1,4
GO 70 (10,10,20,20),M
10 I =M+ 1
J =1-1
. GO T0 25
20 - I =M
J =1+ 1
25 TT. = T(M)
DDXX = DDX(M)
C
CALL STRAIN (EPS,RE,TR,ST,I,J,DDXX,TT,YMOD,YPL,
*YMOST ,EPM,EYM,YSM, YPSM)
C
TARER = 0.0
EIX1R = 0.0
EIX2R = 0.0
EIX3R = 0.0
EIX4R = 0.0
EIYIR = 0.0
EIY2R = 0.0
EIY3R = 0.0
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RN 0518

50
100

150
200
C

310

320

330

EIY4R = 0.0
DO 200 N=1,5

IF(N.GT.1) GO TO 50

SS = 0.5 * RE(1)
GO TO 100

§S =SS + 0.5 * (RE
TARER = TARER + RE(
IF(M.EQ.1.0R.M.EQ.4
EIXIR = EIX1IR + RE(
EIX2R = EIX2R + TR({
* + TR
EIX3R = EIX3R + TR(
* (0.2
EIX4R = EIX4R + TR
%* + SSx*
*
IF(M.EQ.2.0R.M.EQ.3
EIY2R = EIY2R + RE(
EIY4R = EIY4R + RE(
CONTINUE

GO TO (310,320,330,310),M
HY = -DDX(2)
EIXt = 0.0

EIX2 = 2. * EIY2R
EIX3 = 0.0

EIX4 = 2, * EIY4R
TARER = 2. * TARER
IF(M.EQ.4) HY = -HY
YI = HY

C1 = 2.0

GO TO 400

HY = 0.0

EIX1 = - EIXIR
EIX2 = EIX2R
EIX3 = - EIX3R
EIX4 = EIX4R

YI = 0.0

Ct = 1.0

GO TO 400

HY = 0.0

EIX1t = EIXIR

EIX2 = EIX2R

EIX3 = EIX3R

EIX4 = EIX4R

YI = 0.0

C1 = 1.0

GO TO 400

5/ 80.0
RE(N)*=*3 / 2.0
* RE(N) * SS*=*2 )
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400

TAREA = TAREA
EIX1G = EIX1G
EIX2G = EIX2G
EIX3G = EIX3G
EIX4G = EIX4G
RPP = 0.0

ROM = 0.0

RSM = 0.0

SUM = 0.0

STI = ST(1)

DO 700 N=1,5
STU = ST(N+1)
C2 = RE(N) =
IF(M.EQ.2) SU
IF(M.EQ.3) SU
IF(M.EQ.1.0R.
YU = YI + SUM
RPP = RPP + C1
ROM = ROM + C1
RSM = RSM + Ci
STl = STJ

YI =Yy
CONTINUE

PP = PP + RPP
OM = OM + ROM
SM = SM + RSM
CONTINUE

RETURN
END

+ 4+ 4+ + 4+

TARER

EIX1 + TARER * HY

EIX2 + TARER * HY=*HY

EIX3 + HY * (3.%EIX2 + TARER * HY*%2)
EIX4 + HY#**2 x (6.*EIX2+TARER*HY**2)

mn anN
H 2020
~—mrrm

0
OZ=
A — —
]

TT*TT / 2.

* .5 % RE(N) * TT % (STI + STy)

* RE(N) * TT * (STI*(2.*xYI+YJ)+

- STU*(2.%YJ+Y1)) /6.0

* RE(N) * TT*(STI*(4, *YI#*x2+2%YJx%2-C2)
¢ STU* (4, wYy*x2+2 *YI*%2-C2)) /12,

200
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C************************************************'********

C
SUBROUTINE STEP1 (EPS,HH,WW,TFF,TWW,YMOD,YPL,
* YMOST,EYM,EPM,YSM,YPSM, PP, TAREA)

C
C THIS ROUTINE COMPUTES THE TRANSFORMED SECTION
C PROPERTIES AND STRESS RESULTANTS FOR I- BEAM.
C
C *******************************,**********************
C
IMPLICIT REAL*8(A-H,0-2)
C . :
DIMENSION EPS(5),DDX(4),7(4),RE(B),TR(5),ST(6)
C .
DDX(1) = 0.5 * Ww
DDX(2) = 0.5 » (HH - TFF)
DDX(3) = DDX(2)
DDX(4) = DDX(1)
T(1) = TFF
T(2) = TWW
T(3) = T(2)
T(4) = T(1)
c
TAREA = 0.0
PP = 0.0
C
DO ‘900 M=1,4
GO 10 (10,10,20,20),M
10 I =M+ 1
Jd=1-1
GO T0 25
20 I =M
Jd =1+ 1
25 TT = T(M)
DDXX = DDX(M)
C
CALL STRAIN (EPS,RE,TR,ST,I,d,DDXX,TT,YMOD, YPL,
*YMOST ,EPM,EYM, YSM, YPSM)
C
TARER = 0.0
C
DO 200 N=1,5

TARER = TARER + RE(N) * TR(N)
200  CONTINUE

c
IF(M.EQ.1.0R.M.EQ.4) TARER = 2 = TARER
TAREA = TAREA + TARER

c
RPP = 0.0
STI = ST(1)

€1 = 1.0D0 -

IF(M.EQ.1.0R.M.EQ.4) C1 = 2.0D0

C

DO 700 N=1,5
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STY = ST(N+1)

RPP = RPP + C1 *
STI = STJ

CONTINUE
PP = PP + RPP

"

" n

CONTINUE
RETURN

-~ END

5 % RE(N) = TT = (STI + 5T4) ]




E.6 The Data Managing Package

This package is developed by Elwi and Murray (1977). It is
composed of functions ISPAC and LOCOM, subroutines REMOV, and REMOV2,
and a BLOCK DATA segment which initializes the common block DIMCOM.

The function ISPAC is called from subroutine MAINMG to define
an array in one of five common blocks. This function then calls function
LOCOM to check if this array is currently defined in the same common
block. If it is not, then ISPAC enters the name of the function in the
name directory (NAMES) corresponding to the required common block.
ISPAC then adds the length of this array to the current length of this
common block, and checks if the updated length of the common block
exceeds the maximum 1imit specified in MAIN. Finally it returns with
the position of the first element of this array in the common block.
Subroutine REMOV is called from MAINMG to remové any of the last defined
arrays in any common block from the name directory (NAMES), and the
pointer directory (IPT). Subroutine REMOVZ is called from MAINMG to
free an entire common block by initializing the corresponding column in
NAMES and IPT. The arguments of these segments are as follows

ISPAC (NAME, LEN, K)
LOCOM (NAME,K)

REMOV (NAME, K)
REMOV2 (K)

E.6.1 Description of the Arguments

NAME : the name of an array to be defined
LEN the array length
K :" A logical number to designate the required common block.

The listing of this package follows.
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C*********************************************************

FUNCTION ISPAC (NAME,LENGTH,K)

3 ok 2k ok ok 3K 3K XK K ok K Xk kK XK

A SIMPLE MANAGER WHICH WORKS WITH 5 FIXED LENGTH
COMMON BLOCKS, A 5-COLUMN NAME DIRECTORY AND
POINTER DIRECTORY

0 o o o ko R K R o oK o oK K oK K ok K o 3K 3K K 3 K oK oK oK ok K o K ok 3K 3 oK 3 K oK K 3 oK 3 ok 3K K o o ok oK
REAL*8 NAMES,NAME

COMMON /DIMCOM/ LAST1,LAST2,LAST3,LAST4,LAST5,MAXDIM,
’ *NAMES(5,20).IPT(5.21).ICOM(5)

CHECK IF NAME ALREADY EXISTS.
ISPACE = LOCOM(NAME ,K)
IF(ISPACE.EQ.0) GO TO 10
GO TO 100

ENTER NEW NAME IN DIRECTORY.
GO 70 (20,30,40,50,60),K

LAST1 LAST1 + 1
LAST LASTH

GO TO
30 LAST2 LAST2 + 1
LAST2

LAST
LAST3 + 1

N-—-OOO
OO
o (o)

o

o3 ~3n 1u0-~3Ju n-~3guun
(=]

GO 70
40 LAST3
LAST LAST3
GO TO '
50 LAST4 LAST4 + 1
LAST LAST4
- GO 7O :
60 LASTS LASTS + 1
LAST LASTS
70 IF(LAST.GT.MAXDIM) GO TO 200
NAMES (K,LAST) = NAME
ISPACE = IPT(K,LAST)
IPT(K,LAST+1) = ISPACE + LENGTH
IFC(IPT(K,LAST+1)-1).GT.ICOM(K)) GO TO 300
ISPAC = ISPACE
RETURN
EXITS RESULTING FROM DIAGNOSED ERRORS
100  WRITE(6,1000) NAME
1000 FORMAT (22H***NAME ALREADY EXISTS, 10X,A8)
GO TO 400 :
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200
2000

300
3000
400

WRITE(6,2000) NAME, K

FORMAT ( 17H**=TABLE OVERFLOW 10X, A8,14)

GO TO 400 _
WRITE(6,3000) NAME,K,IPT(K,LAST), LENGTH
FORMAT (23H*+*COMMON AREA OVERFLOW ,A8,314)
CALL EXIT '

END
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C*********************************************************

FUNCTION LOCOM (NAME K )

S ok ok ok ok oK K KK K
LbCATES INDEX OF A GIVEN NAME IN NAMES DIRECTORY.
****************************************************,
REAL*8 NAME,NAMES

COMMON /DIMCOM/ LAST1,LAST2,LAST3,LAST4,LASTS,MAXDIM,
*NAMES(5,20),IPT(5,21),ICOM(5)

GO 10 (10,20,30,40,50),K
10 LAST = LAST1

o OO0 O

GO 70 60

20 LAST = LAST2
GO TO 60

30 LAST = LAST3
GO TO 60

40 LAST = LAST4

GO TO 60
50  LAST = LASTS

60 IF(LAST.EQ.0) GO TO 200
DO 100 M=1,LAST
IF (NAMES(K,M) .NE.NAME) GO TO 100
LOCOM = M :
RETURN ‘

100 CONTINUE

200 LOCOmM = 0

RETURN
END
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C***********************************************************

(@] OOODOOOOO O

10
20
30
40
50
60

70
80
30
100
110
120

150
1500

SUBROUTINE REMOV (NAME,K)

3 A ok ke ok 3k K Ak Ak oK Ak 3k XK XK kK kK

REMOVES NAME, IF IT IS THE LAST VARIABLE IN COLUMN K,
IN DIRECTORY, AND UPDATES POINTERS ACCORDINGLY.

a0 o K o 3K K o K 3 ok K K o K ok o K o 3 K oK K K S K o K K K K ok K R K K o oK ok ok K o oK oK ke ok K ok ok o ok K
REAL*8 NAME,NAMES

COMMON /DIMCOM/ LAST1,LAST2,LAST3,LAST4,LASTS,MAXDIM,
*NAMES (5,20),IPT(5,21),1COM(5)

GO 10 (10,20,30,40,50) ,K

LAST = LAST1
GO TO 60
LAST = LAST2
GO TO 60
LAST = LAST3
GO TO 60
LAST = LAST4
GO TO 60
LAST = LASTS

IF(NAMES(K,LAST).NE.NAME) GO TO 150

LAST VARIABLE IN DIRECTORY COLUMN K IS NAME; REMOVE IT.

IPT(K,LAST+1) 0
NAMES(K,LAST) = 0
GO T0 (70,80,90,100,110),K
LAST1 = LAST1 - 1

GO TO 120

LAST2 = LAST2 - 1
GO T0 120

LAST3 = LAST3 - 1
GO TO 120

LAST4 = LAST4 - 1
GO TO 120

LASTS = LASTS - 1
RETURN

WRITE(6,1500) NAME,NAMES(K,LAST)
FORMAT (37H***NAME IS NOT LAST VARIABLE IN NAMES ,2A8)
CALL EXIT

END
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(C % 34 st o ok ok o ok o ok ok ok ok Sk o ok ok 3 oK oK oK 3K K 5K oK ok ok ok ok ok ok 3k K ok oK 3 3k 3K 3 5K 5K ok 3k ok 3k ok K ok ok ok ok 3Kk K oK

SUBROUTINE REMOV2 (K)

ok % K K K oK K oK K %k ok oK ok ok ok %k

INITIALISES COLUMN K IN NAMES AND IPT, AND LASTK

0 o 3 3K ok ok o K ok o ok K ok K ok ok o oK ok K o ok ok o o K ok o K ok o ok o 3 ok 3K ok 6 oK ok 3 oK ok K oK o K ok K oK K

REAL*8 NAME,NAMES

COMMON /DIMCOM/ LAST1.LAST2.LAST3,LAST4,LAST5,MAXDIM,
*NAMES(5,20) ,IPT(5,21),1COM(5)

GO 10 (10,20,30,40,50),K
10 LAST = LAST1
- LAST1=0
- GO T0 60
20 LAST = LAST2
LAST2=0
GO TO 60
30 LAST = LAST3
LAST3=0
GO 70 60
40 LAST = LAST4
LAST4=0
GO TO 60
50 LAST = LASTS
LASTS5=0

60 LASTN = LAST + 1
DO 100 J=2,LASTN

O OOOOOO0 (@}

J1 = J - 1
NAMES(K,J1) = 0
o IPT(K,J) =0
100 CONTINUE
C
RETURN
C .

END
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C*********************************************************

C

BLOCK DATA
c |
REAL*8 NAME ,NAMES
C
COMMON /DIMCOM/ LAST1,LAST2,LAST3,LAST4,LASTS,MAXDIM,
- *NAMES(5,20),IPT(5,21),ICOM(5)
C
DATA LAST1,LAST2,LAST3,LAST4, LASTS,MAXDIM, IPT(1,1),
w«IPT(2,1),IPT(3,1),IPT(4,1),IPT(5,1)/5%0,20,5%1/
C ‘ .

END

209
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E.7 Data’Storage and Retrieval Package

This package consists of six subroutines. Subroutines CLEAR
and ICLEAR initialize real and integer arrays, respectively. Subroutines
STORE1 and STORE2 store respectively integer and real arrays in backing
storage; while subroutines RTRV1 and RTRV2 retrieve respectively integer
and real arrays from backing storage. The arguments of these subroutines
are as follows

CLEAR (ARRAY, LEN)
ICLEAR (IARRAY, LEN)
STOREY1 (10, IARRAY, LEN)
STORE2 (I0, ARRAY, LEN)
RTRVI (IN, IARRAY, LEN)
RTRV2 (IN, ARRAY, LEN)

E.7.1 Description of the Arguments

ARRAY : the first element of a real array to be initialized,
stored or retrieved.

IARRAY : the first element of an integer array to be initialized,
stored, or retrieved. |

LEN :  the length of the array.

IN, I0 : a logical number which designates a sequential file.

The 1isting of this package follows.

PO
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O OO0 OO0 O O—=

C********************************************************

C .
SUBROUTINE CLEAR (ARRAY,LEN)
C 2K 3K 3K 3K 2 o 3 3 b ok 2 e ok oK K kK
C .
C THIS SUBROUTINE ASSIGNES 0.0 TO A REAL ARRAY OF
C LENGTH LEN.
C
C o5 ok 3 ok ok ok abe a0 i ok ok ok o oK ok kol ok ok ol o ok ke ok ok kOl ok ke ok M ok 3k ak ok ok k3l o kK 3K ok e ke K ok
C
IMPLICIT REAL*8(A-H,0-Z)
C
DIMENSION ARRAY(1)
C
DO 100 I=1,LEN
ARRAY(I) = 0.0
00 CONTINUE
RETURN
END
*g***********************************Q**************
SUBROUTINE ICLEAR (IARRAY,LENGTH)
a4 3k 3k 2 3k ok 3k ok ok 3 e ok ok oK 3K ok oK ’

THIS SEGMENT INITIALISES AN INTEGER ARRAY OF
LENGTH‘(LEN).
**********************************#**************
DIMENSION IARRAY(1)

DO 100 I=1,LENGTH
IARRAY(I) = 0

100  CONTINUE
RETURN

END

211
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O O O O OO0 O0O0OOOOO00D. O O O 000000 O

212

C******************************************************

SUBROUTINE STORE1 (10,I1ARRAY,LEN)

3 ok o 3k ok o ke 3k ok ok k-3 K ok ok Kk

STORES AN INTEGER ARRAY OF LENGTH LEN ON FILE(10).
‘¥*************************************************
DIMENSION IARRAY(LEN)
WRITE(IO) IARRAY
RETURN
. END

3 3k 3 3 330 3 Ok D e ok o S 3 ok sk ke oie 3 3k sk sk k3K oK ok ok ol 3¢ 3K o 3K o 3k ok Tk ok ok ok ok i e i ok K R N K

SUBROUTINE STOREZ2 (10,ARRAY,LEN)

3k 3 3k 3k K 3k 2k A ok 3Kk K 3k 3k A ok sk

STORES A REAL ARRAY OF LENGTH LEN ON FILE (10)
3k 3 b 3¢ 3e 31 3 3 3 3k 3k 3 e 3k ok 3k 3K 3 e ok ok K Sk 3K ok 3 kK 3 ok 3k ok 3K 2K 3K k3K b ok 3k ok ke K ok ok ke 3k K ke
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION. ARRAY (LEN)
~ WRITE(10) ARRAY
RETURN
END

P
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C******************************************************

SUBROUTINE RTRV1 (IN,IARRAY,LEN)

K 3K 3k 3 2k 2 3k ok 2K XK 3K ok X X %k Xk

RETRIEVES AN INTEGER ARRAY OF LENGTH LEN,
FROM FILE(IN). ' )

KK KKK K KKK KKK KKK R oK KRk
DIMENSION IARRAY(LEN)

READ(IN) IARRAY

RETURN

END

OO0 O (@ (@) OOOOOOO0O O

"o 3k ok o 3K 3 3k 3¢ K 3K 3 3k 3 3K Ak 2k 3k 2 K 3¢ 3k 2k 3K 3k ¢ ok e 3k 3k A 3K ok ok ok 3 ok 3k 2k ok Ak 3k ok ok A K o ok e 3k oK K K A Kk

SUBROUTINE RTRV2 (IN,ARRAY,LEN)

"TITTIITISIE S 22

RETRIEVES A REAL ARRAY OF LENGTH LEN, FROM FILE (IN).

e 8 o o o o ok o K o o 3k K o o o 6 3 oK K K oK R K K ok o KR R o K K K oK
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION ARRAY(LEN)
READ(IN)ARRAY
RETURN

“END

(@ NN @] OO O OOOO0O0O O
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E.8 Common Input Subroutines

The following subroutines are common to programs NONELA, INPLAF,
PLAFIT, and INSTAF. The subroﬁtines are input subroutines which read
the Boqndary conditions and loading. Description 6f the subroutines can
- be found in the listihg which follows. These subroutines in a]phabetica?

order are:

- BOUND
JLOAD2
MLOAD2

—

e

[SS—
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C***********************************************************

O O OO0 O

100

C
C
C
C

1000
2000

2100

C

SUBROUTINE BOUND (BES,NPB, KODE NEBEL,IN,IO)

3k 3 3k ok ok 3K 4k K A K oK kK K kK

THIS SEGMENT READS THE EXTERNAL BOUNDARY CONDITIONS
o o o o 3K K o ok o o o S K K o o oK K K K o o 3K KK oK KK K o o oo o K K R o o K K K o o o
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION BES(1),NPB(1),KODE(1)
DO 100 J=1,NEBEL

'READ -(IN, 1000) N,NPB(N), KODE(N) BES(N)

IF(BES(N}.EQ.O) BES(N) = 1.0E20
WRITE(IO.ZOOO) '
WRITE(I10,2100) (N,NPB(N),KODE(N),BES(N),N=1,NEBEL)

RETURN

FORMAT STATEMENTS

FORMAT (316,F12.0)
FORMAT (///,T730,' EXTERNAL BOUNDARY ELEMENTS DATA' /,

*730, 31(1H*)//
*3(5X 1HN, 4X, 3HNPB 1X, 4HKODE , 8X, 2HEB,5X) /)

FORMAT  (3(316, D15.6))
END

215
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C***********************************************************

OO O OO0 O

100

225

250
275

300

400

500

550

- SUBROUTINE JLOAD2 (BC,BV,BES,IDO,IN,10)

% 3k ok o 3k ok K ok ok %k ke ok ok ok ok ok K

THIS SEGMENT READS JOINT LOADS AND/OR DISPLACEMENTS

3 3 3 2k 2k 3k e 3k ok ok o sk K ok ok ok Sk sk K %k ok ok ok 3k ke ok k3K 3 ok 3k 3k ok 3k ok 3k ok 3k 3 ok 3k 3K A 3K 3 K % 3k 3K oK %k ok K

IMPLICIT REAL*8(A-H.0-Z)

DIMENSION BC(1),BV(1),BES(1),NBEL(3)

WRITE(10,2000)
READ (IN,1000) N,IDESP,(NBEL(1),1=1,3),INC
IF(N.LE.O) GO TO 900
N3 = IDO * N - IDO + 3
N2 = N3 - 1
= N3 - 2
READ (IN,1100) JKODE,LVF,U,V,R
IF(IDESP.EQ.0) GO TO 300

K = JKODE
IF((K-100).LT.0) GO TO 225
U= U = BES(NBEL(1))
K=K - 100
IF((K-10).LT.0) GO TO 250
V = V » BES(NBEL(2))
K=K- 10
IF(K.EQ.0) GO TO 275
R =R x BES(NBEL(3))
CONTINUE
WRITE(IO0,2100)N, (NBEL(I),I=1,3),INC
WRITE(I0,2200) JKODE,LVF,U,V,R
. LVF = LVF + 1 :
- GO 70 (400,500),LVF
BC(N1) = BC(N1) + U
BC(N2) = BC(N2) + Vv
- BC(N3) = BC(N3) + R
- GO TO 550
BV(N1) = BV(N1) + U
BV(N2) = BV(N2) + Vv
BV(N3) = BV(N3) + R
CONTINUE

IF(INC.EQ.0) GO TO 800
NINT = (N-NOLD) / INC - 1

L = NOLD

DO 700 I=1,NINT

LL = L + INC

L3 = IDO = LL - IDO + 3
L2 = L3 - 1

L1 = L3 - 2
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TO (8600,650),LVF
600 BC(L1) = BC(Lt1) + U
BC(L2) = BC(L2) + V
BC(L3) = BC(L3) + R
GO TO 700
650 BV(L1) = BV(L1) + U
BV(L2) = BV(L2) + V
BV(L3) = BV(L3) + R
700 L = LL
800 NOLD = N
GO TO 100
800  CONTINUE
C
RETURN
C
C FORMAT STATEMENTS
C

1000 FORMAT (615)
1100 FORMAT (215,3F12.0) _ ,
2000 FORMAT (///,T30,’ JOINT LOADS DATA AS INPUT'/,T30,
. *25(1Hx)//,’ N NBU NBV NBR INC CODE LVF',
*6X, U’ , 14X, V' ,14X,'R" /)
2100 FORMAT (515)
2200 FORMAT (27X,215,3D15.6)

€
END

217
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C*******************************************************#***

C
SUBROUTINE MLOAD2 (X,Y,FEFC,FEFV,BC,BV,NOD, MKODE,
* : UNIT,IDO,NJ,IN, 10)

3 ok 3k ok ok ok 3k ok 3k ok ok K ¥k kK ok X K

THIS SUBROUTINE READS MEMBER LOADS AND CALCULATES
THE END FORCES. THE END FORCES ARE STORED IN VECTOR
B AS EQUVALENT LOADS, AND IN VECTOR FEF AS MEMBER END
FORCES. THE JOINT LOADS ARE THEN ADDED T0O B .

0 3o 0 oo K ook S K K o oK K K ok oK K K ok Sk K K o ok K K ok ok Kk ok Sk K ok ok ok K K ok oK K K o Sk ok K S oK K O
IMPLICIT REAL*8(A-H,0-2)

"~ DIMENSION X(1).Y(1).FEFC(1).FEFV(1).BC(1),BV(1),
*NDD(2.1),MKODE(1),FQ(6),FK(6)

MODIFY UNITS FOR LOAD VECTOR

DO 200 I=1,NJ

11 = IDO %I -
BV(II) = BV(II)

_ BC(II) = BC(II)
200  CONTINUE

C  READ AND PREPARE MEMBER LOADS

C13 = 1. / 3.
WRITE(10,2000)
210  READ (IN,1000) M,LVF,INC,K,CL,CN,QI,Al,Qu, Ay
- IF(M.LE.O) GO TO 800
WRITE(10,2100) M,LVF,INC,K,CL,CN,QI,AI,QJ,Ad

O OO0

OO0

+ 3
UNIT
UN

IDO
%k
* IT

I
I
I

KKK = 0
MM =M
.1 = NOD(1,MM)
J = NOD(2,MM)
DX = (X(J) - X{(I1))
DY = (Y(J) - Y(I))
XL = DSQRT(DX#*%2+DY**2)
CT = DX / XL :
ST = DY / XL '
DC = 1. / DSQRT(CL**2+CN*%2)
COSG = DC * CL
SING = DC * CN
AIM = 1. - Al
C .
GO TO (300,400,500} ,K
C
C FIXED END FORCES FOR CONCENTRATED LOADS
c .
300 COSG = COSG * QI
SING = SING * QI

FQ(3) = -AIM**2*AI*XL*SING

—————
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HEOOO0

OO0

FQ(B) = AIM*AI*%2%XL*SING
DV = (FQ(3) + FQ(6)) / XL
FQ(1) = -AIM*COSG
FQ(2) = -AIM * SING + DV
FQ(4) = -Al * COSG
FQ(5) = -Al * SING - DV
GO TO 600

FIXED END FORCES FOR UNIFORM LOADS
D1 = AJ - Al
D2 = 0.5 % (AJ**2 - Al**2)
D3 = C13 * (AJ**3 - Alx*3)
D4 = 0.25 *(AJ**4 - Alx*4)
COSG = COSG * QI * XL
SING = SING * QI * XL
FQ(3) = -XL = SING * (D2 - 2.*D3 + D4)
FQ(6) = XL * SING * (D3 - D4)
DV = (FQ(3) + FQ(8)) / XL
FQ(1) = -COSG * (D1 - D2)
FQ(2) = -SING * (D1 - D2) + DV
FQ(4) = -COSG * D2
FQ(5) = -SING * D2 - DV
GO TO 600

FIXED END FORCES FOR TRAPEZOIDAL LOADS

AL = XL / (AJ - AI)
COSGI = COSG * QI * AL
COSGU = COSG * QU * AL
SINGI = SING * QI * AL
SINGJ = SING * QU * AL
D1 = AJ - Al
D2 = 0.5 % (AJ**2 - Al*x2)
D3 = C13 % (AJ**3 - Al*x3)
D4 = .25 % ( AJ*x4 - Al*%4)
D5 = 0.2 * (AJ**5 - Al*x5)
D6 =D2 - 2.%D3 + D4
D7 = D3 - 2.%D4 + D5
AL = AJ*D1 - (1.+AJ)*D2 +D3
BII = AJ%D6 - D7
AlJ = D2 - D3 - AI*(D1-D2)
BIJ = D7 - AI*D6
AJI = AJ*D2 - D3
BJI = AJ*(D3-D4) - (D4-D5)
AJJ = D3 - AI*D2
BJU = D4 - D5 - AI=(D3-D4).
FQ(3) = -XL * (SINGI*BII + SINGU*BIJ)
FQ(B) = XL * (SINGI*BJI + SINGU*BUJ)
DV = (FQ(3) + FQ(6)) / XL
FQ(1) = -(COSGI*AII + COSGU*AIJ)
FQ(2) = -(SINGI*AII + SINGJ*AIJ) + DV
FQ(4) = -(COSGI*AJI + COSGU*AJY)
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DOOO

605

610

620

630
640

650-

660

665 -

670

675

700

FQ(5) = -(SINGI*AJI + SINGU*AJJ) - DV

MODIFY END FORCES VECTOR FQ FOR HINGED ENDS

CONTINUE

KI = MKODE(MM) + 1

DO 605 KK = 1,6

FK(KK) = FQ(KK)

GO TO0 (650,620,630,610),KI

FK(3) = 0.0

FK(6) = 0.0

GO TO 640

FK(86) = FK(6) - 0.5*FK(3)

DV = 1.5%FK(3) / XL

FK(3) = 0.0

GO TO 640

FK(3) = FK(3) - 0.5%FK(6)

DV = 1.5%FK(6) / XL
K(2) = FK(2) - DV~

FK(S) = FK(5) + DV

FK(3) = FK(3) = UNIT

FK(6) = FK(B) * UNIT -

ASSEMBLE FQ INTO FEF

I1 = IDO * NOD(1,MM)
JU = IDO * NOD(2,MM)
LVF = LVF + 1

GO TO (660,670),LVF
DO 665 KK=1,6

KEF = KEF + 1
FEFC(KEF) =
CONT INUE

C.C.C ot

C. C C_rerer—

— ] f ~— 1 ¥
—_— D

I T T T T

FEFV(KEF) =
CONTINUE

MM MOLD
IF(MM.GT.M) GO TO 999
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IF(MM.EQ.M) GO TO 750
IF(INC.EQ.0) GO TO 750

GO TO 600
750  CONTINUE
MOLD = MM
c GO TO 210
800  CONTINUE
C
RETURN
C
999 WRITE(IO, 9999) MM, M
STOP
C
C FORMAT STATEMENTS
C

1000 FORMAT (414,2F12.0,4F10.0)

2000 FORMAT (///,730,’ MEMBER LOADS AS INPUT // 4x,
*M LVF INC CODE’ 6X, CL’,13X,’CN’, 13X, QI’,
*13X,'AI’,13X,’Qd’,13X,’Ad’/)

2100 FORMAT (415,6D15.6)

9999 FORMAT (‘' GENERATION INCREMENT ERROR MM=',15,

x M=, I5)
END

C

221



E.9 Common Subroutines in the Equation Solving Package

Two subroutines in the equation solving package are common to

all programs. These are ADDRES and COLHT.

can be found in the listing which follows.

Description of the subroutines

222
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C*********************************************************

SUBROUTINE ADDRES (MAXA,MHT,NEQ,NWA)
ok ok ok 3k 3k 3k 2k 3k oK K 3k K ok kK %k ok : A
THIS SUBROUTINE CALCULATES THE ADDRESSES OF THE
DIAGONAL ELEMENTS AND LENGTH OF A STIFFNESS MATRIX
UPPER TRIANGLE STORED COLUMN-WISE UNDER A SKYLINE.
2 ¢ e 3k o 2k 3k A 3k 2k A dic ke e afc o Kk Ak 3k K o A 3Kk K ak A Ak ok A N A 3 3¢ D o i sk D e 3 3 3 K 3 Sk i 3 Al ¢ Ak A
DIMENSION MAXA(1),MHT(1)
NM = NEQ + 1
MAXA(1) = 1
c MAXA(2) = 2
IF(NEQ.EQ.1) GO TO 30
DO 20 I=2,NEQ
MAXA(I+1) = MAXA(I) + MHT(I) + 1
20 CONTINUE
C .
30 NWA = MAXA(NM) - 1
RETURN
C

END

223
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C*******************************************************

100
120

150
200

300

- DO 300 %

SUBROUTINE COLHT (NB,ND,IDO,ME,MHT,NP)

o ok ok 3K K A ok 3k ok K ok kK kK K K

~ THIS SUBROUTINE IS CALLED PER ELEMENT TO FORM AND
UPDATE THE COLUMN HEIGHT ARRAY (MHT).

3 A A 3k ke k3 o ok ok K K kK Ak e oK 3k 3k ke e e sk ok ke 3 ke ok ok 3K dk 3k ok ok i 3 3K e 3K o 3k K K ok ok 3k oK K Bk

DIMENSION MHT(1),NP(NB,1),LM(6)

= IDO * I - IDO + KK
DO) = IDO * J - IDO + KK

DO 200 I=
IF(LM(1)-
LS = LM(I
CONT INUE

150,200,200

11 = LM
MB = Il - L
IF (MB.GT.MH
CONTINUE

(I1)) MHT(II) = MB

~ RETURN
~ END

224
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E.10 Common Subroutines in Formulation and Output

This group of subroutines is used in the formulation. They
are common in some of the programs. Descriptions of the subroutines
can be found in the listing which follows. These subroutines in alpha-
betical order are

ASSEMB
BOUNDI
BOUND2
CONVER
DINCR
DISPL1
ELEMS
MNHING
MODIFY
MULT
MULTZ
SHAPE
STRES]
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C**********i_k***********************************************

WOOO O OO0OO0OO0OOOO0O O

o
o

400

500
600

"+ RETURN

SUBROUTINE ASSEMB (MAXA,S,A,LM,ND)

e 3K e ok 3k e 3K A Ak ok o Ak o K Xk ok kK

THIS SUBROUTINE ASSEMBLES THE ELEMENT STIFFNESS
MATRIX INTO THE STRUCTURE STIFFNESS MATRIX IN GLOBLE
COORDINATES. - | |

3K 3k 3k e 2 3k 3K ok A e kK K 3K K A 3Kk K ok 3K A K 3Kk ok 3Kk ke A 3k ok 3K 3k 3k 3k e 3 o kK ke K K 3K 3 K 3k Kk ke oK 3K XK 2k

IMPLICIT REAL*8(A-H,0-Z)
DIMENSION MAXA(1),A(1),S(21),LM(ND)

" ADD STIFFNESS MATRIX TO STRUCTURE STIFFNESS MATRIX

NDL = O

DO 600 L=1,ND
LL = LM(L)

ML = MAXA(LL)
KS = L

DO 500 N=1,ND
NN = LM(N)

LN = LL - NN
IF(LN) 500,400,400
KK = ML + LN
KSS = KS

IF{N.GE.L) KSS=N+NDL
A(KK) = A(KK) + S(KSS)
KS = KS + ND - N

NDL = NDL + ND - L

END
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C**********************************************************

SUBROUTINE BOUND1 (A,MAXA,NPB,KODE,BES,NEBEL)

K 3k 3k 3k kK 3k 3k 3k d 3k 3k i 2k o ¥ %k %k

THIS ROUTINE ADDS EXTERNAL BOUNDARY CONDITIONS
TO STIFFNESS MATRIX A .

*****************************************************

IMPLICIT REAL*8(A-H,0-Z) ‘
DIMENSION A(1),MAXA(1),NPB(1).KODE(1).BES(1);7

O O OO0 O

; GO TO 100
EX
KOD = KOD - 10
100  IF((KOD-10).LT.0) GO TO 200
NK MAXA (NN-1)
CA(NK) = A(NK) + EX
~ KOD = KOD - 10
200 IF(KOD.EQ.0) GO TO 300

0
2
0
)
1

NK . = MAXA(NN)
A(NK) = A(NK) + EX
300 CONTINUE
C
RETURN
C

END
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C*****************************#*****************************

O O OO0 O

100

200 .

300

400

500

800
c

- NK

SUBROUTINE BOUND2 (A,B,MAXA,NPB,KODE,BES,NJ,NEBEL,10)

3 3k 3 3k A 3 ok 3k ok K ke ok A oK Kk

THIS ROUTINE ADDS EXTERNAL BOUNDARY CONDITIONS

TO STIFFNESS MATRIX A .

2k 3k 3k 3K 2 3K 2k 3K 3k 3K 2k 3K K o 2k Ak 3K e K 3k K 3K 3 ok 3k ok K ok ok Ak K ke 3K K K ok K K oK 3K o K o K e kK ok K ok oK XK K X

IMPLICIT REAL*8(A-H,0-Z)

DIMENSION A(1),B(1),MAXA(1) ,NPB(1),KODE(1),BES(1)

DO 500 K=1,NEBEL

N = NPB(K)
KOD = KODE (K)
EX = BES(K)
NN =5 %N
IF ((KOD-10000).LT.0) GO TO 100
NK = MAXA(NN-4)
B(NN-4)= 0.0
A(NK) = A(NK) + EX
KOD = KOD - 10000
IF((KOD-1000).LT.0) GO TO 200
NK = MAXA(NN-3)
B(NN-3)= 0.0
~ A(NK) = A[NK) + EX
KOD = KOD - 1000
IF((KOD-100).LT.0) GO TO 300
) = MAXA(NN-2)
. B(NN-2)= 0.0
“ A(NK) = A(NK) + EX
KOD = KOD - 100
IF((KOD-10).LT.0) GO TO 400
NK = MAXA(NN-1)
B(NN-1)= 0.0
A(NK) = A(NK) + EX
KOD = KOD - 10
IF(KOD.EQ.0) GO TO 500
= MAXA(NN)
B(NN) = 0.0
A(NK) = A(NK) + EX
CONT INUE
WRITE(10,2000)
DO 800 N=1,Nd
NS = N * 5
Ni = N5 - 4

WRITE(10,2100) N, (B(NN),NN=N1,N5)
RETURN

C FORMAT STATEMENTS

C

2000

FORMAT (//,'NODAL UNBALANCED FORCES'//,5X,'N’

vexr
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' FU’ 13X, FV' ,13X,'FR' ,13X,’ FDU’ , 13X, FDV' /)
2100 FORMAT (16,5D15.6)

C
END
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C**********************************************************

OO OO0 O

100

300

C
C
C

2000

400

SUBROUTINE CONVER (DB,C,CONVD,IT,TOL,ITLIM,NEQ.IF,IO)

e e 32k 2k ok e K K K K 3K K ok kK K

THIS SUBROUTINE TESTS THE CONVERGENCE IN LOAD
AND DISPLACEMENT.

0 sk o ok e o 3 S K ok oK o ok o o oK K oK o oK K oK ok 3k o ok K ok K ok K o 3 ok ok K ok o o ok o ok o ok o ok
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION'DB(1)

DF = 0.0

DO 100 I=1,NEQ

DF = DF + DB(I) * DB(I)

DF = DSQRT(DF)

CONVB = DF / C
IF(CONVB.LT.TOL.AND.CONVD.LT.TOL) GO TO 300
IF(IT.GT.ITLIM) GO TO 300
WRITE(10,2000) IT,CONVB,CONVD
IF=1

GO TO 400

WRITEéIO,ZOOO) I1T,CONVB, CONVD
IF =

RETURN

C  FORMAT STATEMENT

FORMAT (//,5X,’ ITERATION NO.’,15,5X,

*' LOAD TOLERANCE =',F12.6,5X, :
*'DISPL. TOLERANCE =',F12.6//,5X,85(1Hx)//)

. END
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(€ 2% 3 ok 8 ke ok ok ok 3k ke ok k3 3k ok ok 36 oK o oK ok oK oK 3K 3K oK oK 3K 3K o oK 3K ok 3K ¢ 3 ok e o o o ok sk 3 K ke o 3k o oK K oK K K

C
SUBROUTINE DINCR (B,DD,TD,NEQ,IT,C,CONVD,NJ,I10)
C 2k 2 oK b ok ok oK ok 3 ok ok ok ok ok A Kk
C 3
C THIS ROUTINE EVALUATES THE SQUARE ROQT OF SUM
C OF THE SQUARES OFTHE LOAD VECTOR. ALSO EVALUATES
C THE CONVERGENCE IN DISPLACEMENTS.
C .
C 3§ ak 2k K 2 3k 3 3K 3 3k ok ok kK 3 ok K 4 3k 3 3k o 3K o e 3k 3 o oAk K kK ke ok ok 9k oK 3k ak K 3K ok 3k Dk ok ok 3k ok ok ok ok K
C .
IMPLICIT REAL*8(A-H,0-Z)
C
DIMENSION B(1),DD(1),TD(1)
C
IF(IT.GT.2) GO TO 150
C=0.0
DO 100 I=1,NEQ
100 C=C+B(I) = B(Il)
C = DSQRT(C)
150 D =0.0
D1 = 0.0
DO 200 I=1,NEQ
D =D+ DD(I) = DD(I)
DD(I) = DD(1) + TD(I)
200 D1t = D1 + DD(I) * DD(I)
D = DSQRT(D)
D1 = DSQRT(D1)
CONVD = D / D1
C
WRITE(I10,2000)
DO 300 N=1,NJ
NS = N x5
N1 = N5 - 4
300 WRITE(10,2100) N, (DD(NN),NN=N1,N5)
C :
RETURN
c .
C FORMAT STATEMENTS .
C

2000 FORMAT (//,' TOTAL NODAL DISPLACEMENTS',//, 4X,'N’,
*7X,' U’ , 14X,/ V', 14X, R’  13X,’ DU’ , 13X, DV /} |
2100 FORMAT (I14,5D15.6) i

C
END
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C********************************************************

O O 0000A0OO O

100

300
C

C
C
C

2100
C

2000

SUBROUTINE DISPL1 (FEF2,B,FEF,NJ,NE,IDO, IN, 10]

3% 3k 3k 3 3k ok K A ok 3k ok XK K Kk XK

THIS SUBROUTINE OUTPUTS NODAL DISPLACEMENTS FOR LOAD
CASE (K). IT PREPARES DUMMY VECTOR FEF2 TO CALCULATE

OF MEMBER END FORCES.

3 2k ok o 2k 2k 3k ok ok ok Sk e 3 3k o R 3k 3 ok 2k ok ok ok K ok a3k K 3k A 3k 3k ok ok 3 3 3k ok 3K s Ik 3K gk 3k k3K 3k K ok 3 % ok sk

IMPLICIT REAL*8(A-H,0-Z)
DIMENSION FEF2(1),B(1),FEF(1)

WRITE(I0,2000)

DO 100 N=1,NJ

N2 = N = IDO

N1 = N2 - IDO + 1

WRITE(I0,2100) N, (B{NN),NN=N1,N2)
DO 300 II=1,NE

IIl = 6*I1 + 1

DO 300 Jy=1,6

FEF2(III-Jdd) = FEF(I1I-yUJ)
CONTINUE

RETURN

FORMAT - STATEMENTS
FORMAT (//,’ NODAL DISPLACEMENTS’}//

*,4X, "N, 7X," U, 14X,' V' 14X, R’ , 13X,/ DU’ ,13X,'DV’' /)

FORMAT (15,5D15.6)
END

23
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C**********************************************l***********

C

SO O OO0

SUBROUTINE ELEMS (A1,S,CL,SL,CL2,SL2,CSL,
C2 52 sci

ok 3 ok ok ak ak ok ok K 3K o oK 3 oK oK K

THIS SUBROUTINE FORMS THE ELEMENT STIFFNESS
MATRIX (ELASTIC OR GEOMETRIC)

****************************************************

IMPLICIT REAL*8(A-H,0-Z)
DIMENSION A1(7),S(21)

Pldt OOO~NOUITER WA ca O e e e e e e

nununUnLmVOOBVILOLIBTLLIOLMODUL U, Onnyw

s — — — — — — — — — — — — A— — — — — — — —

RETURN
END

(IO T T ¢ T { O £ TN { TN L PO (OO [ AN N T RN T UL N T O LD L OO L O |

A1(1) * C2 + A1(2) * SL2
A1(1) = SC - A1(2) = CSL
-A1(3) * SL

-5(1)

-5(2)

-A1(4) = SL .

A1(1) * S2 +A1(2) = CL2
A1(3) = CL

-S(2)

-S(7)

A1(4) = CL

A1(5)

-S(3)

-5(8)

A1(6)

S(1)

S(2)

-S5(6)

S(7)

~S(11)

A1(T7)
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C**********************************************************

C
SUBROUTINE MNHING (NOD,MKOD,NPB,MAXNH,6NE,NJ,NEBEL)

C 3 oK ok o ok o K oK 3k 2 o ok A K ok Ak Kk
C
C THIS SUBROUTINE CALCULATES THE MAXIMUM NUMBER
C OF HINGES THAT CAN BE FORMED AT ONE JOINT.
¢ :
C ok 2K sk ok ok 3k 3k 3K 3K 3K o o 3 K ok ok 3k 3K 3k sk ke K 2k 3 3 3k 9k 3 ke e sk 3 o oK ok K 3k 3K 3k e oK 3 3K o ok e e ok
C . .

IMPLICIT REAL=*8(A-H,0-2)
C .
, DIMENSION NOD(2,1),MKOD(1) ,NPB(1),MAXNH(1)
c v

DO 100 M=1,NE

I = NOD(1,M)

J = NOD(2,M)

K = MKOD(M) + 1

GO TO (50,60,70,100),K
50 MAXNH(I) = MAXNH(I) + 1
_ MAXNH(J) = MAXNH(J) + 1

GO TO 100
60 MAXNH(I) = MAXNH(I)

MAXNH(J) = MAXNH(J) + 1

GO TO 100
70 MAXNH(I) = MAXNH(I) + 1

MAXNH(J) = MAXNH(J)
100 CONTINUE
C :

DO 200 I=1,NJ

MAXNH(I) = MAXNH(I) - 1
200 CONTINUE
C

- DO 300 I=1,NEBEL
K = NPB(1)
- MAXNH(K) = MAXNH(K) + 1
300 CONTINUE
c
RETURN
C

END
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C*********************************************************

C
SUBROUTINE MODIFY (K,C)
C o 2k oK ok A o 3K 2K o 3K ok oK K K 3K K K
C
C THIS SUBROUTINE MODIFIES THE STIFFNESS MATRIX FOR
C EACH MEMBER THAT IS NOT FIXED AT BOTH ENDS
o .
C 30 30 306 36 ok 2 o ok 3 3k ok 6 2k oK ok b e ok s sk ok ok 3 i 3K ok I 30 o 3 ok ok 3k ik 3k e ok 2k 3k ok oK e o ok ok ok ok ke oK
C . .
IMPLICIT REAL*8(A-H,0-Z)
C
DIMENSION C(7)
C ;
GO TO (100,200,100),K -
100 C(2) = C(2) - C(3) = C(3) / C(5)
C(4) = C(4) - C(3) = C(6) / C(5)
C(7) = C(7) - C(B) = C(6) / C(5)
C(3) = 0.0
C(5) = 0.0
cie) = 0.0 .
IF(K.EQ.3) GO TO 200
GO TO 300 .
200 C(2) = C(2) - C(4) = C(4) / C(7)
C(3) = C(3) - C(4) = Cc(6) / C(T7)
C(5) = C(5) - C(6) * C(6) / C(7)
C(4) = 0.0
c(6) = 0.0
C(7) = 0.0
300 CONTINUE
C .
RETURN
C
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c*********************************.**************************

C
SUBROUTINE MULT1 (TT,B,V,MAXA,NN,NWA)
C e 3k .5k sk ok gk 3k 3 ok 3k K K % Kk . ,
c
C THIS SUBROUTINE EVALUATES THE PRODUCT OF MATRIX
C B (IN COMPACTED FORM) TIMES VECTOR V AND STORE
g RESULT IN TT.
C 5 o s o 3 ok S o 9 S e e o 8 ok s K o ok Kk o o o ok K ok ok ok ok 3k sk K ok ok ok ok K 3 6 o K ok ok K ok o ok ok o
C
IMPLICIT REAL*8(A-H,0-2)
C s
DIMENSION TT(1),B(1),V(1),MAXA(1)
C '
IF(NWA.GT.NN) GO TO 20
| DO 10 I=1,NN
10 TT(1) = B{I) * v(I)
C
' RETURN
C
20 DO 40 I=1,NN
40 -~ TT(l) = 0.
| DO 100 I=1,NN
KL = MAXA(I)
KU = MAXA(I+1) - 1
I =1 + 1
CC = V(I)
DO 100 KK=KL,KU
SRR & IR O SN
100 TT(II) = TT(I11) + B(KK) * CC
IF(NN.EQ.1) RETURN
. DO 200 I=2,NN
© KL = MAXA({I) + 1
KU = MAXA{I+1) - 1
, IF{KU-KL) 200,210, 210
210 I1 =1
AA = 0.0
DO 220 KK=KL,KU
I =11 -1
220 AA = AA + B(KK) = V(II)
TT(1) = TT(1) + AA
gOO CONTINUE
RETURN
C

END

236




S erta

OO O OO0 O

PUrsiy -

C**********************************************************

P =3
o

100
150

210

220
230
20
C

SUBROUTINE MULT2 (TT,B,V,MAXA,NR,NC)

%k 3K 3 2k 3k 2k 3K 3k 3K 3K 3K oK Ak oK K Ak

THIS SUBROUTINE EVALUATES THE PﬁODUCT OF MATRIX
B (IN COMPACTED FORM) TIMES MATRIX V AND STORE
RESULT IN TT.

2k 3k 2k o 2K 34 2 ok 3 ok k3 ok 2Kk 3k 3K 3 ok 3k 2 ok 3k ok 3 2k e 3k ke 3k ok e ok 3k ok sk 3k ok e ok 3k ok 3k ok ke 3k K ok ok oK

IMPLICIT REAL*8(A-H,0-2)

DIMENSION T7(8,10),B(1),v(8,10) ,MAXA(1) -

~—
nn
nmnn o

O

-~ P>
XoO r>xXX>x+—CcOm-—-— Ri= + >X <X + = C_
> >

o
F O] —0O00C

GO TO 150
TT(II,d) + B(KK) * CC

RETURN

mocc r +—

e
-n
R U UNDNNZ ==t BN =
OO it
—OOH I E: 00 Z-
. Xrr>r
-~ >
—~e— O N = -
N +—¢ - .
oc c ZZ
o0

U
Il

L,KU
0 TO 230

G
KK) = V(II,J)
(I,J) + AA

[
1]

W=t nN
— N
C~—>r
-
" + -
~ B~ — X

—f

RETURN
END
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(C 290 30 30 2 ok 30 ok ok 3k 3k 3 2k 3k 3 ok ok 3k 3 o ok 3 oK K ok K 3 oK ok ok o 3k 3K ok 3k ok oK ¢ ok 3k oK K o 2 3k ok ok oK ok K oK ok ok o ok 6 ok oK K

C
SUBROUTINE SHAPE (XI,PHI,PHIP,PHIDP,IG)

C 0 3 o ok ok ok ok o ok ook ok oK oK ok K
C .
C THIS SUBROUTINE EVALUATES THE SHAPE VECTOR
g DERIVATIVES FOR EACH GAUSS POINT IN A BEAM ELEMENT.
C **********************************.*******************
¢ ' ‘
c IMPLICIT REAL*8(A-H,0-Z)

DIMENSION PHI(4 1) PHIP(4 1),PHIDP(4,1)

XIP1 = XI '+ 1.

XIP2 = XL + 2,

XIP12 = XIP1 = XIP1

XIMt = XI - 1,

XIM2 = XI - 2.

XIM12 = XIM1 * XIM1

PHI(1,1G) = 0.25 =* XIP2 * XIM12

PHI(2,1G) = 0.125 * XIP1 * XIM12

PHI(3,1G) = -0.25 = XIM2 = XIP12

PHI(4,1G) = 0.125 * XIM1 * XIP12

PHIP(1,IG) = XIP2*XIM1 + ,5%XIM12

PHIP(2,IG) = 0.5*XIP1*XIM1 + 0.25%XIM12

- PHIP(3,1G) = -XIM2*XIP1 - 0.5%XIP12

PHIP(4,IG) = 0.5+«XIM1=XIP1 + 0.25%XIP12

PHIDP(1,IG) = 2, = (XIP2 + 2.*XIM1)

PHIDP(2,I1G) = XIP1 + XIM1 + XIM1

PHIDP(3,1G) = -2, * (XIM2 + XIP1 + XIP1)
c PHIDP(4,1G) = XIM1 + XIP1 + XIP{

RETURN
C

END
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C***********************************************************

C .
SUBROUTINE STRESt (X,Y,AREA,RI,YMOD,B,FEF2,PP,NOD,
* MKODE ,NE, IDO,UNIT,IN,10)

C 6 ok 2 o o 3 o e 3 NG O o oK ol e
¢ .
C SUBROUTINE STRES1 COMPUTES AND OUTPUTS MEMBER
C END FORCES FOR A PLANE FRAME PROBLEM.
C
C 2 ok 3k e ok 2k 34 o8 3 35 2k 2k o 3 ok 36 afe 2 a6 3k 3 aje o 8 o 0 o8 3K ok ol 3 3K M ok e ok 2 a5 ok ok ol 3k e ol e ok ok e ok o ok oK ok,
C
IMPLICIT REAL*8(A-H,0-2)
C
DIMENSION X({1),Y(1),AREA(1),RI(1),YMOD(1),B(1),PP(1),
c *FEF2(1),NOD(2, 1) MKODE(1)
DO 500 M=1,NE
I = NOD(1,M)
J = NOD(2,M)
Mt =6 M -5
DX = (X{(J) - X(I)) = UNIT
DY = (Y(U) - Y(I)) * UNIT
XL = 1, / DSQRT(DX**2+DY**2)
COST= DX = XLI
SINT= DY = XLI
C1 = 2. = YMOD(M) = RI(M) * XLI
c C2 = AREA(M) = YMOD(M) = XLI
DU = B(IDO*J-IDO+1) - B(IDO*I-IDO+1)
DV = B(IDO*uy-1D0O+2) - B(IDO=I-IDO+2)
DP = C2 * (DU%COST + DV=*SINT)
ROT = 3. * (DV*COST - DU*SINT) = XLI
DMI = C1 * (2.*B(I1DO*I-1D0+3) + B(IDO*J-1D0+3) - ROT)
DMJ = C1 x (2.*B(IDO*J-ID0O+3) + B(IDO*I-ID0O+3) - ROT)
DV = (DMI + DMJ) * XLI + 0.4 * PP(M1) * ROT
C : ‘
g MODIFY END FORCES FOR MEMBER TYPE
KK = MKODE (M)
IF(KK.EQ.0) GO TO 400
GO TO (100,200,300),KK
100 DMJ = DMJ - DMI=.5
DV = DV - 1.5%DMI=XLI
DMI = 0.0 '
GO TO 400
200 DMI = DMI - 0.5*DMJ
DV = DV - 1.5*DMJ*XLI
DMJ = 0.0
GO TO 400
300 DV = DV - (DMI + DMJ)=*XLI
DMI = 0.0
DMy = 0.0
C

400 MM = 6*M
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FEF2(MM-5) = FEF2(MM-5) - DP

FEF2(MM-4) = FEF2(MM-4) + DV

FEF2(MM-3) =(FEF2(MM-3) + DMI)/UNIT

FEF2(MM-2) = FEF2(MM-2) + DP

FEF2(MM-1) = FEF2(MM-1) - DV

FEF2(MM) = =(FEF2(MM) + DMJ)/UNIT
300 CONTINUE

WRITE(I10,2000)

DO 600 M=1,NE

M2 =6 =M

M1 = M2 -5

"~ WRITE(I0,2100) M,NOD(1,M),NOD(2,M), (FEF2(I),I1=M1,M2)
600  CONTINUE :

c
RETURN
C
C FORMAT STATEMENTS

C
2000 FORMAT (///,' MEMBER END FORCES',//,3X,’MEM’' ,3X,’1', 4X,
- *N L TXONTY 13X, VI 13X, MTY L 13X, U NYY L 13X, 1 VY, 13X,

*' MJ’ /)
2100 FORMAT (315,6D15.6)
C

END




APPENDIX F
Example INPUT and OUTPUT



242

Buckling Analysis

F.l

BUCKLING ANALYSIS

TOSTTANOTO~TANMO AN~ ONOMOO

TH~a2TT
. i



7y
Y

-

243

o 00 20+300000t 'O v
0 T0+300000} "0 Z0+3000001 "0 E
o/ ¢0+300000t "0 (o 3e) 4
o} 00 G0 3
ONI A X N

FEXEXELXE LR IS S LR AR S X AR E KK X

1NdNT SV ViVA AYL3IN03ID TVAON

b A R AR R A SRR R L LR EE R E R B RN O R R I I e g

000000 " T} = H010V3 NOISAIANGD HLON3I
3 = OV1d NAY W31803d N3IDI3
3 = S3dAL GVOT 40 J3IBANN
t = S3SVD QVv01l J0 A23ITNNN
[ = SAIN3N3IT3I "ONNOS TVN¥3ILXI 40 "ON
€ = ’ SIN3IW3T3 J4C HISNNN
v = , SINIOf 40 ¥3IBANN

LR R EE EEE S S EE S S L

S3ITEVIAVA TOAINOD W3I80dd

XEXEEXSEDEREES S XL E R XK

SISATVYNY ONITNONE -4



244

00  10+300000} O- 00 y o
o o o o ¢

00  10+3000004 O- 00 o
. o o o o
3 A n JA7 17 30600  ONI H¥SN ASN N8N N

EXXXEEXEFEXFEXX LRSI REFE XK

1NdNI SV viva Savol iINIOoP

000000 " ' '
M ¥010V4 QVvO71 4A1 3dAL QvO
. EXEXEEXXERXEERXEXFE R KX RKESR
S¥ILINVEVE TONINOD avol
} 2+3000004 O [N v < +2+3000004 'O | 13 3
83 300% 84N N 83. 300% 8dN N a3 300% 8dN N

IR S RS R R ESEEEE R EEEEE S EERESEREES S

VivVa SIN3IW3IT3I AAVANNOS TYNY¥3LX3

S0+300000€°0 * €0+30000t1°0 10+3000T46°0 0o (o] (o} 3 o} v €
§0+300000€ 'O €0+3000014 "0 $0+3000C16°0 0 o} (¢ 1 (o] € 4 [4
§0+300000€ "0 £0+3000044 'O 10+3000C46°0 0 o} 0 3 (o] 4 13 3
1

GOWA I v3iyv MONI IONI ONI  9vi4 3000 1 W

LA XSRS ERESEE R R E RS SES

1NdNI SV vivad d3ISW3IN

S0+300000€ "0 = SNATNAoOW " A
€0+3000014 "0 = VILY3NI "W
+0+3000216°0 = v3iyv

LA LRSS S LS RS R R RS RS EE RS R RS RS S

S3INTVA 17INV430 S3ITLAIJ0Ad 43I SWIN




245

000000 " | Q00000 " 1

L1 -3008v54 "O-
Li-3E$8BSH8°O
81-36CLG96°0

(]

81 -388E69C°0
Li-3PSLELL O-
61 -3ILEBILY O-

A

000000 " ¢

+0+3000004 "0~
64 -3LEBILY O
+O+300000+ O~

N

e e 0 b, s ] R —

000000 " 1 000000

EEXEXEETX

©0
(e N e}
[oNe]
(o N«

000000~
o}

|2
0

YO0103AN3IOI3 QIWNSSVY

AXXXESXXFXEETAREXXREFERFERRKE S XK K K X

0 = 3000 1NdNI
! = 300D iNIdd
Ot = SNDILV¥3LI 30 "ON WNAVNIXVW
010000 0 = LINIT 3ONVEIT0L
S¥3ILINVAVA TOBINOD W3180dd4 NIOI3
LA R E R R SRR EEEREEEEEE Y
SNID38 W3I180d8d N3DI3
L1-3888vi4 "O- 81L-388BEEST O- 10+3000001 O v £ €
L1-3P691686°0  Li-3PSL6LL° 0  61-3LEBOLY O- € z Zz
81 -326888Y O- 64-3LE89LP O 1 0+3000004 O z b 1
In 1A IN r 1 W3w

SE-3IBLLBEL O 61 -3000001 "O- 8€£-30v89tT"
¢Z-396Tv98°0 E0-396S8EY "O- 61-3L0¥69) -
VC-3CLELLE O €0-396G8EY O~ 61-391969} -
LE-31L998S O 61 -300000+ O- 6€-38€89LY"

-}

S30U04 ONI JIBWIN

A n

-NM<

N

SIN3IN3DOVIASIO IVAON

b "ON 3SVO avoii

G3137dW0D ST W3180dd JANLONALS 40 NOILNLILSSNS MOV



246

L1 -39v06 O~ -841~30ZE} "O- €E-3IV6L O TO-3I868Y O-

€0-3¥Z8S 0- 10+30005 'O ¢0-3868% O- TO-3IVZ8S O 10+30004 O L1-39r06°0- 81-30CEL O EE-3L681 0

SI d3023A 3HL OGNV

Ll

PLLILS 9691 4010vd Qvot £€0-36€685°0 = 3INIVAN3IDII

000000 :0- 000000 0~ 000000 0 868100 O-
vZ850Q 0- CO000C + 888700 O- ¥ZTBSOO O 0COO00 +  0OO000 O- 000000 O 000000 0
SI ¥0LD3AN3IDII 3HL

VLLOLY 9694 4010v4 avol €0-36£685°0 = 3INTVAN3IODIZ

20-38¢2C1 'O 40 3ONVIIT0L HLIIM .owtha!OU N338 SVH v EFS 2-EFR|

000000 0- 000000 0- 000000 0 ZZIPOO O-

LLvS00°0- 000000+  ZTIPOO O- LLPSOO O 000000 I 000000 O- 000000 0 000000 O
SI ¥OLD3ANIOII 3IHL
€EL660C L899t = d0LOVY QvOl €0-369265°0 = 3INTIVANIOII
10-3PSCH 0. 40 3ONVY3T0L HLIAM J3137dW0D N3I38 SVYH € EFR 2-ENR

000000 0~ 000000 O~ 000000'0  +¥8L00 O-

9L6400°0- 000000°} 178100 0- OO0ZOO O 000000 + 000000 O- 000000 O 000000 O
SI ¥OLD3AN3IOI3 3HI
SSS8v¥9 16SH = A0LOV4 Qv €0-38Z28Z9°0 = 3INIVANIOIZ
00+3Z0€4 'O 40 3ONVH3I0L HLIA  03137dWOD N338 SVH 2 34ivaddil

: 000000 ' 0- 000000 0 000000°0 vLO8ZO O

BEZSEO 'O 000000+ PLOBZO O OSH4E0 O- 000000+ 000000 O- 000000 O- 000000 O
SI ¥OL23AN3IOI3 3HL
ET9LSZ°65C = d401DV4 QVO7 z0-3188L1°0 = 3INTVANIDII

10+30¢6E 'O 340 IONVHIT0L HLIM Q3137d4W0D N338 SVH 3 3ivy3Ll




247

F.2 Nonlinear E_]astic Analysis

N
75} - - - - =
— ~— QOO O
w) o O - - -
> (en] QOO0
- o [
T o MNHOOO
= . - e - -
<1 - OO OO

o o - - - -
o s MNOoOOOoO o -
< - - - - - e . - o
L - ~OQOO oo -~ -
= -~ - - [on B -— 1 b
—— N ~O OO0 -~ - '
-t e e OO T - e - - — wn -
Z—MCv~— ~ - «ONMS<T — o
O -~ - - -OON = = = = = = « = «

NOT~ONMSTH~ANMO~ON~TONOMOO

PLISQIV 10 ANaDAIND



248

o 0'0  zO+300000L°0 ¥
o ZO+300000+ 'O ZO+3000004 0 €
0 £0+3000004 'O oo T
) o0 00
INI A X N

I EEE AR ESEEEEEEEEE RS EESEE R E R ]

1NdNI SV Viva A¥13IW039 TVAON

R e mEE AR AR AR R R R KR AR T AR TR AR AR R RN bR
000000 2} = ¥OLOV4 IONIDAIIANOD HIONIT
0100000 = LIWIT 3ONV¥3701

or = SNOTLVY3LI 30 "ON WAWIXVM

Y = S3dAL YISNIN INIJIIJIA 40 JIGWNN

3]
"

SINIW313 AYVONNOS TVNYILX3 40 "ON
€ = SIN3IWITI 40 HISWNN
€ = SIN3W313 vaNX314 40 33ISWNN
v = SINIOP 30 33NN

AR R R RS SRS EESEESEEE R SR S

S3T8VIAVA TOULNOD WITE0dd

LR R R R E R E R E S RS EE R

SISATVNV dV3INITINON-T




249

00 +0+3I000004 " O- 00 3 (]

00 £ 0+300000¢ "0~ 00+300000S 0 ) 0

d A n iA7 3900 ONI 48N ABN N8N N

EER R R SRS EEE EEF S EEESEERE RS

1NdNI Sv viva Savol inIoP

31ZT+3000004°0 Okbbs ¢ z 1ZT+3000001°0  Obbsi 4 P

83 3Q0% 9dN N 83 3004 8dN N a3 300> QdN N

G0+300000£ "0
S0+300000€ "0
S0+300000€ "0

Qaon A

IR EEREESENEEFIEEEEEES SR EREREEEE FE]

Vivad SIN3W33 ABVANNOS IVYNIILXI

yO+3000064 O £0+300004 1 °0 10+3000246°0 0 [} . >
y0+30000Si "0 £0+3000011 "0 +0+3000216°0 0 O 0 € 4 4
v0+30000S4 "0 EC+3000011 °C +0+3000Z216°0 0 0o O < 13

-

¥l 1 v3dv PONI IONI ONI r 1 L]

FAREXTEIRRAAREXRTRARE TR

Viva 33SN3N IVENX3714

S0+300000€ "0 = SOHTNGON A

v0+30000Si 0

v3dv 30 "mOM H13N04
€0+30000i1 4 "0

VILAa3INI W

10+3000216 -0

v3yv

XEXBEFE KL KK EE S AF SRS FFTEBZT XX EZEREE R K

S3NTIVA LINV33Q "d0dd Y3IP3IN TVENX3S



250

¢0+308€E9¥%s G-
bC+312L66C O~
LO+3BEELPE O-

N

000
[eNeNel

ﬂn\Js

¢0+3S8621L1°0
CO+3IESELTE "O-
COo+3vs¥8TI 'O

PN
0°0-
0 0-
0 0-
MW

10+3€9€IC) O~
00+366¥8¢T "O-
OO+3EEYS8L O~

rd

Nd

10-3196615°
bO-364TLEYL
10-3S64 LT
+0-3109L2S"

S0-
SO~
GO-
SO-

000
[oNoX o]

0000

AGH

c0+308¢
1 0+309¢€

- IN

IVESEYF O-
IPESEYY O-
310vL8T O-
310vL8C O~

AQ

0000
[eXe N ool

AQd

=In

1O0+3L6966C O-

00
CO-3690PLE O-
C0-3L1S16€ O-

00

na4d

SvL O-
8r6 O-

In

0°0-
90-3ESF116°0-
90-3ES¥116°0-
0°0-

na

0000
0000

@oo
ooo

In

20+3T86LT1 "O-
TO+3a¥Sy8TL 'O
¢o+3862CLL "O-

00
€0-300999¢ 0
vO-368STIL O

0°0

-F]

Id

84-3S624L4 O~
y0-32S088L O-
y0-3991L6L°0-
84 -386CCLI "O-

-1

0000
0000

-F]

Id

0’0
20-350061€ " 0O-
¢0-31.9€2E°0-

0°0

Ad

S30404 Q3IONVIVENN TVAON

$0+308¢4¢1 O~ v
00+36L¥8VC O- €
O0+328298L O~ [4

~aoN

61-3L9€1C) O~
€0-3TIECES O~
€E0-3188vHE O-
0T-382€98L°0-

A

+ O+30000014 "O-
+0+30000014 "0-

Ad

S$303804 G3IONVIVENN TVQON

(o 2 ¢] 14

o'0 €

00 z
~aoN

00
v0-3862L55°0
€0-38€6GYT O

[oe]

n4

€ €
4 4
3 3

IQON

SAINVLINSIY SS3IALS

OC-3eLE6VT”
LO-31019G}
LO-3¥61 LSH
0T-3L290%2"

0000

n

SIN3W3OVI4SIO TVvAON

00+300000

oCwoo
0000

n4d

€ €
[ [4
3 4

1QON

SINVLINS3Y SS3IALS

N

N

"ON d38W3IN

~-NMTT

N

oMy

N

"ON dI8WN3N




251

A et ey e - L) R ]

S1-388.649°0
vi-349ev0T O-
St-348188€ 0O-
ri-31906€C° 0

AQ

e ]

O 0-
§4¢-3C060+9 0O~
54 -388GL¥9 O-

0 0-

na

LC-3IBLLOVC O~
£i-3p56.88 O~
€1 -368L968 0O-
LT-3€L904C O~

o

8Z-30VESFI O~
CH-3rPBLS55 O~
TL-3vLBEPE O~
6C-3808.86 O-

A

6Z2-3293201E°0 v
Ot -3£98881 'O €
01 -35Ti1681 0 [
6T-3.6.60E O 13

n N

SIN3N3DOVId4SIa VAoON

”*Q***I“’ﬂl“*l*_ﬂll’“ﬂlllﬂﬂQﬂ“*“’****Q’.’**Qi*lﬂ“!ﬂﬂQ“*ﬂ’l“*“Cﬂﬂ“‘ﬂ’ilﬁ‘l*ﬂ.’ﬂ.'.******

909000° 0 = 3DNViIIO0L

LO-3ES5Z661 0
80-3r9Tvrrs O
80-3026508 0
L0-380L102°0C

AGS

CO+31L29P) O~
10+326T00E O~
LO+3BrESYE O-

CO+366ELL)1.°0
20+38208¢4 "O-
ZO+31€S8C1 'O

LO+32LT4CH O~
00+3EL68¥Z O~
00+30L298L O-

W N nd

SO-3r9TEry O-
S0-3E8BEYY O~
G0-3L04L(8T O-
SO-3vL6982 O-

AQ

80-38P96ZE O
80-3C+688E O-
80-3LETS0OE O~
80-3G8€9ZP O

AQ

"7ds10

Z0+380¢9%) "O-
+O+38LT00E O~
+0+3T569t6 O-

+ I

000000

00

- B0-3800¥Z1 O-
80-35v0FPrL "O-

00

na4

e2O0+31 €0
CO+3I1ES
ZO+31 0V

In

00
90-3LBIEIE O~
S0-364CEL6° 0~

(oo}

na

Q' 0-

8C-3CEVELI "O-

8C-36C99L4 "O-
0 0-

na

‘0 -

00
80-36988LF 0O
80-3T89.94 0

JONVY3IT0L AvOoT z

00
80-34L2ZC24 O~
80-3rv8TTL "O-

TON NOTiv¥3LI

00 v
60-38L2€L2°0 €
60-3+8LIVE O [4

00 [

n4d N

$30804 Q3DNVIVENN IVAON

00 (o]
-F] A3
8C1 0~ 10+398E124 O- v
8C4+°0 00+31968vZ O- €
TLI O- 00+391188L° 0- [4
Id "AOON

84-366E4LL O-
¥0-3€41688L O~
vO-35+9L6L O~
81 -320vTLI O~

-}

+T-38L9€E01 "O-
LO-36¥609¢Y O~
L0-38298LY " O-
+C-39L9€01 "O-

3

64-366912t O-
£0-3ZESEES O-
€0-3L009¥%E "O-
0z-38EVE8L O-

A

€ 3
[4 4
+ 3
IQON "ON ¥3I8BW3IW
SINVIINS3IY SS3AULS

0Z-35TS6¢vT 0 v
+0-38619641 °0 €
+10-388CLG1 O [4
OT-3LLLOST O 3

n N

SIN3N3OVI4SIAO 1VAON 1VLiOoL

€C-360LIEE O~
GO-3vL61T4 O-
S0-3666Z4+4 O~
€Z-3L9601L€ O-

A

£2-3S1Z4SH O

v

S0-300¢6€£6° 0 €
G0-3L619v6°0 C
€T-325v0S4 'O 3
n N

SIN3N3OVIdSIQ TVAON



252

AR L E L RS R R R E L EE L E R ES EEEE R RS S X RS EE S EE R E R R S S E R E S E R R E R R EEE S S E R R S R E R R R RN RS TN B W R Ry

QOCO00 " 0 = 3JONVY3IT0L "d4SIA 0COQOC "0 = 3JONVd3T0L QVvON € "ON NOI1Vd3LI
vi-31LTGSEOQ 00 (O ¢] (oo} 0°0 v
$4-3L90EEE O~ EL-3IELEVIL O £1-32C0444 0 S+-3680¢v¥ O- ©I-38GLEYL "O- €

00 v4-3€0609L°C S1-3680vry O 91 -3IPEESIY 'O v1-30L€294 'O [4
S1-38L1888 O- 00 0'0 00 00 3
AQd na4 b-E Ad n4d N

S30¥04 G3ONVIVENN 1VAON

CO+31LLCI¥E O- 2CO+366ELLL 'O 10+3ZTLZITL "O- ZO+3BOPOYL O- ZO+3LE08TL O- LO+398E4TH O~ 14 € €
1O+3C26C00€ "O- ZO+38ZO8BTL "O- OO+3ELE8PZ O- 10+38BLTO0E O- TO+31€S8C1 0 00+31968PC O~ € 4 <
1O+38YEBYE O- CTO+3LESBZI O 00+30LT98L°0- 10+32G69v6 O- CO+310¥PTLL 'O- OO+3941S88L O- [4 3 3

=N 4] nd =IN n 1d MGON  IAON "ON ¥38WINW

SINVLINS3d SS3ALS

SO-3v9CEPY O-
S0O-3E86EVY O-
80-3L0LL8T 0O~
S0-3pL698C O-

AQ

00
20-3.L81€46 O-
90-3612€16°0-

00

ng

81 -366€ELLL "O-
vO-3€1688L O~
v0-3G6¥9L6L O-
84-320v2L}4 "O-

-}

61-3669124 "O-
€0-3TESEES " O-
£0-3.L009vE "0O-
0C-38Ev68L O~

A

SIN3IWIOVIASIA TVAON ViOL

0C-35TS6+#2°0
+0-3564964 'O
10-368TLGL 'O
0C-3LLLOST O

n

N

NS




253

Incremental Elastic-Plastic Analysis
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Iterative Elastic-Plastic Analysis -
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