
PB90-12J225

Civil Engineering Study
Structural Series 89-31

INRESB-3D-SUP

USER'S MANUAL

A COMPUTER PROGRAM FOR INELASTIC

ANALVSIS OF 3-DIMENSIONAL

REINFORCED-CONCRETE AND

STEEL SEISMIC BUILDINGS
by

Franklin Y. Cheng
Curators' Professor

Gregory E. Mertz
Graduate Assistant

Department of Civil Engineering
University of Missouri-Rolla

Rolla, MO 65401-0249

1111..
-.III

Report Series
Prepared for the National Science Foundation under Grant

NSF ECE 8513852

REPRODUCED BY

U.S. DEPARTMENT OF COMMERCE
NATIONAL TECHNICAL INFORMATION SERVICE
SPRINGFIELD, VA. 22161





Civil Engineering study
structural Series 89-31

INRESB-3D-SUP

USER's MANUAL

A COMPUTER PROGRAM FOR INELASTIC
ANALYSIS OF 3-DlMENSIONAL

REINFORCED-CONCRETE AND
STEEL SEISMIC BUILDINGS

by Franklin Y. Cheng
Curators' Professor

Gregory E. Mertz
Graduate Assistant

Department of Civil Engineering
University of Missouri-Rolla

Rolla, MO 65401-0249

Report Series
Prepared for the National Science Foundation under Grant

NSF ECE 8513852





ABSTRACT

This report has been prepared as a user's guide for the computer program,

!;\RESB-3D-SUP, for analyzing elastic and inelastic building systems subjected to

static loadings, multi-component earthquake motions, and psudo-static cyclic loadings.

Additionally, the program is capable of calculating the elastic natural frequency and

buckling load.

A joint based system is used to define the geometry of the structure. The

structural members may be elastic 3D prismatic beams, nonlinear reinforced concrete

shear walls, and nonlinear springs. For the shear wall elements, the hysteresis models

are for bending, shear and axial force-deformation relationships for low-rise walls. The

Takeda model may be used for beams, columns and slender walls. The bilinear

hysteresis model is also included. The geometric matrix for large deformations is

available for both the elastic 3D prismatic beam and reinforced concrete shear wall

elements.

The system formulation has the following attributes: 1) joint based degrees of

freedom, 2) rigid body and planar constraints, 3) incremental nonlinear static solution,

4) unbalanced load correction for overshooting, 5) incremental nonlinear dynamic

solution, 6) mass and stiffness proportional damping, 7) condensation to reduce the

size of a dynamic problem, 8) energy balance, 9) damage index, and 10) ductility and

excursion ratio for various definitions of displacement, constant strain energy, and

variable strain energy. The computer program has been developed for achieving

efficiency in both the computation and data preparation. The output solutions include

the static results of member forces and joint displacements as weU as the dynamic

results of member forces, joint displacements, ductility factors, excursion ratios,
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damage indicies, seismic input energies, dissipated energies, and the option of saving

data for plotting.

The main features of the report include the program listing, a description of the

program, instructions for data preparation, and a guide to modify the programs

dynamic storage.
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I. INTRODUCTION

This publication is to serve as the user's manual of the computer program,

I:\RESB-3D-SUP (INelastic Analysis of REinforced Concrete and ~teel !!uilding

Systems for l-Dimensional Ground Motions). The numerical procedures of the

program are described in Chapter II. In Chapter III, the description of the

subroutines, the programs capacity and the addition of materials, elements and

solutions are discussed. Chapter IV contains the detailed input instructions.

Instructions for running the program under the CMS environment for an IByl

computer are included in Chapter V. In Chapter VI, three examples are used to

illustrate the preparation of the input data and the output of solutions. The ductility

and excursion ratios are derived in Appendix A. The damage index is discussed in

Appendix B. The program listing is given in Appendix C.



II. DESCRIPTION OF INRESB-3D-SUP COMPUTER PROGRAM

The computer program II\RESB-3D-SUP is capable of analyzing elastic and

nonlinear 3D structures subject to static and seismic loadings. The nonlinear behavior

of RiC shear walls is represented by a shear wall element. A nonlinear spring clement

is also included that may be used to represent steel and reinforced concrete members.

I?\:RESB-3D-SCP is a modular computer program consisting of five primary

blocks. The first block (STRCCT) defines the structural model. The remaining four

blocks (SOLOI, SOL02, SOL03 and SOL04) are independent solutions for static

loading, seismic loading, natural frequency or buckling load, and static cyclic loading,

respectively. The numerical procedures for each of the five program blocks are

presented in this chapter.

A. STRCCT - DEFI:\'ITIO?\ OF THE STRl'CTCRAL YfODEL

The structural model consists of an assemblage of elements: The point where two

or more elements connect is a called a joint. A structure is modelled by first defining

the location and orientation of each joint; then materials that describe the behavior of

the elements, the elements that connect the joints, and the orientations of the clements

are then defined. For dynamic analysis, the lumped mass at each joint is also defined.

All of these definitions are in the program block STReCT. The f10w chart for

STRLCT is shown in Figure L

Step L --- Define Joints and Determine the OOF's. The coordinates of the joints

and their orientation are defined by the user. The coordinates are defined in the global

coordinate system (GCS). The orientation of each joint defines its joint coordinate

system (JCS). Each joint initially has six degrees offreedom (dot) in the JCS. The user

also defines the joint's dof that are restrained, constrained and condensed out. The

program generates the structural degrees of freedom (17).
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1. . Define Joints and
Detcrmine DO F's

2. Define \1 a terial
Propertics

3, Define Elements

4. Initilize Stora2c
for StifTncss~

5. Input and
Form \1ass \1atrix

Go To \Jcxt
Program Ulock

Figure 1. Block STReeT - Define the Structural Model
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Step 2. --- Define .\1aterial Properties. The material properties are input and

initialized. There are six different material behaviors available, which constitute the

material library, and are discussed later.

Step 3. --- Define Elements. The element data is input. The transformation

matrices, initial element structural stiffness and the initial element geometric stiffness

are calculated. There are three different elements available in the program, which

constitute the element library, and are discussed later.

Step 4. --- Initialize Storage for Stiffness. The storage for the structural stiffness

and geometric matrices is initialized.

Step 5. --- Input and Store .\1 ass. The lumped mass at each joint is input. The

structures mass matrix is stored.

I. \1aterial Library.

a. Elastic 3D Prismatic Beam Material. This material consists of the clastic

section properties of a 3D prismatic beam, Ax, J, Iy' Iz' and the material's moduli E

and G.

b. RiC Axial Hvsteresis .\1odel. An axial hysteresis model developed for the

reinforced concrete boundary columns of a shear wall (16). This hysteresis model is

sketched in Figures 2 and 3 and discussed in Reference 17.

c. Cheng-.\1ertz Bl Bending Hvsteresis .\1adel. A bending hysteresis model

developed to model the bending deformations in low-rise reinforced concrete shear

walls (17). This hysteresis model is sketched in Figure 4 and uses the multiple segment

backbone curve shown in Figure 5.
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d. Cheng-:'viertz SI Shear Hysteresis Model. A shear hysteresis model developed

to model the shear deformations in low-rise reinforced concrete shear walls (17). This

hysteresis model is sketched in Figure 6 and uses the multiple segment backbone curve

shown in Figure 5.

e. Takeda Hvsteresis \'lodel. A bending hysteresis model developed to model the

bending deformations of reinforced concrete members (21). This hysteresis model is

sk.etched in Figure 7.

f Bilinear Hvsteresis \if ode!. A hysteresis model that has a bilinear backbone

curve and an elastic unloading and reloading curve. The model may also represent the

dasto-plastic model by setting the post yielding stiffness to zero. This hysteresis model

is sketched in Figure 8.

2. Element Library.

a. Elastic 3D Prismatic Beam Element. The clastic 3D prismatic beam element

is shown in Figure 9. This beam element connects a start and end joint. At the start

end of the element, a rigid body of length XS is used to model the structural joint. A

similar rigid body, of length XE is used at the end joint. The beam's clement

coordinate system (ECS) Xe axis goes from end 'A' towards end 'B'. The orientation

of the ECS Ye axis is defined by a vector, V. which lies on the ECS XY-plane. The

ECS Ze axis is perpendicular to the Xc and Ye axes, right hand rule. There are six

internal forces f.'X' Fy , FZ' MX':'vi y and FZ at end 'A' in the ECS. Similarly. six

internal forces also exist at end 'B'. All of the internal forces arc positive in the

direction of the ECS.
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The beam element considers axial deformation, torsional deformation, and

bending deformations about the Ye and Ze axes. Warping torsion and shear

deformation are not considered. Two formulations of the geometric stiffness are also

available. The 'lumped parameter' formulation only considers the second order shears

at the end of the beam, while the 'consistent parameter' formulation considers the

second order moments and shears at the end of the beam. The 3D-beam material is

used with the beam element.

b. Sprim: Element. The spring clement consist of an isolated spring that connects

the start and end joints. At the start end of the spring, a rigid body of length XS is

used to model the joint depth. A similar rigid body, of length XE is used at the end

joint. The spring element coordinate system (ECS) Xc axis goes from end'A' towards

end 'B'. The orientation of the ECS Ye axis is defined by the user. The ECS Ze axis

is perpendicular to the Xe and Ye axes, right hand rule. When the distance between

the start and end joints is zero, the orientation of the ECS is identical co the start joint's

JCS. The distance between the start and end joints less the length of the rigid bodies,

is the length of the spring element. Optionally, the user may define the length of the

spring element. The spring clement may behave elastically or nonlinearly depending

on the material properties used and the magnitude of forces acting on the spring.

Second order p-~ forces are not calculated for the spring clement.

The spring may be orientated in one of six positions as shown in Figure 10.

Examples of axial, shear and rotational spring applications are shown in Figures 11,

12 and 13, respectively. The axial spring is parallel to the elements Xe axis. The rigid

bodies at the ends of the spring reduce the length of the axial spring. The springs axial

force, FX' at end 'A' is positive in the Xe direction.
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figure 10. Spring Element: (a) Axial Spring and ECS, (b) Y-axis Shear Spring,
(c) Z-axis Shear Spring, (d) Torsional Spring, (e) Y-axis Rotational
Spring, ({) Z-axis Rotational Spring
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'>txs

Figure 11. Diagonal Bracing Member Modeled With an Axial Spring
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figure 12. Two OOF Model With Shear Springs
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-} XS = 0

k

For Beam

l' 7r
XS For Rotational Spring

*' XE =0 For Rotational Spring

Figure 13. \1ember End Rotation of an Elastic 3D Prismatic Beam \1odclcd with a
Rotational Spring
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The Y-axis shear spring and Z-axis shear spring are orientated parallel to the

elements Ye and Ze axes, respectively. The rigid bodies at the ends of the spring

reduce the length of the shear spring and induce moments at the joints. The springs

internal shears, Fy and FZ' at end'A' are positive in the Ye and Ze directions.

The torsional spring is parallel to the elements Xe axis. The rigid bodies reduce

the length of the. torsional spring. The spring's internal torsion, \1 X, at end 'A' is

positive in the Xe direction.

The Y-axis rotational spnng and the Z-axis rotational spnng are rotational

springs about the Ye and Ze axes, respectively. The rigid bodics at the cnds of the

spring reduce the length of the rotational spring. The spring's internal moments,

\1 Y and \1Z at end'A' are positive in the Ye and Ze directions.

c. Reinforced Concrete Shear Wall Element. The reinforced concrctc shear wall

element consists of a panel linking four joints as shown in Figure 14, Bending and

shear deformations in the plane of the wall are considered, along with axial

deformation. The bending, shear and axial deformations are lumped into three springs.

A rigid body, of length ~, connects the joints at the top of the wall with the springs,

while a second rigid body, of length 13, connects the joints at the bottom of the wall

with the springs. Bending and shear stiffness perpendicular to the plane of the wall arc

ncglected. A 'lumped parameter' formulation of the geometric stiffness considers both

in-plane and out of plane p-~ effects.

The wall has 10 dof at the corner ioints as shown in Figure 14. Fixing the bottom

of the shear wall and applying a positive load to degree of freedom I, the sign

convention yields a positive moment and shear at end 'A' of the springs. Fixing the

bottom of the shear waH and applying a positive load to degrees of freedom 2 and 4,

yield a positive axial load at end 'A' of the spring,

18
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Different materials are used to describe the stiffness of the bending, shear and

axial springs. Typically the bending stiffness is defined by the BI bending hysteresis

model, the shear stiffness is defined by the SI shear hysteresis model and the axial

stiffness is defined by the axial hysteresis model.

B. SOlOI - ELASTIC STATIC A:'\lAlYSIS WITH YlliLTlPlE lOAD CASES

This block performs. the elastic static analysis with multiple load cases. The flow

chart for SO lO l is shown in Figure 15.

Step 1. --- Input Joint and Element loadings. The joint loads and imposed

displacements are input for each load case. Lniform and concentrated clement

loadings arc input for each load case on the 3D-beam element.

Step 2. --- Form the Structural Stiffness and load Ylatrices. The structural

stiffness matrix is formed. Optionally, the geometric stiffness matrix, based on the

user's input axial loads, is subtracted from the structural stiffness matrix. Joint

loadings are determined for the imposed displacements (support settlements) and

combined with the input joint loadings and clement loadings for each load case.

Step 3. --- Calculate Displacements. The displacements for each load case are

calculated by Gauss elimination.

Step 4. --- Calculate Reactions. The reactions at restrained degrees of freedom

and the summation of reactions are calculated for each load case.

Step 5. --- Calculate Element Forces. The clement forces arc calculated for each

load case.

C. SOl02 - ELASTIC,' T\01"LINEAR SEISYlIC TIYlE HISTORY RESPONSE

This block performs the elastic or nonlinear analysis of a structure subject to

multiple ground accelerations. The flow chart for SOl02 is shown in Figure 16.
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I. Input Joint and
Element Loadings

'1 Form the
Structural Stiffness
and Load \1atricies

3. Calculate
Displacemenets

4. Calculate Reactions

5. Calculate
Element Forces

Go To :'\ext
Program Block

Figure 15. Block SOLOI - Static Analysis
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Figure 16. Block SOl02 . Elastic / \Ionlinear Dynamic Analysis
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Step 1. --- Input Ground Motions. The ground motions are input and stored.

Transformation matrices to rotate the ground accelerations from the input coordinate

system to the individual JCS are formed. The equation of motion for a dynamic

loadings is

MX + CX + KX = F(t) = - M'Xg (I)

For seismic analyses. M = M'. For nonselsnuc analyses the special mass matrix,

:'vI'. and a psudo-ground acceleration are input and stored. Thus the nonseismic

forcing function function is equal to

(2)

Step 2. --- Form the Dvnamic Loadine:. The dynamic loading matrix is formed

and added to the unbalanced force matrix.

Step 3. --- Form the Structural Stiffness. The structural stiffness is formed I) for

the first time step, 2) for every time step that an element's stiffness is modified, and

3) for every time step that the geometric stiffness is modified. The clement's stiffness

is only modified during a nonlinear analysis.

Step 4. --- Form the Geometric Stiffness. The geometric stiffness is formed I) for

the first time step, and 2) for every time step if the actual element axial loads are used

to calculate the geometric stiffness.

Step 5. --- Condensation. If condensed degrees of freedom exist: I) the structural

stiffness is condensed each time step that is formed, 2) the geometric stiffness IS

condensed each time step it is formed, if condensation of the geometric stiffness IS

desired, 3) the mass matrix is condensed the first time step, if needed, and 4) the

dynamic loading matrix is condensed each time step.
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Step 6. --- I'\umerical Integration. The incremental displacements, velocities and

accelerations of free dof are calculated by the linear acceleration method or the average

acceleration method.

Step 7. --- Calculate the Motion of Condensed OOF. The incremental

displacements, velocities and accelerations of condensed dof are calculated.

Step 8. --- Incremental Reactions. The incremental reactions are calculated.

Step 9. --- Incremental Element Forces. The hysteresis models in the material

library are called to calculate the incremental element forces, given the incremental

displacements and previous loading history. For nonlinear analysis, if the element

stiffness changes during the incremental displacement, I) the clement's unbalanced

forces are calculated, and 2) a flag to reform the structural stiffness in step 3 is set for

the next time step. The elastic and plastic strain energies for each clement arc also

calculated.

Step 10. --- Energy Balance. The total input energy, kinetic energy, clastic strain

energy, plastic strain energy and energy dissipated due to damping are calculated.

Step II. --- Total Response. The total displacements, velocities. accelerations,

reactions, and clement forces are calculated. The unbalanced force vector for nonlinear

analysis is assembled from the clement's unbalanced forces. If desired. scJected results

may be written to output files.

Go to step 2 for the next time step.

O. SOL03 - ELASTIC ~ATCRf\L FREQCE:--iCY,' ELASTIC BCCKLI:'\G LO:\D

This block calculates either the natural frequencies and mode shape of an clastic

structure, or the buckling load and mode shape of an elastic structure. The flow chart

for SOL03 is shown in Figure 17.
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Step l. --- Form the Structural Stiffness \-tatrix. The structural stiffness matrix

is formed.

Step 2. --- Form \-tass \-tatrix or Geometric Stiffness \-tatrix. For the buckling

solution, the geometric stiffness matrix is formed. For the natural frequency solution,

the mass matrix that was formed in block STRUCT is used.

Step 3. --- Condensation. If condensed degrees of freedom exist: I) the structural

stiffness is condensed, 2) the geometric stiffness is condensed for buckling problems,

if it is desired, 3) the mass matrix is condensed for natural frequency problems, if it is

needed.

Step 4. --- Calculate Eie:envalue and Eigenvector. The eigenvalues and

eigenvectors are calculated. \:atural frequencies or buckling loads are extracted from

the eigenvalues. The eigenvectors are normalized. The natural frequencies are printed

along with the mode shape of each mode, or the buckling loads arc printed along with

the corresponding mode shape.

E. SOL04 - ~O:'-lLI\:EAR STATIC CYCLIC RESPO\:SE

This block calculates the nonlinear static cyclic response for a gIven loading

pattern. A loading pattern consisting of joint loads, imposed displacements and

clement loads is defined and stored in the vector {Q}. The loading pattern, {Q}, is

multiplied by positive and negative load factors to generate cyclic loading cycles.

Define Fj as the loading factor for the current cycle, and fi as the loading factor for

the previous cycle. The total loads on the structure for cycles i and j are Fi{Q} and

FHQ}, respectively. The loading from Fi{Q} to Fj{Q} is carried out in a series o[steps.

A variable number of steps, with each step having incremental loads and displacements

less than limiting values, may be used to load [rom Fi{Q} to Fj{Q} (loading option A).

Alternately, a fixed number of equal load steps may be chosen to load [rom Fi{Q} to

FHQ} (loading option B). The flow chart [or SOL04 is shown in Figure 18.
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Figure 18. Block SOL04 - ~onlinear Static Cyclic Response

27



Step 1. --- Input Joint and Element Loadings. The joint loads and imposed

displacements of the load pattern are input. Element loadings for the load pattern are

input on the 3D-beam element.

Step 2. --- Input Load Factors. For each loading cycle, a load factor, and limits

on the step size, or the number of load steps are input.

Step 3. --- Form the Load \1atrix. The loading matrix for option A is the

difference in the load at the end of the cycle and the current load. Alternately, the

Fj - Fi
loading matrix for option B is the incremental load. :\ x {Q}, where:'\ is the

number of load steps.

Step 4. --- Form the Structural Stiffness. The structural stiffness is formed 1) for

the first load step, 2) for every load step that an clement's stiffness is modified. and

3) for every load step. that the geometric stiffness is modified.

Step 5. --- Form the Geometric Stiffness. The geometric stiffness is formed 1) for

the first load step, and 2) for every load step if the actual element axial loads are used

to calculate the geometric stiffness.

Step 6. --- Calculate Displacements. The incremental displacements due to the

applied loadings are calculated by Gauss elimination.

Step 7. --- Scale the Solution. For loading option A, the response is scaled down

such that the incremental loads and displacements for each step are less than the

limiting values. This step is omitted for loading option B.

Step 8. --- Calculate Displacements due to Unbalanced Forces. The incremental

displacements due to the unbalanced forces from the previous load step are calculated

by Gauss elimination.

Step 9. --- Combine Displacements. The scaled down displacements due the

applied loading and the displacements due to the unbalanced loadings are added

together.

Step 10. --- Incremental Reactions. The incremental reactions arc calculated.
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Step 11. --- Incremental Element Forces. The hysteresis models in the material

library are called to calculate the incremental element forces, given the incremental

displacements and previous loading history. For nonlinear analysis, if the element's

stiffness changes during the incremental displacement, 1) the element's unbalanced

forces are calculated, and 2) a flag to reform the structural stiffness in step 4, is set for

the next load step. The elastic and plastic strain energy for each element is also

calculated.

Step 12. --- Energv Balance. The total input energy, clastic strain energy and

plastic strain energy are calculated.

Step 13. _h Total Response. The total displacements, reactions, and element

forces are calculated. The unbalanced force vector for nonlinear analysis is also

calculated. If desired, selected results may be written to output files.

Go to step 3 for additional loading steps. Go to step 2 for the next loading cycle.
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III. DESCRIPTION OF PROGRAM

The computer program I:\RESB-3D-SUP is described in this chapter. A flow

chart of the program is given in Figures 19 and 20.

A. :\I[AI:\ PROGRA:Yt Al\D CO:Yt:\l[ON BLOCKS

A brief description of the mam program and the three common blocks is

presented in this section.

1. :YtAI'.:\ - :Ytain Program. The main program 1) reads and echoes input data,

2) initializes data, 3) calls STRCCT to define the structural model, 4) calls SOl:\ to

perform individual solutions, 5) calls CO:YtD:YtP to dump the contents of the memory,

6) sets bug options to print stiffness matrices, etc, 7) releases memory from previous

solutions, and 8) stops execution of the program.

2. Common Block DATA. This common block consists of a linear array that

contains the program's dynamically allocated memory. The linear array wnsists of a

real array, Z, and an integer array, :'\'Z. The integer array and the real array share the

same storage location in memory I. Common block DATA is used by routines :\11:\1:'\',

CKSTOR, STRCCT, MATLIB, ElELIB, D:YIPDAT FOR:YI, SOL~, SOLOI, SOL02.

SOL03 and SOL04.

3. Common Block ZDATA. This common block contains flags which control the

execution of the routines, the number of Gdof, joints, elements, etc. and the addresses

of data in the Z array that is shared between different routines. ZDATA is used by

routines :YIAIl\, CKSTOR, STRUCT, :YIATLIB, ElELIB, D:YIPDAT, rOR\;[,

SOLN, SaLOl, SOl02, SOl03, SOl04, COMPT and COMDMP.

I This is accomplished by the Fortran EQCIVALE:'-lCE statement.
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Figure 19. Flow Chart for Program I~RESB-3D-SUP: Part A
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Figure 20. Flow Chart for Program 17\RESB-3D-SCP: Part B
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4. Common Block ZDATAP. This common block contains the title, the bug

options, and several other miscellaneous variables. ZDATAP is used by routines

\1AIN, CKSTOR, STRCCT, \'IATLIB, ELELIB, D\1PDAT, FOR\1, SOL:\, SOLOI,

SOL02, SOL03, SOL04, CO\1PT and CO\1DMP.

B. DESCRIPTIO~ OF ROUTI:\ES

The program I:\RESB-3D-SCP includes 73 routines. These are presented in

alphabetical order with a brief description.

1. AVEACC. AVEACC and LI~ACC calculate the dynamic response by the

average acceleration method. Called by SOl02:\..

2. B\1LOA. Calculate the fixed end moments and shears of a prismatic beam

element for uniform and concentrated element loadings. Called by ELEOL

3. CKR:'\G. A utility routine called by ELELOA that checks the location of

clement loadings.

4. CKSTOR. A utility routine that aborts the program if the problem requires

more storage than is available. Called by SOL02, DMPDAT, SOL03 and SOL04.

5. CO\,(DMP. A utility routine that prints the contents of the dynamic memory.

Called by \1AIi\:.

6. CO\1PT. A utility routine that initializes the addresses of the dynamic

memory. Called by \1AIN.

7. CROSS. Vector cross product. Called by DYLOA and :\ODDOF.

S. DIRECT. A utility routine called by HYST03 and HYST04 to determine the

current direction of loading.
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9. D\1PDAT. 1) Writes the results to user defined output files. 2) Reads the

results from output files and prints data. Called by SOl02, SOl02A, SOl04, SOl04A,

and YlAIX

10. DNE. Calculates ductilities and excursion ratios for HYST02, HYST03,

HYST04, HYST06 and HYST07.

11. DYLOA. Generates the dynamic loadings due to base acceleration for

multicomponent earthquakes. Called by SOl02A.

12. ELE LI B - Element Librarv. This subroutine is a controller that calls the

members of the element library. All calls to the clements must pass through this

subroutine. Called by \1..-\1:'\, FOR\1, STRLCT, SOLO 1.-\, SOL02A, SOLO~A,

ELELOA, E:'\ERGY and DYtPDAT.

13. ELELOA. Calculate the element loads for the clastic 3D prismatic beam

clement. Called by SOLOIA and SOL04A.

14. ElEOI - Elastic 3D Prismatic Beam Element. This routine calculates the

stiffness, geometric stiffness, clement loads, displacements, forces, etc. for the clastic

3D prismatic beam element. Caned by ELELIB.

IS. ELE02 - Spring Element. This routine calculates the stiffness, geometric

stiffness, displacements, forces, unbalanced forces, etc. for the spring clement. Called

by ELELIB.

16. ELE03· Shear Wall Stiffness E1cment. This routine calculates the stiffness.

geometric stiffness, displacements, forces, unbalanced forces, etc. for the shear wall

stiffness clement. Called by ELELIB.

17. E?\ERGY. Calculates the energy balance. Called by SOL02A and SOL04A.
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18. ETMPLY. Performs the multiplication,. {:k}t[M]{x}, to calculate kinetic

energy, for an upper triangular mass matrix. Called by E:\ERGY.

19. FEMREL. Modifies the fixed end forces to account for end releases. Called

by BMLOA.

20. FIRST. A utility routine that performs character manipulations. Called by

GETCHR.

21. FO RM. FORM and FO R\1 L are used to assemble the structural and

geometric stiffness matrices. Called by SOLO lA, SOL02A, SOL03A and SO LO.:.lA.

22. FOR\,{L. 1) Adds the element stiffness to the global structural stiiTncss.

2) Adds the element geometric stiffness to the global geometric stiffness. 3) Adds the

joint mass to the global mass matrix. Called by FORM and \1 FOR\1.

23. GETCHR. A Ctility routine that extracts a character string from input.

Called by \1Ar:\.

24. GETIi\T. A utility routine that extracts an integer from character input.

Called by MAI:\, LMATRX, SOL:\, W\tIATRX and W\'ITRX2.

25. IIYST02 - Axial Hysteresis Model. Calculates the axial stiffness of R, C

clements based on the current load and the past loading history by the axial hysteresis

model. Called by \1AT02.

26. IIYST03 - BI Bending Hvsteresis \1odel. Calculates the bending stiffness of

RiC shear walls based on the current load and the past loading history by the B1

bending hysteresis model. Called by MAT03.
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27. HYST04 - SI Shear Hysteresis Model. Calculates the shear stiffness of RiC

shear walls based on the current load and the past loading history by the SI shear

hysteresis model. Called by \1AT04.

28. HYST06 - Takeda Hysteresis Model. Calculates the bending stiffness of RIC

elements based on the current load and the past loading history by the Takeda

hysteresis model. Called by \1AT06.

29. IlYST07 - Bilinear H'Vsteresis \1odel. Calcuiates the stiiTness based on the

current load and the past loading history by the bilinear hysteresis model. This model

is also capable of producing elasto-plastic behavior. Called by \iIAT06.

30. IDRECT. A utility routine that determines the current direction for IlYST02

and HYST06.

31. I?\TDVA. Reads and stores initial displacement, velocity and accelerations

for dynamic solutions. Called by SOL02A.

32. I~TSCT. A utility routine that determines the intersection of two lines in

point slope form. Called by HYST02, HYST03 and IIYST04.

33. IQLICK. A utility routine that finds the program's internal joint number,

given the joint's ID number. Cal.led by ~ODDOF, ELEOl, ELE02, ELE03. JOILOA.

I:\TDVA, O\1PDAT and \1FOR\1.

34. ISORT. A utility routine that sorts the joint input. Called by :\ODDOF.

35. JOIDSP. Calculates and prints the displacement, velocity, acceleration or

eigenvector at each joint in the JCS and GCS. Called by SOLOIA, SOL02A, SOL03A

and SOL04A.
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36. JOILOA. Reads and calculates the joint loads. Called by SOLOlA and

SOL04A.

37. K:vIIN. A utility routine used by the hysteresis models HYST03 and

HYST04 to ensure the stiffness is between zero and the initial stiffness, SI.

38. LI~ACC. Calculates the dynamic response by the linear acceleration

method. Called by SOL02A and AVEACC.

39. L:vIATRX. A utility routine that prints upper triangular mass, structural

stiffness, element stiffness, geometric stiffness, etc. matrices. This routine is activated

by the user input bug options, which arc described later. Called by FOR\t[, \tl FOR\t[,

ELEOI, ELE02, ELE03, SOLOIA, SOL02A, SOL03A, SOLO-tA, \[SOLL, T\t[PLY,

ET\t[PLY, CT\,[PLY and \'[ASSI~.

-to. :vIASSIN. Initializes the storage for the mass matrix. Called by STRLeT

and SOL02.

41. \1ATLIB - \1aterial Librarv. This subroutine is a controller that calls the

members of the material library. All calls to the materials and hysteresis models must

pass through this subroutine. Called by STReCT, ELEO[, ELE02 and CLE03.

-t2. \'[ATOI - Elastic 3D Prismatic Beam StifTness. This routine reads and stores

the stiffness for the elastic 3D prismatic beam element. Called by \1ATLIB.

-t3. :vIAT02 - Axial Stiffness for RiC Elements. I) Reads and stores axial input

data. 2) Calculates the axial stiffness with calls to the axial hysteresis model, IIYST02.

3) Calculates the strain energy with calls to STRENG. Called by \1ATLlB.

-t4. \'1AT03 - Bending Stiffness for R.IS Shear Walls. I) Reads and stores

bending input data. 2) Calculates the bending stiffness with calls to the BI bending
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hysteresis model, HYST03. 3) Calculates the strain energy with calls to STREl\G.

Called by YlATUB.

45. YlAT04 - Shear Stiffness for RIC Shear Walls. 1) Reads and stores shear

input data. 2) Calculates the shear stiffness with calls to the S I shear hysteresis model,

HYST04. 3) Calculates the strain energy with calls to STRE:--:G. Called by YlATUB.

46. \II1\.T06 - Bending Stiffness for RIC Elements. I) Reads and stores bending

input data. 2) Calculates the bending stiffness with calls to the Takeda hysteresis

model, HYST06. 3) Calculates the strain energy with calls to STRE:--:G. Called by

\lIATUB.

..n. \ItAT07 - Bilinear \lfaterial. I) Reads and stores input data. 2) Calculates

the stiffness with calls to the bilinear hysteresis model, IIYST07. 3) Calculates the

strain energy with calls to STREl\G. Called by YlATUB.

48. YlFORYI. Reads the joint masses and forms the mass matrix with calls to

FORYIL. Called by YlASSIN,SOL02 and SOL03.

49. \1S0LL. I) Performs Gauss elimination of the stiffness matrix.

2) Condenses the mass matrix while performing Gauss elimination. 3) Condenses the

geometric stiffness while performing Gauss elimination. 4) Reduces the load matrix.

5) Performs back substitution. 6) Operations I through 5 may be performed on

partitioned matrices. 7) Stiffness, geometric stiffness and mass matrices arc upper

triangular matrices with skyline storage. Called by SOLOIA, SOl021\., 501.031\,

SOLO.:JA and UI\ACC.

50. I\ODDOF. Reads joints, constraints, restraints and condensation

information, calculates the JCS cosine matrices, and determines the global degrees of

freedom. Called by STReCT.
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51. PBIT. A utility routine that prints the joint restraint and constraint code for

each joint. Called by i\ODDOF.

52. R£ACTX 1) \1odifies the loading to include restraint displacements.

2) Solves for the reactions. 3) Prints the reactions in the JCS and GCS coordinate

systems. 4) Calculates the summation of reactions. Called by SOLOIA, SOL02A,

SOL031\ and SOL04A.

53. ROTXYZ. 1) Calculates the local element cosine matrix. 2) Calculates the

transformation from £CS to JCS. 3) Calculates the constraint transformation.

4) Calculates the transformation for a rigid body at the end of the heam element.

Called hy £L£OI, ELE02 and £LE03.

54. SKYLI~. Determines the skyline of the structural stiffness, geometric

stiffness and mass matrices. Called by STReCT; \1FOR\1 and \1A55 1:'\.

55. SKYL~2. Determines the skyline of the dynamic stiffness matrix. Called

by SOL02.

56. SMAX. A utility routine that determines and prints the the maximum and

minimum input accelerations. Called by DYLOA.

57. SOL:'\ - Solution Librarv. This suhroutine IS a controller that calls the

solution requested by the user. All calls to the solutions must pass through this

subroutine. Called by MAI:\.

58. SOLOI - Elastic Static Analvsis with Ylultiple Load Cases. This routine

initializes the storage for the clastic static analysis. Called hy SOLN.

59. SOLOIA. This routine calculates the elastic static response, as descrihed in

Section B of Chapter II. Called by SOLO 1.
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60. SOl02 - Dvnamic Time History Response. This routine initializes the

storage for the dynamic time history response. Called by SOlN.

61. SOL02A. This routine calculates the dynamic time history response for both

elastic and nonlinear structures, as described in Section C of Chapter II. Called by

SOL02.

62. SOL03 - Elastic :"atural Frequencv ! Buckling Load. This routine initializes

the storage for the clastic natural frequency or the buckling load. Called by SOL~.

63. SOL03A. This routine calls EIGZS to calculate the natural frequency or

buckling load for elastic structures, as described in Section D of Chapter II. Called

by SOL03.

64. SOL04 - :"onlinear Static Cyclic Response. This routine initializes the

storage for the static nonlinear analysis. Called by SOL:".

65. SOL04A. This routine calculates the static nonlinear response, as descrihed

in Section E of Chapter II. Called by SO L04.

66. STRE~G. Calculates the clastic and plastic strain energy. Called by

M1\T02, MAT03, MAT04, MAT06, IIYST07.

67. STRUCT - Structural Definition. 1) Sets up storage for joints and calls

:"ODDOF to input joint information and to generate degrees of freedom. 2) Sets up

storage for materials and calls MATLI B to input materials and to initialize the

hysteresis models. 3) Sets up storage for clements and calls ELEUB to input clements

and to calculate initial clement stiffnesses. 4) Calls SKYLI:,\ to set up the storage for

the structural stiffness, geometric stiffness and mass matrices. 5) Reads and initializes

the mass matrix. These functions are described in greater detail in Section :\ of

Chapter II. Called by MAIN.
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68. TEST. A utility routine that examines character input, and sets a logical flag.

Called by MAI~, STRUCT, SOL02, SOL03A, SOL04A, IT\TDVA and O:YIPOAT.

69. TMPLY. A utility routine that performs multiplication for triangular

matrices Called by SOL02A, SOL04A and ETYtPLY.

70. VCOS. A utility subroutine that calculates the angle between two vectors.

Called by ROTXYZ and ELE03.

71. VC ROSS. A utility subroutine that calculates the vector cross product.

Called by ELE03.

72. WMATRX. A utility subroutine that prints a matrix. This routine 1S

activated by the user input bug options which are described later. Called by ELEOl,

ELE02, ELE03, SOLOIA, SOL04A, REACTl':, :\1S0LL and DYLOA.

73. WYtTRX2. A utility subroutine that prints a portion of a matrix. This

routine is activated by the user input bug options which are described later. Called by

ELE02 and ELE03.

C. DESCRIPTION OF :\1ISCELLA:\'EOUS ROUTI~ES

Several other miscellaneous routines are used by program 17\RESB-3D-SLP.

which are listed below.

I. EIGZS. An IMSL eigenvalue routine that is called by SOUBA. to calculate

the natural frequency and buckling load. This routine is only required for SOl03.

Omission of this routine will not affect blocks STRUCT, SOlOI, SOL02 or SOl04.

2. SDC:\1P. An IBM routine that prints the contents of memory with bug option

K. Called by COMDMP. Omission of this routine will only effect bug option K.
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3. CPUTI\1, TI\1EO~ and TI\1EIT. These are three routines on the local

C \II R system that are used to print the results of the analysis and abort SOL02 if the

CPU time limit is close to being exceeded. Equivalent routines may be substituted on

other systems, or these routines may be commented out. Called by \tIAI~ and

SOL02A.

4. TI \1 E and DATE. These are two routines on the local C \11 R system that are

used to print the time and date of the analysis on the header. Equivalent routines may

be substituted on other systems, or these routines may be commented out. Called by

\lIAI:\.

O. DY:\A\tIIC \lIE\lIORY \tIA:'\AGE\tIE:'\T

1. Dynamic \tIemory Allocation. The computer program I~RESB-30-SLP

stores all of the joint, material, clement, mass, stiffness, response, etc. data in a large

linear array, Z, that resides in the common block OATA. The Z array consists of real

numbers. An integer array :\Z is set equal to the Z array. by a Fortran

EQCIVALE:\CE statement, to provide storage for integer variables. Index variables

beginning with IZ, such as IZxxxx, are used to store the address of the information in

the Z array. The variable IZ is used to track the next available space in the Z array.

The exact amount of space required to solve a specific problem is reserved in the Z

array during the execution of the program. This dynamic allocation of memory allows

the program to use the computers memory efficiently.

For example, assume that the Z array is empty and IZ = l. The joint [D numbers

are integer variables that are stored in the ~Z array. Thus the index for the joint 10

numbers is IZID = IZ = I and :\LNIl 01 joint numbers are stored in the :'\iZ array.

Once the storage for the joint numbers is reserved, the next available storage location
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is IZ = IZ + ?\CMJOI. ?\ext the joint coordinates are stored in the Z array, beginning

at IZCORD = IZ. The joint coordinates require 3*~UMJOI storage locations. Thus

once the storage for the joint coordinates is reserved, the next available storage

location is IZ= IZ + 3*~CMJOI. The Z array with joint numbers and coordinates is

shown in Figure 21.

2. Compact Ylatrix Storage. The mass, stiffness, geometric stiffness and dynamic

stiffness matrices are sparse symmetric matrices. Because the matrices are symmetric,

only half(the upper triangular matrix) of each matrix needs to be stored. Additionally,

many of the terms in the upper triangular matrix are zero. The nonzero terms, in a

given column, are typically found near the main diagonal. The level of the upper

nonzero term in each column is the skyline. Thus only the terms below the skyline of

the upper triangular matrix are stored in the Z array. Additionally the linear array

addresses of the main diagonal elements are stored in the array YlO. For example, let

the matrix 8 be the 5x5 full symmetric matrix below

[

I 3 0 0 12]325011
8= 054710

o 0 7 6 9
12 II 109 8

(3)

where BI,3' B1,4 and 82,4 are zero. Thus the terms III the upper triangular matrix,

below the skyline are

[
13 12]2 5 II

Iluppcr triangular ~ 4 ~ If (-l)

These elements are stored in the linear array by columns, beginning with the element

on the main diagonal. Thus the 8 matrix in linear array form becomes
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A=

1
2
3
4
5
6
7
8
9
10
II
12

(5)

and the array, yID, containing the addresses of the main diagonal clements is

YID=

1
2
4
6
8
13

(6)

The last row of the array is a dummy clement with the value :\ + 1, where :\ is the

number of clements in the linear array. The i,j element of the linear array is addressed

with the algorithm

B(I,J) = A(YlD(J) + J - I) If J > I and (YID(J) + J - I) < YlD(J + 1)

=0 If J > I and (YlD(J) + J - I) ~ YID(J + 1)
(7)

This storage method was also presented by Bath and Wilson (2).

3. Capacity of the Dynamic Ylemorv.

The program's capacity is a function of the amount of memory available in the

computer. The program instructions compiled in double precision on an IBM 4381

computer require about 0.8 megabytes of memory. Assuming 8 megabytes of total

memory is available, the Z array may occupy 8 - 0.8 = 7.2 megabytes of memory. For
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double precision, on an IBM computer, each variable is 8 bytes long. Thus for

8 b f h Z . 7.2 x 10
6

-- 900 000mega ytes 0 memory, t e array may contam up to 8 '

variables.

The number of variables in the Z array required for a specific problem is a

function of 1) the number and orientation of the joints, 2) the number of restraints,

. 3) the number of constraints, 4) the number and types of materials,S) the number

and types of clements and the materials each clement uses, 6) the number of joint

masses, 7) the amount of storage required by the structural stiffness, geometric

stiffness, and mass matrices, which is a function of the bandwidth, 8) the type of

solution, 9) the number of degrees of freedom, 10) the number load cases for SOlOI,

II) the number of element loadings for SalOl and SOL04, 12) the number of free dof

for SOl02 and SOl03, and 13) the length of the ground acceleration record for

soL02. The actual number of variables used, and the percentag~of total memory used

are printed out at the end of each block. For the example in Section C of

Chapter V, the following message is printed in the output.

*--------------------------------------**--- MEMORY UTILIZATION ----*
*--- IZ= Z1965. HEM= 4.393X ----*
*--------------------------------------*

This example required 21.965 variables. Four megabytes of memory are available for

the Z array and the program is compiled in double precision on an IB\1 computer.

Thus the Z array has a capacity of 4 x8
106

= 500,000 variables, and

21965 x 100 = 4.393% of the available memorY was used.
500.000 .

The capacity of the program is modified by changing the value of \1AXZ in the

PAR,\\1ETER statement

PARA\1ETER (MAXZ= 500000, \1AXDZ= MAXZ,'2)
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of file ZCOM~2 COPY. The macro library GEvt3 IS then regenerated and the

program is recompiled.

E. ADDITIO?\: OF \1ATERIALS, ELE\1ENTS, A:\'D SOLCTIOT\S

The modular form of the I:\'RESB-3D-SUP program allows for the relatively easy

addition of materials, elements and solutions. The changes required to add materials,

clements and solutions arc discussed below.

1. Addition of a \;Iaterial to the \1aterial Libraf\'. :\ subroutine with the name

\;IAfxx is written that contains the material information. The subroutine must have

the following options to be consistent with the existing subroutines:

IOPT =0 Determines the number of storage spaces required for each clement

utilizing this material. This storage is typically used by a hysteresis model

that is called by routine \11\Txx.

10PT= I Inputs and stores data. Returns the amount of storage required for the

material.

IOPT = 2 Calculates the initial stifTness and initializes the hysteresis model.

IOPT = 3 Calculates the current stifTness and load for an incremental displacement,

given the previous loading history. Calculates the strain energies,

ductilities, and excursion ratios.

IOPT =4 Calculates the strain energies, ductilities, and excursion ratios.

IOPT =5 Calculates the damage index.

for nonlinear materials, the subroutine \11\Txx calls a companion hysteresis mode!,

subroutine IIYSTxx.
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IOPT= 2

IOPT= 3

The call to \1ATxx is added in routine MATLIB. All communication with the

subroutine y[ATxx is through the routine \1ATLIB. The name of the material and the

material number (\1ATTYP= xx) are added to routine STReCT.

2. Addition of an Element to the Element Library. A subroutine with the name

ELExx is written that contains the element information. The subroutine must have the

following options to be consistent with the existing subroutines:

IOPT = 1 Interprets the input data, calculates transformation matrices, initial

structural stiffness and a unit load geometric stiffness. Determines the

actual amount of storage required.

Determines the axial load used for the geometric stiffness.

Recalculates the structural stiffness, if one of the components of stiffness

has changed.

IOPT = 4 Calculates the incremental forces, unbalanced forces and new components

of stiffness.

IOPT= 5

IOPT= 6

IOPT= 7

IOPT= 8

IOPT= 9

IOPT= 10

IOPT= 11

IOPT = 12

Calculates the total element forces and energies.

Calculates the fixed end forces due to element loads, if applicable.

Writes element data to an output file.

Reads element data from an output file and print.

Determines the amount of storage required for the clement's materials.

Determines the strain energy.

Determines the ductilities and excursion ratios.

Prints out the maximum forces and/or displacements that the clement was

subjected to.

IOPT = 13 Sets the internal forces and displacement equal to zero. Reinitializes the

hysteresis models.

IOPT = 14 Calculates and prints the damage index.
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The call to ELExx is added in routine ELELIB. All communication with the

subroutine ELExx is through the routine ELELIB. The name of the element, the

element number (T"ELTYP= xx), the number of variables input for the element, and

the maximum amount of storage required for the element are added to routine

STReeT.

3. Addition of a Solution. A subroutine with the name SOLxx is written that

reserves and initializes the storage required by the solution. SOLxx also calls CKSTO R

to ensure that the program has enough storage to execute the solution. The call to

SOLxx is added to routine SOL~. All communication with the subroutine SOLxx is

through the routine SOLX

Subroutine SOLxx calls subroutine SOLxxA which performs the actual solution.

Subroutine SOLxxA may call other subroutine such as FOR\1 to form the stiffness

matrix, 101 LOA to generate joint loadings, \tISOLL to solve for displacements or

ELELIB to calculate clement forces. The functions of these subroutines and others

are described in the previous section.
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IV. INPUT DATA FOR PROGRAM INRESB-3D-SUP

The input for program I-:\RESB-3D-SUP is divided into several blocks. Each

block is briefly described below. The blocks may be executed in any order, except as

noted. \'1 ultiple solutions of the same structure are possible by using multiple solution

blocks. \1ultiple structures may be analyzed by redefining the structure \\'ith the

STRCCT block.

BLOCK DESCRIPTIO:":

STRLCT Defines the structure to be analyzed. Joints, materials, clements, mass

and damping are defined.

SO LO I Elastic static solution of the structure with multiple load cases. SO LO {

must be proceeded by the block STRCCT.

SOL02 Dynamic solution of linear and nonlinear structures subject to three

dimensional ground motion by numerical integration. SOL02 must be

proceeded by the block STR LCT.

SOL03 Eigenvalue solution for the natural frequency or buckling load of an

elastic structure. SOL03 must be proceeded by the block STRLCT.

SOL04 Incremental static solution of a nonlinear structure. SOL04 must be

proceeded by the block STRLCT.

Secondarv Blocks

BUG Sets flags to print out detailed information.

READ Reads results written to an output file during SOL02 or SOL04, and

prints the results.

T\OECHO Inhibits the input echo.

DL\'IP Prints out the contents of the memory.

RELEASE Releases the memory used for the previous solution.

STOP Terminates execution of the program.
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~OTES ON Ii\:PUT

I) Input is free format, unless otherwise noted.

2) Input variables beginning with 1--:\ are integers, and should not contain a

decimal point.

3) Input variables beginning with A-H, and O-Z are real and may contain a

decimal point.

4) Logical variables are identified in the input description, and have the value

.TReE. or .FALSE..

5) Character variables are identified in the input description, and are enclosed in

.single quotes', except as noted.

6) Character and logical variables must be input in upper case.

7) The input data is read from unit 05, except as noted.

8) The output is printed on unit 06, except as noted.

9) Input cards are identified by a box. If that card is repeated, the entire box is

repeated.

input card image .

The data for one card may be input on one or more lines in the data file, provided

that all of the character variables are on the first line.

10) Consistent units are used throughout the program. Thus, input in inches,

kips, seconds yields output in inches, inch-kips etc. \1ixing units will yield

unpredictable results. Units are indicated parenthetically where appropriate.
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Example:

'BCG= K'
'STRCCT'

. Structure input is omitted.

'SOL04'

. Solution input is omitted.

'READ C~IT= 21'
'STOP'

:'\ote

(1)
(2)

(3)

(-l)
(5)

(1) The bug option is set, this prints out the hysteresis model data for each time step.

(2) The structure is defined.

(3) An cyclic static solution of the structure is performed.

(4) Data printed on unit 21 during SOLO-l is read from the disk file and printed in a

report.

(5) The program is terminated.

A. STRCCTURE - DEFl:'\E THE STRCCTCRAL \10DEL

These cards define the structural model to be analyzed. The following cards are each

input once.

'STReCT'

TITLE

STReCT Signifies that the structural model is to be input. Character variable, enclose

in single quotes.

TITLE e ser input title, 80 characters maximum. Character variable, enclose 10

single quotes.
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1. Joints and Degrees of Freedom. These cards are used to define the coordinates

of the joints, joint restraints, constraints and the degree of freedom to be condensed

out. The degree of freedom numbers are assigned by the program, and printed in the

output. The following card is input once.

~JOI~T ~COS NSUPT ~COND NCO~ST SCALE

~JOINT The number of joints defined by the joint coordinate cards.

~COS The number of joint direction cosine cards input.

NSLPT The number of joint restraint cards input.

~CO~D The number of joint condensation cards input.

~CO~STThe number of joint constraint cards input.

SCALE Scale factor that the joint coordinates are to be multiplied by. If

SCALE = 12, the user inputs the joint coordinates in feet, and the structure

is defined in inches.

a. Joint Coordinates. These cards are used to define the coordinates of the joints,

in the global coordinate system, GCS, and identify the direction cosine of the joint.

The total number of joints defined in this section is less than or equal to ~JOI~T.

The second card is only used when the preceding card has a value of IGE~ that is

greater than zero. These cards are repeated untill 1) [\;JOINT joints have been

defined, or 2) An input or generated joint 10 number is less than or equal to lero.

10 X Y Z ICOS IGE~

~ID ~X ~Y ~Z

10 The joint IDentification number. 10 numbers can be input in any

convenient order and need not be consecutive. However, the band width of
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the structural stiffness matrix is dependent on the joint ID numbers. An

ID :::; 0 terminates the input of the joint coordinates.

x

y

z

ICOS

IGE:'\

~ID

The GCS X coordinate of the joint. (length)

The GCS Y coordinate of the joint. (length)

The GCS Z coordinate of the joint.(lcngth)

The joint's direction cosine number.

The number of additional joints to be generated from this joint.

The increment between the generated [D numbcr and thc prcvious joint's

ID number. A generated ID:s 0 terminates the input of the joint

coordinates.

~X The increment between the generated joint's GCS X coordinate and the

previous joint's X coordinate. (length)

~Y The increment between the generated joint's GCS Y coordinate and the

previous joint's Y coordinate. (length)

~Z The increment between the generated joint's GCS Z coordinate and the

previous joint's Z coordinate. (length)

Example: :'\JOI:'\T = 7

10 O. o. O. 1 2
10 O. 0.3.
1 4. 3. -I. 2 0

-I 0 0 ° °°
( I) Joint 10 has the coordinates (0,0,0) and uses direction cosine # I.

(2) T\I/o joints arc generated from joint 10: Joint 20 (0,0,3) and Joint 30 (0,0,6).

(3) Joint I has the coordinates (4,3,-1) and uses direction cosine #2.

(4) Input of the joint coordinates is terminated.

~ote

( 1.2)
(2)
(3)
(4)



b. Joint Direction Cosines. These cards are used to input the joint direction

cosines, which in turn define the joint coordinate system, JCS. The joint direction

cosines are numbered from 1 to :\COS. This card is repeated 0:COS times.

Vxi Vxj Vxk Vyi Vyj Vyk

Vxi The projection on the GCS X a~is of a unit vector parallel to the JCS X axis.

Vxj The projection on the GCS Y axis of a unit vector parallel to the JCS X axis.

Vxk The projection on the GCS Z axis of a unit vector parallel to the JCS X axis.

Vyi The projection on the GCS X axis of a unit vector parallel to the JCS Y axis.

Vyj The projection on the GCS Y axis of a unit vector parallel to the JCS Y axis.

Vyk The projection on the GCS Z axis of a unit vector parallel to the JCS Y axis.

c. Joint Restraints. These cards are used to define the joint restraints. This card

is repeated :,\SUPT times.

10 ITX ITY ITZ £RX IRY IRZ IGE:'\f L1ID

I
ID

ITX

ITY

ITZ

IRX

lRY

IRZ

IGE:\

The joint IDentification number. An ID of zero indicates that all the

joints arc restrained by this card.

Restraint flag for translation in the JCS X direction.

Restraint flag [or translation in the JCS Y direction.

Restraint flag [or translation in the JCS Z direction.

Restraint flag for rotation about the JCS -X axis.

Restraint flag for rotation about the JCS Y axis.

Restraint flag for rotation about the JCS Z axis.

The number of additional joints, with the same restraints, to be generated

from this joint.
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~ID The increment between the generated ID number and the last ID number.

Valid joint restraint flags are:

o Free or unrestrained degree of freedom.

Restrained degree of freedom.

2 Restrained degree of freedom. A restraint flag of 2 forces the program to assign the

dof a higher number. This option can be used to reduce the bandwidth of the

stiffness matrix.

Example: ),"SCPT = 2

o 00000 100
111111100

( I) The rotation about the JCS Z axis of all joints is restrained.

(2) Joint 1 has all six dofs restrained.

)," ote

( I )
(2)

d. Joint Condensation. These cards are used to identify \\!hich dof are condensed

out. This card is repeated :'-lCO~D times and is omitted if :\CO:\D equals zero.

10 ITX ITY ITZ IRX IRY IRZ IGE:\ <1ID

10 The joint IDentification number. An 10 of zero indicates that all of the

joints are affected by this card.

ITX Condensation flag for translation in the JCS X direction.

ITY Condensation flag for translation in the JCS Y direction.

ITZ Condensation flag for translation in the JCS Z direction.

IRX Condensation flag for rotation about the JCS X axis.

1RY Condensation flag for rotation about the JCS Y axis.

IRZ Condensation flag for rotation about the JCS Z axis.
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IGEN The number of additional j.oints, with the same condensation, to be

generated from this joint.

,110 The increment between the generated 10 number and the last 10 number.

Valid condensation flags are:

o Degree of freedom is not condensed out.

Degree of freedom is condensed out. Condensation of a restrained dof is ignored.

Example: ~CO~D= I

30 000 I I I 00

The rotations of joint 30 are condensed out. If the Z axis rotation had been previously

restrained, only the X and Y axis rotations are condensed out.

e. Joint Constraints. These cards are used to identify which dof arc constrained.

This card is repeated ~COI\ST times, and omitted if ~CO~ST equals lero.

ITYPE Y1ASTER ISLAVE IGEN ~IO

ITYPE The type of constraint.

o Rigid body constraint. A rigid body constraint transfers all six joint

dof from the slave to the master joint.

XY-planar constraint. An XY-planar constraint transfers the joint's

JCS X and Y axes translational dof and the joint's JCS Z axis

rotational dof from the slave to the master joint.

MASTER The joint IDentification number of the master joint.

[SLAVE The joint IDentification number of the slave joint.

IGEN The number of additional slave joints, constrained to the same master joint

to be generated.
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~ID The increment between the generated ID number and the previous ID

number.

\iote: Both the slave and master joint must have the same joint direction cosine

number (lCaS).

Example: \iCOi\ST= 1

I 1020 00

Joint 20 is constrained in the JCS XY-plane to Joint 10.

2. Ylaterials and Hysteresis Ylodel Information. These cards are used to input

the material and hysteresis model information. The first card is input once. The

second card is repeated :\iYlAT times.

:\;\;[AT

TYPE VAUJEl VALCE2 ...

:\y[AT The number of materials input.

TYPE The material type. Valid types are discussed below. Character variable.

enclose in single quotes.

VAUJEi The input required by a given material type. The values for each TYPE arc

discussed below. (real or integer)

:\otes on material - clement compatibility:

I) [ndividual clements may not use all of the information provided by a given material.

2) A given material may not be compatible with all of the clements. For example the

Takeda hysteresis model may not be used with the elastic prismatic beam element.

The compatible materials for each element are specified under the clement input.
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a. TYPE ='3D-BEAM'. Material data for an elastic 3D-beam.

'3D-BEA:Y1' E G AX AY AZ J IY lZ

E Young's modulus. (force/length2)

G Shear modulus. (force/length2)

AX Cross sectional area. (length2)

AY Y axis shear area. (length2)

AZ Z axis shear area. (length2)

J Torsional moment of inertia. (length4)

IY \1 oment of inertia, about the Y axis. (length4)

lZ :Yloment of inertia, about the Z axis. (length4)

b. TYPE = 'AXL\10D'. AXL\10D axial hysteresis model for reinforced

concrete as shown in Figures 2 and 3.

'AXL\10D' Kc Kt Kt2 Fy C( P pf POI

Ks Compression stiffness of a unit length member. (force/length)

Kt Pre-yielding tensile stiffness of a unit length member. (force, length)

Kt2 Post-yielding tensile stiffness of a unit length member. (forcC'lcngth)

Fy Yield force. (force)

C( L nloading coefficient, usually 0.90.

P Pinching coefficient, usually 0.20.

!J.f Failure Ductility.

POl Parameter for Ang's damage index discussed in Appendix B (I).

The stiffness terms Kc, Kt, and Kt2 are real variables and may contain a decimal point.
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:\1

:\SEG

c. TYPE = 'BEl'O l'. ~aterial data for the BI hysteresis model. The BI

hysteresis model was developed to model the bending behavior of reinforced concrete

shear walls and is shown in Figure 4. The input for the backbone curve is shown in

Figure 5.

'BE:\Ol' :\SEG i\1 OY POI

P( 1) P(2) ... P(:\SEG)

O( I) 0(2) ... O(:\SEG)

:\umber of points on the backbone curve.

:\umber of small amplitude loop reversal points that can be stored by the

program at one time, usually 10.

D Y Rotation of a unit length member, corresponding the yield point. C sed to

define the ductility ratio. (radian,length)

PDI Parameter for Ang's damage index discussed in Appendix B (I).

P(i) The moment of a point on the backbone curve. (force*length)

D(i) The rotution of a point on the backbone curve. Where the rotation is based

on a unit length member. (radian/length)

d. TYPE='SHEARI'. Material data for the SI hysteresis model. The SI

hysteresis model was developed to model the shear deformation or reinforced concrctc

shear walls and is shown in Figure 6. The input ror the backbonc curvc is sho\vn in

Figure 5.
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:\SEG

'SHEAR}' :'-iSEG i\I DY ,801

PO) P(2) ... P(NSEG)

D(l) 0(2) ... D(~SEG)

:\umberof points on the backbone curve.

:\umber of small amplitude loop reversal points that can be stored by the

program at one time, usually 10.

DY Shear deformation of a unit length member, corresponding the yield point.

Csed to define the ductility ratio. (length/length)

POI Parameter for Ang's damage index discussed in Appendix B (1).

P(i) The shear of a point on the backbone curve. (force)

D(i) The shear deformation of a point on the backbone curve, where the shear

deformation is based on a unit length member. (length/length)

e. TYPE= 'TAKEDA'. Ylaterial data for the TAKEDA hysteresis model. The

TAKEDA hysteresis model was developed to model the bending deformations in

reinforced concrete members and is shown in figure 7.

'TAKEDA' PC DC PY DY PC DU POI

PC Cracking moment. (force*length)

DC Cracking rotation, for a unit length member. (radian/length)

PY Yield moment. (force*length)

DY Yield rotation, for a unit length member, (radianllength)

PU Utimate moment. (force*length)

DU Ultimate rotation, for a unit length member. (radian/length)
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POI Parameter for Ang's damage index discussed in Appendix B (1).

f. TYPE = 'BI U:-\EAR'. The bilinear hysteresis model sketched in Figure 8.

'ELSPLS' E PY SIE f-Lf POI

E Elastic stiffness. (force/length)

PY Yield load. (force)

51E Inelastic stiffness. (force, length)

flf Failure Ductility.

PDI Parameter for Ang's damage index discussed in Appendix B (I).

3. Geometric Stiffness Data. This card is used to determine the type of geometric

stiffness used in the analysis. This card is input once.

KGLOAO KGTYPE KGFOR~ KGCO~D

KGLOAD The type of axial force used to calculate the geometric stiffness.

o The geometric stiffness is omitted.

The axial force is equal to the input force, magnified by the ground

acceleration in the global Z direction, if applicable.

2 The internal clement force of the previous load step is use to generate

the geometric stiffness.

KGTYPE The type of geometric stiffness formulation.

o The geometric stiffness is omitted.

A 'lumped parameter' formulation is used for the clement geometric

stiffness.
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2 A 'consistent parameter' formulation is used for the element

geometric stiffness. If a consistent parameter formulation for an

individual element is not available, the lumped parameter

formulation is used. Refer to individual clement specifications for

applicability.

KGFORM Form of the geometric stiffness used.

o The geometric stiffness is omitted.

The geometric stiffness is subtracted from the structural stiffness.

2 Separate structural stiffness and geometric stiffness matrices are

formed.

Refer to individual solution for applicability.

KGCO?"D A logical flag. If KGCO?"D = .TRLE., the geometric stiffness matrix is

condensed when applicable. Logical variable.

4. Element Data. These cards are used to define the elements. The elements are

numbered by the program in the order they are input from 1 to ~[L:V[T. The clement

numbers are used to identify the elements in the output. The first card is input once.

The second and third card (if used) arc repeated untill 1) :'\[ LYIT elements are input,

or 2) a TYPE= 'E:'\ID' is encountered. The third card follows each second card with

a value of IG[:'-! > I.

:'-!ELMT

TYPE ;\AME VALLEI VALLE2 ... IGE:'\

~VALUEI ~VALUE2 ...

i"ELYlT The number of clements input.
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The element type. Valid types are discussed below. Character variable,

enclose in single quotes.

A user defined name. Character variable, enclose in single quotes.~A:vIE

VALCEi

TYPE

The input required by a given element type. The values for each TYPE

are discussed below. (real or integer)

IGE:'\f The number of additional elements to be generated from this element.

LlVALCEi The incremental value used to generate subsequent clements.

VALCEigenerated = VALCEiprevious + LlVALUEi

a. TYPE = '3D-BEA:vI'. This card is used to define the clement data for the

clastic prismatic 3D-beam shown in Figure 9.

'3D-BEA:vI' ~A:vIE :vIAT JOI:\TI JOI~TJ VI V2 V3 XS XE PKG

IRELT IGE~

V2

viAT

:'\iAYlE

JOI:\TI

JOI~TJ

VI

A user defined name. Character variable, enclose in single quotes.

vlaterial number. The material number must correspond to the material

type '3D-BEAYI'. The terms L\X, GJ, Ell' and EIZ from material

'3D-BEAM' are used to generate the clement stiffness.

Start joint ID number.

End Joint ID number.

The projection on the GCS X aXIS of a vector in the clement's local

XY-plane. This vector defines the orientation of the clement's local Y-axis.

The projection on the GCS Y axis of a vector in the clement's local

XY-plane.

V3 The projection on the GCS Z aXIS of a vector In the element's local

XY-plane.



IGEl\

XS The ofT set distance from the start joint to the beginning of the element.

Positive in the direction of the element's local X-axis. (length)

XE The ofT set distance from the end joint to the end of the clement. ~egative

in the direction of the element's local X-axis. (length)

PKG Axial load used to calculate the geometric stiffness, ifKGLOAD= 1. (force)

Positive is compression.

IRELT A six digit release code that is used to release the rotational dof at the ends

of the clement. A nonzero value of the i'th digit signifies a released dor.

DIGIT

Releases the moment about the element's X axis at the start joint.

2 Releases the moment about the element's Y axis at the start joint.

3 Releases the moment about the element's Z axis at the start joint.

4 Releases the moment about the element's X axis at the end joint.

5 Releases the moment about the element's Y axis at the end joint.

6 Releases the moment about the element's Z axis at the end joint.

Element generation parameter. See discussion under 'Element Data'.

b. TYPE = ·SPRI~G'. This card is used to define the clement data for the one

dimensional spring shown in Figure 10.

'SPRI:,\G' NAME MAT JOIl\TI JOI0:TJ KTYPE XLE:\ VI V2 V3

XS XE IGE;,\!

~A:VIE A user defined name. Character variable, enclose in single quotes.

MAT Material number.

JOI~TI Start joint 10 number.

JOI).iTJ End joint ID number.

KTYPE Type of spring.
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Axial spring.

2 Shear spring in the element's local Y axis.

3 Shear spring in the element's local Z axis.

4 Torsional spring.

S Rotational spring about the clement's local Y axis.

6 Rotational spring about the element's local Z axis.

XLE:\ Length of the spring used to calculate the stiffness. If XLE:\ is zero the

length between the start and end joints less XS and XE is used to formulate

the stiffness. (length)

VI The projection on the GCS X axis of a vector in the springs local XY-plane.

This vector defines the orientation of the element's local Y-axis.

V2 The projection on the GCS Y axis of a vector in the springs local XY-plane.

V3 The projection on the GCS Z axis of a vector in the springs local XY-plane.

XS The off set distance from the start joint to the beginning of the sprmg.

Positive in the direction of the element's local X axis. (length)

XE The off set distance from the end joint to the end of the spring. :\egative in

the direction of the clement"s local X axis. (length)

IGE:'-I Element generation parameter. See discussion under 'Element Data'.

:\otes:

I) The material specified for the spring element may consist of any of the following:

3D-BE1\:\1, AXL:\10D, BE:\Dl, SHEARI, TAKEDA, and ELSPLS.

2) The spring uses the axial stiffness from the 3D-BE:\\'1 material.

3) The BE:'\D I and TAKEDA models are usually based on moment-rotation,

(KTYPE = 4 to KTYPE = 6) but they can be used as translational springs

(KTYPE = I to KTYPE = 3) by changing the material input from moment-rotation

to force-translation.
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4) The AXL\10D and SHEARI models are usually based on force-translation, and

are valid models for KTYPE = I to KTYPE = 3.

5) The program does not check the user's choice of model.

6) If the distance between the start and end joints is zero, the spring is orientated such

that the ECS is parallel to the start joints JCS.

c. TYPE = 'SHEAR WALL'. This card is used to define the element data for

the reinforced concrete shear \vall shown in figure 14.

'SHEAR WALL' :'\Ay[E \'lATB y[ATS \'lATA 11 J2 13 J4 ALPHA

PKG IGE:'-!

:'\A\'lE

Y[ATB

Y[ATS

Y[ATA

11

12

13

J4

A user defined name. Character variable, enclose in single quotes.

Bending hysteresis model material number.

Shear hysteresis model material number.

Axial hysteresis model material number.

J oint at the upper right hand corner of the element.

J oint at the upper left hand corner of the clement.

J oint at the lower left hand corner of the clement.

Joint at the 100ver right hand corner of the element.

A LPHA Fraction of the length from the top of the clement to the internal springs.

PKG Axial load used to calculate the geometric stiffness, if KGLO:\D= 1.

Positive is compression. (force)

IGE:'-! Element generation parameter. See discussion under 'Element Data',

:'-!otes:

I) The material specified for the shear wall clement may consist of any of the

following: 3D-BEAM, AXLY[OD, BENDI, SHEARI, TAKEDA, and ELSPLS,

2) The BENDI model is usually specified for the bending material.
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3) The SHEARl model is usually specified for the shear material.

4) The AXL:YIOD model is usually specified for the axial material.

5) The 3D-BEA\1 material's axial stiffness is used for the spring's stiffness if the

3D-BEA:\1 material is specified.

Example:

5
'3D-BEA.v1' 'AI' 1 10 20 O. O. 1. O. O. O. 100000 2

o 10 10 O. O. o. O. o. o. 000000
'SPRI:\G' 'sl' 2 10 11 1 O. O. O. 1. O. O. 0
'SHEAR WALL' 'WI' 345 20 10 I 2 1. 35.0

( I) Five elements are to be input.

(2) :\ 3D-beam is input between joints 10 and 20.

(3) Two more 3D-beams are generated from the first beam.

(4) An axial spring is input between joints 10 and 11.

(5) A shear wall element is input between joints 20, 10, I and 2.

\:ote

( I)
(2, 3)

(3)
(4)
(5)

5. \-fass. These cards are used to input lumped masses at the joints. Thc first

card is input once. The second card is repeated I:'\:\1:\SS times, or until a joint

1D S; 0 is encountered. If I~\1ASS is less than one, or F\1ASS is /,cro, omit the

second card.

I:\\1ASS F\1ASS :YICO:\D

ID PX PY PX RXX RYY RZZ RXY RXZ RYZ IGE~ fifO

II\::YIASS The number of mass cards to be read.

F\1:\SS :'.'lass nag.

o The mass matrix is omitted.

The mass matrix due to concentrated joint masses is formed.
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Rotational mass moment of inertia about the joint's JCS X aXIs.

(mass*length2)

Rotational mass moment of inertia about the joint's JCS Y axis.

(mass"'length2)

Rotational mass moment of inertia about the joint's JCS Z aXIs.

(mass'"length2)

Rotational mass product of inertia about the joint's JCS X'{ axis.

(mass'"length2)

Rotational mass product of inertia about the joint's JCS XZ axis.

(mass*length2)

Rotational mass product of inertia about the joint's JCS YZ aXIs.

(mass"'length2)

RZZ

RXZ

\1CO?\D A logical flag.. If \1COND= .TRUE., the mass matrix is condensed when

applicable. Logical variable.

ID IDentification number of the joint.

PX Translational mass in the joint's JCS X direction. (mass)

PY Translational mass in the joint's JCS Y direction. (mass)

PZ Translational mass in the joint's JCS Z direction. (mass)

RXX

RXY

RYY

RYZ

IGE-:\

,1ID

:'\umber of joints with identical mass, to be generated.

Increment of joint ID number for generated values.

Example: I:\'YlASS= 1, FMASS= 1,

10 8. 8. 8. 0 0 0 0 0 0 0 0

Joint 10 has a translational mass of 8.0 in the X, Y and Z directions.

6. Damping. This card is used to input proportional damping data.
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ALPHA BETA

ALPHA Proportional damping coefficient for mass.

BETA Proportional damping coefficient for stiffness.

SaLOl

TITLE

B. SaLOl - ELASTIC 51'1\TIC SOLCTIOi\

The following solution is an elastic solution with multiple load cases. The following

cards are input once.

'SOLor

TITLE

~LOAD MAXELD

Signifies solution # 1. Character variable, enclose in single quotes.

L'ser input title, 80 characters maximum. Character variable, enclose in

single quotes.

~LOAD \lumber of load cases.

\,IAXELD \'Iaximum number of element loads.

l\otes:

1) Condensation increases the band width of the stiffness matrix for SOLO 1 without

any other benefits. Condensation is not recommended for SOLO l.

2) A separate geometric stiffness (KGFORM = 2) is not used by SOLOL The

geometric stiffness may be included by using KGFORM = 1.

3) If the geometric stiffness is included, the clement axial loads mu.st be input,

KGLOAD= 1.
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1. Joint Loads. These cards are used to apply loads to joints. Loads applied to

restrained joints are considered as displacements, yielding, support settlement or

displacement control solutions. Loads applied to constrained joints are transferred to

their 'master' joints. If the 'master' joint is restrained, loads transferred to restrained

dof are considered as displacements. Joint loads are additive; applying two loads to the

same joint results in the sum of the joint loads being considered. The following card

is repeated untill the value of 01 R is 'E?\O'.

LOAD ID IGE?\ ,110 OIR VALUE

LOAD

10

IGE:-.i

~10

OIR

:\umber of the load case that the load is applied to.

Joint 10 number that the load is applied to.

:\umber of identical joint loads to be generated.

Increment of joint 10 number for generated values.

Direction of load, in the joint coordinate system. Valid directions and the

units of VALUE are given below. Character variable. enclose in single

quotes.

TX'

'FY'

'FZ'

'\1X'

'\1Y'

'\1Z'

'E:\O'

Applied force in the joint's JCS X direction. (force)

Applied force in the joint's JCS Y direction. (force)

Applied force in the joint's JCS Z direction. (force)

Applied moment about the joint's JCS X axis. (force*length)

Applied moment about the joint'sJCS Y axis. (force*length)

Applied moment about the joint's JCS Z axis. (force*lcngth)

Terminate the input of clement loads.

VALUE Magnitude of the applied load.
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Example:

1 2 2 1 TZ' -3.00
2 7 0 0 'MX' 33.5
o0 0 0 'E?\TO' 0

~ote

(1)
(2)
(3)

(1) Joints 2, 3, and4 have an applied force of -3.00 in the Z direction, load case 1.

(2) Joints 7 has an applied moment of 33.50 in the X direction, load case 2.

(3) Joint lo,!ding input is terminated.

2. Element Loads. These cards are used to apply clement loads to the

'30-BEA\1' clement. The loads are applied to the portion of the beam between points

:\ and B of f'igure 9, in the ECS. The loads are transferred by the program to the start

and end joints. The following card is only included if \1AXELD > O. The card is

repeated .v[AXELO times, or until the value of TYPE is 'E~D'.

LOAD IELE IGE~ ~IELE TYPE DIR VALLEl, VALLE2, ...

LOAD Load case number.

IE LE Element number.

IGE~ ?\Tumber of similar clement loads to be generated.

~IELE Increment of clement number for generated values.

TYPE Type of load. Valid types are described in detail below. Character variable,

enclose in single quotes.

'CO~C Concentrated load applied In direction DIR. VALLEl is the

magnitude of the load (force or force*lcngth). VALLE2 is the

ratio of the distance to the load, divided by the flexible length of

the member. The distance is measured from the beginning of the



flexible length at the member's start end. VALUE2 is between 0

and I. Only two values are input.

'CT\IF' Uniform load applied in direction DIR. VALUEI is the

magnitude of the load. Only one value is input. (force: length)

'FE\1' Input the fixed end forces on the end of the member. D IR is not

used and may be set to any value. VALUEI to VALCEI2 are

required.

VALUEI Fixed end axial force, at point A of Figure 9,in the

ECS X direction. (force)

VALCE2 Fixed end shear, at point A of Figure 9. in the ECS

Y direction. (force)

VALUE3 Fixed end shear, at point A of Figure 9, in the ECS

Z direction. (force)

VALUE4 Fixed end torsion, at point A of Figure 9. about the

ECS X axis. (force*length)

VALCE5 Fixed end moment, at point A of Figure 9. about the

ECS Y axis. (force*length)

VALUE6 Fixed end moment, at point A of Figure 9, ahout the

ECS Z axis. (force*length)

VALUE7 Fixed end axial force, at point B of Figure 9, in the

ECS X direction. (force)

VALUES Fixed end shear, at point B of Figure 9, in the ECS

Y direction. (force)

VALCE9 Fixed end shear, at point B of Figure 9, in the ECS

Z direction. (force)

VALCEIO Fixed end torsion, at point B of Figure 9, about the

ECS X axis. (force*length)
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VALOE II Fixed end moment, at point B of Figure 9, about the

ECS Y axis. (force*length)

VALUEI2 Fixed end moment, at point B of Figure 9, about the

ECS Z axis. (force*length)

'E:\D' Terminate the input of element loads.

D IR Direction of load, in element coordinate system. Valid directions gl ven

below. Character variable, enclose in single quotes.

TX' Axial load is applied.

'FY' Force is applied in the local clement's Y direction.

.FZ' Force is applied in the local element's Z direction.

'\1X' Torque is applied.

'VIY' \!lament is applied about the local element's Y axis.

'\1Z' \lloment is applied about the local element's Z axis.

VALCEi Values used to calculate the clement loads.

:'\otes:

1) \!lultiplc loads may be put on a single clement.

2) 'U:-.lIF '\1Y' and 'U:\IF' '\!lZ' are not available.

3) Element load TYPE = TEV(' is not modified to reflect member end releases.

Example: \lIAXELD= I,

I 13 () 0 'C~I F' 'FZ' -3.00

Element 13 has a uniform load of -3.00 applied in the clement's local Z direction. Cor

load case 1.

C. SOL02 - DY:-\t\\IlIC SOLUTIO~ BY :'-JU\1ERICAL I?\TEGRATIO~

This is a dynamic solution of the structure subject to ground accelerations, Both

clastic and nonlinear behavior can be modeled. The following cards are input once.
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I7\TEG

SOL02

TITLE

'SOL02'

TITLE

I~TEG THETA ELASTIC CNBAL

IPRI"\;T IWRITE \1AXACC SL\1ASS

TO 6T TF GRAV

Signifies solution #2. Character variable, enclose in single quotes.

User input title, 80 characters maximum. Character variable, enclose in

single quotes.

Type of numerical integration used. Valid values of I:'\TEG are given

below. Character variable, enclose in single quotes.

'LI:\EAR' The linear acceleration method is used.

':\VERAGE' The average acceleration method is used.

THETA Not used, set THETA=O.

ELASTIC 1\ logical flag. If ELASTIC=.TRCE., the structure is assumed to behave

elastically. Logical variable.

C:\BAL A logical flag. If U:'\iBAL = .TRUE., the unbalanced loads from the

preceding step are added to the current dynamic loads for nonlinear

analysis. Logical variable.

lPRI~T Step increment for printed output.

IWRITE Step increment for data written to output files.

\1AXACC The maximum number of points in each ground acceleration record.
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SLMASS

TO

L\T

TF

GRAV

A logical flag. If SLMASS = .TReE., a special mass matrix is input. This

matrix is used, with the ground acceleration to generate loads. Logical

variable.

Initial time at the beginning of the solution. (time)

Time step. (time) .

Final time at the end of the solution. (time)

Gravitational acceleration constant. (length!sec2)

1. Special Loading Ytass. The special loading mass matrix discussed in step I

of Section C in Chapter II is input by these cards. If the special loading mass is input

the dynamic joint loads are the ground acceleration times the special loading mass. If

the special loading mass is not input, the dynamic joint loads are the ground

acceleration times the structural mass. The first card is input oncc. The second card

is repeated I:\MASS,times, or until an ID less than one is encountered. If C\\;L\SS

is less than one, or FMASS is zero, omit the second card. Omit hoth cards if

SLMASS = .FALSE..

I~\;IASS FMASS

ID PX PY PX RXX RYY RZZ RXY RXZ RYZ IGE:\' L\ID

These cards arc identical to the 'Ytass' cards in the block STReCT. Refer to STReeT

for a detailed description.

2. Output Data to Disk Files. These cards control the data that is written to

separate disk files. This data is used to print reports and plot data. The card is

repeated until the value of TYPE is 'E~I),.
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TYPE ~CMB IUT\IT IGE?\' ~="iUMB ~IC?\IT

TYPE

~CMB

IC?\'IT

IGET\

Type of data to be written to output file. Valid types are gIven below.

Character variable, enclose in single quotes.

'DOF' Data is printed for a degree of freedom. The degree of

freedom ID number, as assigned by the program, is used.

'JOI:\"T FX' Data is printed for the degree of freedom corresponding to

the joint's JCS X translation.

'JOI:\"T FY' Data is printed for the degree of freedom corresponding to

the joint's JCS Y translation.

'JOI:\"T FZ' Data is printed for the degree of freedom corresponding to

the joint's JCS Z translation.

'JOl?\T MX' Data is printed for the degree of freedom corresponding to

the joint's JCS X rotation.

'JOl:\"T N[Y' Data is printed for the degree of freedom corresponding to

the joint's JCS Y rotation.

'JO[:\IT MZ' Data is printed for the degree of freedom corresponding to

the joint's JCS Z rotation.

'ELE' Element data is printed.

'E~ERGY' The structures energy balance is printed.

'SUM RCT' The structures summation of reactions is printed.

'G ROCND' The ground response is printed.

'E?\D' Terminate the input of element loads,

Element, dof or joint number. Set ~CMB=0 if TYPE = ·E~ERGY'.

Output file unit number.

Number of similar data groups to be printed.

77



~:\C\1B Incremental element dof or joint number for generation.

~IC~IT Incremental output file unit number for generation.

Example:

'DOF' 5 10 000
'ELE' 32 11 I I I
'E:\D' 0 0 0 00

(1) Degree of freedom #5 data is written to file 10.

:'\lote

(1)
(2)
(3)

(2) Element 32's data is written to file 11, and element 33's data is \vritten to file 12,

(3) Output requests are terminated.

3, Initial Displacements, Velocities. Accelerations and Loads. This card is used

to define initial conditions for dynamic analysis. This card is repeated until OPTIO~

has a value of 'E:\D'.

[D IGE:\ ~ID OPTIO:\ VI V2 V3 V4 V5 V6

ID

[GE~

,1ID

J oint ID number.

~umber of joints with identical initial conditions.

Increment of the joint ID number for generation.

OPTI07\ Type of initial condition. Valid options arc listed below. Character variable.

enclose in single quotes.

'DISPL' Initial displacements arc given. VI, V2 and V3 arc displacements

(length), while V4, V5 and V6 arc rotations (radians).

'VEL' [nitial velocities are given. V I, V2 and V3 arc translational

velocities (length/time), while V4, V5 and V6 are rotational

velocities (radians/time).



'Ace

'lOA'

Initial accelerations are given. VI, V2 and V3 are translational

accelerations (length/time2), while V4, V5 and V6 are rotational

accelerations (radians /time2).

Initial loads are given. VI, V2 and V3 are loads (force), while V4,

V5 and V6 are moments (force*length).

VI Initial value of translation or force in the joint's JCS X direction.

V2 Initial value of translation or force in the joint's JCS Y direction.

V3 Initial value of translation or force in the joint's JCS Z direction.

V4 Initial value of rotation or moment about the joint's JCS X axis.

V5 Initial value of rotation or moment about the joint's JCS Yaxis.

V6 Initial value of rotation or moment about the joint's JCS Z axis.

:\ote:

1) If the acceleration at time TO IS nonzero, initial conditions must be specified to

ensure equilibrium.

2) The initial acceleration may be set equal to zero by one of the following methods:

a) The initial time at the beginning of the solution is equal to the initial time of the

acceleration record, (TO = TOG), set A( 1) = O.

a) The initial time at the beginning of the solution is less than the initial time of the

acceleration record, (TO<TOG), set A( I) "" O.

3) If the dynamic solution, SOl02, follows a static solution, SOLOI, then the resulting

displacements and element forces are automatically included as the initial conditions

for the dynamic solution. The results from the static solution may be excluded from

the dynamic solution by releasing the memory between solutions.

Example:

221 'ACe 3.00000
o0 0 'E:\D' 0 0 0 0 0 0

(I) Joints 2,3 and 4 have an initial acceleration of3.0 in the X direction.
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(2) Initial conditions are terminated.

4. Ground Acceleration Record. These cards are used to input the ground

acceleration record, and its orientation. The following cards are input once.

),'A ASCALE TOG L1TG PRINT

Vxi Vzj Vxk Vyi Vyj Vyk

Vxi

~TG

PRI~T

~A ~umbcr of components of ground acceleration input. I s; ~:\ s; 3

ASCALE Ground acceleration amplitude scale factor.

TOG Time at the first point of the ground acceleration. (time)

Time increment for the input ground acceleration. (time)

A logical f1ag. If PRI~T= .TReE. then the 3D ground accelerations are

printed.

The GCS X axis projection of a unit vector defining the X' axis of the input

ground acceleration.

Vxj The GCS Y axis projection of a unit vector defining the X' axis of the input

ground acceleration.

Vxk The GCS Z axis projection of a unit vector defining the X' axis of the input

ground acceleration.

Vyi The GCS X axis projection of a unit vector defining the Y' axis of the input

ground acceleration.

Vyj The GCS Y axis projection of a unit vector defining the Y' axis of the input

ground acceleration.

Vyk The GCS Z axis projection of a unit vector defining the Y' axis of the input

ground acceleration.
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IDIR

:\PTS

The following set of cards are repeated ~A times. The two FORYtAT cards are only

used if the value of FYtT= .TRCE.. The two ATITLE cards and AO are input on

unit= IX

I~ NPTS IDIR F:vIT ECHO REWI~D

FORYtATl

FOR:YIAT2

ATITlE2

ATITlE2

A( 1) A(2) A(3) ...

... A(~PTS)

Input unit number for acceleration record.

:\umber of acceleration points to be read. :\PTS ::; :vIAXACC

Direction of acceleration being read.

Ground acceleration is in the X' direction.

2 Ground acceleration is in the Y' direction.

3 Ground acceleration is in the Z' direction.

F:vIT A logical flag. If FYtT= .TRUE. then the input acceleration is formatted

ECHO

and the corresponding Fortran format codes, FOR:YIATI and

FORMAT2, must be input. logical variable.

A logical Flag. If ECHO= .TRCE. then the input acceleration is printed.

logical variable.
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REWI:'\D A logical Flag. If REWI0iD = .TRUE. then the acceleration input file is

rewound before it is read. This allows the same acceleration input file to

be read more than once. IF 10:=5 then set REWI\:D=.FALSE..

Logical variable.

FOR\1AT1 Fortran format code capable of reading the two 80~character titles.

(Character variable, do not enclose in single quotes)

FOR\lIAT2 Fortran format code capable of reading the input ground accelerations.

(Character variable, do not enclose in single quotes)

ATITLE 1 Ground acceleration title. Read from unit I7\". (Character variable, do

not enclose in single quotes)

ATITLE2 Ground acceleration title. Read from unit 1:\. (Character variable, do

not enclose in single quotes)

AO Input ground acceleration. If F\1T = .FALSE., AO must he separated hy

blank spaces or commas. Otherwise, A( ) is input by the fixed format

code FORYL-\T2. Read from unit IX (g's)

Example:

2 1.00.00.01 .FALSE.
100010
5 5 1 .TReE..FALSE.
(A'A)
(8F9.6)
ELCE-:\TRO- 1940 EQ DATA fORMAT: (8F9.6)
DT = 0.01 SEC + + + E-W DIRECTION + + +
-0.0 11848-0.008267~0.004687 -0.002477-0.004856
55 2 .FALSE..FALSE.
ELCE:\TRO- 1940 EQ DATA
DT=O.OI SEC + + + ~-S DIRECTI01\ + + +
0.010966 0.008610

0.006255
0.003900 .001545

( 1) Two ground motions are to be input.

(2) Vectors defining the X' and Y' axes are input.

(3) Input the first ground motion in fixed format from unit 5.

82

(1)
( 2)
(3 )
(-n
(5)
(6)
(6)
(7)
on
(9)
(9)

( 10)
( 10)
( 10)



(4) Format code for titles.

(5) Format code for acceleration data.

(6) Titles.

(7) Acceleration data.

(8) Input the second ground m?tion in free format from unit 5.

(9) Titles.

(IO)Acccleration data.

D. SOL03 - EIGE~VALUE SOLCTIOt"

The following solution is used to calculate the clastic natural frequency and mode

shape or the buckling load and mode shape. The following cards arc input once.

'SOL03'

TITLE

OPTIO~ IPRINT IPJT

SOL03 Signifies solution #3. Character variable, enclose in single quotes.

TITLE User input title, 80 characters maximum. Char~cter v~riable, enclose 10

single quotes.

OPTION Choice of natural frequency or buckling load. Character variable, enclose

in single quotes.

'FREQ' Solves for the natural frequency and mode shapes of the

structure.

'BeCK' Solves for the buckling load and mode shapes of the structure.

IPRI:\T 0:umber of modes to be printed.

IPJT Number of modes to be printed with detailed mode shape.



SOLO~

TITLE

E. SOL04· 17\CRE\1ENTAL STATIC SOLCTIOT\

The fol1o\\ring solution is used to calculate the static cyclic response of nonlinear

structures. The following cards are input once.

'SOL04'

TITLE

MAXELD IPRI7\IT IWRITE V\BAL

Signifies solution #4. Character variable. enclose in single quotes.

eser input title, 80 characters maximum. Character variable, enclose in

single quotes.

\rIAXELD Maximum number of clement loads.

IPRI:\T Step increment for printed output.

IWRITE Step increment for data written to output files.

C:-\BAL A logical flag. If L::-\BAL= .TReE., the unbalanced loads from the

preceding step is added to the current load. Logical variable.

:'\ote: The load case for this solution is always input as one.

L Output Data to Disk Files. These cards control the data that is written to

separate disk files. This data is used to print reports, or plot data. These cards are

identical to the 'Output Data to Disk File' cards in block SOL02. Refer to SOL02 for

a detailed description. The cards arc rcpeated until the value of TYPE is '[:\'0'.

Tl:PE i\L'MB IV:\IT IGE;\; L\NUMB L\IC?\IT
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2. Joint loads. These cards are used to apply loads to joints. These cards are

identical to the 'Joint load' cards in block SOlOl. Refer to SOlOl for a detailed

description. The following card is repeated untill the value of 0 IR is 'E~D'.

LOAD 10 IGEi': ~ID DIR VALUE

3. Element Loads. These cards are used to apply clement loads to the

'3D-BEA:Yl' clement. These cards arc identical to the 'Element Load' cards in hlock

SOLO 1. Refer to SOLO I for a detailed description. The following card is only included

if :YIAXElD > O. The card is repeated YlAXELD times, or until the value of TYPE

is ·E~D'.

LOAD IElE IGE~ ~IElE TYPE DIR VAlCEI, VALCE2, ...

~. load Factors. These cards contain the load factors that arc used to gcncrate

incremcntal static loads, Two options are available to limit the size of the load step;

I) the results of each step are scaled such that joint loads and displacements on free

dol' are less than PYlAX and 0 YlAX, and the step is repeated until the valuc of

FACTOR is achieved (loading option A), or 2) each load step is subdivided into :\

steps (loading option B). The card is repeated until thc value of STEP is 'E:\iD'.

STEP FACTOR PYlAX D:YlAX :\i

STEP Cser input step name, 80 characters maximum. Character variable, enclosc

in single quotes. If STEP is '[:"1)', the current solution is terminated.

FACTOR Load factor. The applied load at the end of the step is fACTOR * (applied

joint and clement loads).



P:\1AX

D:\1AX

:\1aximum value for a free dof joint load, per load step. (force or

force*length)

:\1aximum value for a free dof joint displacement, per load step. (length

or radians)

:'\ )lumber of load steps between the previous and current factor. :'\ is only

used if both P:vIAX and DMAX are equal to zero.

Example:

'LOAD' 10.0 25..25 0
T:"LOAD' 0.0 0..0 20
'E:'\D' 0 0..0 O·

:"ote

( I )
( 2)
(3)

( 1) The structure is loaded to 10 times the joint and element loads. in steps that do

not have load increments greater than 25, or displacement increments greater than

0.25.

(2) The structure is then unloaded with 20 equal size load steps.

(3) SOL\l04 is terminated.

F. BCG - SET BCG OPTI07\S

This card is used to set the bug options, which print out the intermediate

results listed below. The entire statement is a character variable, and is enclosed

in single quotes.

'BCG = options'

Option Description

A Print element displacements.

Print loads applied to degrees of freedom

B \lot used.



C Print plot data for program SEE to unit 07. SEE is a program that plots the

structure on the U\1R CALCO\1P plotter. A listing of program SEE is given

in Appendix C.

o Print joint, element, and dynamic loading data.

E Print numerical integration data for linear and average acceleration methods.

F Print the clement's structural and geometric stiffness.

Print the global mass, structural stiffness, geometric stiffness, loads and

displacements.

G Print the condensed global mass, structural stiffness and geometric stiffness

matrices.

II Print the element transformations, structural and geometric stiffness. etc.

Print contents of memory for clements.

J Print a skyline map for matrices.

K Print the material data for each load step.

L Print the energy balance.

:VI Print the skyline data for matrices.

N Print the contents of memory when DC:VI P is called.

:\otes:

1) Any number of options may be specified at one time.

2) Options specified with the last bug statement are the only options active.

G. READ - READ OUTPUT FILES

This card is used to read and print data written to output files during SOL02 and

SOL04. The entire statement is a character variable, and is enclosed in single quotes.
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'READ 10;C= I C~lT= ~O'

Where :\0 is the unit number of the file that contains the data, and I is the increment

of the steps printed out. Multiple UNIT =1\"0 statements may exist on each read card.

H. :\OECHO - I:\I1IBIT E\PL'T ECIIO

This card is used to inhibit the input echo. Character variable, enclose in single

quotes.

'0;OECIIO'

I. DeMP - PRI:\T MEMORY

This card is used to print the addresses of the data in memory. If 'BeG =:\' was

previously specified, 'DC:\tlP' also prints the nonzero values in the linear array.

Character variable, enclose in single quotes.

'DUMP'

J. RELEASE - RELEASE MEMORY

This card is used to release or 'free up' memory used for prevIOus solutions.

Global displacements, velocities etc. are reset to zero. The entire statement is a

character variable, and is enclosed in single quotes.

'RELEASE OPTION'
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If OPTIOI\ = 'ELE\1E:\T', the element forces, displacements and hysteresis models

are also reset to their initial values.

Example:

'STReeT'

· Structure input is omitted.

'SalOl'

· Solution input is omitted.

'RELEASE'
'SOLO),

· Solution input is omitted.

'STOP'

( I) The structure is defined.

(2) A static solution is performed.

:\fote

(1)

(2)

(3)
(4)

(5)

(3) The static solution is released. The memory required for load. displacement.

stiffness, etc. is released. The clement forces are not released because the

ELEYlE~T statement was omitted from the RELEASE card.

(4) :\atural frequencies or buckling loads are determined. For a buckling load

solution, the geometric stiffness may be based on the axial load in the clements

from SaLOl. Releasing the memory after the static solution allows the same

memory to be used for SOl03. If the memory had not been released, then the

total memory required would be the sum of the memory required for SOLOI and

SOl03.

(5) Terminate the program.

K. STOP - TERYlIT\ATE EXECCTION

Sg



This card is used to terminate execution of the program. The statement IS a

character variable, and is enclosed in single quotes.

'STOP'

9(}



V. RUNNING PROGRAM INRESB-3D-SUP

This chapter contains the instructions for running program I~RESB-3D-SCP in

the VM/SP CMS environment on an IBM 4381 computer. The instructions consist

of several steps. First a macro library is generated that contains the common blocks.

Second, the main program and of the each subroutines are compiled. The text files are

stored on a disk in the users account. Third, the program is executed. The first and

second steps are only done once to install the program.

A. GE:\ERATI:\G THE CO\L\10:\ BLOCK MACRO LIBRARY

The common block macro library, GEM, is generated with the following CYlS

statements:

:YIACLlB GE:'\ ZCOM:\ GEM
ylACLIB ADD ZCOMNI GEM
MACLIB ADD ZCOMN2 GE\1
YIACLIB ADD ZCOM:\3 GE\1

where ZCOyl:\ COPY, ZCOM:'\l COPY, ZC0\1:\2 COPY and ZCOYI:\3 COpy are

four CMS files that contain the common blocks. These files are listed with thc

program.

B. COylPILING TIlE PROGRAM

The program and subroutines are compiled with the following CylS commands:

GLOBAL MACLIB GEM
FORTVS2 I~R[SB (OPT(2) AliTODBL(DBLPAD4)

The GLOBAL MACLIB GEM statement lets the compiler know \vhcre to locatc the

common blocks. The common blocks are put into the program by the Fortran

INCLUDE statement, which is in the source code.



The compiler option OPT(2) specifies code optimization to reduce execution time.

Vectorization may also be used to reduce execution time if the hardware and software

are available.

The accuracy of computers differs according to their word length. Hence the

program is written in single precision, and compiler options are used to convert the

program to double precision when required. The IB:Y[ compiler option

ACTODBL(DBLPAD4) automatically converts the program to double precision. The

program has integer and real variables that share the same storage location. Thus the

compiler option that is used to convert the program to double precision must pad the

length of the integer variables, such that integer variables and real variables have the

same length. Failure to use the DBLPAD4 compiler option an equivalent compiler

option on other systems will lead to unpredictable results.

C. RC~~ING THE PROGRAM

The program is run in the local C\1S environment by the following commands:

GLOBAL TXTLIB VSF2LINK VSF2FORT CMSLIB IMSLDOLB LTORTLIB
FILEDEF 5 DISK FN FT05 A ( PERM LRECL 80 RECF\1 F
FILEDEF 6 DISK FN FT06 A ( PERM LRECL 132 RECF\;[ F
FILEDEF 10 DISK F~ FTIO A ( PERM LRECL 80 RECF\;[ F
FILEDEF 11 DISK FN FTlI A ( PER:Y[ LRECL 80 RECF\1 F

FILEDEF 92 DISK ELCENTRO EW A
FILEDEF 93 DISK ELCENTRO NS A
LOAD I~RESB ( CLEAR RESET MAI~ START ~OMAP

The GLOBAL TXTLIB command loads the Fortran libraries needed to run the

program. The IMSL library is required to link I\1SL subroutine EIGZS. The

UFORTLIB library contains the local routines CPUTIM, TIMEO~, TI:Y[EIT, T[:YIE

and DATE. The input is contained in a files F0: FTOS A, ELCE:\TRO EW A and



ELCET\TRO :\S A. The output is written to file F0: FT06 A and the data files F~·

FTIO A, F?\ FTll A, etc.



VI. EXAMPLE PROBLEMS

A. CA~TILEVER BEAM

1. Description of Input Information. Thirteen joints and twelve beam segments

are used to define the cantilever beam as shown in Figure 22(a). Each joint has a

lumped mass of 1.0 kip - sec2/in. Joint loads of -3 kips and -I kip are applied at the

end of the cantilever in the global Z and X directions, respectively. A uniform load of

.08333 kiin is applied to the cantilever in the global Y direction as shovm in figure

22(b). The internal forces are shown for element I in figure 22(c).

The natural frequency is determined for the second solution. :\ote that the

masses are defined at all 13 joints, and only joints 4,7, 10 and 13 have lateral dof. The

dof at joints 2, 3, 5, 6, 8, 9, 11 and 12 are condensed out and the dof at joint 1 arc

restrained. Thus the masses are condensed with the structural stiffness.

The elastic buckling load is determined for the third solution. The axial element

forces from the fust solution are used to generate the geometric stiffness. Similar to

the second solution, the geometric stiffness is condensed out with the structural

stiffness.
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Figure 22. Cantilever Beam: (a) Joints, Elements, and Oaf, (b) Applied loadings, (c)
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2. Input Data.
ECHO OF INPUT OATA

LIrE .... 1...10.... 1...20... •1...50 .. .. I ....0.... 1...50.... 1... 60.... 1...70.... 1...80
1: 'STRUCTURE OEFlNATION'
2: 'E>W4PLE d. 12 ELEMENT BEAM IIIBRATION AN) BUCXLINC LOAD. ... OOF••• •
~, g 1 1 5 0 12.00
... : 1 0 .. 00 0.00 0.00 1 12
s: 1 Lao 0.00 0.00
6: 1 0 0 a 1 a
7, 1 1 1 1 1 1 1 0 0
8: a 1 a a 1 1 1 a 0
9- 2 1 1 1 0 a a 1 1

10' 5 1 1 1 0 0 0 1 1
11: 8 1 1 1 a a a 1 1
12, II 1 1 1 0 0 0 1 1
13:: 1
1"': '~-BEAN W12)(l,{) , 29000 11600 11.8 a 00.95 ~.l no.
15, 2 22 • TRIJE.
16: 12
17: '~-8EAM' 'Me8ER r 1 1 2 0 a 1 000 o00ooo 11
18: 0 1 1 a a a a a a OOCIOIXJ 0
19: .. 1 •TRUE.
20: 1 .5.S.5 O. O. o. a a a 0 a
21: 2 1. 1. 1. O. O. o. a 0 a 10 1
22: 15 .5.5.5 O. O. O. 0 a a a a
2~: a a a a a a 0 a 0 a a a a a a 0
2't: 00
25: •SOLol SOlUTION'
26: • STATIC LOADINGS'
27 1 1
28: 1 1.5 0 a 'F)(' -1.0
29: 1 IS a 0 'FZ' -5.0
SO: 0 a a a 'EhI)' a
31: 1 1 11 1 'UNIF' 'FZ' a.08SSSSSS
S2: •SOlos - SOlUTION'
5S: 'FREOUEM:V ANAlVSIS'
Sft: °FREQ' ... a
S5: • SO!.os - SOlUTION'
~: 'STABILITV ANAlYSIS'

~7: '8UCK' " a
S8: 'STOP'

3. Output.
STROCTURE •••• : EXAMPLE .1, 12 ELEJENT BEAM VIBRAnON MI) suaa..DG I.OAD. 't DOF.u
SOLUTION....... :

TDE: 1.. :59:52. DATE: 06/07/89

DOUIl.E PllECISIOII vasIOII

NODE COOROINATES AIm DEGREES Of FREEDOM

TOTAL NUMBER OF DEGREES OF FREEDOM........ ••••• 78
"AJMBER OF DEGREES OF FREEDOM CONJENSEO OUT..... 6't
NUMBER OF FREE DECREES (IF FREEDOM............... 8
NUHBER OF RESTRAllED DEGREES Of FREEDOM............. 6

NOOE cos. '-COORD v-COORD Z-COORD F' FV F! 10< '" MZ
1 1 o.llllOOOE+00 O. OOOOCJE""00 O.OOOOOE+OO 7s-<1 7.... ,,;... 76... 77... 78-R
2 1 12.000 O.OOOOOE.oo O.OOOOOE....aJ 1 2 S . 5 6
S 1 2~.OOO o. oooooe.oo o.000000.oo 7 • • 10 11 12
4 1 S6.000 D. OOOOOE.oo O.OOOOOE+CIJ 1~ 65 06 14 15 16
5 1 ..8.000 o. oooooe.oo O.OOOOOE+oo 17 I' I' 20 21 22
6 1 60.000 O.llllOOOE+00 O.lXlOOOE+00 2~ 2_ 2S 26 27 2.
7 1 n.ooo o.oooooe.oo O.OOOOOE+OO 29 67 .. so '1 S2

• 1 8~.OOO O.OOOOOE+OO O.OOOOQE+CIJ '5 S4 S5 S6 '7 'a• 1 96.000 O.OOOOOE+OO O.OOOOOE+OD S' 40 4l '2 .~ 4..
10 1 108.00 n. OOOODE+OO O.OOOOOE+OO 45 .' 70 •• .7 48
11 1 120.00 O. OOOOOE+OO O.OOOOOE+OO ... SO 51 52 5S 54
12 1 B2.00 O.llllOOOE+OO O.llllOOOE+OO 55 ~ 57 58 5. 60
IS 1 l't--f.OO O.ODOOOE+OO D.OOOOOE+oo 61 II n 62 b~ ...

NOTE: • - IlEST.AIt£ll DEGREE OF FI/EEDOIO
c - CONSTRAltEO DECREE OF FREEOOIf

DIRECTION COSDES •••

case. 1) V>l: ooסס1.0 I ooסס0.0. J +O.COXXJ It VV: O.lXlOOO I +1.lXXIOO J ooסס0.0+ l VZ: ooסס0.0 I ..O.CXXIOO J ooסס1.0+ K

~TROCTURE .... ; El<AMPLE .1. 12 ElEMENT BEAM VIBRATION AtrI:J 8UCXLING LOAD, ~ 0tF •••
SOLUTION••••• :

5-0 ELASTIC BEAM ELE/IENT

TDE: 1.. :59:52. DATE: 06/07189

o.OOOE+OO O.OOOE+OO 0.950

AV IX

~.1

12

no.

STRUCTURE.... : E>wFLE .1, 12 ElOENT BEAM VIBRATION AM) BtXKl.ING LaID. ,. OOF •••
SOlUTION••••• :

CEOfIETRIC sTIFFtESS DArA

TIME: h:~9·52. DATE: 06/07/89

lQ..OAO
KGTVPE

Kef"""

, 2. P!ltVIOUS LOAD STEP'S AXIAL. LOAD IS USED
=2. CONSISTENT FORtU..ATION
, 2. SEPERATE GLOBAL. KG IS FOIlIED

- TIE GEMIlIIC STIFFNESS MATI/IX IS COIIOENSED NITIt TIE STIIUCTlWAL. STIFFNESS MATRIX_



STRUCTUlE •••• ' EX-.E .1. 12 ELEIlEHT BEAM VIBRATION AIIl SUCKl.ING LOA/). • OOF •••
SOlUTION••••• :

TIME: 1';:S9:52f DATE: 06/07/89

ELEMEIIT 08. :;0 BEAM ELE>ENT CD
• fllATL START 00 I1El. CO LENGTH V-AXIS ------- START OIST 00 DIST ""G

MEMIla! 1 1 1 1 2 12.00 ooסס0.0 t ooסס0.0+ J ooסס1.0+ Ie: o.OOOOE..oo o.OOOOE+OO a.OCXXJ:+00
GENERATED 2 1 2 ~ 12.00 ooסס0.0 I ooסס0.0+ J ooסס1.0+ I( o.ooooe.oo a.~...oo O.OOOOE+OO
GEtERATED ~ 1 ~ • 12.00 a.0ססoo I +0. ooסס0 J ..1.lXXXJO IC O.OOOOE+OO o.ooooe+OO a.ooooe.oo
GEt£RATED • 1 • 5 12.00 ooסס0.0 I ~.OOCOO J ooסס1.0+ IC a.~+OO o.DOOOE..oo O.OOOOE+OO
GENERATED 5 1 5 6 12.00 ooסס0.0 I ooסס0.0. J ooסס1.0+ IC o.OOOOE+OO o.IXXX£..oo O.OOOOE+OO
GE~ATED 6 1 6 7 12.00 a.0ססoo I .0. ooסס0 J ..1.OOCXIO IC O.OOOOE+OO O.OOOOE+OO o.OOOOE+OO
GE~RATED 7 1 7 8 12.00 O.OD)OO I ooסס0.0+ J ooסס1.0+ IC O.()Q(J(E+OO O.OOOOE+OO o.OOOOE+OO
GE/oERATED 8 1 8 9 12.00 ooסס0.0 I ..o.OCJOOO J ooסס1.0+ IC o.OOOOE+OO o.OOOOE+OO o.0001:£+OD
GENERATED 9 1 9 10 12.00 ooסס0.0 I ooסס0.0.. J +1. ooסס0 Ie: a.OOOOE+OO O.OOOOE...oo O.OOOOE+OCl
GE~RArEO 10 1 10 11 12.00 ooסס0.0 I ooסס0.0+ J ooסס1.0+ IC O.OOOOE+OO O.DOOOE+OO a.OOOOE+OO
GENERATED 11 1 11 12 12.00 ooסס0.0 I ooסס0.0+ J +1.00Ql;XJ Ie: O.OOOOE.oo a.OOOOE+OO O.(J()O(E.OO
GENERATED 12 1 12 13 12.00 ooסס0.0 I ooסס0.0+ J ..1. OIXIOO I( O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO

STRUCTURE.... ' EJCAIIII.E '1. 12 ELEIlEHT BEAM VIBRATION AI«) SUCKl.INO LOA/l. • OOF •••
Sa..UTION•••• o :

LUMPEO NODE IlASSES

TIME: h:S9:52. DATE: 06/07189

NODE ""
1 O.SOOO
2 1.000

15 0.5000

MY
0.5000
1.000

0.5000

"2
0.5000
1.000

0.5000

RlO( RW RZZ RlCV .x2 RVZ IGEN INC
o.OOOOE+OO O. OOOOE+OO O.OOOOE+OO O.OOOOE+oo O. OOOOE+OO o.OOOOE+OO a a
o.OOOOE+OO o.ooooe+OO O.OOOCE;+OO O.OOOOE+oo o.ooooe.oo O.OOOOE+oo 10 1
O.OOOOE.OO a .OOOOE.OO O. OOOOE+00 O.OOOOE +00 O. OOOOE+OO O. OOOOE +00 a a

0••1 SEC --
0.41 SEC_I

- THE MASS MATRIX IS COhOENSED HITH'HE STRUCTI.RAL STIFFNESS MATRIX.

PROPORTIONAl DAMPING COIEFICIENTS

ALPHA.: o. OOOOOE.ao BETA: O. OOOQ(E+OO

---- JEMORV urn.IZATION ••••••••••
.._-- IZ= 7~5. ItEM=. l."'~

---- ElAPseO CPU TDE
't TOTAL CPU TIlE

-----
STRLCTURE•••• : EJWIllE .1.12 ELEIlEHT BaM VIBRATION Mel SUCKl.ING LOA/l•• OOF •••
5OLUTION••••• : STATIC l.OADINiS

SOLUTION al. STATIC - ElASTIC ANALYSts

NtJIIBER OF LOIO CASES •••••••••••• 1
GEOMETRIC STIFFtESS IS NOT IhQ..lIIED. USE lc;ORM:l TO INCl..l.a: CEQlETRIC STIFFNESS.

APPLIED .JOINT l.OADS

TIPE; 1'9:$9:52. DATE: Q6/07/sq
TDE: h:S9:52. DATE: 0&1'07/89

l.OAD CASE: 1 JOINT:
LOAD cASE: 1 JOINT:

ELEMENT LOAllS

lS DIRECTION: FJ( OOF< S) 61
L5 DIRECTION: FZ OOF<S) n

MAGNITWE: ooסס1.0-

IUGHITu:JE: -?i .. ooסס0

LOAD lEU lGENOmE rvPE OIR

u

VALUES••••

STRUCTURE •••• : ~E 11. 12 ELEJE,NT BEAM VIBRATION AND BUCUING LOAD•• OOF •••
SOLUTION..... : STATIC LOADINGS

GCS OISPLACBENTS. LOADD«i.

TIlE: 1'9:SQ :SZ. DATE: 06/Q7I89
TIlE: J.o;:39:S2. DATE: 06/07189

NOllE ox ov 02 RX .. RZ

1 Q. 000lXJ0E +00 O. OOOOOOE.oo a.0000000.oo o. ooooooe.ao o.OOOOOOE'+OQ Q.OOOOOOE +00
2 -?i.S06nlE-05 ........ 59Qli78E-Q2 -5.S6Sl~7E-03 O. CXXlOOOE.,.()(J S.S261"tOE-~ -7 .,.501S~E-oS

5 -7.015"2£-05 -o.17S8~9 -1.S07052E~ O.OOOOOOE...oo 1.05717SE-O~ -1.S6t'Jl'-'E-02
., -1.052016E-o. -0. 569S7. -Z.85'9J72E-02 O.OCJ)(JQQE.00 1.513642£~ -1.87.1~-Q2

5 -1."02b88E~ -o.Q191~ -'10.920661£-02 O.OOOOOOE+OO 1.9221SOE-OS -2.281%1£-02
tt -l.i"5S%l£-~ -0.915,"1 -1.~76E-a2 o. OOOOOOE.oo 2•2I2SSbE-OS -2.5qql~-02

7 -Z.10lt0Sse-ort -1.2ltOS7 -0.105795 O.OOOOOOE...oo Z.5~885E-o$ -2.8S7.S8E-02
8 -2.'tS.705E-ott -1.591n -o.1S65e8 o.0000000.oo 2.S';9l77E-OS -~.008210E~

q -2.SOS377E~ -1.96008 -0.172225 o.0000000.oo 3.075't171:-o5 -~.12268SE-D2

10 -~.l5b()lt9E-ott -2.S5~7 -0.210186 o.ooooooe.oo 3.2ft~-OS -S.19211SE-02
11 -?i.506n1E-ott -2.nftl" -o.Z"9878 o.0000000.oo S.S6S75Jt::-oS -?i. 22777ltE.-02
12 -S.SS7S9SE~ -S.l1S13 -o.29072S Q.ooooooe..oo S.'t5581SE-O$ -S.Z~lOE-02

is -'I>. 208065E-olf -3.50221 -0.$321+5 O.OOOOOOE...oo 5.4;;~a ...'t£-os -S,Z"2787E-a2

:mnJCTlME •••• : EKAfIII'LE 11. 12 ELEMENT BEAM VIBRATION AfrI) BI.JCllINC LOAD • .,. OOF •••
S,OLurtON••••• : STAnc LOADINGS

GCS RESTRAINT REACTIONS. LOA/lINO.

""

TIME: H:S9:52. DATE 06/07/89
TIlE: 14:S9:52. DATE: ~/07l89

1.o00ooo ooסס12.0 ~.OOOOOO 0.00000CI0E:+00 -lt~.OOOO ooסס.'86

--------------------------------------------------------
:ilJlllNATION 1.o00ooo ooסס12.0 ~.OOOOOO O.OOOOOOOE+OO ooסס.52,;.- OOסס.'86 .



STRUCTURE•••• : EXA>I'lE 01. U ElEMENT IICAl< VIBRATION AIoIl BUCKLING LOAD. ~ 00f ... TIME: 1~:S9:52. OATE: 06/011S9
SOLUTION••••• ; STATIC LOAOIt«aS TIME: l't:S9:52. DAlE: G6/a7/89

3D BE... FORCES...
ELEMENT LOAD NOllE AXIAL. FV Fl TORSION "" lIZ

1 FORCE ooסס1.0 S.OOOOO OOסס.12- a. OOClOOCE...ao 86<t.OOO ';':52.000
FORCE ooסס1.0- -S.OOOOO OOסס.11 O.OOOOOOE+OO -726.000 -S96.OOO

1 FORCE ooסס1.0 S.OOOOO OOסס.11- a.000CJIJa:+00 726.000 3:96.000
FORCE ooסס1.0- ooסס0.:3- ooסס.10 a. OCXlOOCE+OO -000.000 -S60.OOO

1 FORCt ooסס1.0 S.OOOOO OOסס.10- o.oooc:xxr::+oo 600.000 S60.ooo
FORCt -1.00Q00 -S.OOOOO ooסס9.0 o.llOOIlOC£.oo -_.000 -S2~.000

1 FORCE ooסס1.0 S.OOOOO ooסס9.0- o.llOOIlOC£.oo ,86.000 '\2~.000
FORCE ooסס1.0- -5.aoooo ooסס0.0 O. 0CJ00lX£+00 -S8<t.OOO -288.000

1 FORCE ooסס1.0 S.OOOOO ooסס8.0- a. OOOOOOE+OO 58... 000 288.000
FORCt ooסס1.0- ·S.OOOOO ooסס7.0 O.OOOOOOE+OO -~.OOJ -252.000

1 FORCE ooסס1.0 S.OOOOO -7.000lXJ O. ooooooe:+00 _.000 252.000
FORCE -l.lXJODO ooסס5.0- ooסס6.0 O. OOOOOCJ:+00 -216.000 -216.000

1 FORCt ooסס1.0 S.OOOOO ooסס6.0- Q.CJOO(J(J('E+oo 216.000 216.000
FORCt ooסס1.0- -S.OOOOO ooסס5.0 o.IXiooooE.oo -150.000 -lSO.ooo

1 f:"ORCE ooסס1.0 S.OOOOO ooסס5.0- a. OOOOOOE+OO 150.000 180.000
FORCE ooסס1.0- -S.OOClOO ooסס0., O.OOOOOOE...OO OOסס.%- -h~.OOO

1 FORCE 9 ooסס1.0 ooסס0.$ ooסס0._ O. OOOOOOE+OO OOסס... l~.CXXI

FORCt 10 ooסס1.0- ooסס5.0_ S.OOOOO o. 00lXJ00E+00 OOסס..,.. -108.000

10 1 FORCt 10 ooסס1.0 s.ooooo ooסס5.0- O. OOOOOOE+OO 5... ooסס lOS. 000
FORCE 11 ooסס1.0- ooסס5.0- ooסס2.0 O. 0CJ00l:Q:+00 -2';' .0lXJ0 -n.oooo

11 1 FORCt 11 ooסס1.0 ooסס0.$ ooסס2.0- a.ooooooe:+00 ooסס..., n.oooo
FORCE 12 ooסס1.0- -5.0000D ooסס1.0 a.OlXIOOQE.oa ...:,.lXIOOO OOסס.56-

U 1 FORCt 12 ooסס1.0 ooסס0.$ -1.lXJODO O.OOOOOOEotOD ooסס6.0 Sb.oooo
FORCE IS -l.lXDlO ooסס0.$- 1.7~-12 O.CIOClIXX:E.+OO 1.9'i22't41£-1l 1.09159<.E-ll

._--------------------------
~--- MEMORY UTILIZATION ____It

---- 12':.= 7870. IEI't= 1.$7<;z -_.._-------------------------_.
.. --- ELAPSEO CPU TIlE 0.15 SEC _oil-._- fOTAl CPU TIME 0.53 SEC __ If

STRUCTtRE•.•• ; E'XAIfIt.E a1. 12 ElEIENT IICAl< VIBRATION AIoIl BUCKLING LO.tll. .. ODF ••• TIlE: l<:S9:52. CAIE: 06/07/89
$OlUTtON.•••• : FREQUENCY ANM.VSIS TIME: 1'\o:59:S:$. DATE; 00/07/89

SOLUTION .:S. DETERMINE EIGEHVAL\£S AN) EIGENVECTORS
======================::==--===::=

OPTION: ......................TUR...F"~
NUJllBER OF EIGENVALUES:..... ..
PREF-....o; INDEX: 0.29067ll..a48807968S

MOllE: 1 2 $ •FREQ (RAO/SEC): O.6b219 1.7557 't.126a 10.~1

FREQUENCY (HZ>- O.lOS~9 0.2_2 0.65b80 1.7"L..
PERIOD (SEC>: 9 ...ass $.571l8 1.5225 0.S7"26
EIGENVECTORS:

oaF( 65> 9. 71210E-OZ 2.5OSOOE-15 -o.H88S 1.76601£-15
OOF' 66> -1.<t%21E-lS 9.71210E-02 S.lS5S"€-16 -0 ...1885
OOF, 67) 0.5:5911 ., •268SltE-lS ..c.nIb2 2. b8976€-16
OaF' 68> -5.50069£-15 0.3:3;911 7.H77f;lE-16 -0.n162
OOF' .9) 0.657S2 1.097S'oE-1< -0.h7~ -1.67126E-15
OaF' 70) -l.OS996E-l" 0.657$2 1.7S..St;E-15 -O.h7....
OOF' 71> l.OOOO 1.2:i~37E-1<t l.OOOO 1."""llE-l5
OOF, n> -l.Si597E-l't ooסס.1 5.16971E-lS OOסס.1

._-----------------_.
---- MEPlOIlV UTILI2ATION ---._-- IZ. 0092. Jl4EM= 1.6181-ot ___________

*--- ELAPSED CPU TDE 0.16 SEC -_.
If__ TOTAl CPU III£ 0.69 SEC _If

*----------------------_.

:iTRUCTt.RE•.•• ; EXAl'FlE .1. 12 REJENT BE,," VIBRATION AN) SUCKLn.c LOAD. .. OOF ••• TIlE: Ho:S9:52. OATE: 06/07/89
~UfION••••• : ~TA8IlITV ANALVSIS TIME; h:59:S5. DATE: 06/07/89

$OlUfION .S. OETERfilINE EIGENVALUES AI«) EIGENVECTORS
=================================================

•
3:950.6

0.80996
-5.9%82E-17

ooסס.1

-9.47"9'QE-11
".459<BE-02

-1.1'71SE-16
0.58579

-9.17196£-17

0.'\2087
2.60076E-16
0.a87SS
9. ~;;o7E-16
ooסס.1

I.SOI8!E-15
0.51978
2.87797E-15

-$. $2ll%E-16
7.61205E~02

-8.6..9SSE-16
0.29289

-8.5<f.068E-16
0.61752
-1.~-16

OOסס.1

7.612<l5E-<l2
-8.Sl67"E-17
0.29289

-1.86999£-17
0.61752

·1."99l6E-16
OOסס.1

-S.96887E-16

OPTION: ..•.•••••••.••••••••ElASTIC SUCKLING LOAD
NUMBER Of EIGENVAU£S; ..•••
PREFORMANCE I~)c; 0.26~972055S90

""lJE: 1 2
EIGENVAll£; 152.18 1069.8

EIGENVECTORS:
OOF< bS>
OOF< 606)
DOF< 67>
O<)F< &8>
DOF< 69)
OOF( 70)
DOF< 71>
DOF< n>

,,---------------
,,--- MEtd'Y UTILIZATION .•.••••••• ---
<t_ U= 8Sl"t. IE"", 1..6OS'.(

.~-- ELAPSED C?U TDE
,,--- TOTAl CPU TIlE

0.17 SEC --
0.86 SEC --_.



:'-iotes:

(1) Vector in the beam's local XY-plane, V = Vii + V2j + V3k

(2) I\JrSL performance index for routine EIGZS. When PI<I, the performance

of the eigensolution is excellent, and when PC> 100, the performance of the

eigensolution is poor.

B. O~E STORY RC BOX TYPE BCILDI~G

1. Description of Input Information.

The one story R,C box type building consists of four shear walls and a rigid roof

diaphragm as shown in Figure 23. ~ine joints are used to define the three dimensional

structural model. At the base, joints 1 through 4 define the corners of the box. Joints

11 through 14 define the corners of the box at the roof. Joint 10 is at the mass center

of the roof. The JCS for all of the joints is parallel to the GCS. The three dimensional

structural model consists of four shear wall clements, numbered I through -to The

wall's center line dimensions are used for the structural model, thus each of the shear

wall clements is 75 cm wide, and 80 cm tall. P-~ effects are neglected.

Each joint has 6 degrees of freedom. At the base of the box, joints I through -to

all six degrees of freedom are restrained. The slab at the top of the box is assumed to

be a rigid diaphragm. A planar constraint is used to transfer the translations in the X

and Y axes and the rotation about the Z axis from joints 11 through 14, at the corners

of the box, to joint 10, at the mass center. The planar constraint at the roof reduces

the number of degrees of freedom at joints II through 14, leaving rotational dol' about

the X and Y axes which are restrained and translational dof in the Z axis which is free

to displace. ~one of the elements are connected to joint 10. Thus joint 1() docs not

have any.stiffness untill joints 11 through 14 are constrained to it. As a 'master' joint,
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Figure 23. One Story RIC Box Type Building: (a) Building, (h) Forces and
Deformation of Wall #1 at Load Step 50
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joint 10 has translational stiffness in the X and Y axes, and rotational stiffness about

the Z axis. Loading consist of the imposed displacement of joint 10 in the X direction.

Thus the X translational dof of joint 10 is restrained. The Z translational dof and the

rotations about the X and Y axes are also restrained, because these dof do not have

any stiffness. The Y translational dof and the Z rotational dof of joint 10, are free to

displace. The dof are numbered in accordance with the global degree of freedom

(Gdof) numbering scheme (17), as shown in Table I. All of the rotations about the X

and Y axes are restrained with a restraint nag of 2.

2. Input Data.
ECHO OF INl'UT DATA

"".000

0.0 0 a
0.0 0 0
0.0 0 a
0.0 0 0

280.000
_.000

1.S9226OE-05 2.i,(]lS~-05

$.Ol'S818E-()(t

1 1.00
., 1.00

1.00
1.00

LlIIE •••• 1•••10•••• 1•••20•••• 1••• 50•••• 1. •. .0.••. 1•••50•••• 1•••60•••• 1••• 70 ••• ; 1...80
1: •S!RtJCTlME tEFINAfICIN'
2: •UNIV. OF TOl(VO BOX 86 3..(1 MlX6.. .,/6/89 •
s: 9 1 ~ a 1 1.
ft: 1 37.5 $1.5 O. 1 0
Ii: 2 -S7.5 S7.5 a. 1 a
6; S -57.5 -57.5 O. 10
7: <t 57.5 -S7.5 O. 10
8: 10 0 a so. 1 a
9: 11 3:7.5 S7.5 80. 10

10: 12 -S7.S S7.5 80. 1 0
11: IS -37.5 -P.5 80. 10
12: 1~ 57.5 -$1.5 80. 1 a
IS: 1 a 0 0 1 a
H: a a a 0 2 20
15; 1 1 1 1 1 1 1
16: 10 1 0 1 2 2 0
17: 1 10 11 .$ 1
18: S
19: • AXlMCO ' l72SOO 1S5520 1.72.8 H.06.ftO .2 15.2
20: 'BENDl BOT' 9 10 3.07$819£-5 .2
21: OOסס.80 100.000 160.000
22: 391.000 ~20.000 '9otO.OOO
23: L~-06 2.29171OE-CJ6 5.72077OE-06
2.,: S.07S819E-05 S.9670S0E-<J5 't.9501OOIE..05
25: 'SHEARl BOP 10 10 2.72581£-3 .2
26: -t.ooooo ooסס5.0 8.0QC0] OOסס.12 OOסס.16

27: OOסס.19 19.5500 21.000) OOסס.22 22.1000
28; L2<575OE_ 1.9S89OOE_ '.98702llE_ L02021OE-<J5 1.705120E-OS
~; Z.SS262OE-os 2.72S813E-GS S.~10E-a5 It.277&loe-os 2.l2S81SE-02
lO; 0 0 0 .F.ll.SE.
~l: It
S2: 'SIEAR W4l.L' 'NORTH' 2 So 1 11 12
S~: 'SHEAR WALl' 'SouTH' 2 S 1 1. 15
~... •SHEAR WAlL' •EAST • 2 S 1 11 1't
SS: 'SHEAR WAll' 'WEST' 2 S 1 12 13
56: a a .FALSE.
57' 0 a
~s: 'SOl~ ,
S9: •MONOTONIC PSlD)-STAnc EQ LOADING GLOBAL l( DIRECTION •
..0: 0~ 1 .rRUE.
~l: 'Elf" 1 2.1 5 1 1
42: • JOINT F)(' 10 U a 0 0
"'S: 'JOINlFV' 10 20 00
..~: 'JOINT FZ' 11 ~l a Q a
45: • JOINT Fl' 12 "2 a 0 a
46: • JOINT FZ' 1S 4~ a a a
.,7: 'JOINT FZ' 1<t ~ 0 a a
48: 'Et£RGV· 00 S7 0 a 0
49: '$UMRCT' 00 sa a 0 a
so: 'EJI)' a 0 0 a a
51: 1 10 0 0 'FX' 0.1
52: a a a 0 'ENl' O.
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ECIlO Of Ttl'll! OATA

LINE •••• 1•••10•••• 1•••20•••• 1• ••30•••• 1•• •'00•••• 1...so.... I ... 60.... I ...70.... 1... 80
53: 'LOAD- r 0.01 0.0 1 •
Sit: 'LOAD- P o.ft6 0.0 It ,
55: 'LOAD- I' 0.'t599 0.0 2
56: 'lOAO- 2' -o.~ 0.0 9 2
57: 'LOAD- 2' -o.4S99 0.0 2
58: 'lOAD-~' 0.7000 0.0 10
59: 'LOAD- S' 1.70 0.0 10 6
60; 'LOAD- 3' 1.6999 0.0 2
01; 'LOAD-~' -0.3200 0.0 S5
62: 'LOAO-'" -1.82 0.0 10 2
63: 'LOAD- 'io' -1.8199 0.0 2
0": 'LOAD- 5' 0.7000 0.0 S5
6S: 'LOAD- 5' 1.70 0.0 10 2
66: 'LOAD- S' 1.6999 0.0 2
67: 'LOAD- 6' -Q.5DOO 0.0 32
68: 'LOAD- " -1.% 0.0 10 6
69: 'LOAD- 6' -1.5599 0.0 2
70: 'lOAD- 7' 2.SOOO 0.0 53
71: 'LOAO- 7' 3.80 0.0 10 6
n: 'LOAD- 7' 3.7999 0.0 2
73: •LOAD- 8' ~3.0000 0.0 78
74: 'LOAD- 8' -4.00 0.0 10 0
75: 'LOAD- 8' -3.9999 0.0 2
76: 'LOAD- 9' 2.9000 0.0 79
77: 'LOAD- 9' $.90 0.0 10 a
78: 'LOAD- 9' 3.S'9Q9 0.0 2
79: 'LOAD-10' -2.9000 0.0 78
eo: 'LOAD-10' -3.90 0.0 10 a
81: 'LOAD-IO' -5.8999 0.0 2
82: 'LOAD-U' 5.2200 0.0 81
8S: 'lOAO-U' 't.Z2 0.0 10 2
8": 'LOAO-ll' ".2199 0.0 2
65: 'LOAO-U' -2.9000 0.0 81
86: 'lOAD-U' -5.90 Q.O 10 2
87: ·LOAO-I2· -"5.8909 0.0 2
88: 'LOAD-B· ooסס. 0.0 H9'
89: 'lOAD-iS· 7.0600 0.0 119
90: •lOAD-IS· 8.06 0.0 106
91: 'lOAD-H· 8.Qli99 0.0 Z
q2: 'lOAD-l~' ~1.I8OO 0.0 lEll
93: 'lOAD-lit' -8.18 0.0 10 ~

9ot: , LOAD-14' -8.1799 0.0 Z
QS: 'lOAD-IS' OOסס.7 0.0 161
06: 'lOAD-1S· 8,00 0.0 10 8
97: 'lOAD-iS· 7.9999 0.0 1
98: 'lOAD-16'· -7.1800 0.0 1.61
qq: ·lOAO-16' -a.18 0.0 10 8

100: 'LOAD-16· -8.~ 0.0 z
101: ·LOAO-11' Ilt.6000 0.0 m
102: 'lOAO-17' 15.60 0.0 10 8
lOS: "loAD-11' 15.5999 0.0 2
1M: 'lOAD-IS· 9.7'000 Q.O so
105: 'l0060-18' 10.10 0.0 10 a
106: 'lOAD-1B' 10.69999 0.0 2
107: 'lOAO-19' 19.'tOOO 0.0 97
108: 'L<WJ,;.19' 20,100 0.0 10 0
loq: 'EN)' 0 0 0 0
l.l.O: 'READ IHC:50 LNIT=21 lMIT=51 '
1.l.1: • STOP'

3. Output.
STRUCTURE •••• : LlNIV. OF TOKVO BC»C B6 "5-0 MOOEL.. 4/6/89
SOlUTION••••• :

rtlE: 16:S9:ot, DATE: 05/31/89

OOI.BLE PRECISION VERSION

~ CONSTRAINTS

X'¥-PLAfE
Xli-PLANE
X'i-PLAf£
XV-PLANE

CONSTIlAINT" MASTER:
cONSTIlAINr. HASTE!l:
CONSTIlAINT. MASTER:
CONSTIlAINT, MASTER:

10 SLAVE:
10 SLAVE:
10 SUI/E,
10 SUI/E,

II
12
IS
H

NODE COORDINATES ~ DEGREES OF FREEDOM

TOTAL NUMBER OF CE.GREES OF FREEDOM............. '02
NUMBER ~ ~GREES OF FREEOOfII cONJENSED ouT..... 0
MJM8ER OF FIlEE eECRE£S OF FREEDOM.............. 6
NUfllBER OF RESTRADED CE.GR£ES OF FIlEEOOM••••• 04. 56

NODE cos. X-COOllO V-COOOO Z-CCOOO FX FV FZ ... "" NZ

1 1 S7.5OO ~7.5OO O.~+oo 7-R S-R 9-R 2S-R 26-R 10-R

2 1 -'57.500 S7.5OO O.OOOOOE +00 ll-R 12-R 13-R 27-R 28-R h-R
~ 1 -S7.5OO -S7.5OO O.OOOOOE +00 15-R 16-R 17~R 29-R ~ 18-R

v 1 ~7 .500 -'57.500 O.OOOOOE+OO I9-R 2lHl 2l-R ~I-R S2-R 22-R
10 1 o. OOOOCE+OO O.~.oo 80.000 2S-R 1 2i--R ~5-R ~.-R 2

II 1 ~7 .500 ~7.5OO 80.000 23:-C l-C ~ ~-R \6-R 2-C
12 1 -Sl .500 ~l.SOD 80.000 25-C l-C v S7-R ;S-R 2-C

IS 1 -S7.5OO -~7.5OO 80.000 ZS-C 1-C 5 ~'-R 'oO-R 2-C
I_ I S7.5OO -~7.5OO 80.000 ZS-C I.e 6 H~R _Z-R 2-C

NOTE: R - RESTRADED eEGREE OF FREEDOM
C - CONSTIlADS) CEGREE OF FREEDOM

DIRECTION COStlES •••

cose 1) VK: ooסס1.0 I toO.ooo:xJ J ooסס0.0.. K VV: O.lXDXJ I ooסס1.0+ j ooסס0.0. K vz: ooסס0.0 I ooסס0.0. J +1.000C10 lC.
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STRUCTURE •••• : 0011. OF TOKVO BOX 86 s-o MODEL. ./6/89
SOlUTIOI/••••• ,

A"UtOO HVSTERESIS MOOEl.- FOl! loNIT LENGTH IEMBER

TIlE, 16,59,0<, DATE, 05/51/89

MAT. SC
1 Insco.

STl
155520.

sn
172.SOO

AlI'l'A
0.<,00000

BETA
0.200000

MAX WCT.
OOסס.15

BETA-Dr
0.200000

STRUCTURE •••• : tMIV. OF TOKYO BOX 86 5-0 NODEl. ,,/6/89
SOlUTION••••• :

BElrlJ1 HVSTERESIS JIQ)El OATA - lMIT lEJrGTH MaIlER

BACKBOh£ CURVE POINTS - MATl HI OV SETA
2 10 0.507S82E-&f 0.200000

STRUCTURE•••• : lNIV. OF TOKVO 80)( B6 5-0 MOOEL. 4/6/89
SOLUTION••••• :

MllIENT
ooסס.80

100.000
160.000
280.000
=.000
591.000
"20.000
~.ooo

't6oO.ClOO

TIlE: 16:~9:~. DATE: 05/3:1189

ROTATION
0.1'oO'lSBE-<l5
O.22977fE-o'i
0.572<J77E-<J5
0.139226£_
O.2'tOB4£~

0 ...so7382E~
O.S%705E~

O...9S07OE-QIt
O.SQ7382E-05

TIlE: 16:39:09. DATE: 05/31189

B£TA
0.200000

STRESS
<.0000lI
5.0000lI
8.0000lI
OOסס.12

ooסס.16

OOסס.19

19.5500
OOסס..2.1

OOסס.22

22.1000

STRAIN
o.12~7SE-OS
O.. .19S89OE-oS
O. <j.QS702E-oS
O.1020Z7E~

0.170512£-02
O.Z5:iZ62E-02
0.272<;87£-02
O.:;....00t1E-02
0 ...27761E-02
0.272587£-01

STRUCTURE •••• : 1.JaV. aF TlXYO 80M B6 s-o MODEL. 4/6/89
SOLUTION••••• :

ELEfEHT aS. RIC SIEAR MILL a.£JEHT

aEII IlEIIl SIEAR Al<IAL ..oINT JOINT JOIHT JOINT LENGTH
• Mall Mall MAll _1 .z .s ....

NOl1TH
SOUTH
EAST
HEST

2
2
2
2

11 12
1< 13
11 I"
12 13

80.00
80.00
SO.OO
80.00

.roTH ...- PICG

75.00 1.000 a.OOOOE..oo
75.00 1.000 O.ooooe:+OO

?S."" 1.00ll o.OOOOE..oo
75.00 1.000 o.OOOOE+OO

ZERO MASS MTRDC
==:===-----:

AlPHA: o.oooooe:.oo BETA: o.oooooe:.ao

._- MEMORY UTILIZATION •••••••••• _ •
•_- IZ: 2b2S. tEM: O.S2S:l _ •

• _-- ELAPSEO CPU TDE
._- TOTAL CPU TIME

0.20 SEC -*
0.20 SEC --

Sl JOIN" 10 DIRECTION: FX
52 JOINT: 10 DIRECTION: FY
.1 .JOINT: 11 OIRECTION: FZ
<2 JOINT: 12 DIRECTION, FZ
<S JOINT: 13 DIRECTION: FZ.. JOINT: 1< DIRECTION: Fl

sa

STRUClUtE •••• : IMIV. ~ TOKYO SOX 86 S-O MOOEL. 40/6/89
SOlUTION•••.• ; MONOTONIC P'SU»-suTIC EQ lOAOItG GLOUL x DIRECTION
SOlUTION Itt. STATIC NOM.INEM SOlUTION

~E~!~~::~:=:~~~::1~;~~~:~~::~ ---<D
UNBALANCED JOINT FORCES ARE ADDED TO HE '€Xl CYCLE

DATA HRITTEN TO FILES

~=====--========~====
ELEMENT. 1 IS loIlITTEN TO lMIT. 21
ELEi'ENT. 2 IS I«ITTEN TO lI\IIT. 22
ELEMENT _ 5 IS I«ITTEN TO UNIT. 2$
ELEMENT. 4 IS WRITTEN TO l.HIT. 24
DEGREE aF FREEOOM. 2.S IS ..tTTEN TO IMIT •
DEGREE Of FREEDOM. 1 IS t«ITTEN TO lJiIT •
DEGREE Of FREEOOM. S IS .-InEN TO lMIT •
DEGREE OF FREEDOM. 4 IS IoIlITTEN TO l.NIT •
DEGREE OIF FREEDOM. S IS 1«1TTEN TO 1.I'II1T •
DEGREE Of FREEDoM. 6 IS WRITTEN TO !MIT •
ENERGY BALAM:E IS IfilITTEN TO lMIT. 57
Sl.MIATlON OF IlEACTlONS IS WRITTEN TO l.IIIT •

APPlIED JOINT LOADS

TlJE: 16:39:04. DATE: Qli/51189
TIfE: 16:39:05. DATE: 05/51189

LOAD CASE, 1 JOINT, 10 DIRECTION' FX OaF'S> 25 MAQlITUE: ooסס0.10 ••• .JOINT OISPlACE.'£NT •••

STRU:TURE •••• ' LOIIV. OF TOICVO BOX S6 5-0 MOOEl.. <16189
SOLUTION••••• ' .....TONIC PSlJlC>.STAnC EQ LOADING GL08AL X DIRECTION

104

TIlE, 16, S9,o<, DATE, 05151/89
TDE: 16: 59: 1Jli. DATE: 05/$1189



STRUcTl.RE•••• ; UNIV. OF TOKVO BOX 86 3:-0 MODEL. ft/6/89
SOLUTION••••• ' MONOTONIC PS\.lJO-STATIC EQ LOADING GLOBAL X DIRECTION

TIlE, 16, ~9:O<. DATE: 05/~1/89

TDE: 10: 3:9:05. DATE: 05/'$1/89

• LOAODIii.

GCS OISPLACEMENTS

~ DISPLACaENTS

NOTE: MAXDlJM VAlJES MAV NOT OCCI.R SII'U.TANEOUSlV

tl<Jl£ OX OV OZ .. RV R2

1 o.OOOOOOE+OO O.OOOOOOE+OO O.OQXlOOE.OO O. OOOOCXJE...ao O.OOOOOOE+OO O.OOOOOOE..oo
2 O. OOOOOOE+OO o.OlXXXlC£.oo O.lXJIXl()(I:..oo o.OOOOOOE+OO o .0000000+oo O.OOIXIX£+OO
S o. OOOOOOE+OO o.lXlOOOOE...oo O.OOOOOOE +00 O.OOOOOOE..oo O.OOCJOOOE..oo O.OOOOOOE..oo, O.OOOOOOE+OO O.OOOOOOE+OO O.OQXlOOE..oo o. OOOOOOE+OO O.OOOOOOE+OO O.OOOOOOE..oo

10 2.0'o00O 2.ZZWnE-lo O.OOOOOOE..oo 0.000000E+00 Q.OOOOOOE+OO -8.109S88E-18
11 2.0'o00O -8.l66O~OlH7 O.5ft2589 O.OOOOOOE..oo O. OOOOOOE+OO -8.109S88E-18
12 2.0'o00O 5.265588E-16 1.60~91 o.OOOOOOE+OO O.OOOOOOE.OO -8.109S88E-18
U 2.0if.OOO 5.265588E-16 1.60S91 o.OOJOIXIE..oo o.OOCJOOO£+00- -8.1£19li88E-18

l' 2.0'o00O -8.1660SOE-17 0.5'2589 O.OOOOOOE..oo O. OOCJOOOE+00 -8.J.09588E-1S

STRt.CTI.RE•••• ; UNIV. OF TOKVO 80X B6 ~-o MCllJEl. ft"'89 TIlE: 10:59:0<. DATE, 05/~1189

SOLUTION..... ' MONOTONIC PSUOO-STATIC EQ LOADING GLOBAL X DIRECTION TIlE: 16:~9:05. DATE, 05/31189

LOADING • _I.... REACTIONS

MAXtMlJlll GCS ~STRAINT REACTIONS NOTE: MAXIIiUt VAl.l.ES HAY NOT OCCl.R SDIJlTAN;OUSLY

FV FZ "" MY

-21.34217 l.n42261E-lft 22.7~ o.OOOOOOOE.OO O.oooooooe.OO O.(l()(XO)OE..oo
O.oooooooe...oo 1.5:<:769OftE-14 -22.76ftQe o.OOOOOOOE.oa o.oooooooe:.oo o.OOOOOOOE..oo
O.OOOCXIOOE.oo O.OOOOOOOE..oo -22.76ftQ8 o.OOOOOOOE.ao o.oooooooe..oo o.OOOOOOOE..oo

.. -21.5ft217 O.ClOOOOOCE:+OO 22. 76"'Q8 O.OOOOOOOE+OO o.OOOOOOOE.OO o.OOOOOOOE..oo
10 ft2.68ft$ft O.~.OO O.OOOOOOOE+OO O.lXIOIXlOOE+OO O.OOOOOOOE.OO O.OOOOOOOE..aJ
11 o.OOOOOOOE.oo O.lXlOOrlOO!.oo O. oooooooe+OO O.OOOOOOOE+OO a .OOOOOOOE+OO O.OOOOOOOE.oo
12 o.oooooooe..oo O.OOOOOCXJE:+OO O.OOOOOOOE+OO 0.000000DE+<JO O.OOQOOOOE.OO o.oooooooe.oo
13 o.OOOlXJOO€+OO o.oooooooe..oo O.OOOOOOOE+OO O.OOOOOOOE.ao O.OOOCXXlOE.OO O.OOOOOOOE..aJ
1.. o.OOOOOOOE..oo O.lXlOOOJOE+OO O.OOOOOOOE+OO o.OOOOOOOE'tOQ O.OOOOOOOE.OO O.OlXJlXOlE.oo

MAX OF ALL---------------------------------------------------·-------------.----------.-------
UCS ::iUMM. O;::;S72"'S8E-12 O.h%QS.,E-15 O.l$500UE-12 O.18J585~-1l -o.S02Q 7S...E-10 o.SOb95..;.e-ll

MAXI/IUI RESl.l.TAHT OF REACTtONS. FORCE: S.8lS.;.e-1$ HOIENT: 5.0559E-11

STRUcl'lRE •••• : l.tIIIV. Of TOKYO BOX B6 3:-0 MOOEL., ... /6/89
SOLUTION••••• : MONOTONIC P$lI)O..SUTIC EQ lOo\OING GlO8AL. X DIRECTION

mE: 16:39:Cl't. DATE: 05/U/8'9
TIME: 16:59:05. DATE: 05/51/8'9

• LOAOI~' PEAl ELaENT FOllCES

IVC SlEAR WALL FORCES... JWlDl.It LOADS AM) OISPl AT MAXIJIUt LOADS NOTE: IWCItiI.M VALlES MY NOT 0C0Il SDlLTANEOUSlV
ELEMENT LOAD ·...n-l "'T-2 .MT-5 JNT-'t *!MENT ROTATION SHEAR ~ DISPL. AXIAL AXIAl. OISPL.

11 12
1'4 H
11 1~

12 lS

'057.261
<tS7.261
2.10ZS2~-12

~.276.s9E-12

2.l.77'222E-Q2 21. 5422 a•298222
2.17722'2E-Q2 21.~<o22 0.248222
2....Sb7.E-18 ".3ll2%lE-l' -1.0noo'll1-16
••02826~-18 .... 7$052E-l' -1.r,8S5UE-16

15.7819
15.787'>

-'t4.12ft2
......ftot.oSOS

O.187~52

0.787<052
-2. 'lOObO~-()2
-2.06l1ftSE-OZ

STRUCTUREu •• ; l.NIV", CF TOKVO BOX 86 ~-o J«lOEL. ft/6/89

SOLUTION••••• : MONOTONIC PSWO-STATIC EQ LOADI..- GLOBAL x OIRECTION
TDE: 16: S9:O'f. DATE: Ql5/~1/89

TIlE: 10:$'9:(1.). 0&1£: 05151189

• LOADING. PEAl OlJ:T!LITIES AIIl ElCCUlSION RATIO'S

RIC SHEAR W&U. DUCTILITV AIfJ EXCURSION RATIOS
1----- SE'M>!NG CONPOfeiT ------1 1---- StEM Cl»IlaENT ------1 1---- AXIAL. Ct.WOft£NT ------------1

aEMa 1-- CEFN 1--- --- OEFH 2-- - CEFN 5--1 1-- OEFN 1--- .-- ~FN 2--- --- OEFW 30·-1 1-- OEFN 1--- ...-- ClEFN 2--- --- OEFN S~-l

DUCT. EXCR. OU::T. E><CR. DUCT. EXCtt. DUCT. EXCR. OUCT. EXCR. OUtT. EXCR. Cl.CT. EXCR. cu:r. EXCR. OUCT. EXCR.
1).60 lS.95 8.09 2!;.06 9.S'S 22.28 1.25 0.22 2,2~ 8.;'2 1.30", 2.57 108.81 1230.22 18.S. ~.11 109.'9S 118.52 ®
6.60 15,'95 8.0'9 2S.06 9.55 22.28 1.25 0.22 2.2ft 8 ....2 1.5<t 2.57 lOS.88 12$.22 18.5" ~.ll 109.95 178.52 2
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7;.02 207.;.5 21.90 55.65 12~.Q09 2b1.10
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 221.76 J81.~ Z9.H 88.+4 27<t.~2 5..8.0S

STRUCTlRE •••• ; lINIV. r;FTOKVO 80K B6 5-0 MODEl. 4/6/89
SOLUTtON••••• : MONOTONIC PSWO-STATIC EQ LOAOIN; G..08AL )( DIRECTION

TIME; 1b: 5Q:Oft. DATE: C/SrSlIsQ
TIME:: it>: '59:05. DATE. 05/S1/89

, LOADX..-.

1----- BENDING C_T ------1
ELEMa 1-- _ -- --- ESE --- - PSE -I

1 1.2"'58 1.0'0057E-OZ 0.2lS'S
2 1.2ft0S8 1.0lt05n:~ O.21S~

~ ooסס0.0 1.71267E-SZ 1.275'lE-S7
<0 ooסס0.0 1.10166E-Sl 5.95951£-58

---- MEMORV UTtLIZATlON •••••••••• --.
---- IZ= 557ft, 1EM: O.61Sl _.
" -----------------"
._-- ELAPSED CPU TIlE 68.1q SEC -_.
"_-- TOTAl CPU TIME 68.'99 SEC -*

1------- SlE.. C_NT --------1 1----- AXIAL c-..r --------1
1- DAMAGE -- ---- ESE ~-- ---.. PSE ---I I~-~ - --- ESE - ---- PSE ---I

0.17~95 2.S'l2~-OZ 9.9U7~-OZ 8.9'0_ •.•98(U-()~ 0.1&121
().1~ 2.54124£-02 9.9U73:E-Q2 8.'9tt9fr>'t ".b~8OOE-05; 0.16121
0.0ll00D 7.8505OE-~ 5."";""'-'7 8.S~S 1.7578'lE-02 O.Sl756
O.OCJOOO 7.1.266lE-S2 2.1~-olr6 2.l.1b058 7.71512E-05: O.bOIS8
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STRUCTtJRE •••• , 1.taV. OF TOOCVO 80K 86 HlMOllEl.. '16/89 TD£, 16,'19:0'. DATE: 05/31189
SOLUTION••••• : MONOTONIC PS!..OO-STATIC EQ llUDING Q..08Al. X OIRECnON TIlE: 16: 39:(6. DATE: 05/3.1/89

ElEIEHT • 1 IS READ~ \.NIT • Zl

RIC SI£AR WAU. FORCES...
NOOEl, 11 NOOE2: 12 NOOE3: NOllE':

STEP TD£ _T ROTATION SlEM SlEM DISPL. AlCIAI. AJCIAI. DISPL. ESE PSE

0 O.llOlXlE+OO O. OllOlXlE+OO O.OOOODE+OO O.OOOODE+OO o. oooooe.oo o.OOOODE+OO 0 ..OOOOOE:+OD o.tDXE+OO o.OOOOE:+OO
so O.OOOOE+OO 78.~ :s:.~-Ott 5.7380 6.72'OOE~ 9.7990 5.1aoooE-OS 0.l2'8 0.6599

100 O.OOOOE+OO -90.850 -3.Zl000E-O'O ....Hl0 "';.27100E~ 8.7~ '.726OOE-OS 8.9'>5<E~ 0.9725
ISO O.OOOOE...oo 'S1.530 1.8""DOE-O'O 1.3ft20 "' .. 22ttClIE-Q2 7.1710

3._-os
2••2SOE-<l2 1.180

200 O.OOOCE.ao -t..~970 '.27100E-OS 2.09'50 2.157OOE~ 5.1970 3.07'oOOE-<lS 1.9'SOOE~ 1.:$18
250 O.OOOOE+OO 309.20 2.1""DOE-<lS 11.770 O.14jo7~ 11.1-0 6.7~~ 0.780< 3.250
300 O.OOOOE+OO -130.90 -3.207OOE-O'O -7.3910 -9.127OOE~ -1.8860 '.266OOE~ 0.2520 3.255
3SO O.OOOOE+OO -2".~ -1.6ssooe-<lS -5.58'50 -0.10:510 6.2370 6.'9'oOOE~ o.29n '.171- O.OOOOE+OO ISO. so 1.10600E-05 7.3290 9.669OOE-G2 2.1770 6.. 21100E-02 0.2812 "'.~s
'SO O.()()(Q:+OQ Ibtt.50 1.235ODE-03 1....810 6 .. .r,SoM:U:-02 1.92'50 6.16100E~ 8.'io89(E-02 ~.590

500 O.OOOOE+OO -268.40 -1.76700E-iJS -11.050 -0.13120 5.7010 6.6~-OZ O.~70 "'.819
550 O.OOOOE+OO -85._ -7.S57OOE-ott 0.5'090 -1."9IlIE~ 1.7670 6.162OOE-<l2 2.337llE-<l2 5.026
600 O.OOOOE+OO 369.00 2.392OOE-<lS 1•• 390 0.18070 11.220 7.286OOE-<l2 1.'19' 5."7
6SO O.OOOOE+OO 56.250 6.8O'tOOE-or. -1.2200 -l.~llXE-OZ 1.,710 7.06SOOE-<l2 1.56eOE-<l2 5.7'0
700 O.OOOOE+OO -390.80 ~2.60800E-O! -16.470 -0.18140 10.280 6.165OOE~ 1 .. 1t57 6.199
750 O.OOOOE+OO -225.SO -1.76100E-QS -3.9880 -8.529OOE~ 5.5970 7.3'SOOOE-<l2 0.2101 6.19'
BOO O.OOOCE+OO -81.560 --6.9l2OOE~ O.65lrioO "';.96'lOOE-<lS 1.5500 7.~9OOE-02 2.10l0E-<l2 6.158
850 O.OOOOE...ao 159.00 1. 187OOE-<lS 6.;'91.0 8.8flOOE~ 1.5_ 7.07lt<d:-<tZ 0.2220 6.262
900 a.00CKlE+00 't07.80 S.517OOE-<lS 18.60,0 0.19"20 1'.290 0.11190 1.67' 7.18.
"50 O.OOOOEoOO "3.50 7.3saooe-<lS 19.520 0.217'0 H.600 O.255~ 2.281 10.88

1000 o.OOOOE+OO ,", ..90 ".lSOOOE-OS ~.87610 1.202OOE-<lS ..Q.lt~ 0.2l29O 9.812OE-05 10.90
1050 o.OOOOEoOO -257.20 -2.528OOE-O'O -8 ...760 -0.11610 -2 .. 8910 O.17~ 0.'056 11.;6
1100 O.OOOOE+OO -.;,41.30 -5.28~-oS -lS.S90 -Q.182'Wl 6.1;q(] 0.190&0 1.sn 12.97
11SO O.OOOOE+OO -202.80 -5.9'SOOE-03 -S.6110 -9.nl00E-02 2.8_ 0.2= 0.= 1",81
1200 O.OOOOE+OO 65.920 -2."""llOE-<lS 2.8"10 5.89OOOE~ 0 ...5610 0.251&0 ~ •.;.aSQE-O:Z 1".87
1250 O.OOOOE+OO 266.<tO S.219OOE-Q5 8.1~ 0.11250 O.'H200 O.2S080 o.'t866 15.58
1500 o.OOOOEoOO 387.50 7.164OOE-aS 15.&70 0.19860 11.620 0.25260 I.SSl 17.09
15SO O.OOOOE+OO 8.;oso 3.761COE-oS -0.91350 -5.83SOOE-D+ o.~ O.2~ s.~~-os 11>.90
1_ o.OOOOE+OO -177.80 -l.Olo9OClE-OS -5.7600 -9.00200E~ 0."'6670 O.2~ 0.2.512 1732
1,,;0 O.OOOOE+OO -SOB. SO -.:..Olt>OOE-oS -13.190 -0. 16BO 5.280 a.2'tOlO 1.157 lS •.,.8
1500 O.CJ(JQ(E+OO -23't.90 -b.2S100E-QS -5.1920 -o.U510 ••5~ o.2SQqQ 0.3111 19.27
1550 O.OOODE+OO 6.1280 -3.bUOOE-OS 1.2'00 1.18100E~ o.lt15QQ 0.231&0 6.075(£-05 19.20
1600 O.OOOOE+OO 133. SO -2.77SOOE-oot ".5980 8.Z9'i<XI:-02 o.....~ 0.25150 a.hOI 19."8
10SO o.ooooe+oo 2n.50 3...9OOOE-OS 8.250 0.11950 O,"USQ O.2S070 0.5265 20.10
1700 O.OOOOE...oo 4lJ7.70 b .. 90Q00E-oS 15.150 0.18...70 7.Qot>80 O.2"~ 1 ....70 21.1 ..
1750 o.OOOOE+OO 'totO.'"l 1.05100E-<l2 19.9(,0 0.25350 1'10,890 0.37320 2.... Z".-.6
1BOO o.OOOOE+OO ,,;0.20 1......9OOE-Q2 20•....;0 0.255.20 15.210 0.52180 2.b85 28.b6
16SO O.OOOC::£+OO 105.20 1.557OOE-<l2 2.1"20 0.10860 o.82't'tO O.SUSO 6.hSOE-0:2 SO.56
1900 a.~+oo 168.90 1.3"00E-<l2 lO.<tOO 0.16260 3.0890 0.50580 0.5529 SO.61
1950 Q.OODOE+OO Wi.50 1.169OOE~ 20.7'50 0.27590 15 ...., 0.6S"9O 2.615 S3.'2

STRU:TURE•••• : lMIV. OF TOKYO BOX 86 s-o MOOEL. "'6/89
SOLUTION•• o _0: IIIONOIONIC PSl.I)O-SfATIC EQ LOAQ;[NI; Q..08AL )C DIRECTION

ENEllllV OATA IS READ F_ UlIT. 57

TIME: 1': $9: (Mo. DATE: 05/'Sl/89
TDE: 10: 59: 05. DAfE; 05/Sl/89

STEP
o

SO
100
ISO
200
250
300
5SO
'>00
-SO
500
5SO
600
.so
700
T>O
aoo
850"50

1000
1050
1100
11SO
1200
1250
1300
13SO
hOO
hSO
1500
1550
1600
1b5O
1700
1750
1BOO
1650
1_
1"50

TD£
O.OCICXIJE...00
a.OODOOE+OO
o.oooooe.oo
O.OOOODE+Oll
O.OOOOOE+OO
O.OOIXlOE+OO
O.OOOODEoOO
o.oooooe.oo
O.OOOOOE.oo
o. OOOOOE...oo
a.OOOOOE+OO
O.OOOODEoOO
O.OOOODEoOO
o.1JOlXI)E+00
a.OOOOOE+OO
o .000000oOO
Q. OOOlXJE+OO
O.OOOOOE+OO
o.oooooe..oo
o.ooooae:..oo
O.OOOOOE+OO
O.OOOOOEoOO
o. OOOOOE..oo
O.OOOODEoOO
o. oooooe...oo
o. oooooe.oo
a .lXXIOOE.oo
O.OOOOOE+OO
O. ODOOOE+OO
o.oooooe...oo
a.OOOOOE+OO
o. OOOOOE.oo
Q.OOCKXJE.oo
O.OOOOOE...oo
o. oooooe.oo
o.ooooae:+00
a.oooooe:.oo
a.0000000.oo
Q .000000.oo
o.OO(J()QE..oo

DflIIT EUSTIC STRAIN
O.CJOOI](£+OO o.OOOOOE+OO
1._ 0.3H62
2.992'1 a.s~

3.'r019 Q.n605E-Q2
!i.9599 7.925..2£-02
11.516 1.9006
11.2.,.2 O.6~5

15.518 0.704$8
16....25 0.76168
17.763 0.17627
20.965 1.7867
20.602 7.h23S£~
26.616 S.779i
2'.'11 6.37818E~
:!>O.CJS1 5.8690
27.891 0.-SS09
27.5'50 •• 77752E-<l2
29.105 0.&0596-
~.886 ~.S586

"9.408 5.1%2
".206 S.86909€-02
'8.385 1.2071
59...n ".S6~

62.208 0 . ..a25
62.587 0.1S829
67.731 1.2\27
n.S77 ".Z'B5
73.57' 1.~-02

76.419 0.6101'0
a....5 S.2168
85.918 0.756"5
SS.2n 2.885"2£-02
87.184 a.gsl9l'J
ql.Sn 1.SS8I
99,"91 ".5~

112.'t't 6.1)295
126.09 7.1768
125.'2 0.13_
IV.sq 2.0S08
I'tS.30 7.5282

UlETIC PlASTIC STRAIN
a. OOOODE.oo O.OOOOOE+OQ
O.OOOOOE.oo l.o~

o.oooooe.oo 2.&2n
o.OCXlOOE+OQ ~.S5S7

a.OOOOOE.oo !i .8610
O.ODOODE.aJ 9.5918
O.OOOOOE.oo 10.565
Q.OODOOE.oo lit. 590ft
O.OOOOOE..o:J 15.6~

O.OOOQOE.oD 17.555
Q.OOOOOE.oo 19.1~9

O.OOOODEoOO 2O.S07
o.OOOOOE..ao 22.821
O.OOOOOEoOO 2'. sal
o.oooooe...aa 21.~S

O.OOOOOE+OO 27. 't13
O.OOOOOE+OO 27.4S6
O.OOOOOE.oo 28. ~7S
o.oooooe..oo 52.002
o.OOOOOE+OO ..5.587
O.OOOOOE+oO 4~.lSl

O.OOOOOE+OO 47.l~l
o.CIOOOOE.oo 55.0n
O.ClOOIXE.oo b1.715
O.OOODOE+OQ b2.'t02
O.ClOOIXE+oo b6.'t~1

Q .000000+oo n.O'tO
O.~+OQ 7~.306

O.lXXlCXI:.oo 75.]';8
O.OOOOOE.oo 81. S79
a.000000.oo 85.157
o.~.oo 85.196
O.lXJl:XQ::..oo IW).]"';6
O.OOl)()(£+OO 90.187
O.OOOOOE.oo o.r,. 850
o.~.oo 105.17
a.OIXXJOE.oo 118.87
O.COOOOE.OO 12'5.2S
iJ,.()J()OOE.QO l.2S.n
O.OOIXI:I:+OO 155.&9

~ne

o.OOOIXJE...oo
O.OOOOOE+Oll
O.OOOOOE...oo
o. oooooe.oo
o. ODCIXE.oo
o.~.oo

O.COXIDE..oo
O.OOOOOE...oo
O.CDlIXJE+OQ

O.OOODOE...oo
O.OOODOE+OQ
a.000000.oD
o.OOlDJE.oo
O.OOODOE.oo
a.OOOOJE+OO
O.OOIXIOE·OO
a.Ol:lDJE.oo
a.OOODOE+OO
a.OOlJJQE..oo
o.oooooe:.oo
o.OlXJOJE+OO
o. OOOOOE.oo
O.OOOOOE..oo
O.OOOOOE..oo
o. oooooe.oa
o .OOODOE+OO
a.or:xDJE..oo
O.OCOJl:E..oo
a. COXJQE.OO
O.OOlXIlE..oo
O.OOOl:DE..oo
Q. oooooe.oo
O.OOOOOE..oo
o.CJ(J(J[DE+OO
O.OOOOOE+00
O.OOOOOE·OO
Q. OOOOOE·OO
a.OOOOQE.00
o.OOlJ()Qi:..oo
o.CX'IOXE.00

RELATM ERROR Z
OOסס.0

0.6'502
0.53;26
0.S155
O.4Q7Q
0.2067
O.22~2

0.1510
Q~1"5S

a.100t;
0.131~

0.1126
0.0151
0.105$
0.08QS
0.0915
o.~

0.0880
o.oo.a2
0.0509
0.0821
0.07S~

O.OblO
0.0115
0.07'55
0.0698
0.0S59
0.0689
O.06bS
0.0579
0.0521
a.tl54-t
o.OS~

0.0506
o.04lS
O.OS9't
a.asS!
O.~29

o.o~

0.0552---------_._----------_.
158.10

GROSS RE:

<t MEMORY UTILIZATION ••••••••••
• _-- IZ; ~574. ME": O.6l'5'L

,,--- ElAPSW CPU ltME 3;.42 SEC _ •
• _-- TOTAl CPU TDE n.'H SEC --

8.1861

O.~1.

O.OODOOE+oo
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0:otes:

(1) The results for an individual step are written to the output file every 99999th

step. The choice of a large increment (99999) suppresses the output for individual

steps.

(2) The ductility and excursion ratio's are defined in Appendix I.

(3) The damage index is defined in Appendix II.

C. TWO STORY {J:,\SY\,(\1ETRIC BLILDI:"G WITH ISOL:\TED SHEAR

WALLS

1. Description of Input Information. The two story unsymmetric building \vith

isolated shear walls is shown in Figures 24 and 25. This 'L' shaped, two-story building

has four 30' wide shear walls. All of the lateral loads are resisted by the shear walls.

Some of the gravity loads in the building are carried by a separate vertical load resisting

system, with the shear walls carrying the remainder of the gravity loads.

The model used for the unsymmetric building has 8 shear wall clements, 16

vertical degrees of freedom, 2 translational degrees of freedom at each level and one

rotational degree of freedom at each level as shown in Figure 24. All 16 of the vertical

degrees of freedom are condensed out, leaving the 2 translational and and one

rotational degrees of freedom at each level, Gdof 17 through 22, for the dynamic

analysis. The separate vertical load resisting system is not included in the model. The

geometric stiffness of the unsymmetric building reflects the gravity loads on the

structure.

For the first solution the natural freq uency and mode shapes of the structure are

calculated. For the second solution, the nonlinear response to the first 10 seconds of

the two component 1940 El Centro earthquake is calculated. The north south
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component of the EI Centro earthquake is stored in the file accessed by unit 92, while

the east west component is stored in the file accessed by unit 93. For the third solution

the natural frequency and mode shapes of the damaged structure are calculated.

2. Input Data.
ECHO Of It-FUT DATA

LINE •••• 1•••10•••• 1...20.... 1...50•••• 1... ;0.... 1...50.... I ...60.... I ...70.... 1...80
1: •STRUCTlJlE DEFINATION'
2.; •BUILDING B2. L SHAPED TWO STOR'V BOX STRUCnRE. ~ITH KG"
3, 38 1 12 1 2 12.
f,' 1 a a 0 10
5, 2 so 0 0 10
6: S so so a 1 a
7: ~ so 60 a 1 a
8: 5 60 60 0 1 a
9' (, 90 60 0 1 a

10: 7 90 CjlQ 0 1 a
11: a bO 90 0 1 0
12: 9' so 90 a 1 0
15: 10 a 90 a 1 a
H 11 a bO 0 10
15, 12 0 SO 0 1 0
10: 100 3".7398 55.2602 15 1 0
17- 101 a a 15 1. a
IS: 102 so a 15 1 0
19- lOS ~o SO 15 1 a
20' 10.,. so 60 15 1 a
21· lOS 60 60 15 1 0
12: 1.06 qo W 1.5 1. Q

23: 107 90 90 15 1 a
2... ' 108 60 90 15 1 0
25' 109 SO "" 15 1 0
26: 110 a 90 15 1 a
27, 111 0 60 15 1 0
28: 112 a so 15 1 0
29, 200 S>.'8U 55.5191 27 1 0
~: 201 Q a 27 1 a
31: 202 so a 27 1 a
S2: lOS SO SO 27 1 0
~s: zut.. 'SO 6Q 21 1 0
3>' 205 60 60 27 1 0
S5: 206 90 60 27 1 a
30' 207 <lO "" 27 1 0
')7: 208 60 90 27 1 a
58: Z09 SO 90 27 1 a
59: 210 a 90 21 1 a
,,0: 211 a 60 27 1 a
H, 212 0 50 27 1 0
~2: 1 a a a 1 a
..S; 1 1 1 1 1 1 1 11 1
4... · 0000220 0 a
",5: 100 a a 2. a a a a a
4';: laS 0 a 2. a a a 0 0
"7: 108 a a 2. a a 0 0 a
48: 109 a a 2. a a a a a
49- 112 a a 2. a 0 a a a
50: 200 a 0 2. a a 0 0 a
51: lOS a a 2. 0 a a 0 a
52: 208 a a 2. 0 a a a a
S!O: 209 a a 2 a 0 0 a a
5... : 212 a a 2 0 0 Q 0 0
S!i: a 0 0 1 a 0 0 0 0
56: 1 100 101 11 1
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ECl<O OF Dl'UT OATA

lINE •••• 1••• 10•••• 1•••20•••• J...30•••• I•••.a.••• I•••50•••• J•••60•••• 1...70.... 1...80
<;], 1 200 201 11 1
58: 5
59: 'AXLMOO ' 7.68E66.91£6 7.68£5 2$1.6 .9.2 15.2
60: 'BENll BOT' 9 10 3.55885E-6 .2
61, '"100.0 «>550.0 566'4.0 66150.0 68600.0
62: 71050.0 7S5OO.0 75950.0 nl79.S
65: 9.11159OE-01 1.25005OE-06 5.ssus.E-06 1.55"_-06 1.ll6S'6llE-OS
6" 1.6'11'oOE-OS 2.5S18OQE-OS 3.1ZSZlOE-OS 5.558855[-OS
65: 'BaDl TOP' 10 10 5.32.l51£-6 .2
66, 31_.0 58880.0 511'10.0 SZ<30.' _.0
67: 6.1:920.0 6,,800.0 67680.0 l'D5'O.O 7SM6.S
68, 6.78Z970E-07 8.31538OE-07 3.21_-06 5.32l510E-06 5.SS915OE-06
69, 6.8378'oOE-06 1.025'5OE-OS 1.6021_-OS 2.389<OOE-OS 5.321510E-OS
70: 'Sl£ARl BOT' 10 10 2.~2E-4 .2
71, 1'0.000 160.000 210.000 251.ZOO 210.000
n, 280.000 290.000 500.000 510.000 560.3
73: 5.650959E-QS 7.2S5~-05 2.17769OE~ 2.9OftIt~..Qlt ".9S7~9E..Qlt

7": 6.S90021E-Olt S.'t75210E-oot 1.096060E-QS 1.33"'110E-Q3; 2.9O"2OE~

75: 'HARI TOP' 10 10 ".8S12S8E-It .2
76: 250.000 260.000 S~.OQQ 56".100 "50.000
77, _.000 «>0.000 <80.000 500.000 559.2
78: 1.14-65lJl:£-Olt L.,1l2soe:~ 5.816HlE-oot ".851238E-()(P 8.82~5'tOE...()t

79: 1.00s0z0e-05 1.5n'20E-05 1.SSw.iOE-05 2.587'oSOE-05 '.85l236E-05
80: 1 1 2 .FAlSE.
81; 8
82, 'Sl£AR WALL' 'N$ F' 2 • 1 107 106 6 7 1.00 250.5 a 0
85: 'SHEAR WAlL' 'NS S' 5 s: 1 207 206 lOb 107 1.00 11.1 a a
8": 'SHEAR WALL' 'MS F' 2 "1 110 ill U 10 1.00 2SO.S a a
85 'SHEAR HAll' 'MS S' 5 5 1 210 211 III 110 1.00 71.1 a Q

86: 'SHEAR WALL' 'EW F' 2 "1 102 101 1 2 1.00 250.5 a Q

87: ':;HEAR WAlL' 'EN S' 5: 5 1 202 201 101 102 1.00 71.10 Q

88; '$)EAR WALL' 'EM P 2 ~ 1 lOS 109 • 5 1.00 250.5 O.(l
aq~ '~AR WALL' 'EN S' S 5 1 2tJ.; ~ 1~ 105 1.00 71.1 a a
90: 2., 1 .FAlSE.
91: 101 .0675..7 .067S~>7 .0675V 000 000 00
92: 102 .0675..7 .06~7 .06~7 0 0 a a 0 0 0 0
93: 106 .067S~7 .0675..' .06~' a a a a 0 a 0 a
90',: 107 .067;.., .0675,,7 .06;;.7 a 0 a 0 0 0 a a
q,Ij:: 110 .07..017 .07.,017 .07lt017 000 a 0 0 0 a
%: 201 . .l'tStt86 .hS.S6 .hS't86 a a 0 a a 0 a a
Q7' 202 .1ttS"'86 .l"'S...86 •.1;08...86 a a a a a a 00
QS: 206 .H8~86 .i'tStt86 .hSit36 0 00 0 a a 00
99' 207 .1t,.8.86 .h8~ .1ft8'- 000 000 00

100: 2.10 .14S~86 .1"S"'86 .1~ 0 a a a 0 a 0 0
101; lOS .0512~2 .OSl~2 .0 0 a 0 0 a a 0 0
102: 108 .05l2;'2 .05124-2 .0 0 a a a 0 a a a
IDS: 109 .osn12 .osn12 .0 a a 0 0 0 0 a 0
1()(,; 112 .05.1242 .0512"2 .0 a 0 0 a 0 a a Q
105: 20'5 .129270 .l29270 .0 0 a 0 0 0 a a a
106: 208 .l29270 .l29270.0 0 0 0 0 a a a a
107: 209 .l2927O.l2921'D.O 0 0 a 0 Q 0 a 0
108: 212 .129270.l2927O.0 a 0 0 0 0 0 0 0
Ice;: lOS .079lTS .07911$ .079lS7 0 0 a 0 0 0 a a
UQ: III .08S665 .085663 .0SS063 a a 0 a a a 0 0
111: 20S .192158 .192158 .192158 000 000 00
112: 211 .192158 .192158 .192158 000 000 00

ECHO OF I~T OATA

LIN£ .... 1••• 10.... 1...20•••• 1... 50.... 1•••.0•••• 1...50.... 1...60 .... I... 70.... 1••• 80
115: 10e, .oq7~ .QQ7'308 .097501 0 0 0 0 0, a a 0
Ih: 2O't .2SSSS1 .2SSSS1 .2SS851 000 Q a 0 00
us: 1.68"'5 .00063S~

116: 'SOLOS - SOLuTION'
117- 'N4TUR'AL FREQUENCIES lID HCJDE SHAPES'
11S: 'FREQUENCV' 6 a
119: 'SOL02 - SOLUTION"
120: ·NDM..lNEAR RESPONSE TO Cl~ ELCENTRO NS • EW>*1.1'5'
121: 'LINEAR' 0 .FALSE•• TRt.E.
122: ~ -.0 z<tOO .FALSE.
123: 0.00.0002S 10. S86.~

12'i-: '£lEt 1 21 7 1 1
125: 'JOINT FW 100 31 1 100 S
126: 'JOINT FY' 100 S2 1 100 S
127: 'JOINT HZ' 100 33 1 100 3
128: 'ENERGV' 00 57 a a a
12'9: ':>UMRCT' 00 sa a 0 a
1S0: 'ENO' a a 0 00
131: 0 a a 'E~' 0 a 0 0 0 0
1$2: 2 1.75.00 .01 .FALSE.
lS~: 1 a 0 0 1 0 Vl, V2
l!i~: n 2~00 2 • TRuE••FALSE. •TRlE.
1$5: (AlA)
136: (F9.6/(8F9.6»
157: 93 2<,00 1 •TR\£••FALSE. •TRt.E.
1S3: (AlA)
139: (FQ.6/(SfIJ.6»
1<0, 'RfAO INCdooo ....IT;31 '
Itt1: 'SOloS - SOl.uTtON'
1<'2: 'NATURAL FREQUENCIES »IJ t«lDE SHAPES'
1.. :;: 'FREQl£NC\I' 6 0
itt.,: 'STOP'
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3. Output.
STRUCTURE •••• : 8lJILOING B2. L SHAPED TIlO STORY BOX STRUCTUllE. NITH KG
SOl.UTION••••• :

TIlE: 17:01:Z2. DATE: 05/51189

DOl8.E PReCISION VERSION

NODE CONSTRAINTS

XV-PLlUE
XV-PlANE
xV-PLANE
XV-PLAN:
XV-PlANE
xV-PLA#E
XV-PlANE
XV-PlANE
XV-PlANE
XV-PlANE
)(V-PLANE
XV-PLAN:
xV-PLANE
XV-PLANE
XV-PLANE
XV-PLANE'
XV-PLANE
xV-PLANE
XV-PLANE
XV-PLANE
XV-PLANE
XV-PLANE
KV-Pl.lUE
XV-PlANE

CONSTRAINT. "mER;
CONSTRAINT. HASTER:
CONSTRAINT. MASTER:
CONSTRAINT. MASTER:
CONSTRAINT. MA:iTER:
CONSTRAINT. HASTER::
CONSTRAINT. MASTER:
CONSTRAINT. NOSTER:
CONSTRAINT. MASTER:
CONSTRAINT. NOSTE.:
CONSTRAINT. MASTER:
CONSTRAINT. MASm:
CONSTRAINT. MASTER:
CONSTRAINT. MASTER:
CONSTRAINT. ""STER:
CONSTRAINT. MASTER:
CONSTRAINT. MASTER:
CONSTRAINT. MASTER:
CONSTRAINT. ~TER:
CONSTRAINT. lUSTER:
CONSTRAINT. HASlER:
CONSTRAINT. MASTER:
CONSTRAItU. MISTER '.
CONSTRAINT. flUSTER:

lOO SLAVE:
lOO SLAVE:
100 SLAVE:
100 SlAVE:
100 SlAVE:
100 SLAVE:
100 SLAVE:
lOOSLAVE:
100 SlAVE:
100 SLAVE:
100 SlAVE:
100 SlAVE:
200 SLAVE:
200 SLAVE:
200 SlAVE:
200 SlAVE:
200 SLAVE:
200 SlAVE:
200 SLAVE:
200 SUVE:
200 SlAVE:
200 SLAVE:
200 SL,VE',
200 SLAVE:

lOl
lO2
lOS
10<
lOS
l06
107
lOS
109
110
III
112
20l
202
lOS
zoo;
2O'i
206
207
208
209
210
211
212

NODE COORDINATES .u.D OECRE£S OF FREEDOM

TOTAl WMBER OF DEGREES OF FREEDOM............. 156
NUMSER OF DEGREES OF FREEOOt4 CONlENSED OUT..... 16
NUMBER OF FREE DEGREES OF FREEDOM.............. b
NUMBER OF REsnAlMED DEGREES· OF FREEDOM........ B~

NODE cos. )(·COORO V-COOOO Z-COOOO FX FV FZ "" "" MZ
1 1 o. OOOOOE.oo O. OOOOOE+OO o.OCXIJOE+00 2S-ll Z,,-R: 15-' 7l-R n-ll 2!:i-R
2 1 560.00 O.OOOOOE+OO O. OOOOOE+OO 27-ll 28-' 29-ll 7~-ll 7'-ll 1D-ll
S 1 SOD. 00 SoD.OO o.000Cl0E +00 Sl-ll ':2-' SS-ll 75-ll 76-ll S....· 1 SoD.OO no.oo O.OOOOOE+OO SS-ll So-ll 9-ll 77-ll 78-ll SS-ll
5 1 no.oo no.oo O.OOOOOE.oo S.... ..o-ll H-R 7.... 8O-ll '2-ll
6 1 1080.0 no.oo O.OOOOOE+OO 'S-ll ;.-R '5-ll .1-ll 82-R ""-ll
7 1 1080.0 1080.0 O.OOOOOE+OO •'-R .8.... ..... .S-ll .... 5O-ll

• 1 720.00 1080.0 O. OCJOOOE+00 51-ll 52-ll 5S-ll as... 86-ll S..-R

• 1 soo.oo 1.080.0 0.00lJl(I;000 55-ll SO.... 57-ll 87-R 88-ll 58-ll
lO 1 O.OOOOOE..oo 1080.0 o. OOOOOE+OO 5.... 6IJ"" o1-1t ...... -- 62-'
11 1 a.000lXJE+00 no. 00 O.OOOOOE+OO 6:5-R ..... .5-ll ~l-R 02-' ..-.
12 1 o. OOODCIE.oo S60.00 O.lXIOOOE+00 67-ll 68"" ...... 'S-ll ..... 70-ll

loo 1 416.88 6b3.12 180.00 17 10 ...... ""-R .7.... l'
lOl I O.llOOOOE+00 O.llOOOOE000 lBO.OO 17-C l.-C 1 (;IS-It "-ll 19-C
l02 1 560.00 O.OOOOOE.00 lSO.OO l7-C l.-C 2 lOa-it 101..-R 19-C

CDlOS 1 S60.00 SOO.OO 180.00 l7-C l.-C 102-R 105-R lOO-ll 19-C
lOO 1 S60.00 no.OO lSO.00 17-C l.-C S lOS-ll l06-ll 19-C
lOS 1 no.OO no.OO 180.00 17-C l.-C · 101-R lOS-ll 19-C
lOb 1 lO8tl.Q no.OO 180.00 l7-C l.-C 5 l09-. llD-1t 19-C
l07 1 1080.0 1080.0 180.00 17-C lO-C • 111-R U2-R 19-C
l08 1 no. 00 1080.0 180.00 l7-C l.-C liS-' 1h-R U5-ll 19-C
l09 1 ~.oo 1080.0 180.00 17-C l.-C llb-R 117-R l1S-R 19-C
110 1 O.OOOOOE..OO 1030.0 180.00 1'-C l.-C 7 Ut-It l2G-ll 19-C
III 1 O.OOOOOE+OO no.OO 180.00 l7-C lO-C 0 121-R l22-ll 19-C
112 1 o.000000.oo SoD.OO lSO.OO 17-C 13-C 12!;-R 12~-R 125-R 19-C
zoo 1 ... 13.77 bbO.2S 52~.OO 20 21 126-' l27-' l28-' 22
20l 1 O.OOOOOE..oo O.OOOOOE+OO 52'.00 2O-C 21-C · 129-ll 130-' 22-C
202 1 SOO.OO O.lXIOOOE+00 52'.00 2O-C 2l-C lO 131-R ISI-ll 22-C

20' 1 SOO.OO ~.OO $20.00 ~ n-c H:5-R 15..-R lSS-R 2Z-C
2'" 1 S60.00 720.00 ~2~.00 2O-C 21-C 11 1';6-R 1~7-R 22-C
205 1 720.00 720.00 )2~.OO 2O-C 2l-C l2 ISS-ll at-R 22-C
206 1 1080.0 720.00 52•. 00 ~ 2l-C lS l'OO-R h1-R 22-C
207 1 lO8O.0 lO8O.0 $2,.00 2O-C 2l-C l' h2-1t 1..S-R 22-C
20. 1 720.00 lOBO.O $20.00 ~ 21-C l ...-R hS-R 1~6-R 22-C
209 1 S60.00 1080.0 $20.00 ~ 21-C hl-R 1"8-R h9-R 22-C
210 1 O. OOOOOE+OO 1080.0 $20.00 ~ 21-C is l5O.... 1S1-R 22-C
zll 1 o•CXXXXlE+00 720.00 52...00 ~ 2l-C l6 1S2-R 15S-R 22-c
212 1 O.OOOOOE...oo S60.00 S2~.OO ~ 21-C 1S't-R lS5-R 156-R 22-c

NOTE: R - RESTRAINED ~GREE Of FREEDCIt
C - CONSTRAIIED DEGREE Of FREEDOM

DIRECTION COSINES .••

COS< 1) VX: ooסס1.0 I .a.lDXXJ .J ooסס0.0. It vy' ooסס0.0 I +1.000XJ .J ooסס0.0+ Ie vZ: ooסס0.0 I ooסס0.0+ .J ooסס1.0+ Ie

:iTRUCTURE •••• : BUILDING 82. L SHAPED TMO STORY BOJC STRUCTI.ME. HITH KG
SOLUTION••••• :

AXLHOO HYSTERESIS I«lOEL- FOIl LNIT LENGTH IEItIER

fIME: 17:01:22. DATE: 05/S1/89

/'lAT. SC STl 512
1 O.768OOOE..ol O.691000e+Ol 7680.00

PV
2~.600

ALPHA
0.'lOOOOO

112

B£TA
0.200000

MAK Cl.Cr.
OOסס.15

B£TA-DI
0.200000



STRucTURE•••• : BUILOn-c 82. L SHAPED TWO STORY BOX STRUCTLRE. WITH K;G
SlllUTION••••• :

BE>Ill HYSTEReSIS IOllEl. OATA - ....IT LENGT1< MEMBER

TIlE: 17:01:22. DATE: 05/H/89

BAC<BCI/£ CURVE POINTS - "" Tl Nr OV BET4
2 10 0.S5588SE-D5 ooסס0.20

:!: 10 O.3S21S1E-OS OOסס0.20

_NT
-T4100.0
'06550.0
56<m.0
66150.0
68600.0
71050.0
75500.0
759'50.0
77179.3

57'"'l.0
S88llO.0
S18'tO.O
52'50.'
6Oit80.0
61920.0
(,"800.0
b7~.O

70560.0
lSSD6;S

ROTATION
0.91113:9£-06
O.l2500SE-05
0.355885£-05
O.7SS9tt9E-<l5
0.1065"6E-OO;
O.lb'tll<tE-O<t
0.255786<-00;
O.Sl2S21E-Qot
0.555885<-00;

0.67ll297E-06
O.8S15~-Q6

O.S210%E-05
0.552151£-05
0.5S597SE-05
0.68578'£-05
o.1025<t5E-Qit
o.lbOZHE-Qot
0.258""""-00;
O.SS215lE-O<t

®

STRlJeTURE •.•• : 8UILDI~ 82. l :iHAPEO TWO STMV 80X STRUCTURE. WITH ICC
5Ol.UTION ••••• :

SHEARI HVSTERESIS NOOEl DATA - lAIIT LENGTH MEMBER

TIME: 17:01:~. DATE. Ql5/H/89

BAcICBONE CURVE POINTS - /ItAT• NI DV BET...
it 10 0.29JOlroft2£-oS 0.200000

5 10 O....SS12ftE-OS 0.200000

STRESS
hO.OOO
160.000
210.000
251.200
270.000
280.000
290.000
SOO.OOO
3:10.000
5bO.Sao

250.000
260.000
5....000
Slro.l00
..so. 000
'"'l.OOO
'060.000
_.000
5OlI.000
519.200

STRAIN
O.5IiI5Q9(t£-Qot
O.72SS..oE-Ott
O.2177b9E~

O.29Oot..2E-OS
O.'t~7"7E-03

O.b$9OO2E-OS
O.8't7S21E-oS
0.10%06£-02
O.lSS"S1E-02
0.29Olr<t2E-02

O.U<t65OE-QS
O.HU2SE-oS
0.58161"-OS
O,"8S12~-OS

O.882itSftE-<3
0.100502E-02
O.Un-.ze-<l2
O.188S9SE-Q2
0.ZS87~-Q2

0."85UtrE-02

®

STRtJCTURE •••• : BUILDIMi 82. L SHAPED TWO STClRV SOX $fRUCTtM'E. WITH ICC
SOLUTION ••• 4 • :

"''''''ETRIC STIFI'tESS OA TA

K.Gl,O.&o :: 1. LOAD= F<INPUf)tt<:1 4 OO+ACCEU
F( Itt:lUT) IS POSITIVE IN C~SStON

ACCEL. IS POSITIVE GLOBAL Z-A)CIS ACCELERATION
KCTVP£ ,1. LUII'£O FORIU.ATION
KGFORM :: 2. SEPERATE Q.OBAL. ICC IS FORIED

- THE GEOMETRIC STIFFNESS MATRIX IS NOT COfUNSED jljITH Tt£ STJM:T\RAL STIFFNESS MATRIX.

STRlICTlRE •••• : BUnDINi 82. L SHAPED THO STatY 80M STRUCTtRE. WITH ICG
:;OlUTION ••••• :

TIME: 17:01:22. DATE: ac;/~1I89

ELEMENT as. RIC 5t£AR WALL ELEtENT

ELEJ< SEOO SlEAR A)(IAL JOINT .JOINT JOINT JOINT LENGTH "roTl< AL_ """. "'TL "'TL "'TL .1 112 ot5 ..
NSF • 107 106 6 7 180.0 S60.0 1.000 2SD.5
toG:i 5 207 206 106 107 1,".0 S60.0 1.000 71.10
NSF • 110 III 11 10 180.0 S60.0 1.000 2SD.5
NSS 5 210 211 111 110 1""'.0 S60.0 1.000 71.10
E" F 4 102 101 I 2 180.0 S60.0 1.000 250.5
E" S 5 202 201 101 102 1~.0 S60.0 1.000 71.10
E" F • lOS la- . 5 180.0 S60.0 1.000 250.5
EW :i 5 205 "'" la- lOS 1"".0 SbO.o 1.000 71.10
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STRUCTt.ll£•••• , BUn.DIHG 82. l SHAPED TWO STORY BOX STRIJClUIE. IlITH KG TIME' 17,01,22. DATE, OS/51189
SOlUTION••••• ,

lUllPED NOllE MASSES
::===--==-.-===

NOllE ""
.., MZ RlOC fNV ~ZZ IlXV Ill<Z I!VZ ICEH DC

101 6.7S~7E-02 6.75lt7E-02 6.""7E-Q2 O. OCXXlE+OO a.OOOOE+OO o.ooooe:.oo O.ooooe..oo O.OOOOE+OO o.ooooe.oo 0 0
102 6.;Sot7E-02 6.75_7E-Q2 6.,.,.7E-Q2 O.OOOOE+OO O.OOOOE+OO o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO o.OOOOE+oo 0 0
106 6. 75ltlE-{)2 6. 75lt7E-02 6.75lplE-02 O.OOCXlE+OO D.OOCIOE..oo o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0 0
107 6.15ltlE....Q2 6.""7E-<J2 6.75_7E-Q2 O.OOOOE+OO O.OOOOE+OO O. ooooe:+00 O.OOOOE+OO O.OOOOE+OO o.OOOOE+OO 0 0
110 7 •.al7E-Q2 7 •.allE-<J2 7.40l7E-02 O.CXXXE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO o.OOOOE+OO O.OOOOE+OO 0 0
201 a.has 0.1'85 0.1_85 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.lXDlE+OO a.OOIXE+OO 0 0
202 0.1485 0.1485 O.lltBS O.OOOCE+OO O. OOCIOE.oD a.OIXIOE+OO O.OOOOE+OO O.OOOOE+OQ O.OOOOE+OO 0 0
206 a.has a.has 0.1_85 O.OOOOE+OO o.OOOOE+OO o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0 0
207 0.1'85 0.1'85 0.1_85 O.OOOOE+OO 0.0000E.aQ O.OOOOE+OO O.OOOOE+OO O.OOOOE.oo O.OOOOE...oo 0 0
210 0.1485 O.I"as O.l~ O.OOOOE+OO O.OCJIXE'+OO O.OOOOE+OO o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0 0
105 5.1242£-02 5.12_2E-Q2 a.lXIOOE+OO O.OOOOE+OO O.OCJIXE'+OO o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0 0
lOS 5.12_2E-Q2 5.12_2E-<J2 O.OOOOE+OO O. 00CXlE+00 O.OOOOE+OO o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.. OOOOE+OO 0 0
109 5.77l2E-<l2 5.77l2E-<l2 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.ooooe:.oo O.OOOOE..oo 0 0
112 5. 12_2E-Q2 5.12_2E-<l2 o.OOOOE+OO o.OOOOE.oo O.OOIXE+OO O. OOIXJE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0 0
205 0.1295 0 • .l29'l a.OOOOE+OO Q.OOOOE...ao o.OOOOE+OO o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0 0
208 0.1295 O.lm O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO o.OOOOE+OO O.OOOOE+OO 0 0
209 0.1293: 0.1293 a.IXXXJE+OO O.ooooe+OO O.OOOOE+OO a.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0 0
212 O.l29~ 0 • .l29'l O.OOOOE+OO O.OOOOE+OO o.OOOOE+OO O. oooc:E+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0 0
lOS 7.917:SE-02 7.9173£-02 7. 91.SlE-02 O.OOOOE+OO O.OOOOE+OO o.DOIX1E+OO O.OOOOE+OO O.ooooe..oo O.OOOOE+OO 0 0
111 8.5b6~-OZ 6.560SE-<J2 8.560SE-Q2 O.OOOOE+OO a.OODOE+OO o.OODOE+OO O.OOOOE+OO O.OOOOE.oo O.OOOOE+OO 0 0
205 0.1922 0.1922 0.1922 D.OOOOE.oo O.ooooe.oo O. 0lXI0E+00 O.oooc:J:+OO O.OOOOE.oo o.OOOOE+<:O 0 0
211 0.1922 0.1922 0.1922 O.OOOOE+OO o.OOOOE+OO O.tXDJE.oo O.ClOOOE..oo a.OOOOE..oo Q.OlXJlE.oa 0 0
la. 9.]g)8E-02 9.7308E-Q2 ~ .1S08E-02 O.OOOOE+OO O.OOOOE+OJ o.OOOOE.oo O.OOOOE+OO O.OOOOE+OO O.OOOOE.oo 0 0
20_ O.2~58 O.2S58 0.2358 O.OOlJl:E+OD o.OOOOE+OO o.OODQE.oo 0.0000E.aD O.OOOOE+OO 0.0000E+OJ 0 0

- Tl€ MASS MATRIX IS NOT COtrIJENSED NITH 1lE STRUCTl.RAl STIFFfESS MATRIX.

PROPORTIONAL ~I'" COIEFICIENTS
========::=::::==::=============
ALPIU: 1.0S"'S BETA:: &.55SSQ£-Ott

9_- MEMORV UTILIZATION •••••••••• _It

._-- IZ:: 1727 • IEfIb 1.5..131

.. --- ELAPSED CPU TIfIE

._-- TOTAL CPU TIlE
o.~ sec-it
O.<t6 SEC_it

STRU:TLfIE •••• , BUIlDING 82. l SHAPED TWO STORY BOX STRUCTUlE. WITH KG
SOLUTION ••••• : HAMAL FREQt.£NCtES AN) I«XE SHAPES

SOlUTION .5. ~TERMDE EIGEtNALUES AN) EICENVECTca5

TIlE' 17:01:22, DATE', 05/51/89
IDE: 17:01:2$. QUE: 05/Sl/89

6
Sit6.Sit
55.15_

1. 8lS12E-Q2

1 COOll
O.'t1St.O
!;.81~7QE·05

-0.21311
-1.S1bQqe·02
-8.1S25oE_

5
2Sit.SS
Sl.S26

2.bl908E-GZ

-o.otl158
1.000Q

1.09bl2E-fJ]
••196'o6£-Q2

-Q.22Sltl
1.59911£-()(,

192.82
SO.l)89

5.2585LE-a2

1.000Q
0.;.0965

-1.OS752E-05
-0.22...80
-".29"~-<J2

2....7lt6lE:~

S
60.262
9.5910

O.IDot26

0.51856
0.21111
2.01it77E-OS

1.000Q
Q~"r00'21

~.OS...]lE-oS

-<1.20888
0.51555

-0.208SitE-OS
-Q.ot<lb81

l.OOOQ
1.~2SE-oa

0.51200
0.20820

-5.560SSE-or.
OOסס.1

0.'1'0855
~l.Qtti15E-oS

OPTION, ••••••••••••••••••• ....T...... Fll£Ql.EHtIES
IrI.MIER OF EIGEHVALUES:..... 0

PREFOIlIl.INCE IhOElC' 0.<>07'1_57815527"'10-02
MOllE' 1 2

FREQ <RAQ/SEC): S3.~ 40.526
FREQUEJ«:V <HZ); S.5286 6 .....'8

PERIOD <SEC): 0.1876] 0.15SCMo
EIGENVECTORS:

OOF( LJ)
OOF< 18)
OQF'< 19)
OOF< 20)
[)OF( 21)
00f( 22>

"--- MEMORY UTILIZATION •••••••••• --_.
--- IZ:: 7967. 1EM:: 1.S9S;{

*--- ELAPSED CPU TIME
"--- TOTAL CPU TIME

0.09 SEC -
0.55 sec --
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STRUCT1.l<E •••• : BUILDING 82. L SHAPeD lllO STOR'I IIOX STRUCTIJRE. WITH ~G

SOLUTION••••• : NON.IHEAR RESPONSE TO (l~ aCanRO lIS & ElO*l.15

SOlUTION 112. LINEAR ACCELERATION IETHOO <1f lUERICAL INTEGRATION

INITIAl. TIlE •••••••••• O.llOlJOOI£.oo
TIlE STEP •••••••• ••••• 2.5OOOOl£-O'I
FINAL TIlE •••••••••••••••••••••• ID.lXlOO
ACt£LERATION llLE TO GRAVITV ..... S86•.ao
STEP INTERVAL FOR PRINTINa •••••• 99999

DATA HRITTEN TO FiLES

TIME: 17: 01; 22, DATE: 05/S1/89
TIlE: 17:01:23. DATE: OS/51189

ELEMENT 1 IS WRITTEN TO t.HIT. Zl
ELEIENT 2 IS WRIITEN TO tMlT. 22
ELEMENT S IS WRlnEN TO 001. 2S
RElENT It IS ~ITTEN TO lNlT. 2~

ELEMENT 5 IS HRITTEN TO OOT. 2S
ELEMENT 6 IS HRITTEN TO LNIT. 26
RElENT 7 IS IoIRITTEN TO lNIT. 21
ELEtENT. 8 IS I«ITTEN TO lNn. 2S
DEGREE OF FREEDOM 17 IS HRITTEN TO UNIT •
DEGREE OF FREEDl»I 20 IS I«ITTEN TO UNn •
DEGREE OF FREEDOM 18 IS I«ITTEN TO 001 •
DEGREE OF FREEDOM 21 IS WRITTEN TO LNIT •
DEGREE OF FREEOON 19 IS WRITTEN TO IMIT •
DEGREE OF FREEDOM • 22 IS I«ITTEN TO IMIT •
ENERGV 8ALANCE IS IoIRITTEN TO lJUT. S7
SUflIlCATION OF REACTIONS IS l«ITTEN TO t.l4IT. JB

GRCUIl ACCELERATION RECORD

51 .IlOO:
3" JOINT:
52 .IlOO:
55 .IlINT:
S3 JOINT:
% JOINT:

100
200
100
200
100
200

OIRECTION: F1(

DIRECTION: FX
DIRECTION: FY
DIRECTION: FV
DIRECTION: MZ
DIRECTION: III

IfrlPUTING TRANSl.ATIClNIL ACCS..ERATION RECQRO • 1. FROM 001: 92
ELCEHTRO- l~ EQ DATA FORMAT: (8F9.6)
01:0.01 SEC ... e-N DIRECTION.... 2<tOO OATA
HE RECORD CONTAINS 2..ao POINTS. 9EClNlt.G AT TIME: O.OOOOCXIE+OO WITH A TIME DCREJENT OF: l.ooooooe-oz
DIRECTION OF ACCEL£RA1'ION: 0.00000 I +l.aoooo J +0.00000 I(

INPUT ACCELERATION
flW(DUf AT TII'I:

0.2.1,,90 1.8700
A\lEIUGE STAIrCARQ OEV. RMS

--...2"~2E-OS S.'ftl",QQE·a2 5.~576E-02

GROIHl ACCELERATION RECORO

INPUTINGi 1'RANSl.AfIONAL ACCELERATION RECORD. 2. FROM 001: 9S
El.CENTRO- 19'tO EQ OATA
OT:O.01 SEC .._ N-S DIRECTION _ ~ DATA
TIE RECOIm CONTAINS 2400 POINTS. 8ECIHDC AT mE: O.ooorx.JE+OO WI1lf A TIlE IN:aEtENT oF: l.000000E-02
DlRECTIOttI OF ACca.ERATION: 1.COXA) I +O.CIOIJl::O J +o.oooao I(

_IIUI AT TIME IIINI.... AT TIME A\/ER_ STANIMO DEV. -N'UT ACCaERATIOIl 0.~2 2.2200 -o.'s'HSO 2.0000 1.05550E....(K> 6.8S682E-02 6.B5S..oE-02

MAl<DAJN AT TIlE
M_

AT TIlE AveRAGE STAN:tMO OEV. -K-AXIS ACCELERATION 0.5117" 2.2200 -<I.S;OOS 2.0000 1.S"712E-ort 0.11999 0.11997
V-AXIS ACCELERATION 0.57607 1.8lOO -o.282~2 U.OSO -7."S6",ae-os '.S.5SaE-02 Q.Sb159E-OZ
Z~AKIS ACCELERATION O. OlJQO(£.oo o.0lXJXIE+00 O.OOOOOE+OO o.OOOOllE+OO o.ODDDOE+OO Q. oooooe:.oo O. OOOOOE+OO

STRUCTURE •••• : SUn.Dnc B2. L SHAPED TWO STORY BOX STRUCnRE. MITH ICC
SOl.uTION••••• ; NON.ltEAR RESPONSE TO (1~ ELCENTRO N$ .. 80"1.75

:mnX:TURE •••• : BUILDIhG 82. L SHAPED TWO STORY. BOK STRU:Tl.IlE. WITH lUi
SOLUTION••••• : NON..DEAR RESPONSE TO <l9itO aCENTRO NS .. 90*1.15

TIlE: 17:01:22. DATE· OS/Sl/89
T1JIlE: 17:01:2S. DATE: 05/Sl/89

mE: 17'01:22. DATE: OS/UtS9
TIME: 17:01:2~. DATE: 05/U/89

MAKI\IlJN vALLES FOR All STEPS

GC~ HAKlfIUI DISPLACEMENTS

NOTE: JlWCDUt VAlUES MAY NOT 0CCUl' SDU..TANEOUSLY

NOllE ox rN 02 ox "" RZ

1 O.OOOOOC£+OO o.OOOOOOE.oo O.OOOOOOE+OO o.OOODOOE+OO Q.OOOOOOE+OO o.OOOOOOE+OO
2 Q•QO(]Q()CE+00 O. OOOOOOE+OO O.OOOOOOE.oo O.OOOOOOE+OO o.OOOOOOE·oo a.OOOOOOE+OO
5 O.OOOOOOE+OO O. OOOOOOE+OO o.OOOOOOE+OO O.OOfJ()(XJ£+OO o.ooooooe·OO o.QO()()(Q;'+-OQ

• O.OOOOOOE+OO O. OOOOOOE+OO O.OOOOOOE+OO O.OOOOOOE+OO O.OOOOOOE.OO o.000lXX1E+00
S O. OOOOOOE +00 o.ooooooE+OO o.ODOOOOE+00 o.OOOOOOE+OO O.OOOOOOE+OO O. OOQ()()(E+00
6 O.OOOOOOE..oo o. QClO()(U+OO o.OOOOOOE+OO Q.lJOOOOOE+OO O. OOOOOOE+OO o.~+OO

7 a.oooc:xxE +00 O.OOOOOOE..oo O.OOOOOOE+00 O.OOOOOOE+OO o.OOOOOOE+OO o.OOCJOO(£ +00
8 0.00000O£.00 O.OOOOODE+OO O.DDOODC.E..oo O..OOOOOOE+OO 0 .. WCIlJIXI:+00 o.. OOOOOOE-+oo

• o•OOCJO()(£+00 o .OOOOOOE+OO a.0000000.oo O.OOODODE+OO O. OOlXXJJE+OO O.~+OO

10 o.OOOOOOE+OO O.llOlJOOI£+00 O.OOOOOOE+OO O.OOOOOOE+OO a.CIIOOOOE+OO a.OOOOOOE+QO
11 O.OOOOOOE+OO 0.00000O£+00 o .0000000.oo 0 .. QOCICIOOE.oo O.OOOOOOE+OO a.0000000+oo
12 O.OOOOOOE+OO O.OOOOOOE+OO O.OOOOOOE+OO o.OOOOOOE+OO O.ODOOOOE+OO a.0000000.oo

100 O.90't062 0.557587 O.OOOOOOE+OO O.ODOOOOE+OO o.OOOODOE.oo ~8. 952<t8SE-l)(p
101 0.511729 0.9'2'9'%2 0.S06021 o.aoooooE+OO O.OOOOOOE.oo ~8. 9S2<tSSE-Otr
102 o.sum O.b08~9S ~.S06021 o.OOOOOOE+OO O.OOOOOOE+OO -8.~2..8SE·Qlt
105 0.655298 0.608595 O.OOOOOOE+OO O.ODOOOOE+OO a.OOOOIXJE+OO -8.921t85E-ot.
10< a.9i5~868 0.60859'5 0.8,,9100 O.ooooooE+OO O.0000lJ0E+00 -3.~85C-O'I

lOS 0.95,,868 0.286825 -<J.8,,9100 O.OOOOOOE.oo o.OOOOOOE+OO -8.q~2<t8SE-OOlt

106 O.9I5~868 ~S ..<t7~-02 O.~751 O.ODOOOOE+OO o.OOOOOOE.oo -8.9~2..8SE-Q<9

107 1.276lrt -S.'t7ft6O&E..Q2 -o.~7'51 o.OOOOOOE+OO O.OOOOOOE+OO -8.9S2..8SE-O'r
108 1.2764't 0.286825 O.OOOOOOE+OO Q.OOOOOOE+OO o.OOOOOOE+OO -8.9~2'.8SE-0lt

109 1.2T64't O.608SH o.OOOOOOEtOJ O.OOOOOOE.oo O.OOOOOOE+00 ~8.9"S2<t8SE-04

110 1.276" O.~ -o.a~2S9 o. OOOOOOE.oo o.OOOOOOE+OO ~8.9S2 ..8SE-Qt,
111 O.95~ o.~ O.SS82S9 O.OOOOOOE+OO o.OOOOOOE.oo -8.9S2..8SE-O'r

112 O.6S~ o.~ o.OOOOOOE+OO D.llOlJOOI£.00 O. OOOOIXJE.oo ·8. 92,.,85E-l)(p
200 1.58%2 Q.919W o. OOOOOOE+OO Q.OOOOOOE+OO O. ODOOOOE+00 -l.9i756SE-OS
201 O.5<tSqov 1.62578 O.520S78 O. OOOOOOE+OO O.OOOOOOE+OO -Lss7S6SE-oS
202 0.5";927 1.06_ -<I.52OS7l1 O.OOOOOOE.00 O.OOOOOOE+00 ·I.S5156SE-OS
205 1.10&65 1.06~ O.OOOOOOE+OO o.~ ..oo O.OOOOOOE.00 -l.SS756SE-oS
20< 1.667S7 1.06_ 0.865>07 O.OOOOOOE +00 o•00lXJ00E+00 -1. SS156SE-os
20S 1.b67S7 0.502356 -0.8635'7 O.OOOOOOE.oo o.OOOOOOE..oo -1.55756SE-oS
206 1.6679 ~.8S8671lE-<J2 o.ft116n a.0lXJD00E+00 o.OODOOOE+OO -1.55756SE-o$
207 2.22809 ~.8S867aE-02 ...(J."n672 O.OOOOOOE+OO o.OOOOOOE+OO -1.5S7S6SE-OS
208 2.2280'1 0.502356 O.OOOOOOE+OO O.ODOOOOE+OO O.OOOOOOE+OO -i.55756SE~S
209 2.2280'1 1.06:S06 o.OOOOOOE+OO O.OOOOOOE+OO a•OOIXJOO€+00 -1.SS156SE-<J3
210 2.2280'1 1.62578 -<1._ O.OOOOOOE.w O.OOOOOOE+OO -1.S57S6SE-<lS
211 1.667S1 1.62578 0._ O.OOOOODE.oo o.OOOOOOE..oo -1.557S6!»E-OS
212 1.10665 1.t>2578 O.OOOOOOE..oo O.lXJODODE+00 O.OOOOOOE+OO -l.5Sl';6SE~S
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STRtX:T\Jl£•••• , BUILOING B2. L SHAPED THO STOllY SOX STRtX:TUl£. IIITH KG TIME, 17,01,22. ""TE, 05/$1/89
SOLUTION••••• , .....INEAR RESI'ONSE TO <1900 acamo OS & EII)'I.75 TIME, 17,01,25. ""TE, OSffi/~

IW(DIJN VALLES FOR ALL STEPS
:::::======::::::=--=--=======

GCS MAX1..... \IEl.OCITIES
:::========

NOTE: 1UX.DUt VAlJ.ES MAY NOT OCDM SDU.TANEoost.V

NOllE OX OV 02 RlC IlV RZ

I O. OOOOOOE+OO O.OOOOOOE+OO O.OOOOOOE+OO O.OOOOOOE+OO O.OOOOOOE+oo O. OOQOO(I!+OO

2 o.ooooooe...oo a.OOOOCJClE.oo O.WOCIOOE..oo O.OOOOOOE+OO O.OOOOOOE+OO O. OOOOOOE+OO
S o.ooooooe..oo o .0000000+oo O.OOOOOOE+oo o. OOOOOOE+oo O.OOOOOOE+OD O.OOOOOOE+oo

• O.ooooooe:+00 O.lXIOCIOO:+00 O.OOOOODE+OO O.OOOOOOE+OO O. OOOOOOE+OO O.OOOOOOE+OO
5 o .OOOOOOE+OO O.OOOOOOE+oo O.OOOOOOE+oo O.OOOOOOE+OO O.OOOOOOE+oo o. oooooae.m
6 o.OOOOOOE+OO o•OIXJlXJOe.oo O.OOOOODE+OO o. OOOOCXJE+OO O.OOOOOOE+OO O.OOOOOOE+oo
7 O.OOOOOOe:+OO o.ooooooe+oo O.OOlJlXIQE;..oG Q.CJJOOOOE+OO O.OOl.XJQQE..oo O.OOOOOOE+OO
8 o.OOOOOOE+OO O.OOOOOOE+OO 0 .. OOOQCXJE..oo o.ooooooe+oo O.CIXJI:llXE..oo o. ooooooe:+cu
9 a.OOOOOOE+OO a.OOOOOOE+OO a.OOOOODE+OO a.OOOOOQE+OD 0 .. 0CJ00llCE+CO O.OOOOOOE..oo

10 o. OOOOOOE+oo o.ooooooe+oo O.OOOOOOE+OO o.ooooooe+oo O.OOOOOOE+oo O.ODOOODE.oo
11 a.OOOOOOE+OO O. CXXXlOOE+00 O.lXJOOlXI:+OO O.OOOOOOE+OO O. OOOOOOE+OO O.OOOOOJE.oo
12 O. OOOOOOE+OO o.CJOO[X)(]E+OO O.COXJOOE+OO o.OOOIXXE+OO O. OOOOOOE+OO o. OlXIXJQE..oo

100 -lO.~l;:S 5.58568 O.OOOOOOE+oo O.OOOOOOE+OO O.OOOOOOE+oo 9.567673E-05
101 _.ansa 1.59715 -5.57271 O. OOOCKlDE+OO O.OOOOOOE.oo 9.567b7SE-QS
102 -<f.on80 S.~lft9 5.S72l1 o.OOOIXIC£...oo a.CXIlOOOE+00 9. 567673E-QS
laS -7.51716 5.0H.,,9 Q.OOOOODE+OO O.OCIQIQQCE+00 O.lJOlJOOCE+00 9.Sbl673E-ClS
Ill' -10.%15 S.~h9 -9.6158& O.OOOOOOE+QO O. OOOOOOE+oo 9.561673E¥QS
lOS -10.9615 8"8586 9.6l586 O.OOOOOOE+OO O. OCJOO(](£..oo 9.501673E-QS
106 ~lO.%lS 11.9502 6.16_ O. OOOOOOE+oo O.OOOOOOE+oo 9.Sbl673E-ClS
107 -14 •..os9 11.9502 -6.16_ a.OOOClOtE+00 o. ooooooe.oo 9.5b7673E-QS
lOS -14."'lS9 8.48586 o. OOOODOE.oo O.OOOOODE+OD . O.OOOOOOE+OO 9.567673£-oS
109 -1+.'t059 5.0H~9 O.OOOOOOE+oo o .OOOOOOE+OO O.OOOOOOE+oo 9.567673E-05
110 -1~.lr059 1.59715 -7.21.577 O.lXXXJOOE+00 O.OOOOOOE+OO 9.567'13E-GS
111 -10.9615 1.59715 , .21577 0. OOOOOOE+oo o. OOOOOOE.oo 9.Sbl673E-ClS
112 -7.51116 1.S~1l~ O. OOOOOOE+OO O.OODaXE..oo o.OOOOOCE+OO 9. 567'73E-a5
200 -17.76n 9.6Z21~ O.OODOOOE+OJ D. oaooooe..oo O. OOIXlOOE..oo 1.659583E-02
201 -6.711$9 2.7S606 ->.<565:2 o. ClOOOOOE..oo o. OOOOOOE.oa 1.659581E-02
202 -6.71189 S.~8S 5 ....Sit~ O. 0Cl000C:E+00 a. OOOOOOE+OO 1.bSQSSSE-02
205 -12.t>ll57 8.72985 O.OOOOOOE.oo a.OOOIJOOE+00 o .OOOOOOE+OO 1.bSQ;8SE-02
20'0 -1S.bS9't 8.mss -9.8~7 o. OOOOOOE+OO o .OOOOOOE+OO 1"59583E-02
205 -lS.t>S9lt h.1O$6 9.S~7 O. OOOOOOE+OO o.OOOOOOE+oo 1.b59585E-Q2
206 -18.bS~ 2O.677~ •• <500'0 O.OOOOOOE+oo o.lXDXX1E..oo 1.659581E-02
207 -2".b3~ 20.&77" 10.~~ o.00CXXXlE +00 o.ooooooe+oo 1.65"'l81E-<l2
20a -2"'.b352 H.70% o.ooooooe..oo O.OOOOOOE+OO o.OOOOOOE+OO 1.b59585E-02
209 -2't.b5S2 S.72983 O.OOOOOOE+OO O. c.ooooa=+00 O.OOOOOOE+OO 1.659S8SE-Q2
210 -2'f..bS52 2.75606 -7.59555 o.oaooooe.oo O.OOOOOOE+OO 1.659581E-02
211 -12.65" 2.75606 7.50= O. OOOOOOE+oo O.lXOXlCIE+OO 1.659583E-02
212 -12.b8S7 2.75606 O.ODOODOE.,(lO a.0XJC00E.a:J O.OOOOOOE+oo 1.659585E-02

STRUCTURE•••• : BUILDDG 82. L SHAPED TWO STORV BOX STRLCT't.ft. wITH KG TIME, 17,01,22. ""TE, 0'i/~lIa9

SOLUTION••••• ; NON..INEM RESPONSE TO <l~ ELCSlTRO NS I; aU-l.1S TIlE, 17'01,25. ""fE, OS/Sl/89

MAXDUt VAl,\£S FOR AlL STEPS
:::::================

GCS~ ACCELERATIONS
===========--= =:0:

NOTE, MA>CDl-" VALLES MAY NOT 0CClR S1Mll..TAtEOUSLV

NOllE OX OV 02 RlC IlV .Z
1 O.OOOOOOE..oo O.OOOOOOE+OO O.OODIDJE+OO O.OOOOOOE+oo O.~+OO O. orJOl:OJE+00
2 O. OOOOOOE+OO O.OOOJOOE+OO O. ooooooe+OO O. OOIXJOOE+OO O.OOOOOOE+00 O. ODOOOOE+00
S a. OOOOOOE+00 O.OOOOOOE+OO O. OOOOODE+OO o.~+oo O.OODDOOE+OO o.0DlXJX1E +00.. a.OOOOOOE+OO o .0000000+oo Q. COOCXXlE+OO Q. COXIOIJE+00 O.ooooooe+oo o.0DCJ0lXE+00
5 D.OOOOOOE+OO O.OOOOOOE+OO o.OCXIOOOE+00 O.OOOOOOE+OO O.OODDOOE+00 O.OOOOOOE.oo
6 o. OOOOOOE+OO O.OOOOOOE+OO O. OOOOOOE+oo o. OOOOOOE+OO O. OOOOOOE+00 O.OODDDDE+OO
7 O. OOOOOOE+OO a.0000000..oo o.OCIODOOE+00 O.00IXl00E+00 o.OOOOOOE+00 O.OOOOOOE+OO
8 O. OOOOOCJE+00 D. ooooooe+oo Q. CJOlXJXlE+00 D.OOOOOOE+OO O.OOOOOOE+OO Q.OODDDDE+OO

• o.ClOOOOCE..oo Q.OOOOOOE+OO O.CJOO(J(J]E..oo Q.OOOOOOE+OO o.OOOOOOE+OO o.OOOOOOE+OQ
1O O. OOOOOOE+OO O.OOOOOOE+OO O.DOOOOOE+OO O. OOOOOOE+OO O.ooooooe+oo o .0000000+oo
11 o. OOOOOOE+OO O. OOOOOOE+OO O.ooooooe:+00 O.OOOOOOE+oo O.ooooooe +00 O. ODODOOE+OO
12 O. OOOOOOE+OQ O.OOOOOOE+oo °.0000000+oo O.ooooooe..oo O.OODOOOE+OO O.OQOOO(£+00

100 2~2.a$7 131.~ O.OOOOOOE+oo O.OOOOOOE+oo O.OOOOOOE+OO -o.21bOllS
101 99.5,,59 221.539 -219._ O. 000lJ00E+.OlJ O.OCJOODC:I::+OO -o.21b085
102 99.5~S9 Ho$.7"9 219.5<6 O. 00CIl0DE:+00 o .OOOOOOE+OO ~.21b085

105 177 .~S6 Ft3.N9 Q.ODDOOOE+.OlJ O.OOOOOOE+OO O.OOOOOOE+OO -o.21bOBS
10'0 255.127 1~3.7..9 277 .762 O.OOOOOOE+OO O.~+OO -o.2160S5
lOS 255.127 65.9581 -2T7.762 O.OOOOOOE+oo O.lXIOOOOE+00 -0.216085
106 255.1.27 -11.S325 -225.331 O.OOOXJOE.oo Q.OODOXJE.oo -o.21bOSS
107 S~2.9Ia -11.8525 225.331 O.OOOOOOE+OO 0.00lllIl0E+00 -0.216085
108 ~32.91S 65.~1 O.OOOOOOE+oo O.OOOOOOE+OO 0.00000(£+00 -0.216085
109 ~32.91S 1,.5.7~9 o.ooooooe.oo O.OOOOOOE+oo a•CXXJOOa::+00 -0.216085
110 S~2.918 221.5~' -2<5.012 o.ooooooe:+00 o.000lXJ0E .00 -0.216085
ill 255.127 221.5!9 2<5.012 a.0000000+oo o. ooooooe:.oD -0.216085
112 l77.5~ 221.539 a. OOOOOCIE+OO O.OOOOOOE.oo O. OOlXJOOE+OO -0.216085
200 "22.bbO 226.S5' O.lJOOOO[£+00 O. OOOOOOE+oo O.~+OO -<).=
201 208.... S59.085 190.111 O.ooooaoe+00 a.oooaaoe.00 -0.520782
202 208.... 2~S.60S -190.171 O. OOOOOOE+OO O. OOOOOOE+00 -0.20782
20S 2~ ...27 2~S.60S O.OOOOOOE+oo O.()()Q()()l»::+OO O. 000lXJ0E+00 -0.320782
20'0 H9.909 2~S.603 25'.265 O. ooaoooe.oo O.OOCOXlE+OO -0.520782
205 "S9.qQ9 128.122 -25<4.263 O. OOOOOOE+oo o.~+OO -o.~782

206 .. s9.909 12.6ttOO 212.052 O.OOOOOOE+OO o. OOOOOOE+00 -0.20782
207 555.590 12.~ -212.052 O. OOOOOOE+OO O. OOOOOOE+OO -O.S20782
208 555.390 12a.122 O.OOOOOOE+OO O.OOOOOOE+oo O. OOOOOOE +00 -o.~1S2

209 55S. ~90 2..$.60$ O. OOOOOCIE+00 O.OOOOOOE+OO O. OOOOOCIE+00 -Q.S2Ol82
210 555. S90 559.085 -178.809 O. OOOOOOE+00 O. OOOOOOE+00 -o.52Il782
211 ..S9.909 SS9.085 178._ a. OOOOOOE +00 a.OOOOOOE+OO -<).52Il782
212 ~2.....27 3S9.085 O.OOOOOOE+OO o.OOOOOOE+OO o. OOOOOOE+OO -0.=
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STRUCTURE•••• : BUILDIMl 82. L SIW'ED TMO STORY BOX STRUCTtllE. WITH KG
SOLUTION..... : NOIUHEAR RESPONSE TO (1~ aCEHTRO >IS & ElIl*l.7S

IW(U«JN VAlLES FOIl AU. STEPS

TIME: 17:01:22. OATE: OS131189
TIlE: 17:01:25, DATE: 051$1189

MAXIMUM GCS RESTRAINT REACTIONS NOTE: 1'WCDf.M VALUES MAY NOT occur SDU.TAt.EOUSL.Y

NOllE FX FV FZ HX lOY MZ

1 a.00000000.oo O.OOOOOOOE.oo -197.0129 o.OOOIXIXIE.aJ O.OODOOOOE.oo o.OOOIXlOCE+OO
2 -250.118' o.0lJ00ll0I£<00 197.0129 o.OlJOOllOI£+<lO O.OOOCIXXE+OO o.0000000000<OO
S a.OOOOOOOE+OO a.COClOOlJ(E+00 O.OOOOOOOE+OQ a•oo:JOOOOE+00 Q.DOOODOOE+OO O.OOOOOOOE..oo

• a.OOOOOOOE+OO o.OOOOClOl:E.oo -206.m7 o •0lJ00ll0I£+<lO O. OlJOOllOI£+<lO o.oooooooe<OO
5 -2n.2~28 O.OOOOOOOE+OO 206.m7 O.oooooooe+<lO O. 00CIlXXJ0E+00 o.oooooooE.oo
6 o .oooooooe<OO o.oooooooe+<lO -19>.3335 O. OOOlIllOOE+<lO O. OOOlIllOOE+OO O.lXDJOOQE+OO
7 o.OOOOOOOE+OO 2ltS.558~ 1~.53$S O.ooaooooE.oo O. aorJlXIl&+00 o.OOOOOOOE+OO
e o.oooooooe.oo 0._.00 o.oooooooe.oo o. OlJOOllOI£+<lO O.oooooooe.oo O.lXlOlXJOCE.00
9 o.oooooooe<OO o.oooooooe<OO O.OOOlIllOOE<OO O. OOOlIllOOE+<lO O.0lJ00ll0I£<00 O.OOOOOOOE+OO

10 O.OOOOOOOE+OO ~262.S301 206.5;ry, O.OOOOOOOE.m O.CJOCI:)QQOE+OO o.OOOOOOOE+OO
11 o.oooooooe<OO o.oooooooe<OO -206.57$_ O. OOOlIllOOE+<lO o.oooooooe<OO O.oooooooe+oo
u o .oooooooe.oo 0.00000OI:I::.00 O. OOOOOOOE+OD o. OOOlIllOOE+<lO O. OlJOOllOI£.oo 0.0lJ00ll0I£.00

100 O. 0000CXll:E+00 a.OOOOOOOE+OO o. OOOOOlJOE+OO Q.OOOOOOOE.a:J o.·oaoooooe...oo o.OOOOOOOE.oo
101 o.OOOOOOOE+OO a.OOOOOOOE+OO O.000lIll00E<00 O.OOOIXOJE.m O.OOOCIXXE.oo a.OOOOOODE+OO
102 O.OOOOOOOE+OO a.00000000+oo o.OOOOOOOE.oo o.OOODDDOE.oo a.OOOOODOE+OO O.OOOOOOOE+OO
lOS o.oooooooe.oo o.oooooooe<OO O.000lIll00E<00 O. OOOlIllOOE+<lO O. OlJOOllOI£.oo o .0000000000.oo
I"" o.Ol'JO()Xl()E...oo a.OOOOOCXE+OO O.OOOOOOOE'.oo o.OOOIXJOC£.m a.lXJOOODOE".aJ o.OOOOCJOCI£+00
lOS a.oooooooe.oo o.oooooooe<OO o.OOOlIllOOE.oo o.000lIll00E+<lO o. oooooooe.oo a.OOOOOOOE+OO
106 o.OOOOOOOE+OO a.00000000.oo o.0000lXKlE+00 o.OOOOOCIOE..oa o.OOlXJOCJ(E+OO a•000000lJE+00
107 a.OOOOOOOE+OO O. oooooooe:+00 o.~+OO O.OOOOOOOE+OO a.OlXXJODOE+OO o.OOOOOOOE+OO
108 O.OOOOOOOE+OO O.OOOOOOOE+OO O.OOOOOODE+OO a. CIOOOOODE..oo a.OOOOOOOE+OO o.OOOOOOOE+OO
109 O.OOOOOOOE+OO o.oooooooe.oo O.~.oo o.OOOOOOOE...oo o.OOCXICJ(XE+00 o .oooooooe.oo
110 O.OOOOOOOE+OO O.OQOOOOOE+OO O.OOOOOOOE.oo a.OOOOOOOE.oo O.OOOOOOOE.oo o.OOOOOOOE+OO
III O. OOOOOOOIE+OO O.OOOOOOOE+OO O.OOOOOOOE+OO O. OOOOOOOE+01 a. 000CIDl:XE+00 o.OOOOOOOE+OO
112 a.000000I1E+00 O.OOOOOOOE+OO O.OOOOOOOE+OO o.OOOOOOOE.m o.~+OO a.OOOOOOOE+OO
200 0.00000OO£..oa O.OOOOOOOf+OO o.oooooooe+OO a. CJCJOOOOO€+00 a.OCJIXJCXIE+<JO a.lXIIXJIXlDE+<JO
201 O. OOOOOOOE+OO O. tXkJOOOOE+00 O.OOOOOOOE+OO o.00000000+<.o o.oo::oxK£.oo a.OODODDOE+OO:
202 O.QlJOOO';lll:+OO O. oooooooe.oo o.OOllOllOOE.oo O.IlOlIOllOllE+<lO O.oooooooe.oo O.IlOlIOllOllE-OO
20S O. OOOOOOOE ..oo O. OOOOOOOE+OO o.OOOOOOOE+OO a.aooooaoE..oo o.OOOOOOOE+OO O. OOOOOOOE+OO
2.. o.oooooooe:..oo a.CXXXXXXlE ..ao 0.00ll0ll00E-00 a.0000000.oo O.OOOOODOE+oo o.oooooooe-oo
205 a.00000000...oo o.OOOOOOOE+OO a.aooooooe.oo a.ooaooooe+oo o.0000Cl0CE+00 o.OOOOOOOE+OO
206 O.CJOOOOOC.:+OO o.00000CJl:E +00 a.OOOOOOOE+OO a.aoooomE+OO a. OOOOOOOE..oo O.lJOOCIOIXJ:.+OO
207 o.OOOOOOOE+OO O. oooooooe <00 o.ooooooae+00 o.OOOOOOOE+oo O.OIJOOClI::ME:+OO o .oooooooe-oo
208 a.0000lXl0E..00 o. OOOOOOOE...oo o. 00000lXJE+00 O.OOOOOOOEtoOO a.0000lXl0E+00 o.~+OO

Z09 a.OOOOOOOE+OO o.OOlXJOOOIE+OO o.ODOOOOaE+OO O.OOOOOOOE+OO a. OOlDJOOE+OO o.OOOOOOOE+OO
210 o.OOOOOOOE+OO o•OCIOOOOOE+OO O.QODOOOOE+OO o.OOOOOOOE+oa o. OOIXJOOOE+00 I) .OOOOOOOE+OO
211 a•QOOOO()(£+00 O. 0lXl0000E+00 O.OOOOOOOE+OO O.OOOOOOOE~ o.OOOJOOOE+OO O.OOOOOOOE+OO
212 a.OODODOOE+OO a.lXXlOOQ(£+00 o.OOlXO)DE+OO o.OOOOOOOE+OD o.CDJOOOQE:+00 O.OODODDOE+OO

MAl< OF AlL
GCS :>1M. -505.9169 'SO.8llS 0.925IsnE-11 -l2S8"I.5 -1_.5 ....18525.9

!'WCIMl.M RESlI.TAHT Of REACUONS.. FORCE: S9S.S

STRtcTlRE'•••• : SUIlOIN:: 82. l SHUED TWO STOftV 80K STRt.CTlJlE. WITlf G
SQl.UTIOH••••• : NON..lNEAR RESPONSE. TO <l9'WJ B.tEMTRO NS , 90-1.l'i

MAXIMUN vAl,l.ES FOR' AU STEPS

TM: 11:OI:ZZ. OATE: 05/51189
TDE: 11:01:25. DAfE: as/51/89

RIC SHEAR WAlL FORCES... MAXllU4 LOADS AN) DISPL AT~ lOADS PClTE: 1UX1!'U4 VALl.ES MAV NOT 0CCt.R 5I1U.T&t£OUSlV
ELEMENT LOAl) JNT-l ....U-2 '-'T-5 ..NT-" NOIEHf ROTATION StEM Sl-£AIl' DISPL. "kIM. AK1AL DISPL.

107 106 6 7 70160.S 2.~1'951E-OS -~."i1O

207 206 106 107 27851 •• 7•26<>0SOE-05 195:."1..
110 111 11 10 '''229.9 ".056lJ'92E-05 262.b'(r7
210 211 111 110 2899$.7 7.56S96'lE-05 201.S"5
102 101 1 2 70711... 2. 81122'lE~ 250.72"
202 201 101 102 501".0 B.021t,35E-05 21S.525
lOS 1" . 5 7_269., It • ol86"9E-OS 27S.976
205 20" 1.. lOS S0819.5 8.C>i028O£-05 21tt.~

--6.S110SOE-OZ
1.27n76E-<J2
8.1917Q'2E-G2
1.S296S<lE-<J2
7.0703lt3E-02
1 ....10102£-02
9.'·~506lC-<J2

1. H558OE-Q2

-1.S~h~-12

2.500906E-12
-7.5..771SE-12
2.9'I27O"E-12
S.;oosS'lE-12

-2."...71.lSE~12
..it. 97Obl2E-12

7.7"16S9E-12

~.lS8HSE-1l

5.17_-17
-1.1;'l2'9QE-16
6.1~218SE-17

8.826102£-17
-'to ~~S515E-17

·1.1~88QtfE-16

1.60887'tE-16

STRUCTURE•••• ; SUILor... 82. l SHAPED TWO STORY 10K STRlC1Ul'E. WITH (G
SOLuTION••••• : NONlItEAR RESPONSE TO (19tH) ELCDITRO NS , 90-1.15

MAXIMIM VALt.ES FOR AU STEPS

RIC SJEAR HAlL DUCTILITY AN) £XCt.RSION RATIOS
1------- SEMJING COMPOtENT ----I 1--- SI£M Cc:»FONENT -----1

ELEN' 1-- IlEFN 1--- --- llEFN 2-- --- IJEFN $-1 1- IlEFII 1- - IlEFli 2-- -- IlEFN 5--1
OOCT. EXCR. IX£T. E"XCR. oucr. EXCR'. DUCT. E"lCCR. OUCT. EXaf. ou:r. EJ(CR.
;..o~ 29.~" ~.85 2S.7S ~.08 25.65 1.26 1.25 S.H 21.9 1.81 8."...
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7.2.7 ..S.25 7.59 n.70 10.99 "1.05 1.57 1.71 S."2 ZO.51 2.15 8.05
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
".39 26.6... 5.05 22."2 6.11 26.'" 1.55 1.~2 S.50 18.ttl 2.06 7.06
0.00 0.00 0.00 0.00 0.00 o.~ 0.00 0.00 0.00 0.00 0.00 0.00
7.56 ..9 ...2 7.28 SS.b6 10.85 5".62 1.91 5.77 5.8ft 2$.16 2.66 10.9oIt
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

51RuCTURE •••• : BUILDING 62. L SHAPED TWO STOAV BoK STROCllJlE. WITH KG
:iOLUTION••••• ; NON..lfrEAR RESPONSE TO (19tH) ELCENTRO NS .. an-1.7S

IWClMUN VAlUES FOR AU STEPS

fIfIE: 17:01:22. OArE: 05'/SlI89
TIME: 17:01:25. DAfE: O5/~1I89

1----- AXIAL COfIPONENT ----I
1-- IlEFli 1-- -- OEFN 2--- - IlEFN S--I
DUCT. ElCCR. ll..CT. EKCR. CU:T. E}(CR.
0.00 0.00 l.oq 0.19 1.00 0.00
0.00 0.00 l.ll 0.11 1.00 0.00
0.00 0.00 1.11 0.21 1.00 0.00
0.00 0.00 1.11 0.20 1.00 0.00
0.00 0.00 1.11 0.00 1.00 0.00
0.00 0.00 1.11 0.11 1.00 0.00
0.00 0.00 1.09 0.16 1.00 0.00
0.00 0.00 1.81 a.sa 1.00 0.00

TIME: 17:01:22. ClATE: OS/S1I89
TIlE: 17:01:25. DATE: 05/51189

ELEMI
I
2,
;
5

•7
•

1------- SEtfJING C_NT ----I
1-- 0_ -- -- ESE --- -- lISE --I

O.lS~S 2.5470SE-05 5.5276
0.01519 1.S~8E·07 a.27006E-16
1. Sli01 1. 6ftQC5"E -02 5.8875
0.01581 ".64029E-Qft lS.2S126E-16
0.8OCJS" 1...2912E-02 5.~~

0.01677 2.""7SE""O" ".57S'SSE-16
1.5"2"7 1.28O%E.-OS 8.12"9
0.Olba1 ".1085ftE-05 2.9181~-16

:iTRUCT1.ME DAMAGE IN:lEX= 1.1570

1--- _ CllM'ONENT --------1 1------ AXIAl C_NT ---------1
1-- _ - - ESE - - lISE --I 1- 0_ - -- ESE -- --- "Sf ---I

0.2:5252 6.b'<819E-GIt 0.55870 ooסס0.0 ...28S7'tE-54 6.21S81E-SS
0.018$6 1.70829E-01 O.~...OO ooסס0.0 2.SlSS7E-Sl ".52"7CE-~2

o.25nS 1.61609E-05 0.:55717 ooסס0.0 2.8"25SE-SO 7. Sb86CE-5:S
O.Ol9U S.b6<ir6ZE-<>4 O.OOOOOE...oo ooסס0.0 2.<rH77E-51 6...626bE w 52
0.22598 1.7J779E-05 0.29795 ooסס0.0 1.908'rOE-51 8.~9'Qq5E-52

0.02026 S.OSl54£""O" O.OOOOOE+OO O.OOOOQ 5.51"27E-~1 1."S"77E-~

O.5:S"~ 7 .97;c;oe:-as: 0 •.,807" ooסס0.0 l.O'tQOlE-SO ft. 69J328E-55
0.020S1 S.OJ5ftSE-05 O.OOOCXJE.oo ooסס0.0 1.50591£-50 ".~""'SOE-51

117



STRUCTURE•••• ' BUILDING 82. L SHAP£O TWO STOllV BOX STRUCTUlE. WITIf KG
SOLUTIOll••••• ' NOIUI£AIl RESI'<lNSE TO <19'0 aCEHTRO NS & aO*I.75

fWfOIM VAlLES FOR AlL STEPS

PEAK ENERGY VALUES
MAl( INPUT ENERCV............... 5758.1
MAl( ELASTIC STRAIN ENERGV...... 123.55
/ltAX PlASTIC STRAIN E~Y...... <;Q9lt.8
HAl< KINETIC ENEI1GV............. 16.'i<B
MAl( ~IHG E!£RGV............. 1589.5

Jt MEMORV UTILIZATION ••••.•••••
•_- IZ; 21725. 1EM: ,..5"'5"1.

._- ELAPSED CPU TIME ...851•27 SEC _Jt

*- TOTAl CPU TDE 't8S7.82 SEC _Jt. .
STRUCTUlE•••• ' BUILDING 82. L SHAPED TWO STOllV BOX STRUCTUlE. wITH KG
SOLUTION••••• : NON..D£AR RESPONSE TO <l9ltO ELCENTRO NS & aU*l.75

ENERGV OATA IS ReAD FROM lIfIT. 'S1

TM, 17,01,22. DATE' OS/31/89
TI"" 17'01,23. DATE, OS/31/89

TIlE: 17:01:22. DATE: 05/Sl189
TIlE: 11:01:23. DATE: 05/31189

STEP
o

1000
2000
;COO

.000
5000
bOOO
7000
8000
'lOOll
ooסס1

11000
12000
15000
1.000
15000
10000
1700lJ
18000
19000
ooסס2

2100lJ
2200lJ
25000
2..000
25000
26000
2700lJ
28000
29000
~

3100lJ
32000
35000
hOOO
35000
S6000
37000
3800lJ
3'lOOll

II",
O.()[XJ(](E...oo
0.25000
0.50000
0.75000
OOסס.1

1.2500
1.5000
1.7500
OOסס.2

2.2500
2.5000
2.7500
ooסס.3

3.2500
3.5000
3.7500
~.OOOO

'.2500
'.5000
'.7500
ooסס.5

5.2500
5.5000
5.7500
OOסס.6

6.2500
6.5000
6.7500
OOסס.7

7.2500
7.5000
7.7500
OOסס.8

8.2500
S.SOOo
8.7500
OOסס.9

9.2500
9.5000
9.7500

lJflU1 ELASTIC STRAIN
a.000000.oo Q.OOOOO€+OO
".un O.1~7

8.'ti.57 a.89m
67.570 O.'tl~

82.079 5.2810
55.6M 9.1222
16SO.. 2.9165
622.59 52.763
2122.8 n.ln
3010.9 27.990
2715.1 ~2.7n

2"97.6 65.092
2'065.7 1.9';06
2236.6 10 . .,.....
2291. 5 10 .121
2S1S.9 0.55257
2...136.7 21.%2
2505.5 18.t>20
3772.0 17.llO8
~.5 ~."r59

~.5 't8.S82
"702.7 99.820
'oISl.2 19.270
"822.7 32.591
"702.6 '.sootS
"716..5 L2.5'B
"758.6 1.5705
.737.0 5.5"'28
'190.7 5.7615
"9$9.9 21.108
It"'6.6 2.19S2
51'0';.6 8.n71
illS.s D.S7S7"
5186.1 2.1959
5157.0 U.902
5287.5 6.~

56.7.9 8.2668
S58S.5 21.891
5085.~ 1....5
st.75.1 7.2102

KINETIC PlASTIC STRAIN
O.OOOOOE+OD a.OOOOCIE+OO
'.1255 1.1527OE-15
1.2519 2.1655SE-H
~.~ 5.8219LE-1.
n.921 0.2667.
S5.398 2. ::;..51
1590.3 28.722
.15.01 1S6."r6
1589.0 395.99
1079.8 1080.6
837.$ loM)2.6
.....a. 18 1590.3
":S;7.1)2 1587.1
15b.28 1~.3

97.~3 1"".1
505.l7 1765.•
65.126 lSSl..$
".772 1863.8
9'tO.8't 2llS.6
61.955 2S5O.9
6b1.S2 28'-8.8
"l2.15 5176.1
..-.0.66 5299 .•
225.58 3396.6
56.558 Wol.o
6.2~ y,aS.2
'H .•16 S;'ljIQ.S
5.7055 S.99.1
21.7.2 SSl3.5
58••35 SSQ(,.2
39.318 S03'.l
7••~98 5699.8
2SI/i.18 3716.2
95.19+ Sn8.1
1$.213 965.0
llo.flI 5779.1
271.16 5911.0
~.lOO ~.6

109...5 4057.1
%.192 ~.8

e-IHEIl
o.OOOOOE+00
3.15ll5.e-<J2
0.59516

2.2551
5.8'929
11.318
17.081
37.68.
sa.lop;
25••15
<f05.2S
......a ...,
,,70.19
..as.Q()
52•.86
SSQ ...7
587.S2
601.07
716.58
855.52
9'55.57
1060.6
1121.6
1178.8
1202.5
1218.<'
l229.'
1253.6
125...0
1289.2
132<.5
156•. 8
1;72.5
1581.7
lS95.~

1';'20.7
H8~.:S

1525.0
1552.9
1575.3

REUlIVE ERRoR Z
OOסס.0

0.1789
-o.91~

-o.~~

-O.S6~

-0.9296
-0.5292
-2.7811
-1.Ob1"
-1.0520
-1.2oQa
-1.5bS"
-l.h~

-1.1':25
-o.~q

-0.51,",
-0.2808
-o.S980
-o ...Q77
-0.3201
-0.65915
-0.8923
-0.6109
-0.1812
-0.1605
-0.0850
-0.0%8
-0. lOSS
-o.Qlt88
-0.1028
-0.0699
-o.~9

-0.1986
-o.S798
-0.5136
-0 .....
-o 7~9

-0.'9669
-o.28S9
-O.l~n._------------------

5758.0

GllOSS RE'

._--------------
..._- !EMORY UTILIZATION 0 -*
,,--- IZ= 21725. MEM:: ~1. --*--------_.
• _-- ELAPSED CPU TIME 0.81 SFe -*
*-- rOrAl. CPU TIME ,.esa.6S SEC _It

._--------------------_.

122.87 2260.7 1589.2

5TInJeTtRE.... ~ BUILDING 82. L SWIPED TWO STORY BOX STRUCltItE. WITH KG
:iOlUTION••••. ; NATlRAl. FREQUENCIES AtrIJ MODE SHAPES

SOlUTION as. OETERMItrE EICENVALlES AtrIJ EICBrNECTORS

=====-====-~

TIME: 17:01:22. DATE: ()li/S1I89
TM: 18:"~: 16. DATE: OS1S1I89

OPTION: ....•.•.••••••••••••NATl.RAl FREQUENCIES
NUMBER OF EIGENVALl.ES: •••.• 6
PREFORtUHCE !1rI)E)(: a. U79lt'i93:1615~~-O:Z

oooe, 1 2 3 • 5 6
FREQ <RAn/SEC): 12.S2~ 20....7 2~.S~ 1'Wt.06 1SO.ft.6 Z52.~1

FREQUENCV <HZ): 1.961~ 3.2701 5.8n6 2S.2"6 28.722 100.172
PERIOD <SEC>: O.5098~ 0.S0580 0.25825 ~.50116E:-OZ S...8168£-02 2 ...8921£-02
EIGENVECTORS:

Daf< In 7.65"7E-<J2 0•....,. 0.56612 0.52999 OOסס.1 t.oooo
\lOFt 18> o.57S60 -0.28112 O.2S0Sl OOסס.1 -0.71089 0.57858
OOF< t9) -5 ...7OS9E~ -7.S2n6C_ 1.271S6E-DS -1.09182E-DS -S.8~4'9(E-Oft S...78S6E-oS
\lOFt 20) 0.h275 ooסס.1 ooסס.1 -0.12689 -o.24S81 -o.2"S5~

OOF< 21) ooסס.1 -o.'t7729 O."SS05 -O.2SSOl 0.17776 -O,lS99i5
OOF< 22) -9 ...9768E-Oft -1.2935SE-DS 2. 17OS7E-DS 2.85772E-Ott 1.'t9215E~ -8.98719E~

4 __ MEMORY UTILIZATION ••••••••••
4 1l.:: 21%5. !EM: ~.:S95'l.

._- RAPSED CPU TDE 0.16 SEC --
"-- TOTAL CPU TIlE "851.79 SEC _It._------------
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~otes:

(1) The Gdof are printed for the six dof of each joint. The suffix -C denotes a

constrained, 'slave' dof. The suffix -R denotes a restrained dof.

(2) First floor walls with a moment to shear ratio of 246",

(3) Second floor walls with a moment to shear ratio of 144".
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APPENDIX A

DUCTILITY AND EXCURSION RAno

Three definitions of ductility are considered in this study. The first and most

common definition is the displacement definition as shown in Figure 26. Let the

displacement ductility be defined as

,ul=
I~maxl

~y
(S)

when ~max represents the maximum displacement, rotation or strain in the structure

or element, and ~y is the yield displacement, rotation or strain. The ductility for the

clastic 3D prismatic beam element is not calculated. For the reinforced concrete shear

wall element the ductility is calculated for the bending, shear and axial components of

deformation. The type of the spring clement determines if its ductility is calculated for

axial, shear, torsional or rotational deformation.

Cheng, et aI, (14, 9) have proposed several energy based ductility definitions.

Both the variable strain energy and the constant strain energy formulations are used

in this study. The variable strain energy definition of the ductility is shown in Figure

27 and Jetined as

PSE
,u2 = I + ESE (9)

where PSE corresponds to the plastic strain energy for the current half cycle. The

constant strain energy definition of the ductility is shown in Figure 28 and defined as

( 10)
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"oo
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Displacement

Figure 26. Displacement Definition of Ductility

"0
o
o
...J

PSE

Displacement

Figure 27. Variable Strain Energy Definition of Ductility

"0
o
o

....J

PSE

Displacement

Figure 28. Constant Strain Energy Definition of Ductility
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where CSE is the constant strain energy corresponding to displacement at yield.

For each ductility ratio, a corresponding excurSlOn ratio exist, where the

excursion ratio is given by

e = Leu -I)

and the summation is carried out for each half cycle.
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APPENDIX B

DAMAGE INDEX

The damage index is a parameter developed by Ang, et aI, to assess the damage in a

structure (18, 19, 1). A damage index greater than 1.0 indicates total damage or

collapse. The damage index is defined as

DI = ~max + {3 Itd(PSE)
~ult Fy ~ult 0

(12)

where ~max is the maximum displacement, ~ult is the failure displacement under

monotonic loading, Fy is the yield force, and f3 is a hysteretic energy coefficient. r or

R;C shear walls, Sheu (20) determined {3=0.20, based on ~CKC walls SWla through

SW6.

The damage index for the elastic 3D prismatic beam element is not cakulated.

For the reinforced concrete shear wall clement the damage index is calculated

independently for the bending, shear and axial components of deformation. The type

of the spring element determines if its damage index is calculated for axial, shear,

torsional or rotational deformation. The damage index for each of the shear wall

clement's components and the spring clement are printed in the output. The damage

index for the entire structure is then calculated by taking a weighted average or each

individual component's damage index, where the total strain energy, SEi' for each

component is used as the weighting factor. Thus

(13)
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where the summation is carried out for all the members. A sample calculation of the

damage index is included in Section B.t of Chapter VI.
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APPENDIX C

LISTING OF PROGRAM INRESB-3D-SUP

C
C----- 00 BlOlX - zc-.. ---------

C----- SEGIN BlOClC - ZtMa --------
C

FILE: ZCO\'It\3 COPY

FILE: ZC0\1N2 COPY

ZCDCXJS90
ZC""""""
ZC()(J()4l0
ZC~20

ZC~50

zc"",,""
ZCOCJ()o9SO
ZC""""'"
ZC000lt70
ZC""",""
zeD<XJ'9O
ZCIlOO5OO
ZCOOOS10
1cOOOS20
zcooos~

1COOO5.;,o
ZCOO<J55D
ZCOO<l56D
ZCOOO570
ZC000580
1COOOS9O
ZCOOO6OO
ZCOOOblO
ZCOOO620
ZC000650
ZCOQOb<\oO
ZCOOO650
ZC()()()bbQ
1C000670
ZCDOO68Q
Zt000690
ZCOOO700
ZCOOO710
zcooono

COIM* BlOCK - zc_ ----------------------- ZCOOO75Q

C IZKE = AOOllESS OF E1.ElENT STIFfNESS
C I2LM = AIlDllESS OF elEMENT GlJl6AL TO LOCAl. _100 ..TRD<
C IZKEKG = AIlDllESS OF ElElENT GEOMETRIC STlFFtESS
C IZI.JI(G = AIlDllESS OF elEMENT KG GLClllAl. TO LOCAl. _100 ..TRD<
C IZSTIf = GL06Al. SlIFFtESS
C IZIIl = AIlDllESS OF MAIN DIAGONAl. SlIfFlESS TERMS
C IZlQAO = LOAD MATRIX
C IZllISl' = DISPLACIENT
C IZIELO = INTEGER E1.ElENT LDAIl DATA
C
C IZIEl.O =IlEAL E1.ElENT LOAD DATA
C
C IZLDAll = TOTAL LOAD
C IZDISP ::: TOTAL DISPlACEMENT
C IZVEL = TOTAl \IEl.OCTlV
C lZACC ::: TOTAl ACCELERATION
C
C IZtl.OA ::: INCRtMENTAl LOAO
C lZOOSP = Itl:RllENTAl. DISPlACEMENT
C IZDVEl = It«:RDENTAL VELOCTIY
C IZOACC = INCRDEHTM. ACCafRAUON
C
C IZAGTlC :; TRANSlATIONAL.~ ACCElERATION - )( DIRECTION
C IZAGTV = TRANSLATIONAL. GROlNl ACCELERATION - v DIRECTION
C IZAGTZ = TRANSlATIONAL GROlNl ACCELERATION ~ Z DIRECTION
C
C IZR.B ::: LNIAl.w::ED FORCE veCTOR
C IZQ = TEMPOR'ARY \/ECTOR
C IZR = TaFORMY vECflJt
C
C FOAM' =~ING TVP£
C FMASS = *SS TYPE
C lOOT = IMIT • Fe. PRIMfDG DATA TO AN OUTPUT FILE
C
C----oo

C
c=======-_-=====================:::
C== INITILIZE HE tJ«B)C TINING :iU8ROUTnE :t:

C===========================,====,==
cPUREM:O
CPUELA=O
CAll CPUTtMCCP\JlEM.CPlfl.A)
ITLCPU=CPlJl'EM

C-------===--=====--============:::=====:::===:::=:::=======:::=CFEMOOO10
C CFEMOOO20
C PttOGRAM INRE.S8 CFEMOOO~O

c CFE~

c===:==---=--:::=== :::~-==========================;=:::====:=CFEI«lOOSO

C CFEIOlO6O
C NOTE: USE IBM FaitTVS2 COJIIILER oPTION AUTOOBl.(OBLPAOot> CFEMOOO10
C TO COHPn.E THIS PROGR.... IN DOUBLE PRECISION CfEM00080
C CFEMOlJOCXJ
C NOTE: USE I8M FORTVS:2 COJIIIlER OPTION OPTcZ) CFEMOO1OO
C TO ClPTDU2E TIE. CODE FOR FASTER EXECUTION CFEMOOllO
C CFEMOO120
c=:==:::===:=:::=:::======:=:::=::==:::=====:=:======::=====::::::=====::::::=:::===:=CFEMOO1~

CHARACTER"SO OPTION.llrflUf.SLAI« FEMOO1..a
CHARACTER-S T1ME1.OATEl FEMOO1SO
ou.RACTER-l 0«<0:25), NAME FEMOO1bO
LOGICAL TEST .BTEST .I€AD ,AXIAL FEMOO110
flOo.lAl£ <lCOfiIf> FEMOOlSO
INClllJE c.ZCCMl$> FEMOO19O
OATA 0«/· ...•• 'So.. ~C". ·D'. 'E', ·F~o. 'G', 'H~ ,'r.·J'. 'K·. ·L·. ·M'. FEMOO200

, ·N·.·O·,·p·,·q'.·R·,·S~o.·T·.·u",·v·.'W·.·Z·.'V·.·Z·1 FEMOO210
FEf«Xlt20
FEMOO250
FEMOO240
FEMOO250
FEMOO2bO
FEMOO210
FEMOO280
FEMOO29O
FEMOOSOO
FEMOOSIO
FEMOO520
FEMOOS50
FEMOOS'rO
FEHOOS50
FEMOOS60
FEMOOS70
FEMOOS80
FEMOOS90
FEHOIJltOO
FEfIIO()(tLQ
FEJIIOOif20
FEHOC>'r5(J
FEMOOif..o
FEHCJ(M.50
FEI!OO%O
FEMOOIf.lO
FEI'fOO">80
FEMOO't9O
FEM00500
FEMOOS10
FEMOOS20
FEM005"SO
FEMOOSo9O
FEfIIOO550
FEMl105i><l
FEM00570
FEMOOSSO
FEM00590
FEI"«XI600
FEl'fCXll)lO
FEH00620
FEH006SO
FEIOJ6'IQ

B. PROGR.A.\'1 lNRESB-3D-SLP

C
c=========:::============
C= INITIlIZE TIE Cl'U a.0ClC ==
C==:::=:::::::::=======

CALL TltEC»I
TcPU=O

FILE: I:\RESB FORTRJ\:\

C
c==:::==:::===-======
C= ECHO TIE Itf3UTo.o. ••• o..
C=--=--===- _-==

1=55
L=O

9995 READ <5.<·(A>· )o.EJrO:~) I~T
IF <INJEKcDA1T .·NQEOtO· ).NEo.O) GO TO~
I=h1
L::l+l
IF < LGT.55) TtEN

IolRITE Cb,~) (1OC.0:.::1.8)
1:0

Et<lIF
loIfITE (6.~7) l.IMl'UT
IF <!MJE)(<IN'UT.'STOP' ).EQo.O> GO TO q9QiS

~ FORMAT <'1 ECHO a= IWUT DATA '11
8. l)(.SX.·lIJE ·.8(· .... 1 ••• ·.11.·0·»

em1 FORMAT (lX.I7.·: ',A>
999E. REWIJrO: 5)
C
C====--======
C== INITIALIZE DATA......
C:::=======-_--=====

TITLE(l):' •
TITlE<Z>:' ~

Bl__

BUG =.FALSE.

---c ZCOOOJI0
C 1COOOO2O

ZCOOOO5ll
ZC000010
ZCOOOO8O
ZCOOllll'>(J
zcooouXJ

C 2Cooo110
-------~ ZCOOOl2O

PARAMETER ("w<z=SCJOO(X). NA)(()l:M&KZ/2>
COMMON 100TAI lOfAl(Z>
OIMENSION N.l(MAXZ>.OZ<MAXOZ>
DOUBlE PRECISION OZ
EQUIVALENCE <Z(l>.NZ<l>.ozel»

C----------- BEGIN BlOClC - ZCOIOI1 -------.------ ZtOOllOlO
CHARACTERjIIo1l2 TITlE<Z) ZCOOOO2O
CHARACTER*"'O STEPIO ZCOOOOSO
LOGICAL BUG.MCONJ .ICGCOND.DOUIlE ,1Et«.NEI«C.a.STIC.A8ORT lC~

INTEGER FMASS.fOAMP.CPUREM.CP\ElA ZCOOOO5O
lJDUIILE I'tlECISION EIE.ESE.PSE.EKE.EOO.ax- ZC""""""
COflIHON It.OATAP/ TITlE.BUG .IBUG ,fl4AXECF.MOC25).STEPID.GR'AY ZCOOlXJlO
COflIIION I!DATAI 1Z .IZREL ,CPl.REM.CPt.JELA.ITLCPU.INCCPU. ZCClOOO8O

8. NEHK .KSAIE .I£I«G ,ICCH) ,IC.CCONO.OOl&.E.ELSTIC.A8ORT • ZCOCJCllJ9O
8. NNOOE ,JOlf ,NeON) .N=REE .NREST .tWCNOD..HCOS ZCOOO1OO
& NllU.f ,NEUH.t<IUSS. ZCOOOllO
I. N..OAO.NSOLN. ZCDOOl2O
• MAXELD.NElD • ZtOOlllSll

zc0001.ft.O
IZIO .IZIDOF .IZCOllO.IZCOS .IZCHST .IZ..FlG.IZXDS. ZCDCXJ150
IZl4Ar .IZELE • ltOOOl60
IZIELD.lzao • ZCOOO170
I!KE .lztM .IZSTIF.IZJIO ,IZKEKG.IZUCG. ZCOOO1SO
IZHASS.IZ)C)MS.IZI'tOAT .IZIWIP.IZKGDT .IZKG .IZMXG. ZCOOOl90
Ul.DAll.IZllISl'.IZ'Ia. .= . ZtDCXJ200
L..?IX..OA.IZODSP.IZDVa.IZOACC. ZCD0D210
IZAGTX.IZAGTV.IZAGTZ. lCOOO22O
I:!1lUI' •IZl'IJ8 •!ZAN • IZAll • ZCOOll2Sll

ZC~

FIUSS .~.I\Jm. ZCOOll2SD
EIE .ESE.PSE .EKE.E!lIl.EOl.MIY. ZCOOll26O
SUMRCT( 6).GROUNDC 9 >. INC. 2:COOO270
:tOtJMN'i<SOO> ZCOOO28O

ZtOOll2'lO
zcoaosoa

C
C------ EIOl BlOClC - ZtMa -----

FILE: ZCO\'INI COPY

---- BEGIN COIM* --------------- ZCCOOOIO
INClUDE (ZtOlOl1) ZtOCJOll2(l
INCLUDE (ZC0tW2) ZCOOOO5O

C---- EfrI) COflMQN Zc~

FILE: ZCO\1N COpy

A. C0\1\10N BLOCKS

C-~---------- BEGIN 8LOCK - ZCOMN$ ----------------------- 1C000010
OATA LZOATA/SOO/ ZCOOOO2OC------ vARIA8LES IN CCMION 1COOOO~

C TtTLE = USER INPUT TInes OESCRIBDG STRUCTURE AN) SOLUTION ZC()()(X)f,Q
C IZ = NEKT AVAILIASLE LOCATION IN LI~AR: ARRAY 1 1CCXlCI05O
C rZREl = VALUE OF IZ IF STORAGE FOR A sa..UTION IS RELfASEO lClJOOO6O
C BUG ::: FLAG. IF TRUE. DETAILED ouTPUT IS PRINTED FOR OEBIJGINI:i ZCOClClJ70
C!'CON) = FLAG. IF TRlE. MASS HAS "~T~ BEe. cotaNSeD OUT ZCOOOO8O
C NHOllE = MME"R OF NOa:S ZtOOOO9O
C 1C0001oo
C IIJOF ::: TOTAL IUeER OF DEGREES OF FREEDOM 1COOOllO
C NCot() = NlMIER OF OOF TO BE CONlENSED OUT ZCOOO120
C ti='REE = NUfIl8ER OF FREE 00f ZCOOO1SO
C IllEST = fUlf8£R OF RESTRAINEO DCF lcooololfO
C MAXNOO ::: MA)(!MlM MJlI8eR fS NOOES D*'UT ZC000150
C NMAT ::: Nl'48ER OF MATERIAL PROPERTIES ZCOCIOl60
c NELMT = Nl.MIER OF ELEMENTS 1cooo170
C Zc000180
C ,,"-OAD = Nl.MIER OF LOAODG CASES 1COOO19O
C NSOlN = SOlUTtQN M#f8ER ZCOOOZOO
C MAKE{)F :; MAXI...... MJMBER OF REPENT OOF ZCOOO2l0
C MO ::: MAIN OIAGONAL ADDRESSES FOR AN lJ)p£R TRIANQA.AR STIFFNESS ZCOOO22Q
C NCOS ::: Nl.IM8ER OF JOINT DIRECTION COSI~S 1COOOZSO
C "AXElD = IW<IIUI NIJIIlER OF ElEIENT LOADS ZtClOO2.a
C NElD ::: MJII8ER OF ELEJlEHT LOADS ZCOOO25O
C 1COOD26O
C. • •• •• ALL VARIA8L£S BEGINING WITH U_ ~ TtE A8SOlUTE AOORESS ZCOOO270
C•••••• IN THE LINEAR ARRAV FOR HE DATA. 1COOO28O
C IZIO ::: EXTERNAL JOINT JrUIIERS ZC()(]()2C)O
C rZIOOF' ::: DEGREE OF FREEDCN HiTRIK FOR .JOINT IXF" S 1Cooo!:OO
C IZCORO =M&flUX OF JOINT COORD'S ZCOOOSlO
c rzces ::: MAoTUX OF JOINT OIRECTION CQSIJES lCOOOS20
C IZCNST ::: NAJIRX OF JOINT CONSTRAINT COIEFF ZCOOOS$O
c IIMAT ::: HATERI4L OAT. ZCOOO5~

C lZELE ::: ELEIENT DATA 1COOOSSO
C ZCooo56O
C IZS"lG ::: MAoTRDC OF .JOINT OOF FLAGS (RELEASE CONSTRAIN CONlENSE EUM. >ZCOOO~70

C IZXOS= NAIRDC OF JOINT COSINE m NlJIIBERS ZCooosso

1;('7



IF <lOPT .NE.2) RETlRN

00 270 I::lS.L~

DSP20T::OOc.I>
VEL20T:OV( I)
ACC2DT=OAl: I)
IF (BUt) ~ITE <6.271) I.OSP2OT.\IEl.20T.ACC20T
OA(I)= ACC2DTI2.oo
0\1(1)= <<'."1> • ACC2QT>-tlTI<,.
Cl)(I>=v<I)*OT • (6.00-"'(1) • ACC2DT>*CTlIQT/12.
FORM&T (' OOF:' .16.' AT T.2OT. ~:' .IP.C1<'.b.'

, ACe;' ,G.1/P.t.)

170

••

270
271

•

C
C:::=====:::=======--======
C== INVAlID oPTION
c=--==--=====--=====

ElSE
IF (TEST(oPTION.' NOECHO' ,.FALSE.) ) GO TO 20
IF <OPTION.EO.BLANO GO TO 20
WRITE (6.50) OPTION
IoRlTE (1.51) ('INVALID OPTION: '1IOPTIONCl:S<'»

E"'IF
GO TO 20

IoRITE <6.52)' FEMOl940
IoRITE <1.52)' REL.EASDI:i IEMDRV FEHOl9S0
WRITE '0.52)' RElEASIHG _ FEIOOl960
IF <DaX<OPTION, , ElEJENT' >.HE.O> 1lEN FEH01970

iIRlTE <6.52)' RESETDG 8.EJENT FORCES .' FEM01980
.-ITE (6.52)' it' FEl«lI990
DO 170 IElHO=l.NElIIT FEIOO2000

LSTTVP:O FEM02010
HEAIl =.FAlS£. FEIOO2020
CAlL ELaIB FEM020~

(13 ,LSTTVP ••FALSE•• IREl..HEAD ,IMJUT ,EESE.EPSE.DAMAGE.FEM0200t0
IELNO,.IB..DOF.KGDOF.PGEDM,Z ,AKIAL.IZDOSP,IZDLOA,MSTOR) I=EI«>2050

a~ ~~

I«ITE (6.52)' ----_. FEM02070
OOlF FEM02080
IZ=IZREl FEH02090

IZACC ::0 FEH02100
IZOACC--Q FEM02110
IZDDSP=O FEH02120
IZOISP=O FEM021~
IZlJ..OA::O FEM02HO
IZll\IEL-o FEMO;!lSll
I2F18 :0 FEM02160
IZLOAO=O FEH02170
IZ'IEl. :0 FEM02180
RATIZ=lClO.*filEALcIZ)!REALcMAKZ) FEH02190
CAU TIIEIT(CPU) FEM02200
TCPU=CPU+ TCPU FEH0221Q
I«ITE (6.5'5) IZ.RATIZ.CPU, TCPU FEM02220

FEM02S0t0
FEI'I0285O
FEM02860
FEM02S70
FEM02S80
FEH02S90
FEHOZQOO
FEM02QIO
FEM02Q 20
FEM029S0
FE~

FEM02950
FEM02%O
FEfiIt02970
FEH02980
FEM02990
FEMOSOOQ
FEMO~lO

FEM03:020
4Ii FORMATe' TI~: ' ..... '. DATE: '.A> FEMO!:O~O

so FORMAf (Al.' STRUCTlRE •••• ; ' •.1..1 FEMOSosa
" lX.· SOlUTION••••• : ',A./) FEI'lOSOOO

51 FORMAT <lX.A) J:'EMOSQ70
52 FORMAf <lX.'·_·.A.s.···.;,· IZ=' .17.' MEM:' .F6.5.·Z·) FEMO:!080
5'5 FORMAT (/1 FEMOsoqa

& IX •••_. ,3'5<' -') •••, I FEMOS!OO
I. lX••••- ~MORY UTIlIZ"'TION •••••••••• --'1 FEMOUIO
" IX,' *- II='. 17.·. !EM:' .f6.~.·"I. ---'I FEMO!:l20
& lX.'*-' .sse·~· ).'.' I • FEMOS1SO
& lX••*- aAPSED CPU TDIE ',F8.2.· SEC --'1 FEMOUotO
& IX. '*- TOTAL CPU TDE • ,F8.2.· SEC ---·'1 FEMO~l50

" 1)(.'·-' .:SSC'-' ).'·'1 ) FEMOSl60
so FORMAT ('1 INVALm OPTION: ..... ) FEMOS170

110 FORMAT (. ZMAfJnC<',16.'):'.Il5.1P.G20.IO.;.lA2O.10) FEHOS!SO
lOOD STOP FEMeS 190

EN> FEMOS200
C:=::::===============--=====--==================--======:::==AvEOOOIO

stIIROUTINE AVEACC( loPT .BUG.OT. TO. TF. T, HET.... NENCOV. AvE()()()(,Q
" 1l.L2.U,.l'o.L5.l6.1MDMAS.D«J.DGS.IJO(C.lOOF .M="REE. o1vEOOOSO
& KGLOAO.K:GFORIiI. AvEOOObO
& A ,v ,0 ,P , A"Eoool0
& OA .OY .00 ,OP .WOfnt. o1V£00080
& MASS .1IIlMASS.OMP ,STIFF.*, o1vEoooqa
" KG ,IOtG.ACe .GR"'V. o1VEOO1OO
I S .JII)S.Q ,R .P8AR. o1VEoo110
& F'()MIlI.FMASS.CO.Cl.C2.CS.C~,cs.Cb.AL.PHA.SETA.ClO.Cll.A8ORT) o1lJEoo120

INTEGER FDoUF ,FMASS o1vEoo150
REAL. NISS.KG AvEOOhO
LOGIc.u.. BW.Jre«Dv .MIORT AvEOO1SO
LOGICAL BresT AVEOOlbO
Dtl'ENSIClN A(t.DOF'), VCN)Qf) ,D< JrIJDF).OA< JI)QF).O\I(NJOF ).00<J«)Qf) AVEOO170
DIMENSION P<NOOF),[F(NJOF" ).1«IrI«2-.cJOF) A\I£ool80
DUENSION PQAR(LS:L't).Q(LS:L,,).RCLS;L,,) AvEool90
OIMENSIClN IOUSS(fO)F+l ).NAS:aC DIJMAS) AvEOO200
DIMENSION KltCo«X)F,l) .ItGCIIO(G) AVE002LO
DIMENSION NXNJOF.l) .STIFF( IMO) AvE00220
DIMENSION !C)SOO)f.l> ,$(I~) .OAMP<S) AVEOO2S0

C ,wEOO2..o
C-----------------------~---------------------------AVE002S0

C OETERMIlE TIE IltESPONSE AT TIME OT-2 AVEOO260
C· AvE00270

TWOOT:;DT"'Z.Q 4VE00280
THETA::2.0 AvEoo2Q()
CALL LINACCCIOPT .1Ui. THOOT. TO, TF. T,llETA.NEHKOV. 4VEoo::;00

& Ll.L2.L5.t.<'.LS.L6.IMJM&S.OO.OOS.IIOC.G.N::>OF .tI=REE. AVE.OO~lO

& KGlOAO.KGFORW. .1vEoo::;'20
& ... ,V ,0 ,P • AVEOOS~

& OA .DV .00 ,[I) ,WORK. 4VEOO!:ltO
& II'ASS .P«JMASS.~ ,STIFF.MO AVEOO~50

& ItG ,JlO:G.ACe .GRAY , AVEOO~60

& S .JtlS ,Q .R .PBM. AIJEOO~70

& FOMP.FMASS.CO.Cl.C2.CS.C~.C5.CO,AlPHA,SETA.C10.Cll.A80RT) AVEOO~80

AvE005QQ
A\lEOO.,oo
AlJEO<:Jt.lO
AIJE00"t20
AVEClCJ"tSQ
AvECJO',otO
AvEOO~SO

AvEOo-.6Q
AvE00'070
A\lEOOotSO
4vEClO'tQQ
AvEOOSOO
AVEOOSIO
AllE00520
AVEoo;~

A\I£OOSIfO
VEl:' ,GH.b. AvEOO5SO

AvEOOSbO
AvE{)Ql)70
AvEOOSSO
4vE()()II;Q()
.1IE00b00

-==::;==:=::=;===:::....llOO2O

c

g~= cu4Mv",-=:S='TA=-TElENT===S=OUl:==IIG==ABOR~T
C--====~========-...::::==::.=

ElSE IF 'ABORT> !lEN
GO TO 20

c
C--- DETERMINE ACCElERATION. VElOCITY AN) OI$PLACOENT AT TIME OT
C OA = [feJWEHUL ACCEL.ERATION BETIoIEEN TUES T AND T.OT
C OV = IOCRllENTAL \lELOCTIV BETWEEN TIlES T ANO T+OT
C 00 = INCRlMENUL OISPtACMENT BETWEEN TIMES T AM) hOT
C

STOP

O<X&£ :.F"'-SE.
1800:0
HAJ<ElF=2'
MOel):l
DO 1 I:2.CMAXEDF+1>

1 ro::I).;M(J(I·I)+<!-I)
rz..-o

20 REAOCS.- .81):100(1) oPTION
RATIZ=lOO.~(U)IREAL(MAXZ)

ISll
I""

C
C:_==--====--==
C== DEFINE TIE STRlX:Tl.RE =
c=======_

IF (IN:JE)(COPTION.'STR' >.!E.O> nEN
ASORT=.FAlSE.
CAll COMPT<1.LZDATI.>
GRAV=586.ft
READ (S,-.aIJ=ICICIO> TITLEU>
CALL TVE'TDE1)
CALL DATE( DATn)
IoRITE <TITLEClxBO: >.ftS> TlMEl.DATEl
RATIZdOO. "!lEAL, IZ )/REAl.' 1tAXl)
WRITE <1.52)' IlLt.IllIIG STIl\.CTlIl"'- MllllEL -----

IZ.RAm
WRITE <1.51) TIT1.E<lXl'70)
ASORT=.FALSE.
CAll STRu:T
I2REL;IZ
RATIZ=lOO. A-REAL( IZ)/REM.cMAXl>
CALL TIMEIT(CPU)
TCPU:CPU+ TCPU
illITE (6.5$> IZ,RATIZ.CPU. TCPU

FEIIJIl650
Fa«Ill66O
Fa«10670
FEIOl68O
Fa«10690
FEI«I01OO
FEl«10710
FElOl760
FElOl770
FElOl7m
FEIOll790
rnmaoo
FEIlOO810
FEMOIl82O
FElOl850
FEMOlJ8'O
FEMOIl85O
FElIlO86O
FEMOIl870
FEMOlIlIlIO
FEJ«J089O
FE_
FEMlI0910

*, ,FEM00920
FEllOO95O
FEMOIl9OO
FEl«lI>'/';()

FEIIlO96O
FEMOO970
FElIOO98O
FEllOO9'lO
FEIIllOOO
FtI«JI010

C FEMOI02O
c==================--==--= FEI«)1050
C== DEFINE THE LOADING AN) SOLVE = FEMOlflttO
C;=;=====;;;===;~~===;=== FEIOO105D

ELSE IF (INJEx< OPTION•• SOL t ).IE. 0) Tl£N FEJOIQt:.O
READ (5.*.00::1000) TITlE<2> FEJ«JIO/o
CALL TDEe TDEl) FEJrilJlOaO
CALL OATE<DAJ'El> FEMOI09O
WRITE (TITLE<2x80= ).~) TIMEl.DATEl FEMOUOD
tQ'ITE Cl.S2)· SOLVDIi STRUCrw.... MOOEl. il'.FEM0112O

IZ .RATIZ FEJIOl130
!oRnE <1.51) TITLE<lXl:1Q) FaOll'W)
IolWITE <l.51> TITLE<2x!:lO) FOOllSO
ASCNlT=.FAl:i;E. FEI«IUbO
CAlL SQl.N(OPTtON> FEJIOll70
RATtZ=lOO. -REALe U>!REAL<M&XZ> FEMOll80
CAL.L TIIEIT<CIIlU) FEJ«J1l90
TCPU=CPU. TCPU FE!'lJl2OO
I<IRnE (0.5S> IZ.RATIZ.CPU.TCPU FEJI01210

C FE"Dl220
c- _ _ FEfI01250
c:= CUP HE MEMORARV... FEMJ1.2ftO
c============---==---- FEI«J12SO

ELSE IF (DCJE)«OPTION,'[UF' ).trE.O) no FElG1260
WlfnE <1.52)' 0l.,MIIM; MEMORY ----------,,, ,FOO121O

IZ.RATIZ FEMO!280
WRITE <1.51> rmE<lxl:70> F90!2qc)
..ITE C1.S1> T!TlEc2X!:70) FEICII50D
CALL COICINPCZ.NZ.DZ> FEtOUIO
RATIZ=lOO. "!lEAL, IZ)IR£AI.'MAlCZ) FEIOOl52O
CALL TDE!TcCPU> FEMOl~

TCPU:CPU+TCPU FOO13'tO
IoRITE <6,5$> IZ.RATIZ.cPU.TCPU FEMOlS50

FEIOO1S60
FEMOl~

FEMOlS80
FEJIlO1590
FEIGI<ftOO

•• ,FENOlottlO
FEMDlott20
FEMDl"SO
FEMDI~

FEIOO1<,;Q
FEIOOl"""
FEMOl~1O

FEMOI~

FEMOl~QQ

FEJIOlSOO
FEMOlSlO
FEMOlS20

----'--, .U,RATU FEM015SO
FEIOOls.<l
FEI«U55O
FEMOl56Q
FEMOl570
FEMOIS80
FEIOO1500
FEMOl600
F9lQ1610
FEIOOl620
FEM016SO
FEMQ16oltO
FEIOOI6S0
FEMOI6bO
FEMQ16lO
FEJICll680
FEM01690
FEIOOl7OO
FEMJl710 C
FEM01120
FEMl17SO
FE1«J1740
FEMOll'SO

- •• ,FEM01760
FEMOl770
FEM01780
FEIOOl79O
FEICIl800
FEMo1810
FEMOl820
FEMDl8SO
FE"118~

FEMDl850
FEIIII860
FEMOlS7D
FEIOOI8811
FEl«Jl890 C
FEMOl900
FEIOOI010 C
FEIOOI920 EN)

FEIOOIO<O C=~~=======

C
c::======================
C= SET SUi oPTION
C=================

ELSE IF (TEST<OPTION.'8UG=',.FAlSE.» no
CAlL GETOIk:OPTION. '8lJG=' .~T•• TRUE •••FALSE.)
IBUG:O
WRITE (OPTtON.lbO) IN'\IT(1;lO)
DO 1SO I=Q.2S

IF (TEST<1tf»UT.OltUl ••fALSE.» THEN
ISlXi:.IBSET< IBLG.I>

ENDIF
CONTIM.E
FORMAT ('8Ul=' .A)
WRIIE '1.52)' SET llUG OPTION' ------

IZ.RATIZ
WRITE <1.51) OPTICN:l;70)
WRITE (6.51> 'SET BUG oPTIc..:
!oRITE (6.SI) OPTION(l;70)

c
c================
C== ROO RESlt.TS FROM IhPUT FUE =
C=~~:;=:=:===:=:===:========

ELSE IF (IMJE)((OPTION.'REAO').JE.O) nEN
hO CAU. GETINTCOPTION.'l.NrT=',I\MIT,O,.TRlE••• TRUE. )

CAll GETINTcOPTION. 'INC:' ,INC ,I•• TRUE•••FAlSE.)
IF <IUNIT .CT .0) TJoEH

WRITE (1,52)
• READING DATA FRCIt FILE
IOPT~

CALL C»MIAT(1OPT .DRlTE. TO.DT)
GO TO lItO

E"'IF
RATU=l00. *REAl( IZ )!REAL( MAMZ)
CAlL TIMEIT<CPU)
TCPU=CPU. TCPU
WRITE ,".5S> IZ.RATIZ.CIlU. rcpu

C
C:::===== ======
C== STOP... END OF PROGItAM
C==========================

ELSE IF (IMlEX(OPTION.·STOP' ).tE..O)
WRITE '1.52)' ~TOP----------

C
C===================
C== SET BUG OPTION
C=====================

ELSE IF (INOEX(OPnON.'SUC· >.'-£.0> THEN
WRITE (1.51> ("SET BJ..G OPTION: 'IIOPTIONC1:S~) )
M=. TRlE.
IF (INOE)«OPTION.·N08UG' ).NE.O) lII.G=.fALSE.

C
C===================--==--=
C== RELEASE MEIlORV FROM lAST SOlUTION =
C::==============---===--==

ELSE IF (IhDE>C<OPTION. 'REl.EASiE' ).NE.O)

128



C
c=========================
C= OEClt STORAGE REOUIRIENTS ===
C~~===============~~=,.=

N:MAX<U.IW)·ITEfIP
IF (N.L£.JW(l) REll.RN

C
C --- CAlC\l.ATE liZ. IF \IV WAS CQRRECTLv IN:lUT

vZ( l>=CROSSI(\I)( 1).VX<2).VX< S).INC 1).VV( 2). \IV( S»
VZ( 2)=CROSSJ(IIXC 1 ).vxe2).VX( S).VV( 1 ).'IV( 2). VV( S»
vz( S)::CROSSl(\I)(( 1).IJ)(C2).\IX( S).VV( 1).we2). \IV( S»

C
C --- NOIlMOlIZE 'IlC.'IV.V2

IF (NORM.fE.O) llEN
AVl(=VAL~evx<1>.1IX(2).VX< S»
AVV=V'UE.(VVC 1). VV(2).VV( S»
AVZ::IIAL.~( vze 1). VZc 2).vze S»
00 10 1=1.5

\IX( I );IIK( 1)1AVX
vvcI)=W(I)/AVV

I«ITE <6.10) N.JUKZ
10 FORMAT (/ /llX. "~'.') ,

& AVAILABlE STORAGe IS EXCEEIa1' •H8 1
& REQUUED STORAGE =·.no .H8.' ..···,
& .- AVAILABLE STORAGE =' .no .hS •••••',
& ••'" EXECUTION IS TERMINATED.' •h8.· -·'1
& '."'''' R'ECOMPn.E PROGRAM WITH IN:REASED MEMORY'. T008.' .... f
& 1)(,<,9('·'»

1:0
K:O
00 100 J:l.IZ.2

hhl
1C=K+1
IF (NZeI).JE.o) ...-ITE(6.UO) I.NZCI>.Z(l).OZ(K)
1.:1+1
If (NZ<I).h£.OI WlllTE<6.UOI I.NZ(I).Z(I)

WRITE (6.50) TIfLEc!>. nTlE(2)
wRITE <~.Sl) '(),JIpING MEMORv'
CALL stuI'
IF (.NOT. BTEST(I8tIi.1S) ) R£T\IlN

IF (IOPT .EQ.l) Tl£N
00 10 I=l.LZOATA-l
lOATA<I>:::O
IZ,l
TITlE(l>:::'
TITLEc2 >:::.

E""If

CROSSI{Al.81.Cl.A2.82. C2 )=81"C2-82-e1
CROSSJ( A1.Bl.Cl.A2.82.C2 >=Cl·A2-CZ·A1
CRO$Sl< A1.81.C1.A2.82.C2 )=A1-82-0\2"81
IIALUE (A1.A2 .AS )=SQRT( A1 ""2.A2"'·2+4S··2)

10

100

OOIF 8>l.olZ8C
C 8>1.01290
Coo.. ... USER DI'UT FDCED 00 FORCE 8>1.01300

El.SE If (KGRP.EQ.<OO) T1£N B>l.Ol~10

00 'tOO 1=1.12 BK.01S20
<00 FOO!CE(I>= El.IXI.N) B>l.OB50

C B>l.OB<o
c,.. . . .. INVALID LOAD~ BMl01350

El.SE B>l.01~60

~ITE (6.900) m.NO.'INVALID LOAD GROI.P' BK.01370
EhOIF BM-01380

C B>l.OB90
C TRANSFER BEAM LOADS TO FDCED EJrC) FORCES..... BML01400

00 800 1=1.12 Bfol.OH10
800 FEM<I.LOAO>=fEM<I.LOAD>-fORCEel> BfC.01.,20

C BK.Ol"~
e BfC.OI4-<tO

10lXJ CON1'DI.E 8I'l.Oh50
C 1M..0l't60

900 FORMATC' ER' ,·Raft CAlClLATDG FDcED EJrIJ FORCES FOR ELEMENT .'. 8fIl...01470
& 16.' ••A.' IS NOT AtiAILA8t.E') BML01480

RETlJRN BM...OH90
E"" S"-015OO

C==_ _ ==CKROD010
SU3ROUTDE ~Y.A,B.NAME) CKR'OClO4O
CHARACTER*<.) NAtE CKR00050
IF CA.LT.Y .AN:l. V.LT.B) ~nRN CKROOO6O
WRITE (6.10) NAME,A.V.8 CI(ROOO70

La FORMT <' ==>' .A.· IS OUT aF RIM:iE. SET ••lP.GlS.5.' LE INPUT=' .CICROOO80
& Gl3.S.' Lf '.QU.S> CICRlXX>9O
~=MIN< V.8) CKROO100
v:tW« V.A) CKROOllO
RETlRN CICROOI20
EN) CKROO1SQ

c=====================================:CKSOOOIO
SU8ROUTItE aSTOR( ITaP.IW) CI(S00040
INCLWE cZCI»I., CICSOOOSO

CK:$OOObO
CIC$00070
CKS00080
CKSOOO9O
CICSOOlOO
CICSOO1l0
CKSOO120
CK:SOOlSO
CKSOOhO
CI($0015O
CIC$00160
CK:SOO170
CIC$OOI80
CKSOOI90
CICS00200
CIC$00210
CICS00220
CK3002~

C CIC:i0Q2,.O
C-- ABORT IaN CK3002S0

STOP •REQUIRED NEMDRY > AtiAIUII..£ IEJ«JRV • CI(5OO26O
EN) CIC:i00'270

C======~~=~~===,~--=--=======-=--=-===================
SUBROUTDE CQIOIP(Z.NZ.DZ) C~

OIIENSIOH Z(1).NZe!).DZUJ COMOJOSO
00lB-E PRECISION OZ COMOOO6O
LOGICAL STEST C0M00070
INClJ~ CZtOMN1) COMOOO80

c"'""""'"
C0f0J100
COMOO110
COl«)Ql20
CQMOOgO
COMOOhO
COMOOlSO
COMOOlbO
COfIIOl)llo
COI«>018O
COMOOl90
C""""ZOO
C0fII00210
C0M00220
COMOO2SO

so FORMAT ('1 STRU:Tl.RE•••• : • ,A.I COMOO2'tO
&; SOlUTION••••• : • •A./) COMOO250

51 FORMAT (lX.A) C0M00260
110 FORMAT (. ZMATRlC('.I6.·):'.IlS.IP.G20.10.;.QD.I0) COMO0270

RET1.RN COMOO2S0
EhO COMOO290

c================================================================COMOOOlO
SUBROUTIfE COMPT(IOPT .LZOATA) COl'lOOO..O
ClwtlCTER"'1l2 TITLE(2) COMOOOSO
COMMON IZ04UPI TITLE CQloI()O()6O
COMMON IlOATAI IZ .ICATA<!) CQHOOO70

COMOOO80
COMOOC)90
COMOOlOO
COMOO110
COMOOl20
COMOO1SO
COMOOlotO
COMOO1S0
COfl«X)lbC

EhO COMOO170
c;::===============================================CROOOO10

:iUBROUTIfE CROSS<VZ.VX.VV.NORM) CR~O

DIMENSION VX(S).VV<S).lIzes) CROOOOSO
LOGICAl 8TEST CROCXXl6O

CROOOO10
CROQOO8O
CROOOO9O
CROOOl00
CROOO1l0
CROOOl20
CROOO1SO
CROOOl40
CROOO150
CR000160
CROOOl70
CROOO180
CROOO190
CROOO200
CROOO210
CROOO220
CROOO2!:O
CROOO2~0

CROOO250

811.00060
Bll.OOO70
811.000B0
811.00090
BM..OOloo
811.00UO
811.00120
BM..OO1SO
1lItc001<O
811.00150
8M..lJOl60
811.00170
BM..O::USO
811.00190
Bll.00200
8M..00210
Bll.00220
Bll.002S0
Bll.OO2<o
811.l102SO
1lItcOO26O
Bll.00270
811.00280
Bll.00290
Bll.00300
811.00s10
BII.<m20
Bll.OOS30
Bll.OOS<o
Bll.00S50
Bll.00S60
Bll.00570
IlItcOOSSO
Bll.OOS90
Bll.OOOOO
Bll.00<010
B>I._2O
BII._50
BII.-.o
","-"""50
B>I.-.;o
BM..OOVO
"'"-_so
BM...~90 C
","-00500
8M..00510
Bll.00520
"'"-00550
B>l.OO5<o
Bll.00550
B>l.00560
"'"-00570
","-005S0 C
"'"-00590 C-- INITIATE I8II ER)IOR TllACEIIACI< IlOUTIlE
BJt.OO&OO CAlL €MTRA
_00&10
Bll.00620
Bll.00f>30

"'"-"""'"
Bll.00b50
8M..00b60
8M..OOblO
Bll.oor.so
Bll.00f>90
BM..001oo
BM..COlIO C
Bll.00720
8K.OO7~

BM..OO740
Bll.OOl';O
-'007600 C
Bll.oono
Bll.00180
8M.JXJ790
"'"-oosoo
_00310
"'"-00820
Bll.00830
B>l.OO8<oO
B>l.00850
Bll.00860
BM..00II10
Bll.008B0
B>l.00890
Bll.OOOOO
8M..OOQIO
B>l.00'020
Bll.00'>50

"'"-"""'"
B>l.00'l50
Bll.llO'>6O C
Bll.OOO70
Bll.009S0
Bll.OO99O
"'"-01000
8M..01010
Bll.01020
8M..010SO
8K..OIOltO
811.01050
8M..01060
8M..OI010
BK.OI080
lIM..01090 C
BM..011OO
kOlllO
BM..01120
Bll.01l30
8tt-Oll..a
","-01150
8M..0116O
8M...OlllO
BM.:.Oll80
8M..0119O
Bll.Ol2OO
8M..0l2l0
BM.0122O
Bll.Ol25O
","-012'00
8M..0125O
8K.0126O
BM..01270

C
C•••••••••••••••• ZERO FORCE

00 15 I=l.lZ
15 FORCE..:: I >::0

C
C. • • • • •• UNIFORM LOADING

ElSE IF (ICGRP.EQ.200) TI-EN
Io4:eUX1.N)
IF clCOOF.EQ.l) n£N
FL=~*l.12

F7=-W*t.12
ELSE IF (KOOF .EQ.Z) TIEN

F6 =-W*l. ·L/12
FL2= 1'*l*l/12
CALL FE_L<F6 .FlZ.BS .80 .O.IEI.HOI
FS=< -F6-f"12 >/L ..w-L12
F2=-W*l-F8

ELSE IF (J(OOF.EQ.5) THEIl
FS = 104*L*1./12
FU=-Io4-LlIIl./12
CALL FEHREl<FS .Fll.B't .81 .O.IELNO)
F' ,(F5+F1DIl - W"lIZ
n =-w"t.-FQ

ELSE IF (1(00F.EQ.4) THEN
F'ro=-w*L12
FIo=-w-L/2
CALl FEMREl..(F04 ,FlO.SS .82 .1.mNO)

ELSE
lftITE (6.900) IELHO'O' t..UFORM tIN OR I.NIFORM MZ'

C
c...•...••••.•..• ZERO· FEM

IF c.NOT. Fl:AG) TI£N
00 10 hl.lZ
00 10 .J=l.N...OAD

10 FEHC I.J):{l
FLAG:. TRl.E.

E""If

E""IF
IF (. NOT. TEST) GO TO 1000

C
C.. • • • •• DETERMINE If MEMIlEJl IS AfFECTED BY TIllS LOAD

TESh.FALSE.
IEl=IElD<2,N)
IGEN=IELO<S.N)
INC=IELOC4.N)
IF (IEL.EO.IELNG) TEST=. TR'I.E.
IF « .NOT. TEST> .AND. lGEN.GT.O .Ate). IHC.NE.D) THEN

IIMl=MOO< IELNO-lEI. •INC )
JGEN=< IElNO-IEL)/INC
IF (IIMl.EQ.O .ANI. -"EN.LE.lGEN ._• .JCH.G£.O)

TEST=. TRlE.

C
C-- LOOP FOR EACIC LOAD ItA1T

00 1000 N:1.NELD

C
C
C. • • • • •• Cot«:ENTRATED LOADING

IF CKGRP.EO,1oo) Tl£N
P:;EL()(I.N)
R=EL0<2.N>
IF (1COOf .EO.l> Tl£N

Fl:-< l-R>"P
F7=-RlffI

ELSE IF (1(0Df.EO.2) Tl£N
F6 =-P·R·L"'(I-R)"·2
F12= P"'( l-R>....·cR)..·2
CALL FEMREL(F6 .FlZ.SS .80 .O,IELHO)
F8=( ·Fc-Fl2-PttR*l )/L
F2=-P-F8

El~ IF (1(00F.EQ.5) Tl£N
FS = P"'R'"'L"'c1-R)·"'2
Fll=-P*( l-R)*L-<R>**2
CALL FEMREL.(F§ .Fll.B4 .al .o,Ia.NO)
F9 ::eF5.-f11-P*RlIIl.)/L
FS =-P-FQ

ELSE IF .(ICDOF.EQ.~) no
F" =-P*C1-R>
FIQ;-Pttft
CALl FEMREL(F~ .FIO.as .82 .1.IElNO)

ELSE If clCOOF.EO.5) TlEN
FS =-P*C 1 ...ttR + S*R"'*2)
Fll= p*( 2"'R - S*R·-2)
CALL FEMRELCFS .Fll.B" .81 .O.m.HO>
F9-:( F5+Fll+P)/L
FS=-F9

ELSE IF (1(00F.EO.6) no
F6 =-p·c 1 - ,,!Oft + S-R*tt2)
F12= P*( 2-R • S4tR-2)
CALL FEMREl( F6 .F12.BS .80 .O.mJ«)
F8 =-<F6.Fl2+P)/l
F2 = -FB

E""IF

SU8ROUTIt£ BM-OA< mHO .FlAG,L.REL.MQEL.D .NEl..D.N..OAO.
& FEM,mO,ELD)

INTEGCR RV.RZ
REAl. L.MA.1Il
INTEGER REL
LOGICAl. BO.B1.82.B~.B ••SS.BTEST
LOGICAl. TEST .FlAG
OIIENSION IELQ< 5 .HAXEl.O) .fLOC 12 .M)(ElJ)
DIMENSION FEMC1Z.'l.OAO).FORCE(lZ)
EQUIVALEtI:E (FORCE( l).Fl ),(FORCE( 2).F2 ),(FORCE( S).H >
EQUIVALENCE (FORCE( ">,F.. >,(FORCE( S).FS ),(FORCE( 6>,F6 >
EQUIVALENCE (FORCE( n,F7 ),(FORCE< a).F8 ),(fORCE< 9),F9 )
EQUIVALEN:E (FORCE(10),FIO).(FORCE(1l).Fll).CFORCE(12),F12)
FLAG=.FAl.SE.
L....
REL=R8..
BO=8TEST(REl.D)
6l=BTESTCREl.l>
62=8TESTeREL.Z)
BS=BTESTeREl. S)
B"=BTEST< Ra. of)
B5=BTEST< REL.5)

IF cMAXELO.LE,O)~

C
C••••••• OETERfltDE LOAD COOES•••

KOOE=IELOCS.N)
I(OOF'::MOO<KOOE.1OO)
KGRP=KOOE-<OOF
LOAO=IEUX1.N>
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DI4POO260
0MP0021D
llMPOO28O
!lMI'CJ()29Q

DMP00300
D""""~lO
OMPOO~ZO

OMPOO~Sll

DMPOO~""
OMPOO~SO

0MP00'I6D
0MP00570
(M)()Q3aO
0MP00~90

~

0'1'00'10
_20
_50
-.0
OMPQ()<,S()

DIIPOO46O_'0_so
_90
OIFOOSOO
llMPOOSID
DIlPOOSZO
DI4POOS50
OI<POOS""
DMPOOSSO
0MP00S60
DMPOOS70
QMP0058a
DMP00590
DMP00600
""""""10
llIIPOO6ZO
{)MPOOb30
Dfo'POOb...a
-.>o6SO
DMPOO66O
_70

""""""""DHP00690
0MP001OO
aMPoo71a
QMPOO12o
D1'POO7~

aMPOO740
OMPOOlSO
aMPOO76Q
Df'IPOO77Q
0MP00180
DMPOO790
0MP00800
_10
OMP00820
0MP0083O
OMPOOS""
llIFOO8SO
011I'OO860
DflI>OO810
OlOPOOS8Q
OMPOOSQO
OMPOO"OO
OMP'OO910
~

0MP00'l50
0""""""0
DMPOOOSO
DMPOUotoo
OMPOOO70
OMPOOQBO
--.0
OMPOlaoo
OMPOIOIO
DfIII'Ol020
[M)OlO5Q
OI'lPOLO'tO
~lOSO

QMPOLQ60
OMP'OlOlO
DMPOLOBO
OMPOL090
aMPOLlOO
aMPelI10
DMPOUZO
DMPOU~O

DfiPOlhO
QtIPOllSO
0MP01l60
OMPOlllO
OMPQllBO
DMPOll90
OMPOl200
OMPOl21O
OMPOI220
OMP0l25Q
QMPOL2<to
DMP01250
OMP01260
OMP01270
OMP01280
0MP01290
~l~OO

QMPOB10
OMPOB20
OMPOl~SO

OMPOB'i-O
OMPOBSO
OMPOI~60

0MP01570
~lSSO

QIlIJ0159'O
~l"""
OMPOl'rlO
OfrIIJOI"20
OMPOl'tSO
()K)01.,..,O
[)fII)(JL.,.SO
OMPOI..W
OMPOl."O
OMPOl,.ao

ELSE
OPEN <tJaT:::IUNIT)

ENOIF

UUln.lZE DATA »m FILE
hWRITE=frMlTE·l
Nl< 11)=5
NZ<IZ+l>=O
NZ< U.2>::I\JIIT
IZ=IZ.S
).RITE (IlJIIT.l20) TITLE<LXl:80).TITLE<lXSl:)
WRITE <IlNIT .120) TITLE<2xl;80). TITlEc2X81: )
).RITE <It.NIT .150> S,.IDOF •!WRITE , TO.OT .0. 'ENERGY'

CI£IX FILE STAros
INQUIRE <UNIT=II.OII1',0l'ENED=0PEIIl)
IF <0PEICl) TI£N

J«ITE (6,lOS)
ELSE

0P£Il <UNIT=ILtlIT)
ENlIF

CI£IX FILE STAros
INQUIRE ,l.IlIT=lUlIT.0000000-<FENOl
IF (DPEJrIJ) T1£N

IftITE (6.105)
ELSE

OPEN cl.Jr4T=.Il.NIT)
EMlIF

OECl FILE SlArus
INQUIRE <l.IlIT=IlOIIT .OPENEIJ=OPENO)
IF <0P9I:J) TI€N

I«ITE <6,105)

INITIllZE DATA .fill) FU.£
~ITE:tMm.l

ta< IZ>=l
NZ<IZ·l>.dDOFJ
Nl( IZ.2 >=.I\lral
IZ:::IZ+S
IolRlTE cIlMIT.l2O> Tl'TlE<1Xl:80>.mlE<l)(Sl:)
~ITE <It....IT.l2O> TITlEc2xl:SO).TITLE~2_'~Sl )
IoIi:ITE <IUNIT .,130> 1• .IlXFJ.DlUTE. TO.OT •JOINT .OIR

OECIC Fn.e STATUS
INQUI~ <OOT:I\JtIT ,OPENED=OP£)I)
IF C0PEtCJ) no

l«m <6.1OS)
ELSE

OPEN (tJrIIT:IUNIT)
ENDIF

WRITE <I1.NIT,l2O) TITLE<LXl:80>.TITLE<lX81:)
WRITE CIlNIT.l2O> TITLE(2xL.80),TITLEC2x81:)
WRITE <.I1.IUT,150) 2.IOOF.IWRITE. rO.OT .IRTVP. 'ELOIENT'

GET ElaENT T'II'E
IC ::: NlCIZELE.IDOF )
IElTVP =NZ(IC>

It«ITE <6,1.10) 'DEGREE (Jf FWEE!XII' ,IDOFJ.IUNIT.JOINT .OIR

INITn.m OATA AIrII FILE
~ITE:::"'UTE.l
NZ( IZ):2
NI( II ..1 ):::IOOF
Ia< IZ.2>::n.aaT
IZ.::IZ·5,

_m:o
WRITE <6,109)

109 FORMAT (/ ,5JC,' DATA l«ITTEN TO FD..£S ' 1
& SJe.' , I)

101 READ (5,·) aPTION,IDOF',Il.NIT ,IGEN,IIDOF,ID.NIT
102 CONTlNJE

C
C--SET lP OOF DATA

IF (TEST(OPTIlW,'DOF' ••FAlSE.» nEN
WRITE <6,110) 'OEGREE OF FREEDOM' ,IOOF.DMIT

INITD..IZE DATA MIl FILE
MoIRrrE::tI«m.l
NZeIZ>::l
NZeIZ.l>=IDQF
NZ<IZ..2>=IlNIT
IZ=IZ·S
WRITE <!l.NIT .120) TITLECIXl:80).TtTl.E<lX81:)
I«ITE (I1.NIT .1.20> TITL.E(ZX1;SO).TITLE<2X81:)
WRITE <n.NIT.lSO' l,IDOF,nRITE.TO.orc------ SET lP JOINT

ELSE IF (TEST(CPTICIiI.'JOOO',.FALSE.» TIEN
-OIHT=IlJClF
-ODITI=1QUIIX< IlIllF ,Ill< IZID ).NllllJE>-1
IF <TEST<OPTION.'F'X' ••FALSE.» THEN

IDOFJ::NZ( IZIDOF..JOIHTI)
OIR='Fl('

ElSE IF CTESTCOPTION.'FV' ,.FALSE.» THEN
IOOF J--HZ( IZIODF.JOIHTl+fiWCNOOtll)
DIR='FV'

EL:iE IF (TESTcOPTION. 'FZ· ••FALSE.» THEN
tOOFJ::HZ< IZIDOF.JOINTI~2)
OJ:R;'FZ'

ELSE IF <TEST<OPTION.'JIO(' ••FALSE.» TtEN
IDOFJ=MZeIZIDOF.JOIHTI~)
DIR=''''

EL:3:E IF CT'EST<oPTION. 'M¥' •• FALSE. » ll£H
IDOF J::MZ(.IZIDOF.JODITI~)
OIR='IIft"

El~ IF <TEST(OPTlON.'MZ" ••FALSE.» THEN
IOOFJ::NZ(IZIDOF·.JOINTI~ )
OIR='Ml'

ENOIF

C
C.----SET LP ElEMENT

ELSE IF ~ TESTcOPTION.·a.e' ••FALSE.» HEN
loRITE <6.1.10> 'ELEMENT' •.IDOf.lUN!T

C
C--SET lP ENERGY

ELSE IF <TEST<CPTtON.'EJ£RCV' ••FALSE.» 11£N
WRITE C6.W) .~ BAL.NC:E' .IUNIT

CROOD26O
CROOO270
CROOO28O
CROOO2'1O
CROOO3OO

=======

VZ<IJ=VZ<!JlAVZ

SUBROUTINE OIRECT<OIR,DIRL,P,PL,VEL}
IMPLICIT REAl<A-H.~Z)

IMPlICn INTEGER<:I-N>
INTEGER OIR.DIRL
LOGICAL BTEST

IF CDIRL.EQ.l .OR.DIRL.EQ.O) Tl£N
IF (vEl.GI.O) lIEN

DIR=l
ELSE

DIR=2
EIIlIF

EL$E IF CDIJa...EQ.S) TIEN
IF <VEl.GT.O) TJo£H

OIR=3
ELSE

OIR:4
ENOIF

IF (P.GT.O) llEN
IF <P.GT.PL .ANI. Pl..GI.D) THEN

DIRL=1
ElSE IF CP.GT.Pt.. .AN). PL.LT.0> THEN

DIRL=,.
elSE IF <P.LT.Pl) Tt£N

DIRL;2
ELSE

DIRL=DIR
EIIlIF

ELSE IF (P.LT.O) TlEN
IF <P.LT.Pl .ANI. Pl.LT.O) 11£N

QIRL=S
ELSE IF cP.LT.FlI. .AIII. FlI..CT.D) TI£N

OIRL=2
ElSE IF CP.GT.Pl.) TlEH

DIRL~

ELSE
DIRL:DIR

EIIlIF
ELSE

IF <PL.LT .0) TlEH
QIRl:lP

ELSE IF <PL.GT.0) TlEN
OIRLol

ELSE
DIRL=DIR

ENIlIF
ENOIF

ELSE IF cOIRL.EQ.2) TI£N
IF <VEL.GT.O) THEN

IF <P.GT.O) lIEN
01R=2

ELSE
OIR:5

ElClIF
ELSE

OIR:.1
ENOIF

10

100 FIRST ::: • TRlE.
1ZIXMP=IZ
IZ=U.I

EIIlIF
RETURN
EIIl

C:======- __ _
C - D1RECTIOH OF LOAl)OO ••••••••••••••••••••••••••••••••••••••••••••••DlROl101D
C P =CURRENT LOAD DIROI:XlltO
C FlI. = LAST LOAl) 01R00050
C 0 =CURRENT OISA..AC£MENT DIR00060
C DIR = C1JlRENT DIRECTIOH DlROl1070
C DIR=I, POSITIVE LOAIlOO DIR00080
c DIR=2 f POSITIVE l.N.OADING OIR0CXJ90
C OIR-=S. IEGATI'JE LOADIHG 0IRQ01OO
C OIR="'. IEGATIVE l.N.OAODG OIROOllO C
C DIRL = LAST DIRECTION DIRDOl2O
C VEL =PROOUCT OF LAST AID Cl.IlllENT VB.OCITIES DIRDOl3O

DIROlll""
DIRDOISO
QIROOl6Q
DIRDOl70
OIROO1SO
alROOl90
DIR00200
DIR0021D
DIR00220
DIIlOO23O
OIllOO2"O
DIIlOO25O
DIR00260
DIR00270
oIR002SO
0IR00290
OI/lOOSOO
OIROllSI0
OIROO=
OIROllS3O
OIRODSltO
QIROOS50
01_
OIROOS70
OIIlOOSSO
DIIlOOS90
OIR!D'oOO
D~lD

OIilOO'20
OI~SO

DIROll'ooO
OIilOO'SO
OIJlOll'o""
01~70

OIR'ClO't&) C
DIROlloo"O
DIiltXl500
OIROQlilO
OIROO52ll
DIRDO';3O
OIR005...a C
DIRDO!iSO
OIRD0!i60
OIROO$]O
DIRD0!i80
DlROlJI590
DIR0D600
DIRalblO
OIJlOOio2O
OIIlOOo3O
0"""""'"orROObSO
DlROllbW
DIROOtI10
01_
OIROOttQQ
OIROOlOO
OIRQQ110
OIROO12O
OIRD013O
OIROO1""
OIROO15O

ELSE IF <DIRL.EQ." THEN OIROOl60 C
IF <VEL.GLO) THEN OIROO17a

IF (P.I..T .0) TI-EN oIROO780
OIR~ OIROQ}"QO

aSE DlR0D800
OIR::1 OIROOSIO

ENOIF OIR00820
ELSE OIROOSSO

OIR=5 OIROOSltO
ENOIF D1R00850

ElSE OIR00860
WRITE (6.5) OIR00870
FQRIIIAT<SX,'ER' ,"RQR IN Sl.8ROUTDE OIR£CT. OIRL.hE. 1.2.S.OR ... >OIR00880
loIR'ITE (6.10) OIR.OIRL.P,PL.'VEL OI~

EN01F 01_
IF (DIR.Eq.O) OIR:l OIR00910 C

Ot~2Q

WRITE (6.10) OIR.OIRL.P.PL,VEL OIR0Q93:0
10 FORMAT (!ix.· ....• IN DIRECT' .lX. OIROQ9ftO

&. aIR:' ,H o ' DIRl:' .I~.· P=' .Fa.S,' Pl.:::' .FB.S.· IJ'EL=' ,FIO.S) otR00'9S0
01""""""

RETlMN DlR00970
E~ DIR'lX)CJ8O

C:==========================:=======--=====================OMPOOOIO
$UBROUTt~ [MJ()AT< IOPT .I~ITE, TO.DT> 0MP00050
LOGICAl TEST .oPE~.FALSE.A)(IAL ()t4)Q()QbO
LOGICAl 8TEST .FIRST C»lPOOO10
CHARACTER-1ftQ OPTION (M)QQQ8Q

CHARACTER-SO PrWE, OIrZ ~ C
CHARACTER-1l2 TITL<2> ~lOO

CHARACTER-12 INANE [M)OQUO
DIMENSION RI)f)tJT( 100) 0MP0012O
OOU8lE PRECISION TEl, TSE.OSE CNlOO1SO
:iAIJE f!RST OMPOOl"tO
INCUDE <ZC~) [MJOOl50

CH'00160
{)IlI)()[)110
CH'00ISO
CH'OOl90
CH'OO2OO
DII'OO2l0
DII'OO22O.
DII'OO23O C
(M)OO2~ C---xT lP SlIt fS 5lEACTlONS
lJIIIOO2S0 RSE IF <TEST<CPTtCIN,'SlIItCT',.FALSE.» THEN

C
c=====================::=====--= ==---=
C:; READ DATA 10 TO BE SAVED. AtIJ !HIrn.m FUEs :::==
C==========:::=======---
C
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D<P02750
0>P0276O
DMP02770

,0"""2780
DHP02790
OMP028OO
DMP02810
DMP02820
DMP02830
D<P02S'oO
DMP02850
0HP02S60
OHP02870
DMP028S0
DMP02890
OMP02900
OMP02910
DMP02920
OMP029SO
0MP029'00
DHP02950
DMP02960
01'lP02970
D>IP02980
D<P0299O
DMP05000
DHPOS010
QMP05020
OMPQ3:050
DHPOSO'oO
DHP05050
_o5060
l»F05070
DfIPOS080
DMP03090
QMP05100
DMP05110
OMPO~120

QMP03BO
0MP051'tO
0_5150
0fIlP05I60
OHPOS170
OMPOS1SO
DMPOSl90
QfItPOS200
0MP05210
Of!lP05220
0MP0~2:=O

DMPOSz...a
DMP05250
OMPOS260
OHP05270
DHPOS280
01'905290
OMPOSSOO
DJIIPOS~lO

DHPOS=
OfltP05~:SO

DMPO!>5'o0
0MP055SQ
DMPOSStoO
0MP05370
Dl'!P05SS0
0MP05Sqo
DMP05'oOO
0MP03itlo
OMPOS",20
OMPO~"'iO

OMPoh..O
OI'lPOS'o50
OMPOS4bO
OMPQ::;,.70
QfoIPO::;..ao
QHP054Q()
OMPOSSOO
0MP05S10
QfoIP05S20
0f'IP05S::;O
DMP05':>40
OHPO~550

OMPOSSbQ
DMPOSS70
Df'IPO!>5QQ
DMPO>;bOa
OMPOS610
DHPOSb20
DHPOS,;,SO
DMP05';..O
0HP0S650
aMPOS6e.o
OHP05b70
DMPO~';80

OMP050QQ
OMPQS700
0MP05710
DHP05720
OMPOS;::;O
DMP05740
DMPOS7SQ
OMPOS76Q
OMPOS]]O
OI'lPOS780
OI'POS7C»O
DMP05800
OMPOS810
OHPOS820
DHPOSS:SO
0HP058itO
DMPOSS5O
DMPO~860

(M)()~870

OMPOS880
0MP0'S890
DMP05900
OMPOS910
[)KJ()5'il20
0MP05~~

Of'lPOSQ'oo
OHPOS9l;O
OMPOS%O
0MP05970
0MP05980
DHP05990

eeT ELEIENT TVPE AI«l C_MlE IlITH Dl'UT TYPE•••••
IF <Im.e:.E;T.D) TlEH

IC: NZ<I2ELE.IaNO)
aSE

IC=-1
EIIlIF
IF (IC.GT.O .AM). IC.l£.MXZ> TI€N

IElTPO : NZ( IC )
ase

IELTPO =-lOO
EIIlIF
CREATE [UIl'( WJENT OIREcTOllV IF I>l'UT TVPE IS OIFF
UEI.ET=IZELE
IF (m.TYP.JrE.IaTPO) TIEN

CALL ClSTORCIB..HQ.2.0>
IZELE : rz.z
NZ<IZELE+IElMJ >=I2EL£.Ia.HO+l
NZ< IZELE.1EL.JrG401):lElTVP

EIIlIF

18=8
LASTVP:O
FALSE:.FAL.SE.
CALL ELEl.IB
(18 .lSTTVP .FAlSE.!R£l..FAl.~, NAME .EESE •.EP$E.DAHAGE.
IEl.,N).m.ocF ,KGOCIF .PGEQIIf.RIt*UT .AXIAL .rzooSP,IZOLDA.MSTOR)

R£STME QlD e..aen DIRECTORY
IZaE=lZELET

ELSE IF <IlYPE.EQ.S> T1£N
TEI:O.OO
TSE:O.OO
OSE:O.OCl
EIEM::O
ESEJ&i1
E1<E>to<l

"'""'"EOOMdI
~ITE <6.~) I\NIT
ISTEP:- IloIflTE
READ <IlMIT,".EJrrI):"Sl) ElE. ESE.EKE. PSE.EOO. RE
TEI=TEI<t£IE
TSE=TSE,.£se.EKE.pse.eoo
OSE::DSE.AS$l: ErE-£SE -EKE-PSE-£OO)
EIEM::MWU<:iNGL.<EIE).EIEM>
ESEM:MWU< $IG..(ESE ).ESEM>
EKEM-....AMIJU<SNOl.<EKE).EKEM>
PSEM:MWCl< SNOl.< PSE ).PSEM)
EOOM:MIXl( SJG.(EOO ).E1Dl >
ISTEP=ISTEP+DIlITE
T=TO..oT"IST'EP
It <MOO<ISTEP.INC>.£Q.O)
l«ITE (6•.,59> ISTEP,T. EIE. ESE.EKE. PSE.EOO. RE
GO TO"~
lIE =2QO-osE/<TEl.TSE>
~ITE <6.'f58) EIEM.ESEM.EKEM.P7M.EDOM.RE
GO TO ~

EL5E IF (IlVPE.EQ.it) Tl£N
WRITE (6•.,;e) rooT
lSTEP=-lWIlITE
READ (Il.NIT ....ENb:~) ~T
ISTEP=ISTEP·naITE
T=TO.ol"ISTEP
IF (MQO(ISTEP.INC).EQ.O)
WRITE <6.'tOO) ISTEP. r. SlJOIfCT
GO TO .,$

ase IF (ITVPE.EQ.5) T1£Il
HlttTE (6.'t9' IOOT
IST'EP:-n«ITE
READ <IUrrlIT .-.EJrI)::"P'fO) GRCX.NJ
ISTEP=ISTEP. IloolRITE
T=YG.oT·tsTEP
IF OIIOUSTEP,INC).EQ.O)
trIlITE (6."'1> ISTEP,T. GR<UQ
GO TO ~S6

EIIlIF

C==~~===~-===~~-=-~~
C= READ OATA FROM Fn..E AIrIJ ~ITE To FT06 =
C
C
~ OPEN cOOT=D.NIT)

REWIIr()( t.t.IIT=It.NIT>
READ (It.t.IIT.l2O.Efr0ri99) Tm<lX1: 8O).TITL<lX 81: )
READ (Il.NIT.l2O.EJrIJ='t99) TITLC2X1;80).TITL<ZX81:)
WRITE <6.t,(I5> TlTl<l).TITL<Z)

itOS FORIUT (' 1 STRlCTtRE•••• ~ ".A.I
& • SOlUTION••••• : ".A./)

READ (lUIIT.151,EIIl=<") ITVPE.IllOF .IHRITE. TO ,OT •ITEMP. INAME
ill FORMAT (SUO.oP.2G1S.S.tf'.l)(.I6.A>

C
C-- OOF OATA -----

IF CITVPE.EQ.l) T1£Il
WRm <6 •.,50) IDDF.Il.NIT .ITBF.IHAME
ISTEP=-IHRm

itlD READ <I\IIIT .*.EtIJ='riO) RlOlO.OISP.VEL.ACC
ISTEP=ISTEP.naITE
T=yo..oy*tSTEP
IF (IIOlJ(ISTEP,IN:).EQ.O)
WRITE (6._) ISTEP.T.R1.lWl.OIsP.va..ACC
GO YO HO

ase IF <ITVPE.EQ.2) THEN
IELNO =IllOF
IB.T'II'-..ITEJI'
WIlm (6."5) Ia1Ol.IUNIT

C
..~ noSE (l.IlIT=IlIrrIIT>

WRITE <6.500) lUNIT
500 FORMAT (IIIIDX.·PREMAT\RE EM) OF FILE. UNIT:' .151

& lOX.'READ COfiIUNJ IS ABORTEO'III )
RET"'"

WRITE (6,l1l) 'S!.M4ATION rtF REACTIONS' ,llJNIT

Cl£0( FILE STATUS
INQUIRE (IMIT=llJNIT,OPENE!l=OPEIIl)
IF (oPEhI) THEH

WRI1E (6.105)
ase

OPEN (UNIT=MITJ
EIIlIF

INITn.m OATA AI«l FILE
NWRITE:f6ItITE.l
NZ(IZ):it
NZeZZ·l>=O
NZ<IZ.2)=IlIIIT
I2=IZ.5
WRITE (n.t.IIT .120) TITLE(lXl:SO). TITU:<lX81:)
WRITE <!UNIT .120) TITLE<2Xl: 80). TITLE<lX81:)
WRITE <IlMIT.J50) ~ •.IOOF.Dll:lTE.TO.DT.O,·Sl.ItRCT'

INITIllZE DATA AN) F1l£
NHRITE=NWRlTE.1
Nl< 1Z)=5
Nl<IZ.l>=0
NZ(IZ.l)=.Il.NIT
tZ=lZ.S
WRITE <lIMIT .120) TITLE<1XI:80). mLE<lX81: )
WRITE (Il.NIT .120) TITLEC2X 1: 80). TITLE<ZX81; )
WRITE (RJaT .1SO) 5.IDOF.IWRlTE. TO.OT ,O.'GROlN)·

Cl£0( FILE STATUS
INQUIRE <IMIT=IUNIT .0PEt£D=0PENJ)
IF (0P£IIl) nEIl

l«ITE <6.105)
ase

OPEN (UNIT=IIMIT)
EIIlIF

aSE IF (TEST(OPTION.'EJrC)' •• FALSE.» TlEN
>a( IZlUI' _ITE
RET"'"

ase
WRITE <6.1~) OPTION
GO TO 101

ENlJlF

500 IUII=HZ( IZDUMP)
DO 550 I:l.Nl.MI

II=IZOUMP.S·<I-1) .1
IUNIT=Nl(II.Z)
CLOSE( lMIT =IlMIT)

sse CONTINlE
RETURN

C
C~--SET LP st.M rJF REACTIONS

ELSE IF (TEST<OPTION.'GROlIIl' ••FAlSE.» ne
WRITE <6.111> 'GROlN) MOTION' .IUNIT

C
C

c
C•••••••• GE~R.TE LOADS

IF cIGEN.NE.O) THEN
IGEN:::lGEH-l
lOOF =IDOF' • IIOOF'
Il.NIT=IUNIT + Ul.NIT
GO TO 102

EM:>IF
GO TO 101

0If'01'090
001'01500
001'01510
001'01520
00I'015SO
001'015'00
0MP0155O
00I'0156ll
001'01570
001'01580
001'01590
001'01600
CJP01610
0MP0162ll
(11I01650
0MP0160t0
0MP0165O
0MP01660
001'01670
001'01680
(»1)01690
0MP017OO
(MlO1710
001'01720
OOI'OllSO
001'017'00
OIf'Ol75O
001'01760
001'01770
001'01780 C
{MlQ1790
001'01800
lH'0181o
001'01820
OOI'OISSO
CM'018...a
001'01850
CI4POl800
0JIp(J1870
001'01880
(MI()1890 C
001'01900
[MlO1910
001'01920
001'01_
001'01_
001'01950
001'01960
C»fI'01970
001'01980
001'019"0
011'O2OOO
001'02010
001'02020
001'0205O
lJMP02(l4(l
~c

011'O206O
001'02070

lOS FORfIlAT CS'K.'Fn.E IS AUtEAOV OP£HED• .-IYE IS ABORTED' ,lOC···» C»tP02080
110 FORMAT (5)(•••••' .15,' IS IoIRITTEN TO '-"lIT .' .15.,' JOINT:' ,r&.~

& • DIRECTION:' .... ) ()tf)()2!OO
111 FORMAT <SK••• • IS WRITTEN TO LNIT .'.15 > 0filP021l0
120 FORMAT (A) CM'02120
ISO FORMAT <SIlO.lP.2GlS.5.CP.lK.I6••> CIfII021SD
lotO FORMAT <SK.'DN'ALID INPUT: • ,A.'. IN'UT IS SKIPED••• ·) OMP021~

C 001'02150
c============ CJIlP0216Q
c: WRITE DATA TO FILES = [;MJ02170
c:====================== DMP021SO
C OMPD2190

200 Nl,OlIl=HZ( IZDUMP) 001'022OO
DO 250 r=l.~ ClfIiF02210

II=IZI::UP+Slt( 1-1) .1 EJiIl'0222O
ITVPE;;Nl<n) OfIF022SO
rOOF :HZ<II.l.> CMlO22-.o
IUNIT;HZ(Ih2) 0JIII022S0
IF <ITVPE.EQ.1) THEN 0fIP02260

J=IllOF-l 001'0227O
IF <IZVEL.EQ.O .OR. IZACC.EQ.O) HEN 0fIII'CQ:280

IoItlTE <lIMIT .210) Z<IZLOAO+J),Z(IZDIs;p..J).O.O C»P02290
ELse OI<PC2SOO

I«ITE <ILNIT .210) Z<IZlOAOt-J>,zeIZDISP+J>. OfIRJ2S10
ZeIZVEL·J).Z<!ZACC.J) (Mt02S20

EIIlIF 00I'025SO
ELSE IF <ITVPE.EQ.2) TI£N l)III)02Soj,O

17:7 (M)02350
IElNO:IOOF (JI4P02!60
lASTVP,=O t::JII02370
FALSE:.FAlSE. OMP02S80
CAlL €lELIB 0MP02Sqc
<17 .LSTTvP .FIRST.IRa.FIRST. lrWE .EESE.EPSE.OAMAGE. r»PQ2<tOO
IElNO .IELOOF •"GOOF .PGEOM.RI~T .AXIAL.ltooSP.IZCl.OA.MSTOR XMJ02~10

ELSE IF ('HVPE.EO.S) THEN 0fIIP02~20

OIFF:EIE-ESE~EItE-PSE-€CO [MI02<t$O
IF (ErE.1£ .0) TI£H 001'02_

RE=DIFF IEtE • loo ~so

ELSE tJIP02lt6O
IF <OIFF.tE.O) 1£=100.00 OJIF02it70
IF <OIFF.EQ.D) RE= 0.00 (M)()2it80

ENlIF [MIOlit90
WRITE (ItMIT.210) EIE, ESE,EX£. PSE.EOO. RE CMJ02500

ELSE IF <ITYPE.EQ.it) HEN CJtt»02510
WIlITE (lIMIT .210) SLMlCT 001'02520

ELSE IF <ITVP£.EQ.5) THEN [M)025!iO
WRITE <II.NIT.210) GROlN) QfII)025"'D C

ElIllF 001'02550 _ ClOSE (IMIT=lUIIT>
2S0 CONTINUE ~bO RETl.RN
ZlO FORMAT< LP .6Gl5.5) CI4P02570

FIRST=.FALSE. CI4P0258O
RETURN CMI02S90

001'026OO
0fIl0'26l0
-.J262O
(JM)(l26SO c
C»IP026100 ft'tli FORMAT (SX.·ElEMENT .t .15.' IS READ FROM UNIT .' .15)
0fIIl0265D ..so F~r (5X.·~GREE Of FREEI:IC* .t .15.' IS READ FROM UNIT .' ,IS,
C»F02660 & 5)(.' JOINT .' .IS.·. OIRECTION~ • •A211
OMP02670 & 6)(. 'STEP'. • TIlE ,LOAD ,
0JIP02700 &' OISPUCEJENT '. t VELOCITY ' .' ACCELERATION ')
~710 ...ss FORMAT <S)(.·EHERGV DAU IS READ FROM UNIT .' .1511
OMP02720 & 6X.·STEP'. • TIlE • It.PJT •
C»F027~ ,'ElASTIC STRAIN'.' Ut£TIc '.'PlASTIC STRAIN'.
QIlF027itO &' (lAIlPIJEI) , .' R£l.ATIVE ERROR z' )

C
c===============:===
C= ClDSE DATA FILES =
c:===============
C
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*'TiDe F'OR ...oIR

, WITH' TIlE INCIlEMEHT OF" .!P.lU5.6)
ELSE

I«ITE e6.*> 'DNAUD DIRECnON:,·.IDIR,· SET 0 < IOIR < ".'
GO TO so

OOIF

IF (IDIR.Eq.1) TIEH
CX;V1(1)
cv=vlez)
CZ;V!<S)
""ITE (6,92) V!

ELSE IF (IDIR.EQ.2) TIEH
CX=V2<l)
cy=v2(z)
CZ=V2CS>
WRITE (6.92) 112

ELSE IF cIOIR.EQ.S) Tl€H
ex:VS<l)
CV:VS<2>
CZ=VS<S>
l«ITE <6.92) V5

EN:lIF

IF <EOfO> ...IfE a•. ,*> (MJ>.J:l.Y»TS)
WRITE <0.9280>
CALl SMA)( <NPTS.OT ....YMX.VMrI.Tl.TZ.HPTS.AIIE.STOEV.RMS)
Tl=Tl-DhTO
T2:TZ-DT.YO
'-ITE (6.929(1) 'I1IIUf ACCELERATION ?

VJOC. fl. "'.... T2 ...ve.STOEV.RMS

00 20 J=l.'-rs
Il.CC.;A(J)·ASCAl.£
T)«J)=Dc<J> • ACC"C'X
TV<J)=Tve,,» + ACC*tV
TZ<J>:TZ<J> + ACC*CZ

CONTOIJE

IF <FMT> THEN
READ (IN.FOfMlT<2).SrIJ=2S) (M.J).J:l.Ml'TS>

ElSE
READ (IN.*.9IJ=2S) <A(J>.J=l.~TS)

ENDlF

QVL00700
OVL00710
OVLoo720
OvtOO7~

OVL0074O
DVLOO7S0
OVLOO760
OYLOO770
DVLOO780
OvtOO790
OVLOOSOO
OVLOOSIO
DVLOOS20
OVlOO850
OVLooa40
OVLOOS50
OVLoo860
OVL00870
OVLOO88O
DVlooa90
OVLOO9OO
OVL00910
DVLOO920
OVLOO950
OVLOO94O
OVLOO95O
OVLoo960
OVlOO970
OVL00980
OVLOO9'IO
DVL01000
DVL010IO
OVl01020
DVLOIOSO
DVl010't0
OVLOIO$O
OVLOI06O
OVLOI070
DVl010BO
OVlOI09O
DVLOUOO
OVLOlllO
OVLOu20
OVlOll50
OVL01l40
OVLOll$O
aVL0l160
QVL01l70
DVLOU80
OVlOU90
OVLOl200
OVL0121O
OVl01220
aVL01Z~
OVL012o;.O
OVLOl250
DVL01260
DVL01270
OVL01280
OVLo1290
OVlOl~OO

QVLOBIO
aVLo1520
OVLOB~

J«ITE <6.9280) OV\.Ol!;':'o
CALL :;,we (N.Df. nc. VNK.VJIW. Tl. T2.N....VE.STOEV .RMS> DVL01SSO
H=Tl-or.TO DVLOlSbO
T2=T2-0T. TO DVl01S70
IolRITE <6.929(1) 'l(-AXIS ACCELER"'TION '. YJrIIK. Tl.VMN. T2.AliE •.STOEv.RMS DV\.OBBO
CALL :>MAX tN.OT,TV.VM)C.YflW.Tl.T2.N.AVE.STOEV.RMS) QVLOB90
Tl=Tl~Of.TQ DVL01'tOO
T2::T2-o1+1'O QVlOl<tlO
WRITE <b.ncaQ> 'V-AXIS ACCElER... TION '.VJIOC.Tl.Y"'.T2.AvE,:iTOEV.RMS DVlOl..20
CAlL :;MAx (N.OT.TZ.VMX.V*.fl.T2.N ....VE.3TDEV.RfilS) OVLOlltSO
Tl=T1-0T+TO OVLOl-t...O
T2=T2-o1+YO OVlOh;{)
WRITE <6.9290> 'Z-AXIS ACCElERATION ".YfiQC.Tl.VMN.T2.AVE.STOEV.RMS OVlOl'tbO

OVL01<tlO
DVLOh80
DVL01..QQ
DVl01500
OVL01510
QVL01S20
DVl01S'SO
aVL01S"O
OVl01550
QVlOlS60
QVL01S70
OVL01S80
OVL01SQO
OVLOlbOO
OVlOlblO
QVLOlb20
OVlOlt>50
OVLOlb"O
OVlOlbSO
DVLOlbbD
DVLOlblO
OVlOlbBO
DVLOlb90
QVLOllOO
DYLOIllO
DVLOl120
DYLOllSO
OVLOl140
OVLOl750
OVL01760
QVL01770
QVL01780
aVLOllQ()
OVL01S()()
OVL01SIO
OVLOlS20
DVL01SSO
DVL018~

OV\.018SO
OVlOl860
OVl01S70
OVl01S80
OVL01SQO
OVLOIQ()(J
OVL01910
OVL01920
OVL019SO

20

27

SO CONTI/U:
IF <PRINT> llEN

WRITE <6.51> 'l(-
IoIIllfE <6.95) cT)((J>.J=l.N>
WRITE (6.51) 'v'
WRITE <6.95) <TV<J)•.J:l.H>
"HE (6.51) 'Z-
IoI!fITE (6.9$) eTZ<J>.J=:l.N)

51 F~T( ft;1(.·l1.OUL. BASE AoCCElERAt1ON 'IN T\oE. .....
&. • DIRECTION <g"s) .)

ENDIF

70

50

60

90 CONTDI.E

CH FORMAT <A>
92 FORMAf<SX.'OIRECTIl:W OIF ACCEL.ERATION:' ,

& "K.SS.F'9.S.· r ,SP.F9.S.' J' ,F'9.5.· Ie
9S FORMAT (lX.JP,lOG12.it>'* FORMAT (/5)(.·INJUT ACCELER...TION:·.

&. <g"~) •
& 1(.lJ(.IP.lt'G12.~»

co TO 27
C---- Elf) OF FILE NoIS ao:co.omREO BEFORE ALL INPUT ...,; IlEA/)

25 J*TS:J
WRITE (6.26) J

26 FORItIAfeSH.·ON..V" ,16.
& • POINTS IEIlE READ BEFCJIE Elf) OF FILE ...,; ENCOUNTERED' )

C
c•...•. Ml.l.TIPlY MASS • COSINE "'-ATR!)! FOR .DIR
e STORE IN Me< _ • ..vIR)

00 60 J::l.fC)()F
IIJJ::!'IXJ).J
fit ;J-oO<J+1HO:J)}+1
00 60 I::M.J

r«:<I •.JJIRJ:MC(!•..oIR:> • NASS(IIIlJ-I> • A(J)
DO 70 I;2.N:lOF .

KJ[:IO: 1).1
". :!-OO<r.l~l>>+l

00 70 J::M.I-l
J1C(! • ..cIR>=IC<!•..oIIt> • MASS<MO!-J) " A<J)

C
C. • • • •• ZERO JC HAnux AN) T8I" COSDoE

00 ..a I;l.MJOF
NC<I."'OIR:r-O
4(1)=0

C
C--- CALct.I....lTE MASS • COSlJE MoURIX FOR EACH OOF •••
C•••••• LOOP FOR OIRECTION - ..oIl

00 Q() ..IlIR::l.5

C
C•••••• CONSTRUCT COSll£ 'UrlIX FOR ..oIR
e OfoI!T All OOF THAT ARE CUGTRAIl£D TO ... MASTER OOF •••

00 sa NlX£::l.hNODE
ICOS=JTCOS< NIXE >
DO so K:=l.S

IF <.NOT. 8TESTeJTFLGCNOQE).hl1» THEN
II:IOOF<NOOE.K)
A< II >--A<II )+COSlNE< JDIR.K .ICOS)

EN:llF
cONTI/U

IF <IDIR.Q:.1 .»11. rom.LE.S) TlEN
WRITE ~6.10> I.IN....TIn.E<l) ....TITlE(%>.,.TS.TO.DT
F00tAf (lS)(.' GROUN) ACCELERATION RECORD • I

SlC,"==_ - __=======' JI
5X.·D.PUTING TRAHSUTIONAL ACCEL£RAfION RECORD I',
12.', FRtM \MIT:" .1~.I.S>C.A/.5X.AI

SlC.· THE RECOIlO CONTAINS' .16.' POINTS. '.
, BEGINING ...T TIME:' .IP.G16.6.

If (FMT) Tl€H
READ (S.91> FORMATCl).FORMAT(Z)
READ (IN.FORMAT(l» "'TITlE<l>,ATITlE(2)

EL:iE
RUO <IN.91) ...Ttn.E(1).ATtTl£<Z)

EWIF

IF (IoPT .EQ.l> Tl£N
. .. c.ALCl.UTE CIJlIl£HT lU:Tn.ITlES .
PSEO;PSE-I'SECLD
IF <ov •hE •0) Le<l >=OIOY
IF <ESE.N:.O> lCCZ>=<PSEO/ESE .1
IF <WE.IE.O> uc<S>=<PSEO/CSE .1
U<l)::!Ul( lX1).UC(1) )
IJC.Zr.:M&K< U<.2>.lJ:(2) >
lJ(S)::i'WC( lXS).UC(S) )
E<.;.>:::MAX< Ee~>.uc(1) >
E<S>::MAK'< E<s>.oc(2) )
E(6)::lW( Ee6>.uteS) >

ELSE

GO TO <100.200) IOPT

IF (SU;> IoflITE <6.29> • Ill:' .Vl.' V2:'.V2.' V5:' ,V5
29 FORtUr<5X.s.:: .A.5S.F9.5.· P ,SP.F9.5." J' .F9.S.·" • >.SS>

10

••&
••

4;(, FORMAT (5)l.'~TtON OF REJeTtOHS All£ READ FIlOM L,m .' .ISI/
& 6X.'STEP'. • TDE '.. FX •
&' FV FZ' t' Ml(
t' MY • t' HZ • )

457 FORMAT (SJ(,'GROlN) MOTION IS READ FROM lMIT .' .ISII
& 2X.' '.' '.
&' 1--- ACCELERATION ---I',
&' 1---- VELOCITY ----I',
&' 1---- OISA..ACEIENT ---I', I
8, 2X•• STEP' • ' rItE '.
&' GlOBAl lC '.' GLOBAl V '.' GLOBAL Z
&' GlOBAl X '.' GLOBAl V '.' GlOBAL Z •
8.' GLOBAl X '. • GLOBAl V '.' GlOBAL Z ')

458 FORMAT<25X.9O('-· )/lOX.' MAlCDIM • •lP.SGl5.5,1
& /25)(.'GROSS RE:' ,OP.FlS.ft.';(')

-.;9 FORMAT(IlO.IP.&G1S.5,(J),F15.'t)
't6O FORMATCIlO.lP.7G1S.5)
'ttll FORMATe 16 t IP ,lOG.l2.ot)

C

C
c--------CALcu.... TE If2 : lIS lC vl • .vii NORMILI2E AU. VECTORS•••

CALL CROSS<V2.VS.Vl.1)
IF eBUG> IoIlITE <6.29) 'V2:V$lCV11I1:' .V1.' 112:".112." VS:·.VS

C
c:=============--=
c= IMPUT tt.eCElERATIONS ::=
C;;;;;;;;;;;;;;===

100 CONTlM.E
C------ ZERO GLOSAL BASE ACtEl.EI!ATtONS

DO 101 I::l.N
DC< !>=O
TveI)=O

101 TZeI>:Q
Cc------- I~ NUMBER OIF ACCEl. UP. FACTOR SCAl£. AHD TIME INCREMENT

READ <5 •• ) NA.ASCAL.E.TO.OT.PRTNT

Cc------- CALCll.... TE VS :: VI )( V2
CAll CROsseV5.V1.V2.0>
IF <BUG) ..ITE <b.29) '~VlKV2·V1:·,Vl.' \12:' ,112.' liS:' .VS

~
lJMlO<010
0I'P00l2O
0If'04<B0
~

lJMlO<05O ClJMlO<070

""""""""~loo

~1l0

0lf'0'012O
~130

_ISO
~160

_ISO
~190

~200
_210

END ~220

~;=oOC~nIms~EWSIo.:;-R.TIOS=====';=====;;;;;;;;~=
c ONEOOO70 C

SlJBRCXI1'DE tlEe IOPT.U.E.OY .O,ESE.PSE.PSECl.D.CSE) 0NEC0080
DIMENSION ueS>.E(6).IXCS) 0NEC0090

C---- vARIAlIlfS ------------------ 0NEOO2OO
C lJ( I) ; lU:Tn.ITV (I) 0NE00210
C E(!l :; EXCl.WSIOH RATIO <I> 0tEOO22O
C E( 1...5) :: CUCTIlITV (I) FOR TIE ct.RRENT HAlF CVCL.E Ot£OO2SO C
C OV :: VEILO OISPLAOENT (Jr,,£OO2ftO
co:; C\RRENT DISPl C»EOO'25O
C TSE :: TOTAl STRAIN EtERCV Oh£00260
C PSE :; PlASTIC STRAIN EhERCV 0hE00270
C ESE :: ELASTIC STRAIN EJrERGV DN:~80
C CSE :; CQNSTAHT STRAIN ElERGY .tT veD,.D..... otEOO29O
C UC : CURRENT ClJCTIUTV OtrEOOSOO C
C------- ------- OtrEOO~lO
C DNEOOS2O

(»,,£OO5~

DNfOO5~

ONEOO=
0IE00S6Q
DNEOOS7O
0IEOOS8O C
ONE_SOONEoo.;o
ONE"""'"
DNflJQt..10
ONE_SO
ONECKJot90

••••••• CALCtJ..AtE E>a:lfrlSION RATIO'S 49..... ONEOOSOO
00 20 1;1.5 ONEOOS10

J:l+$ (»£00520
IF <E(J).GT.1> E(l) =E(I) • E<J) -1 Dt€00530

20 E(,,):Q DNeQlJlii.Q
E~IF ~~

RETl.RN 0trE00&40
EM) 0NE00650

c============= _ ===ca:============OVLOOOSO
SUBROUTThE OVLOM IOPT.BUG.N.NJOF .NAIN. T. Tl.ACCElZ. TO.OT .CR"'''. OVl,.OCI06Q

& lWCMJO.tNJOE.COSlNE.IOOf.JTFLGi.JTCOS.Irl:OS. OVLOOO10
& nco TV. fZ.MASS.MO.nO ....MC.P.CA.C,lT) OVLOOOSO

DIMENSION COSINE(~.S.IrI:OS).IDOFetweNOO.6) DvtOOOCKl C
DIMENSION JTFlG<IWCNOD) •JTeosc tWO«lO> OYLOOlOO
OIMENSla. fX(N). TV(N). TZ(H>.M NAIN>.P(frI)Qf> ovt.OOllO
DIMENSION V1( 5),V2< 5). VS<5 l,MOCIIlOF.1)."" 5).GAT( Sl QVLoo12O
REAL J1f&S$(DI».MC<JI)OF .S> QVLOO1SO
CHARACTER-SO F'omuT(Z) ....nn.E(Z) OVlOOHO
LOGICAl FH' .ECHO.BUG.PRINT .REWIhI) OVLOO1SO
LOGICAL BTEST OVlOO160
~Z~ OVLOO1~

OvtOO1SO
OytOOl90
QVLOO2OO
0Yl002l0
0Vl.00220
OVl.OO2SO
0Vl.OO2'OO
OVLOO25O
DVLOO260
0Vl0027D
0Vl.0021l0
OVLOO2QD
OVl.llOSOQ
ovt.OO!ilD
OVl.l10520
DVLOOSSQ
DVLOOSt,a
OVLOO3:SO
OVL0056O
OVLoa~7'J

OVl.llO~

OYUXJS90
0Vl.00'000
OVl~lO

OVLCXK20
OVL~SO

OVLaa..D
QVL~

OVLOllObO
DVLDao.70
OVL~80

OVL~O()

OVl.llO'iOO
OVl.l10510
OVl.OOS2O
OVLl105SO
QVLOOS'"
OVl.OOS5O
QVLOO5oO C
QVLOOS70
OVLOlJS8O C
OvtlXJCi90
OvtOO6OO C
OVL00610
OVLOO620
0Vl.00630
0Vl.006'"
OVLOO65O
QVLQ06(,l)
DVl00610
DVLOO680 C
DVLClO6'90 C===--===== = _

c
c------- IJ.PUT DIREcTION \lECTORS vl .vi) 112

READ (5.·) 111.112
IF (BUG) HRITE e6.29) 'IPfI\IT- 111;'.111.' V2:'.V2

C
c-------- INPUT 11IlIVlDUAL ACC£LEROGRAMS

00 ~ 1:l.NA
READ <5.·) IN.JrIITS.WIR,FMT .ECHO ,REWVIJ
NPTS:HIN(Pf)TS.N)
IF' (REWIlCI .AMJ. IN.tE.S) REM!N) (IN)
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IBl.C • zeIZKGDn ,NZeIZKGDT.!).GRAV ,PGEOM
NAXElO ,r£LD .N2<IZlElD) .zeIZElD) .NAtE
STEPID .AXIAl. .IEl.NO ,RINPUT .Z(IZFUlI)
£ESE • EPSE • _ ,
NZCIt ) .NZ<IC. 1>. Z<IC. 2). ZGC+ 3), ZeIt. ~).

ZeIC. 5). Z(IC. 6). ZeIt. 7). Z<IC. S). ZCIC. 9>.
Z<IC. 10) , zeIC. 11) , zeIC.. 12) • ZeIt. 15) , znc. l~) •
ZeIC. 15) , ZeIC.. 16) , ZeIt. 28) • znc. itO> • ZeIC. 52) •

NZ<IZLM ). zeIC. 76> • Z(IC. 85) • zeIC... ~> , ZeIC.IOS) •
Z<IC.1l2) .NZeIC.l15) .N2eIC.l1't) ,NZ<IC.llS> ,NZeIC.1l6) •

NleIC.ll1> • Zelc.1l8) ,NZeIC.U9> .NZeIC.l20) .N2eIZLMKG) ,
NZ<IC.1S3) • Zelc.l.$4) • ZeIC.l$6) .N2eIC.hS) • Zelc.l't9> •

zeIZlE ).
ZeIN »

MSTOR ;Nl(Ic.rn)
IELDOF:NZelc.1>
lZU«G::IC.l2l
~G;IZXE. NZ<IC.l2O)
KGOOF :NZe!c.119)

ELSE IF <IaTVP.EQ.Z) TfEN
AXIAL=.FAlSE.
I.ZKE=IC+55+HZeIC.12)
I2l.M=IC....
CAll £LE02
ClOPT .IlNIT •.e« .FIRST ,PRINT
,... .NL.OAO .MAKNOO .NNOOE ,NCOS •
NZ<IZID> .HZ(IZIDOF> .ZeUCORO) .Z<UCOS) .NZeIZJCOS),
ZeIZ'CNSn .Z(lDISP) .zeIZDVEL) .Z(IlOAO) ,ZeIZFUB) ,
IREL .SUi .rSt.G .ACeS. .NZ<IZlCGOT+l>.
GRA. .P<lEOM .ELSTIC ._ .STEPID
IELNO .IUMJlJ'T .EESE .EPSE .INC

~ > :NZOC. 1) .NZ<IC. 2) .NZeIc. S) .NZCIC. ~>
NZCIC. 5). ZOC. 6), zeIC. 7>. ZeIC. 8). znc. q)
ZOC. 10) • znc. ll) .NZCIC. 12) • znc. IS> • zac. h)

NZeIc. 15) • Z<IC.. 16) ,NZ<IC+ 'to) ,NZ<IC. 52) , ZeIC. 53)
" z<!c. 55) • Z<IZKE )

IOPT::IOPT
MSTOR ::NZ<IC.12)
IELOOF=HZ<IC..l)
IZLJ«G;Q
U<EICG;Q
<COOF ;0

aSE IF <m.TVP.EQ.S) Tl£N
IZKE=IC.l67+N.Z< IC+5)
CAlL aeos

" (lOPT .II.NIT ,NEt« .FIRST .PRINT
,\rrIX1IF .NL.OAD .HAXNOD ,NNOOE .hCOS
& NZeIZID) .Nl<IZIDOF) .Z<IZCORQJ .ZcUCOS> .NZ(!ZJCOS)
, Z<IZCNST) .ZeIOISP > .zeIZD\IEL.) .ZcILOAO) .ldZFUB) ,
'IREL .BUG .IBUG ,ACCEL .NZcIZltCOT+l>.
&. GRAV .PQ;QIII .ELSTIC .NAME •STEPID
"IElHD .RlfrlJUT .AXIAL .EESE .EPSE

: ~IC ):: 1> :NZ(IC. 2> .NZ<IC. S) ,HZ<Ic. ~),
.. "leIC. S) .NZ<IC. 6) .NZcIC. J) .NZ<Ic. 8) .NZ<IC. Q).

.. Nl<IC. 10) .HZelc. ll> .NZ<IC+ 12J • ZUC. l!:) • zeIC. 1-0) ,
, Z<IC.. 17) • Z(IC.. 20) , znc. 25) • znc. 2b> • l<IC. 2Q) ,

.. Z<IC. 32) .NZ(IC. ~S) .NZeIc. SIt) .NZeIC. sa> • l<Ie+ 82>

.. Z(IC.l~) ,NZ<lC.155) ,NZ<IC+l56) .NZeIC.1sn • zeIC.l58) ,

.. NZ<1C.159). Z<IC.lbO) • Z<IC.16l> • zeIC.litl) ,zeIZKE )
MSTOR ::NZeIC.lj»
IELDOF:Nl< IC..l)
L."l"dC.S~
IZLMlC.C:IC.sa
IZKEKG.:IC.lti7.Nl<IC..S) • NZeIC.S'S>-l
ItGOOF =HZ<IC+159)

ELSE
..ITE (6,10> tELNO
ERR=. TR\,E.

10 FORMATe' ELEMENT' .16.' IS NOT AVAILA8LP )
EhOIF
LSTTvP:!ElTVP
IOPT=IGPT

c
C--- P//OC£SS LOAD GRO<.f'S _ //EMJ AOOITIOlIotl IIEO...

tF (DClEX<OIR.'CON:' ).NE.O) nEN
<00£;100

DIMENSION FQRCEOIlOF .frl.OAD).IaOC5.M&XElO ),eux 12.MAXELD)
DIMENSION RIfl)UT< 100)
LOGICAl FIRST .~.FALSE
LOGICAl AlCIAl.SUG
LOGICAl BreST
CHARACTER*(*) TITlE(2)
CHARACTER~.) NAME
OtARACTERtt2Q TVPE.OIRI
CHARACTER-to OIR
CHARACTER-l CX(6)
FIRST=. TR\£.

5 FORMAT ('1 STRUCTUl£ •••• ; '.A.I
.. • SOLUTION. •••• '.A./)

6 FORMAT C/' ElEMENT LOADS '.1
& • ============' .11
.. IX.' LOAO raE IeEN DIELE TYPE OIR

C========::==========
C= INJUT LOADING DATA ==
c=====.:============

N=O
10 N=N+l

IF <N.GT .MA)(£LO) GO TO 100
20 READ (5.·) (IEU)(l.N>.I=l.~).TYPE.OIJl'I.ELOCl,N)

OIR=TYPEI lOIRI
IF <IN:£X<OIR.'EfrC)' ).NE.O) GO TO 100
tElD::H
IF (FIRST) -TlEN

IF (160) "ITE (6.5) TITLE(l).TITLE(Z)
..ITE <6.6)
FIRST••FALSE.

ENIlIF

ELE00410
ELEOO420
ELEOO4SO
ELEOO4...
ELEQOItSO
ELEOO%O
ELE~lO

ELEOO480
ELEOO490
ELE00500
EtEOOSIO
ELE005Z0
ELEOO5$O
ELEoos...
ELEOO550
ELEOO56O
ELfQOl570
ELEOO580
ELEOO590
ELEOO600
ELE00610
ElEOO620
ELEOO6SO
ELEOO640
ELEOO650
ELEOO66O
ELE00670
ELEOO68O
ELEOO6QQ
ELEOO700
Eleoo710
ELEOO72ll
ElEOO1~

ELEOO1"0
ELEOO750
ELEoo160
ElEOO770
ElEOO13Q
E1E007QQ
ElEOOSOO
ELE00810
ELEOO82O
ELEOOBSO
ELEOO8~

ELEOO850
ElEOO86O
ELEOO870
ElE008SO
ELE008QQ
ElEOQQOO
ELE00910
ELEooQ2o
ElEOOq~

ElEOOQooO
ELEOCl:9'iO
ELE~

ELEOOO70
ELE(l()q80
ELEQ0900
ELEolOOO
ElEoI010
ElEOI020
EtEOI050
ElEOIO~O

ELEoI05O
ELEOIObO
ELEOI070
ELEOI080
ElEO!OQQ
ELEollOO
ELEOlllO
ELEoll20
ELEOIHO
ELE01hO
ELEOllSO
ELEOlloO
aeoHIO
ELE01l80

RET\.ItN ELEollQ(J
EN) ELE01200

C::==========:=...-===============================.:======ELE()Q(to,.Q
5t8K1UTIJE ElEL0AC6UIii.,* .MEL.MT .JiWCELD.NELO.NXlF .NL.OAO.FORC£ .lELO. ELEOOOSQ

.. ELO.ICISP,ILOAD .NAJE, TITLE.I-EAD) ELEOO~
c ELEOOO70
C NOTE ON ARQIEHTS: TI€ LOA&) MATRIX FORCE IS PASSEO FROfII THE CALLING ELEOO080

rrouTIt£. FOfi'CE IS EQUIVALENCED TO THE Z MATRI>C BY THE CALUNG ROUTINELEO()()Q(J
IE. Z<ILOAD)=FORCE<1.l>, IotERE ILOAC IS THE OFFSET IN THE 1. MATRIX. ELEOOlOO
BOlli HE CAlLltIi ROUTItE AN) SUBROUTINE ELE_LIB USE THE Z MATRIX ELEooUO

ELEOOl20
ELEOOl50
ELEOOhO
ElEOO1SO
ELEOOlbO
ELEOO170
ELEOOlS0
ELEOOl90
ELEOO2OO
ELEOO210
ELEOO220
ELEOO250
ElEOO2~O

ELEOO2S0
ELEOO2bO
ELEOOUO

VAlUES ••••• I) ELEOO280
ELEOOSOO
ELEOOSlO
ELEOO20
ELEOOSSO
ElEOO~"O

ELEOOSSO
ElEOO~

ELEOOS70
ELEoo'SSO
ELEOOSQ(J
ELEOO4oo
ElEOll'tlO
ELEOO"20
ELEOO~50

ELEoo.....O
ELEOO~50

ELEOO4""
ELE()()l,lO
ELEOO480

IF crRTVP.EQ.l> TI-£N
IZLM=IC~"
IZKE=IC.l"Cli+Nle IC.l$3)
IZLI«G=IC.121
IF (IOPT .NE.S) CALL ELE01
<IOPT ,ILNIT .n«: .FIRST ,PRINT
'IJOF ....OAD .IW<I/OO .IMIOE .NCOS •
Nl<IZID) .NZ(IZlOOF). ZeIZCORQ) • Z<lZCOS ) .NZ<UXOS> •

Z(IZCNST) • Z(IDISP) • Z(ILOAQ) • IREL ,lIUlO

MSTotl=o

tNClOOE (ZCotW>
tOPT.:IOPT
IW = IZ
IC = NZ<IZELE.IE.HO>
IZELE= IZELf
IZELNO= IELHO
IELTvP = NZ<IC)
IF (LSTTVP.EQ.IELTVP) llEN

FIRST••FAlSE.
ELSE

FIRST.:. TR\A:.
IF OEAO) WRITE (&.505) TITLEU). TITlE(2)
FORMAT <, 1 STRlCTURE •••• : '.110.1

• SOLUTION••••• :· .A./)
lO'>

•ENJIF

c. INITIAL GROlHl ACCELERATION = OYl019'O
c=======::::============= OVlOl9S0

IF <1 .GE. TO .AN). T.LE.NflOT ) n£N DVLOl960
1::<1-TO)/OT +1 OVl01970
J::hl OVlOl980
R=CI*OT+TO-T)/OT OV\.Ol990
GATCl)=T)«1)<tft OVL02OOO
GAT<Z):TVcI>*R DYL02010
GAT(S)=TZCI)~ DVlO202O
IF (J.LE.N .AHl. R.hE.1 ) TlEN OYlO2OSO

GAT<l>=GATcl> <l-R)*T)«J) DVLIJ2OltO
GAT<2>=GATe2> <l-R)*ry(J) DVlO205O
CATCS>=GAT<5> <l-R)*TZCJ) OYL02OEiO

ENOIF 0Yl02070
ELSE OVL02'08O C

GAT(l);O DYL02090
GAT(2)=O 0Yl02l00
GAT< 5:>=0 DVLalliO

ENOIF 0Yl0Zl20
GATel):: GATCl>'fCRAV DVlQ21SO
GATC e!:)::: GAT(2)""CRAV DVL021~ C
GATes>:; GATCS>*GRAV OYLO'ZlSO
!F <BUG> WRITE (6.9279) T.TL.ACCElZ.GATU).GAT(Z>.GATCS) OYLo:zJ.60
RETURN 0Yl02170

C DVlO2l80
c=================--====--=== DYL02190
c: OETERMIN INCRIMENTAI.. ACCELERATIONS = DVlO22OD
c==================== OYL02210

200 CONTINl£ 0YlO222O
C----- OETERMIhE TIE INCRllENTAl ACCELERATION BETlEEN TUE T ANa Tl OYlll22SO

DO 201 bl.S lM..02201tO
201 GA< I);O 0YlO22SO

1:1 DYlO226O'
DT=01 DVlO227O

C 0YlO228O
C••••••••C\JRRENT ACCELER.TION 0VlO229O

IF (T .CE. TO ,AN). T.LE.N"OT ) Tl£M 0Yl02300
1=<1-TO)/OT .1 DVl02S10
J=I.1 OVL0232D
R::<:I*OT.To-T)/DT OVl02SSO
CA< 1)=IXc I >. OVl02S40
c;A(2)=TV<I)""'R DVlOZSSO
GA«5);:TZe!)"'R DVlO2S6O
IF <J.LE.N .AIrl1. R.NE.1 ) TH£N 0YlO257O

GA(1)=GA<1) • <l-R)·T)C(J) 0Vl02580
GA<Z):GAez) • el-ft)*TVeJ) CM.G23'90 C
GAeS>~S> • <l~>·TZ<J> DVlCJ2'llOO

EhDIF DYL02'ttlO
TXI= TXC I) 0YlQ2(t20
TXJ= TX< J) DVL02'tSO

ENOIF lM.02+oKJ
c OYlm~~

C••••••••~VIOUS ACCElERATION OYl~

tF (TL.GE. TO .AN). TL.LE.NttQT > 1l£N O'A.02VO
I=< TL-TO>IOT .1 DYL02'WIO
J=I.l 0Vl~90
R::<IltQT+TG-TL)/DT tM..02SOO
GA< 1);(0\( I >- fl« Il"tl 0Yl02510
ca.< 2)=GAC 2 >-TV( I>ttR OYL0252O
GA<S>:GA<S>-TZ(I)"'R O't'l025SD
IF CJ.LE.N .AII). R.~.1 ) THEN OVt025<tO

GACl>=CA(l> - Cl~)·TX<J> DVlD2SSO
GA(2)=GA<.2> - Cl~>"TV<J) 0VlD2560
GAC!;;):CA(S> - <1-R:>*TZ<J) DYl02S1O

EhDIF D'YlO2S8O
TX1=1)(I> DVl02590
rxJ=TXCJ> OVL026OO

EJrIlIF OVL02'610
C 0YlO262O
C---- MUL TIP\..Y 8 BY GRAV. OYl.026SO

DO 215 bl.S O'tlQ:26<ltO
215 GA<K>= GACK>*GRAV DYlO2El50

C 0Vl026b0
C----- CALC. ACCELERATION VECTOR ;: -MASS .. COSINE .. GR(UI) ACCEL£RAnOlCM.D2670

00 220 1.:1. tC>OF 0VlO268O
00 220 1(=1.S 0Vl02690

220 P<I>=Pl:!) - IC<I.IC>-GAC') CM.021OO
C OYL02710

IF (BUG) "ITE <&.9279) T.TL.ACCal.GACl>.GA<2l.GA(3) 0Yl0272ll
92"fq FORMATe OYlOA: T:'.lP,G12 • Tl.:·.GIZ.".' ACCELZ;·.G12.",1 DVl027SD

8, • DYlOA: X:·.lP.G1.2 ' Y:' .W.",' Z;·.Gl2."> 0Vl027~

IF (Bt.X;:) CALL *ATRX<P.MlOF.l.·D«:RIMENTAl. LOAD·) OYL0215O
RETURN 0Vl02760

Q260 FORMAr(l~.2O)(.· MAKIMlN AT TIlE • ,lX. 0Yl0217O
&' HINI,..... AT TIME AvERAGE STAhOARO OEV.· .lX.0Vt02780
8,' RMS .) DYL02190

Q290 FORMAT C~)(.A,lP.7GlS.S) OVL028OD
C 0Vl02810

EJrIl DVl~

C.:.:===.:=.:=====.::=:=================:==--========:=-__=ElE{XXlIftO
OUIlROUTIhE ELEUB ELEOOO5O

8, (IOPT .1.STTVP .PRINT .IREl.HEAD.NIIE.EESE.EPSE.DAMAGE. ELEOOO6O
& IELNO ,tELOOF .J(GOOf .PGEOM.Rlt*'UT .AXIAL.IDISP.D.OID.MSTOR> El..E00010

LOGICAl K$AIE .ERR .fIRST .PRINT .J£AO.AXIAL.8TEST ELEOOD8O
CHARACTER-SO NAME a.£0CI)90
OIIENSION RINPUT( 100) ELE00100

aECIOl20
E1.EOO1SQ
ELE001'"
ELEOO150
ELEOOl60
ElEOO170
ELE001SO
ELEOO2OO
EU0Q210
ELEOO22O
ELEOO2SO
EUOO240
ELEOO25O
ELEOO26O
ELEOO270
ELEOO28O
ELEOO29O
ELEOOSOO
ELEOOS10
ELEOO32O
ELEOO3SO
ELECXB'fQ
ELEOOS5O
ELEOOS6O
ELEOOS70
ElEOOSSO
ELEOOS90
ELEOI>oOO

133



DIMENSION llUCT(Sl.ElCCIl<6l
OIIEHSION V<12>.IIL(12)
REAl LENliTll
REAL DC.IV.IZ.ICIIZ.K.JJZ,KIJZ.IUIV ,KJJV .KIJV.KTl. TVJ
DlTEGCR 1lI3..IlI3.T
ODENSION Uil)
DATA lCI/l.2.'.7 ,U.16.22.29.37.+6.56,67 .79/

co TO C1OO.200.3OD.~.SOO.600,lOO.800. 900.1000.1100.1200.
I. lSOO.l'tOO).IOPT

101
&

••

ELEOO<OO
aE~lD

ELEm.20
ELEOO4SO
ELEoo",",
ELEOlJ<tSO
ELEOf);(,/)

C ELEOO<70
C --ELE~80

C VAR!A8LES, ELEm.90
c -------€LEOOSOO
c----- GLOBAL VARIABLES ELEQOSIO
C IOPT : 1. DllTLlUZE IlEAII COL..... ELEMENT ELE00520
c : 2, CALCI.UJ< GCllIETRIC STIffl£SS ELEOOSSO
C ::: S. FORM STIFFNESS ELEQOS'tO
C : " CALCl.UTE lNCREIENTAl flllCES ELEOOS50
C :: 5, CALctL&TE TOTAl FORCES ANJ EJERGIES ELEOO56O
C n.taT : OUTPUT FILE LOUT • Fill PRDlTIlIl OUTPUT ELE00570
C ERR : ERR III FUli. IF AN ERll OIl HAS 0CCIJIlED. ERll:. TRlE. ELEOO58O
C FIRST :: FlAG. FIRST:::. TR\E•• PRINT t€AOERS ELEOO590
C PRINT =FLAG. PRINT::. TN•• PRINT QATA ELEOO6OO
C trI)OF ::. OF GLOBAL. DOF ELE00610
C N.OAO :::. OF LOAD COMBINATIONS ELEOO62O
C NAKNQl) ': • RON DDENSION (IF NODE ARRAY ELEOO6SO
C tHXJE =. Of NODES ELEOO640
C m = /illRAV OF EXTB:NAL NIXE !lI.IIIERS ELEOO650
C lOOF :: ARRAV OF DeGREES OF FREEDC* ELEOO66O
C COORD ': ARRAV Of COOROINATES ELE00610
C COSDE =u.ff.AV Of DIRECTION COSIlES Of NOCES ELEOO680
C CQNST =ARRAV Of CONSTRAINT TRANSFORMATIONS ELEOO690
c OISPl ::: Q.OUL DISPLACEJENT MA fRDc ELEOOlOO
c IZMAT ::: LOCATION OIF MATERIAL DATA IN Q,.08AL STORAGE VECTOR ELEOO1I0
C NAME :::; aaENT NAME ELEOOno
C IELHO ;; ElEIENT JrUIIER aEoono
C RIN:'OT = IM1UT OATA ELEOO1'tO
C STlFF = OUTPUT EL9ENT STIFFtrESS (l.PPER TRIANGU..AR' FORM) ELEOOlSO
C lJt :::; OUTPUT lOCM.. TO GlOBAL STIF~NESS NAPPING MATIUX ELEOO160
c-------- ELEJIlENT VARIA8L£S ELEOOllO
c H.Q,Al.AJ.c.aI.BJ.S22.S26.S2U.SSS.SS5.~:Sll.O ELEOOl80
C :::; IMJIllItWL TERMS IN THE ELEMENT STIFFNESS cS) MATRIX ELEOOl90
C PKG ::: DPUT LOAD FOR FQRIIIING GE"otETRIC STIFFNESS MATRI)(. . • ELEOOSOO
c R : lIaDEllTAl DISl'UCEIENTS ELE00810
C RT = TOTAi. DISPUCEJEHTS ELEOO82O
C F :::; IN::RDENTAl FORCES ELEOOSSO
C FT = TOTAi. FORCES ELEOO8'tO
C LM ; L.QC.IL TO GL08Al. STIFFNESS MAPPING MATRIX ELEOOBSO
C CTS : LOCAl. TO GLOUL. ROTATION MATRIX START ELEOOSbO
C CTE :;: LOCAL TO GLOBAL ROTATION MATRDC EPCJ ELEOOS70
C as =LlXAl TO Q..08AL ROTATED ECCENTRICITY/CONSTRAINT ""nux $TARTELEOO880
C BE ::: LOCAL TO CiLOBAL ROTATED ECCEHTRICITV/CONSTRA!NT MATRIX END ELEoo890
C STIFF ::: ELaENT STIFAESS ELEClO9OCI
C rEL TYP :;: ELEIENT TVPE :::; 10 ELEooqlO
C ~I :::; e><TERNIL JOINT JUeER. 011 I ELE00920
C NOIEJ :::; E)(fERMAt.. JOINT NlMlER. EN> J ELEOlJQSQ
C ..oINTI ::: INTERNAl JOINT fUllER. EhO I ELEQ()9oo()
C JODiTJ : DlTE""'" JOINT _. E>IJ J ELEOQ<lSO
c--- TEJIFttOARV VARIASlES ELEOO%O
C VK = VECTOR CEF'ININ; THE E1..EJEtIIT x AXIS ELEooq70
C W : veCTOR CEFIHDrG TIE El£HDI1T V AXIS Elf00980
C CQSl.OC : LOCAL COSDE M&mIX ELEOO9OO
C A = GlOBAl TO lOCAL FORCE TRANSFORMATION ......TRIX ELE01000
C S :;: ELEJEHT STIFFMESS AT L.0CAl COORD. AT EMlS Of FLE>CA8l..E PART ELEOlOIO
C SAT = PttOWCT OF S·'· ELE010ZO
C.\SAT =PROI:U:T OIF '-SAT ELE010~O
c------------------------------ELEOID<.O
C ELE010s0
c-- 0f00SE OPTION ELEOIObO

IF dOPT.LT.l .OR.IOPT.GT.l't> ELEolOlO
I. WRITE cll.·) 'INVALID OPTION IN EL.E-Q1. IOPT;;' .IOPT ELEOI080

ELEOl{)Q()
ELEOUOO
ELEOlllO
ELEOU20
ELEOll50
ELEOll.,O
REoIISO
ElEOllbO
ELfOlllD
ELEOllSO
ELEOll90
ELE0120Cl
ELEOI1IO
ELED1220
ELE01250
ElE012.,.O
ELEOl1SO
ELEOl1bO
ELE01210
ELE012SO
ELE01290
ELEOl500
ELEOlS10
ELEOlSZO
ELEOH>o
ELEOlS""
ELEOHSO
ELEOB60
ELEo!SlO
ELEOg8D
ElE01590
ELEOhlO
ELE01410
ELfOl.,5Q
ELEOl.....O
ELEOHSO
ELED1'tOO
ELE01410
ElEOl'tSO
ELED!'tQ()
ELE01SOO
ELE01S10
ELE01520
ELEOlS~

ELE01S.;.o
ELE01SSO
ELEOl560
ELEo1570
ELE01S80
ELEolSQ()
ELEOlbOO
ELEolblO
ELE016Z0
ELE01&SO
ELE016'Ml

c
100 CONTIN.E

c
C-- ZERO ST~AIN BERGY

ENGOAT(l> = Q

ENGDAT<2> : 0

IF c BTESTCIBUG.]) J Tl£N
WRITE (6.·) t.&ANE
CAU. .....TRXC.RIYIUT .J.O. l.·RIM'UT·)

EIilIF
c
C-- OOERPERTATE DArT DATA

IELTVP= 1
MAT =RDlPUT< 1>
NOOEI ::: RlIrlJUT( 2>
NOOEJ ;; RIHPUTc S>
W(l) =RDI'U1'C l,J
w(2) :: RDFUTc 5)
w<S) :: RDflIUT( 6)
)(S :::; RIYVrC ])
)(£ ;; RIMJUTC IS >
PlCG : RI~TC 9>
RELT =RDl'UTClO>

c
c-- GET lNTERNAl NODE • ASSOCIATED WITH EXTERNAL NODE .'S

JOINTI=IQUICK( NODEI. IO.N«JCE)
JOINTJ::lQUI(x( NOOEJ.m.frNXlE)

cc-------------- ---- _
C GET GLOBAL TO llX.lLTRANSFORMAJIOH MATRIXc------- ---- _
C--- OEfIIE IlECTIIl X. LENliTll

V)« 1 ):::COORD< JOINTJ.l)-COORDc JOINU.1)
IJK( 2>:COOROC JOINTJ.1 >-eOOROC ..JOINTI.2)
VXC:S >=COORD< JOINTJ. S>-eOOROC JOINTI. S>
LENGT1+:SQftTC \IX( 1>-2_YK(2)-Z_VX< 5>.·2 J-KS-XE
IF (LaGTH.LE.O) TlEN

IolRITE<6.101> IaHO•.JOINTI.JOINTJ,LEtGTH
FORMAT<lX.2(X· ..• >.·ER'.·ROR - LENGTH IS lE 0'.1
5X.'IaJ«):' .IS.5X.' JOINTI=' .IS.5X.· JOINTJ:' .15.
5X.·l£NGTH' .lP.G1S.61
SX.·REVlSE INPUT , /)
LENGTH=l.O

EIIlIf
IF ( 8TEST(IBUG.n > Tl£N

c
c-- PRINT DATA FOR PLomJG

IF (BTESH!BUG.2» HEN
IolRITE< 7 ,10) o.(coonx .JOINTJ.I ).I=l.S>.(COORI)( JOINT!.J ).J;;I.~)

10 F'ORMolT CIS.lP.6Gl2.~>
EIIlIf

'II

J-..2
BACKSPACECS)
REAl) (5, *) ClaocI,N),.I=I,~),TW£,OIRI.cELDcI.N).I:.l.J)
aIR:TYPE/IOIRI
CALL CKRNiCELD<:2,N).D••1•• 'OISTAN:E')

ELSE IF (!tUX<OIR.'IMIF' ).!E.D) TI£N
J=1
(00E:2QO

ELSE IF (I~(OIR.'IIARR').JE.a) nEN
(OOE:SOO
J:'o
BACKSPACEcS)
READ (5.") (IaDcI.N),I::l.'i). TVPe.OIRI,c£U)(I.N).I=I.J>
DIR:TYPEIIOIRI
CALL CKRNGCELO<S.N>.a. .aoc~.N>,·OISTANCE· >
CALl CKRNGCELOC,..N>,ElOCS,N>.l. .'OISTAHCE')

ELSE IF <It.OEX(OIR.·FEM' ).NE.D) nEN
1(000='t<JO
J:12
BAaSPACE< 5)
READ (5.") (raocI.N),I:;;l.~).TVPE.OIRI,(ELD<I.N>.I:l.J>
OIR:TYPEIIOIRI

ELSE
WRITE(6.5(J> • INIIALIO LOAD TYPE'.

(IE1JX I .N>.I:l.~ >.DIR.a.rx1.N>

GO TO 20
E>lJIf
IELD<S,Nl:l(OOE
IoIRITE< 6.'tQ) (IELDC I.N).I:::1.~ ).OIR.<a.ocl.N>.bl.J)
GO TO 10

GO TO 20
EIIlIf
IF CIOOEX<OIR.· FX' ) .":.0) ll£N

1(00E::I(QQE...1
ELSE IF <IM)EX<OIR. 'FY' ).hE.D) 1l£N

1(O[)E=KOOE.2
ELSE IF (!OOEX(OIR.'FZ' ).trE.D> nEN

I(OOE:::KOOE.S
ElSE IF <IM)E)«OIR,'IC)(' ).ME.D) Tl€N

I(OOE:K.ODE..,."
ELSE IF (INOEX<OIR. 'MY' ).hE.D> 1lEH

1(00E:::K00E.-5
ELSE IF (DI)E)«OIR.·MZ' ).IE.D> TlEN

I(OOE:KOOE~

ELSE If «(OOE.>E.<,QQ> T1EII
WRlTE<6.!OO) • IN'VALID tOlD DIRECTION".

(IEuK I.N >. I:l..~ >.OIR.(ElJ)( 1.N).1=I.J>

IHPLICIT REAL(A-H.o-Z>
LOGICAl ERR .FIRST .PRDlT.lllJli.fEII'1.G.fALSE.AllUL.8lEST
CHARACTER-SO NAIE
CHARACTER-(·) STEPIb
CHARACTER"o IRELC
DIMENSION KGDATA(~D

DIMENSION IOOF<twCNOO,6>.COORQ(N)CNDO.6>.CO$D£(S.S.NCOS>
DIMENSION CONSTOWG«XJ.6>. IDCMUMJO> .JTCDSC:MAXNOO>
DIMENSION ASAf( 12.12 >. SAT< 12.12>.STIFF< 156>
DIMENSION A< 12.12 >. :i( 12.12 >.U« 12>.UU( 12).U«GC12>.AW«12>
OUENSION CTSC: S. 3).CTE( S, S>.ca.stOC($.S>.VK<$>,VVC$>.lJzes>
OIMENSION 8S( S. Sl.8E< S. S>.SE<!Sl.ElGlAT<Z>
OIJENSION R< 12 ).DISPL<tO:IF....OAO>.FC 12).RT<12>.FT< 12>.AAI<hOCF>
DIMENSION FORCE< hOOF....OAD >. IELDcS .1'UJCELO>.ELDc 12 .M&XELD>
OIMENSION .&SA< 12.12 >.RINPUT< l00>.fEJl< 12....0AII>.CFEM< 12 l

UO

:;0 FORMAT (' ••A•• - LOID IS SlIPPED'1
I. 1)('''I5.lX.A20.1P.6lU~.6,: 1("lX,6G1it.6> )

'to FORMAT (lX,'tI5,lX.A20,J.P.6G1"'.6.: l(lt2J(.6G.l...&> )
c
c---- RETLIlN If NO ElEJENT LQ,I/I$ _ !II'UT

100 IF CFIRST> RE11..I'lN
c
c-- LOOP TO GEIER_J< _ LOAllS Fill EACH ELE>ENT

IOPT=.;
00 101 lELNO-..l.16JIT

FALSE:::.FALSE.
lOl CALI.. £LELI8

I. ClOPT .LST'TVP .FALSE .IREl.FAlSE. NoUE .E£SE.EPSE.OAMAGE.
I. IEl.NO •.IEl.OOF .KQ)OF.PGEOM.RD*UT .AXIAL. IDISP. ILOAO.MSTOR >

c
c-- PRINT LOADS AT EAOI OOF

IF <BUG> TlEN
N5:NllOF+S
DO 120 L:l.M..OAD

IF ()£AD) IoItITE (6.5) TtTl£(1). Tnt..£<2>
WRITE (6.130) L
00 120 1;;1.16.5
I5:MINC( I ..... ).hOCF)
oa 110 J::I.15

1(;.;-1...1
C)(CI(:r-' •
IF (J.GT.NF) CXU):;···
IoIRITE C6.1~> (J.FORCE(J.L>.CX(J-I_l>.J:I,IS)

120 CONTnu::
EIIlIf

c
lSO FORMAT (" GLOBAl. JOINT FOItCES lJ.£ TO ELaENT lOlDS ' .$X.

8. • LOADING.' .IS.IOX,
I. NOTE: - DENOTES SlJl'PORT OISPlACEJENT'1

: 5~~;-~;:;;.;LOAc ' )1)

HO FORMAT (5)(.S<OP.rs.lP.C1'i.b.A) )

El.EOO<90
El.EOOSOO
El.EOOSI0
El.EOO52O
El.EOOS30
El.EOOS<,Q
El.EOO55O
El.EOO56O
ElE00570
ELEOOS8O
ELEOOS90
ELEOO6OO
El.E_I0
El.E0062ll
El.E00630
El.ElllI64O
El.EOO65O
ELEOO66O
ELEOO670
ELEl10680
El.E_90
ELEOO700
ELE00710
ELEOOno
El.EOO73O
ELEOO7~

ELEOOl5O
ElEOO760
El.EOO770
El.EOO78O
ELEOD190
ELEOO8Oll
ELE00810
ELEOO82O
ELEOOBSO
ELEOO8'tO
ELEOO8'iO
ELEOO86O
ElE00870
ELEOO88O
ELEOO89O
ELEOO9OIl
EU00910
ELEOO92O
ELEllO'95ll
ELEOO9<O
ELEOO95O
ELEOO96O
ELEIlO'I70
ELEOlI9llO
ELEIlO'I9O
EUolooo
ELEOlOlO
ELEOI02O
ELEOI030
ELEOI0'00
ELEOI05O
ELEOI06O
ELEOI070
ELEOI08O
ELeOlO9O
EUOUOO
ELEOlllO
ELE01l2O
ELEOllSO
ELEOU<,Q
ELEOllSO
ELE0l160
ELEOU70
ELEOll80
ELEDll90
ELEOl200
ELE01210
ELEOl22O
ELE012SO
ELE012'tO
EL£ol25O
ELEOl26Q
ELEOl27O
EL£01280
EL£Ol29Q
ELEOl300
ELEOlSI0
ELEOl320
ElEOl.S~

ELE013ftO
RETURN ELEOlSSO
END ElE01SOO

C=================:;;:========--_ a=--=====-'- -============£LEQCIOIioO
SlJ8ROOTtNE ELEOl ELEooo;o

• crOPT .ILtUT .III: .fIRST .PRDlT ELEOOIl6O
"IO)F ......QAO .IWCNOO .tHJOE.NCOS tLECXXJ10
,. IO .IOOF ,COORD .COSDE .J1CDS ELEoooao
"CONST .OISPL .FORCE .IAEL.1lIJG EUCllXJ'9O
& ISUG ,ACca ."GOA'. .GRA" .PGEOM £LEOO1OO
8. HAXElO .HELD .me .aD .NAME ELEOOua
& $TEPID ,AXIAl .IElHO .RDI'UT.R.B £U:OOl2O
• EESE , EPSl; ._ ELEOOl30
& IELTVP .IELDOF ,PK.G .H .Q El£ooHO
& AI ,AJ .C .81 .8J EL£OOlSO
"522 .326 ,S212 ,SSS .~S5 £LEOOl60
& S:SH tR .RT .F .FT £1.EOOl70
''IN ,CTS .CTE .BS .BE EL£OOl80
• 0 ,NOOEI .NOIlEJ .JOINTI .JOINTJ ELEOOl90
& REI. •LENGTH .K:CDOf ,UCC; .U«C E:lEOO2OO
& ISE .EtGlAT .FfiWC .MT .SE. ELE00210
" STIFF ELECXJ220
& FE" £LEOO2SO

ELEOO2<,Q
ELEOO2SO
ELEOO26O
ELEOO27O
ELEOll280
ELEOll29O
ELEOOSOO
ELEOOSI0
ELEOO32O
ELEIlllS30
ELEOOS..,
ELEOO55O
ELEOOS6O
ELEOOS70
ELEOOS80
ELEOlIS90

134



cC--------------------------------------
C ASSEaE LIXAL STIFAESS Mot.TRIXc----- _

ElEOS060
ELEOSQ70
ELEOsoao
ELEOSQ90
ELEOSIOO
ElEOSllO
ELEo~a20

ELEOSl30
ELEo:;l40
ELEOS1SO
ElEOSl60
ELE05170
ELEO~l80

ELEOS19O
ELEOS200
ELE052l0
ElEOS220
ELEOS2SO
ElEOS2'"
ELEO::2SO
ELEOS2f>O
ELE03270
ELE0S280
ElEOS290
ELEOS3Oll
ELEOSS10
ELEOS320
ELEOS5SO
ELE055~

ELEOS550
ELEOS560
ELEOSS70
ELE05530
ElEOS~90

ELEOS'rOO
ELEo~<tolO

ELEO:;.,20
ELEO~ ...50
ELEo:;".o
ELEO~ft50

ELEo50f60
ELEO~~70

ELE05~80

ELEOS<to90
ELEOSSOO
ELEOSSIO
ELEO~520

ELEO~5S0

ELEO~5"'0

ELEOSSSO
ELEOS560
ELEo,;S70
ELEO:;580
ELEOS590
ELEOS6CJ(l
ELEO~10

ELEosc,20
ELEOS.,SO
ELEOS6"'O
ELE0S650
ELEo~

ELEOstolO
ELEO~80

ELEO~qo

ELEO:;700
ELEOS710
ELE05720
ELEo~7~

ELEo::;7"'o
ELEOSlSO
ELEOS760
ELEo:;770
ELEOS780
ELEOS790
ELEOSSOO
ELEO:;SlO
ElEO~20

ElEO!:8SO
ElEO~'"
ELEO~

ELEOS860
ELE05S1o
ElEO~880

ELEO:;Sqo
ELEO::;900
ElEOSOIO
ElE05020
ELEOSQ!iO
ELEOS~

ELEOS9liO
ELEOS%O
ELEOSQ70
ELEO:;OBO
ELEOSQQO
ELEO"OOO
ELEl)\o.QlO
ElE~20

ElE~50

ELE~(}(tO

ELEO'o05O
ELEQot06O
ELEOft010
ELEQotOSO
ELEO~090

ELE0lJ1OO
ELEOftllO
ElEOft120
ELEOftlSO
ELEO'rhO
ELE04LSO
ELEoo,lbO
ElEO'tllo
ELEO'tlSO
ELEQotl90
ELEo-.200
ElElJ',210
ELEOft220
ELE0002S0
ELE<hZ'tO
ELEO..250
ELEoo.2bO
ELE00t270
ELEQl.280
ELEO't290

IF e 8TEST<!EIIJG,]) ) ..Ire (6,·) 'IRELC' ,tRaC. 'REV .REl

IF eBTESTcREL,2> .»G. 81ESTcREL.5» TI-EN
KTI ::::0
ICTJ :0

ElSE IF <BT£ST<REl..Sll TI£Il
II;T1 ::::0
ICTJ ::::1

ELSE IF cBTEST<REl..2» TI£N
KTI ;l
IC.TJ ::::0

ElSl'
KTI =1
KTJ ::::1

ElIlIF

H:EAKILENGTH
Q;<lIXIlENGTIl
A1:lII2*'CEIZILENGTM)
AJ:K:JJ2If(EUILENGTH)
C ::::lIJZ~cEIZIlENGrH>

8I::::KIIY--< EIV/lENGTH>
BJ=KJJY*(EIVIlENGTH)
o :UJV*<EIYII.ENGTH>
S22 =CA!.2*C....J)/(LENGTH··2>
526 :::: CA1+ C )Ie LENGTH )
5212;:: ( C.A,J)I<LENGTH)
S~3 = <Bhz-D.aJ)/cLENGTH-Z)
SS5 = <Bh a )!(LENGTH )
5311= ( O+8J)lClENGTH)
S< 1, I> = H
S<1.,n=41
S( 2, 2) = S22
5<2,6)::::526
sc: 2, 8> :-S22
S< 2.U> ; 5212
S< 5, 3> = ss:s
S< 5. 5> ;-S~

s< 5• ., ;-SSS
S< S.il> ;-S311
S( 1,. it) :; Q • ICTI
S( .,10> -=-4
S< 5. 5> ; BI
S( 5, 9> :: S35
s< 5,il) :: 0
S( 6, 6) = AI

AV=O
BY;Q
CY::::O
OY=O
EY::::O
FV:;1.0 I LENGTlt

C•••••••••• BOTH EtrIJS RELEASED. v-AXIS ••••••••••••••••••••••
IF eBTEST<REL.l) .ANJ. 8TESTCREL.ft» HEN

KIIV:O
(JJY-::O
UJY=O

C•••••••••• START E..:J RElEASED. V-AXIS ••••••••••••••••••••••
ELSE IF e8TEST(REL,~» T1EN

KIIV=O
KJJY=5
(IJY:O
8V= 0.20· L.EtGTH
EV; 0.20
FY= 1.20 I L£tGnt

C•••••••••• END EN) REL£ASED. V-AHIS ••••••••••••••••••••••
ElSE IF eBTEsTcREL..l» TI£N

(UV:5
KJJt""
1tI.JY=O
aY= 0.20. LEtGTH
OV= 0.20
FY= 1.20 I LElGTH

C BOTH ENIlS RElEASED. 2-"IS ..
ElSl'
(IIV~

KJJ'lri
(IJV:2
i.Y: 2" LBGTH I 15.
8Y:: AV
CY= LENGTH J SO.
DY: 0.10
EV= 0.10
FY: 1.2 I LEMaTH

EIIlIF

F2;1.0 I LE,..TIl
C BOTIl ENIlS RElEASED, 2-OOS ..

IF CBTEST<REl.O> ,AK). 8T£ST<REl.3» TI£N
KIIZ;O
KJJ2;O
KIJZ;Q

C STAllT ElIl RELEASED. 2-AXIS ..
ElSlO IF <BTEST<REl.3» TI£N

KIIZ;Q
KJJZ;S
KIJZ::::O
BZ= 0.20. LBGTH
E2; 0.20
F2; 1.20 I lEllGTIl

C•••••••••• Eft) EN) RELEASED, Z-AXIS ••••••••••••••••••••••
B..SE IF (8TESTCREl.O» TtEN

KIIZ;S
(JJZ::O
KIJl;Q
AZ= 0.20" lENGTH
DZ; 0.20
FZ= 1.20 I LENGTH

C BOTIl EIoDS RElEASED. Z-AXIS ..
ElSl'

KIIZ.-'"
KJJZ,....
KIJ2;2
AZ= 2· LENGTH J 15.
BZ; 12
CZo: l.£NGiTH I SO.
DZ= 0.10
E2; 0.10
FZ= 1.2 I L.ErGTH

ENIlIF

ElEOl650
ElEOl660
ELE01670
aEOl680
ElE01690
ElEOllOO
ElEOlllO
ElE01720
ELEOl7S0
ELEOll'"
ElEOl7SO
ELE017f>O
aeOlno
ElE01780
ElE01790
ElE01SOO
ElE01810
ElEOl820
ElE01920
ElE02020
ElE02050
ElE"""'"
ElE02050
ElE02060
ElE02070
ElE02080
ELE02090
ELE02100
ElE02110
ElE02l2O
ElE02l3O
ElE02HO
ELE021SO
ElE02160
ElE02l7O C
ElE02180
ElE02190
ELE02200
ELE02210
ElE02220
ELE022SO
ElEOll'"
ElE02250
ElE02260
ElE02270
ELE022SO
ElE022'lO
ElE02SOO
ELE02S10
ElE02320
ElE025'SO
ELE02StrD
ElE02SSO
ELE02500
ElE02S70
ElE02=
ElE02390
ElE02'OO
ELEQ2;>lo
ElEll2'2O
ElEll2'SO
ElE02..a
ELE02.,.;Q
ELE020M0
ELE02li>70
ELE02't80
ELE02"tQO
ELE02500
ElE02S10
ElE02520
ELE02SSO
ElE025'O
ELE025S0
ElE02S<>O
ELE02S70 C
ELE02S8O
ElE02590
ElE02600
ElE02610
EtE02620
ELE02t>5D
ElE026'oO
ElE02650
ELE02660
ElE02670
ELE02680
ELE02b90
ELE0270ll
ELE02710 C
ELE02720
ElEQ2750
ELE027~

ElE02750
ELE02160
ElE02no
ElE02780
ElE027'lO
ElE02800
ElE02BID
ElE02820
ElE02BSD
ElE028i1tO
ELE02BSO
ELE02860
ElE02870
ELE02880
ELE02890
ElE02'lOO
El.EQ24J1.0
ElE02920
ElE~

ELE02ea.toO
ElE~
ELE02%O
ElE02'l70
ElE02'I8O
ElE02990
ElEOSOOO
ElEOS010
ElEOS020
ElEOSOSO
ElEOSO'tO
ElEOSOSO

c
c--- ZERO MATRICIES

00 <to 1=1.12
FMAX(1):;Q
F (1):0
FT<!):;Q
R el):O
RT<I>:;Q
DO ...a J::::l.12

S<I,J)=O.
1",0 l(I..J):O.

IF ( BTEST<I8UG.7> ) 11£N
CALL WMATR)(BS, 3, 3,'SS ' >
CALL IoI4&TR)(BE, 3, 3,'BE • >

ENIlIF

IF (BTEST<IBOO,ln ~tTE <6,.) 'REtT' ,RELT
REl=O
lRELC=' ,
IF CMOOCRELT,10).NE.O) 1l£N

REl=IMET(REl.O)
lRELCCb:60>:::'Z'

ENDIF
REl T=REL T110
IF 0400eRELT ,10).tE.0) nEN

REl=IBSET<REl,l)
IRElCC5:S>='V'

ENIlIF
REU=R£lTlIO
IF OIOOCRELT .lO).NE.O) nEN

REl=IBS£TCREL,2)
lRELCC't:'t>:::"X'

EP<IlIF
REl T=REl T110
IF oiOCKREU .10).NE.O) llEN

REl=IBSETCRElw~)

lRELCCS:S>='Z'
E"IJIF
REl T.:RElT110
IF eHOCKRElT ,lO).NE.O) TIEN

R'E\..::::I8SE'TCREt..'t)
lRElCC2:2>='Y'

ENOIF
REL T=RELT110
IF cMOOCRELT ,lO).NE.O) TlEN

REl=lS:;ET<REL.5 )
IRELC(l;l):'X'

ENIlIFc-------- SET STI,:'FNESS COIEFFICIENTS•••
c------- SET CONSISTENT MASS GEOIETRIC STIFftrESS COIEFFICIENTS•••

'1=0
Bl.O
C!=o
O!=o
EZ;o

c
C---- ASSEMBLE TRANSF~TION MATRIX A

DO 50 1:::1,3
DO SO J=l,3

ACI ,J )::cTSCI,J)
AC I.S,J+S):CTS< I,J)
A( I+60,J+b )=CTE< I.J)
A< I+9,J+9):CTE( I,J)
ACI+S,J )::::BS<I.J)

50 ACI+9.J+6)::8E<I,J)
IF e BTEST(ISUG.l> ) c.6LL IMATRX( A ,12,12,' A .)

cC------
C DETERMINE llE ..eeER RELEASE COOESc----------
C RELT IS AN IJ*'UT flEMIER RElEASE COOE
C REl IS THE INTERNAL ~R RELEASE CODE
c BIT 6 AKIAL. - TRUE := AXIAL DEFORMTtON CONSIDERED
c BIT 5 MX AT EJrI) 1 I
C BIT • NY AT E"l I 1-> TRlJ:=llB.£ASE
c BIT 5: MZ AT e.a I I
C BIT 2 til( ...T END J I
c BIT 1 HV AT ElIl J I
C BIT a MZ AT EfrIJ J I
c

C
c---- GET MATERIAL PROPERTIES

FALSE::::.FALSE.
L~TTVP-=O

CALL MATLIS
(2 ,lSTYVI' ,FAlSI' ,IllEI.,FAlSl'./MIE,EESI'.EPSlO.OOCT.ElCCR.

FT .F ,RT .R .11 ,VL ,L.ELEM .LMAT •
MAT ,MA TTVP ,SE,Ia.HQ.OAMAG£)

IF (MATTVP.Ne.l) n£N
IooIRITE e6,l90) IELNO.MATT¥P,NOOEI.NOOEJ

190 FORMAT <. El£lENT,' ,I6.· I""""'AIIBLE MA!£RIll PROP," .IS.
& • START JOINT:' ,IS.' EN) JOINT:' ,IS,I
&. • T'€ a8ENT IS RE...EtTED .t.N) at' ,'ROR Q4Ea.ItG COMrtIaJES' )

ERR;. TRLE.
00 TO 191

ENIlIF

EAX =SE< 1)
GAV ::::SE< 2)
GAl =5£< S>
GIX =SE< ft)
EIv =SEc 5)
EU =SEC 6>

WRITE (6,11) 'JOINTS'.JOINTI.JOINTJ
HRITE (6,·) 'v')(',\1)(
WRITE (6,·) 'W',VV
I«ITE (6. 11 ) 'LEMaTH ••l£NGTH

ENIlIF
c--- GET LOCAL TO GL08Al TRANSFORMATION MAfRIeIES CT AN) B

ICS=JTCOSC JOINTI)
ICE=JTCOS< JOINTJ)
CALL ROTXVZ(VX.VV,COSINE(l.l,ICS),CTS. )(S ,O.,O.,BS,

& CQNSTe JOINTI ,1) ,fIIAXNOO)
CALL. ROTXVZ<VX,VV,COSINE<l.l.ICE).CTE.-)(£ ,o••o.,BE,

& CONSTeJOINTJ,l),JIIAXNOO)
IF < BTEST( IBUG.7> ) 11£N

CALL ~TR)(( CTS , 3, 3,'CTS ')
CALL IoMATR)« CTE , 3, 3.·CTE .)

ENIlIF
c
C---- GET GLOBAL CONSTRAINT MATRIX as. BE
c
c
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IF (KGDATA(1>'NE.O .AM). KGDATA(2).NE.0 .1JrC). BTEST(REL.6» 1lEN

"!Al.~8TEST(REl.6)

rF ( BTEST(IBUG.l> ) l«Ire (6. 1t ) 'AXIAL:·.AXIAL.

C
C--lSSEMIIlE LOCAl. GEOMETRIC STIFFlESS MATRIX FOR • UNIT LOAD•••
C ZERO LOCAl KG ",TUX

00 <108 I:l.12
DO <108 .):1.12

C
c-- CAlCtA.A TE SAT

00 60 1:1.12
DO bO J::1.12
SAT<I.J):O

DO be K.1.12
60 SATCI.J)::SAT<I,J:>+S( I.K )*A( J.'O

FORCE -FRoUE DISPLACEMENT "'TUX

1070

1060
C
C-- CALaL'TE "SAT

00 1070 1:1.12
00 1010 J::l.12
ASAT<I.J>=O

00 10lD It.:l.12
4$AT< I.J >:ASAT< I.J >+4( 1.1( )·SAT<K.J)

IF <BTESTClBUCi.8» CALL jlNJR)«ASolT ,12.12.'

c
C-- CALClUTE SAT

00 1060 1=1.12
00 lObO .,l;l.12
SAT<I.J>=O

00 lObO It.:l.U
SAt( I.J >=SI,TCI.J >+S< I.K >*1( J ,K)

C
C-- CONVERT TO HALF STORAGE MODE rsv COLtMIS

KGOOF~

00 1090 1:1,.12
IF (UIT(I>.EQ.O .OR. ASlTCI.I>.LE.O) GO TO 1090
I(CDQF::KCDQF+1
uec.c lGOOF >=u,,< I)
DO lOBO .J:I.1.41

IF <lMT< J).ECI.O .OR. ASAT< J.J).LE.O ) GO TO 1080
L:t.+l
ST!FF<l >=ASAT<t.J>

lO8O CONTDI.E
1090 COOlTIILE

IF < BTEST< I:a.G.]) ) THEN
l«ITE <6.·) ·KCDQF· .ICCDOF.'U«G :' .<LJ«CCI) ,I=LKGDOF)
CALl LMAnnccSTIFF<LI(G+1 ),ICl.KGOQF ,< L-lKG).
'EL8ENT GEOIETRIC STIFFNESS <.....n LOAD)')

EIIlIl'
ENlIF

C
C--- RELEASE lJIJSED STORAGE

LSD IREblStt-l

998 SCI.J):O ELE055<O
C ELE05550
C--- LUII'ED MASS FORM OF GEOMETRIC STIFFNESS ELE05S60

IF (KCDotT.&<2)4Eq.J) TJ£N ELE05570
Fl:lJlEIjGTN ELEQO;580
S< 2. 2>= Fl ELE05590
S< 2. 8>= -Fl ElE05600
$( 8. 2>: -Fl ELE0S610
S< 8. 8>= Fl ElE05620
S< S. S>= Fl ELE056SO
S< ~. 9>:: -fl ELE05640
$( 9. ~>= -Fl ELE05650
s< 9. 9>:: Fl ElE056bO

C ELE05670
C--- CONSISTENT JICASS FORM OF GEOIETRIC STIFFNESS ElE05680

ELSE IF (KGllATA<2).EQ.2) TIEN ELE05600
S< 2. 2>= FZ ElE05700
$( 2. 6>: 02 ELE05710
s< 2. S>:: -FZ aEosno
$( 2.12>: E2 ELE05750

S< 6. 2>= DZ ELE057itO
S< 6. 6>: AZ ElEOS750
sc. 6. 8>: -oZ ElE05760
$( 6.12>: C2 ELEQO;no

SC 8. 2>= -fZ ELEOS780
$( 8. 6>: -llZ ELE05790
s< 8. 8>= FZ ELEOS800
$( 8.12>: -U ELE05810

SC12. 2>= EZ ElEOS820
sc 12. 6>= -ez ElE058SO
SC12. 8>: -U ELEQO;8W
SC12.12>: 8Z ELEQO;850

C ELEOS860
S< s. S>= F:V ELE05870
s< S. 5>= -ov ELEQli880
S< S. 9>= -FV ElE05890
S< S,il): -EY ElE05900

S< 5. 3>= -OY ELEOSQlO
se 5. 5>= AV ELEOSQ20
s< 5. 9>:: f1!f ELEOS9S0
S< 5,11>:. -ev ELE05~

S< 9. S>= -FV ELf059S0
S< 9, 5>:: DV EU05%O
S< 9. 9): FV ELE05970
S< 9,11>= EV ELEOSQ80
sell. 3>:: -Ev ElE05990
SCll. 5>:: -tV ELEObOOO
S( U. 9>: EV ELEObOlO
S( 11.11 >= BV ElE06020

ENJIF ElEObO~O

IF <BTEST<III.IG.8» CALL IoIU.TRX< S .12.12.' KG -LOCAL COORO ') ELEOOO'tO
ELEObOSO
€LEObObO
ElEOW10
ELE06080
ElE06090
ElE06100
ElE06110
ELEOblZO
ELE06BO
ELEObl'tO
ELEOb1SO
ELEO&lbO
ELE06110
ELE061SO

AItKC-" .) ELEO&l90
ELE06200
ELE06Z10
ELEOb220
ELEOb2~

ELEClb2'PO
ElE062Sa
ELElJ6260
ELE()t)270
EU()t)280
ELEOtlzqo
ELEOb5OCJ
ELE06Sl0
ELE06S20
ELE065~

ELEObS40
ELE06SSO
ELEOt:.560
ELEOt:.S7a
ELEOb~3a

ELEOb:';QQ
ELEOb"OO
ELE06'tLO
ELEOb,,20

PRINT CQlIMf DATA ELE()E,..~
IF <FIRST .OR. BTEST<IBlC,n .OR. BTEST<IBlIG,8) ) WRITE (o.19Z) ELE06~'ta

191 WRITE<6.19S) NAIE,IELNO.JlCAT .NODEI.NOOEJ,IRELC.LENGTH. ELEG6"SO
& VV<!),VY(Z).VY(S).XS.-)(E.PC.G ElEOb'">O

C ELEo6,,70
192 FORMATU' ELEMENT 08. so BEAM ELEMENT" II ELEOb,,80

& T22.·. NATl START EN)'. REl CO' ,SX •• LENGTH' .5)(. ELE06"'qo
& 11C'-'),' V-AXIS ELE06500
& 12('-' ),' STMT OIST EN) OIST PtC;G') ELEObS1a

195 FORMATClX.A15.H6.2X.A.lP.G12,ft.OP. ELEObS20
& F9.5." 1" .SP,F9.5.' J' ,F9.5,' K' ,IP.SS.SG.l2.'io) ELE065'SO

RETLl!H ELE065<O
c=====:===:====--== DETERMINE GEOMETRIC STIFF ==::==:::============ELEOt:.550

200 CONTINlE ELE0t0560
C- KG IS OETERMItED FOR , OOT LOAD WITH IOPT:!. ELE0t0570
C- THE ACTUAl LON) <PCEO.O IS DETERMINED HERE. ELE06580
c- ICG IS JlU.TIPlIED 8V PGEOM I4£N TIE: TOTAL STIFHESS IS ASSEHBlEO ELE06590
C- IrECATIVE PGEOM rs COtFRESSION.... ELE06&OO

AXIAl:STEST< REI.. .6) ELE06b10
C ELEObb20
c-------- CETERtmE Tl£ AXIAL LOAD TO BE USED FOR KG... ELE06o~

IF <lXlAl) Tl£N ELEObb"O
IF <KGOAU<l).EQ.1> nEN ELE06bSO

PG[(1II = PIl:G ELEObObO
ElSE IF (I(GDATAC1>.£Q.2> THEN ELEOb61a

PGEOM = O.50It(F<1>-f(1) ELEObbBO
EhOlF ELE06690

E~U RE06100
IF <STEST<IBUG,7» NRITE(6,1t) 'AXIAL. ••AXIAl.' PGEOM:' .PGEOM ELE06110

C ELE06720
RETl.RN ELEob'~

C===::;========= DETERMINE STlFFtESS ==:::====================ELEOtol"a
500 CONTIN.E ELED67S0

ELE06760
ELED6770

ELEo<!;OO
ELEO<S10
ELEO<S20
ELE09350
ELEO<~

ELEo<SSO
ELEO<S60
ELEO<=
ELEO<580
ELE09S90
ELE~

ELE"""10
ELE"""20
ELEll<'30
ELE""""
ELEow.;Q
ELE.,....,
ELE"""70
ELE"""""
ELE"""OO
ELE(]<t500
ELE0<510
ELE0<520
ELE0<5SO
ELEO<'i5O
ELEO<56O
ELE0<570
ELEO<58O
ELE0<500
ELE"""'"
ELE_I0
ELE0<620
ELE_30
ELE~

ELE_SO
ELEO<f66O
ELE_70
ELE"""""
ELEOlt690
ELEOtt700
aea-.710
ELEO<ono
ELEOtt13O
ElE~7ltO

ELEO<o750
ELEQl,76Q
ELEO<770
ELEO<780
ELE0lr790
ELEl>o8llO
ELEQl,810
ELE~

ELEO<o830
ELE00t8..,g
ELEO<o85O
ELEOlr86O
ELEQrHI10
ELEO<o88O
EL.EOlJ.89Q
ElEOOtCOJ
E"lEQo;910
ELE00t920
ELEO'I9S0
ELEo<""
ElEO<o950
ElEa.960
ELE....70
l!LEo-o.qo
ElEO<o_
ELEOSOOO
ElEOSOI0
ELEQ0;020
ElEOSOSO
ElED5O<O
ELEOSOSO
ELE05060
ELEOS070
ELE05080
ELE05000
ELEQO;IDO
ElEQliUO
ElECI5l2O
ELEQO;UO
ELEQO;l<o
ELEQO;lSO
ElEOS160
ELE05170
ELEQO;I80
ELE05190
ELEOQOO
ELE0S210
ELEOS22O
ELE0S2SO
ELE052iO
ElE052Sll
ELE05260
ELE0S270
ElE05280
ELE05290
ELEQO;!;OO
ELEQO;510
ELEQO;S20
ELEQO;S50
EL£053..a
ELEQO;SSO
ELEQO;S60
ELEOS370
ELEQO;580
ELE05~90

ELE05'OO
ELEOS't10
El£OSIt20
ElECIli'tSO
ElEQSIt..a
ELE05lt50
El£054OO
ElE~70

ELEQO;.SO
ElEOSIt90
ElEll5500
ELEQO;510
ELEQO;520
ELEQO;5SO

BY COLLOIG

..- IMlICAIES
LOCArION OF OA fA
DI IIlRAV STIFF

61015212836",506678
$: 9 1ft 20 21 'S5 ~ ~ ~ 77
." 8 B: 19 26 S....5 5:5 ~ 76

712182533<2526375
U 11 2'" 32 ..1 51 62 7~

162SS1<OS06175
2230~9 ..960n

29SS..aS971
S7 it7 58 70

<6 57 69
5668

67

1 3
2

l::D
lELOOF:O
DO ':10 1::1.12

IF (LMT(I).EQ.O .OR. ASAT(I.I).L£.O) GO TO 90
IELOOF=ta.OOF+l
LM< IELDOF )::lJI'T( I)
DO SO J:I.l.-l

IF <LMT(J).EQ.O .OR. ASATeJ.J).LE.O ) GO TO 80
L;l ..l
STIFF(L ):ASAT(I.J)

80 CONTIN..E
90 CONTlMJE

IF { BTEST(IBlG.1> ) T~
I4flTE (6. 1t ) 'LMT=' .LlfT
WRITE <0.'") 'IaDOF" .IELOOF."LM :" ,<LM(I).I:l.mOOF)
CAll LMATIt)«STIFF.ICl.IELOOF.<L+l).·ElEJENT STIFArESS')
IoIRITE <6. 1t ) ·KGDATA:·.KGDATA.· PIl:G;' .PKG

ENlIF
C-----------
C ASSEMBLE GEOMETRIC STIFFNESS ICAT~IX FOR A lMlT LOAD•••C-------------------------

LKC,:t.
IF ( PlCG.EQ.O .AMl. KGllATA<I).1E.2 ) TIEII

AXIAL: .FALSE.
RE!..=IBCLR<REL.6)
GO TO lSO

ENlIF

C
C--------- CETERMINE THE AXIAL LOAD TO BE USED FOR fC;G•••

IF (KCOATA<l).EQ.l) THEN
PGEOM: PIl:G

ELSE IF (KGDATACl).EQ.2) HO
PGEOM = O.SOIt<F(l>-f<7»

ENlIF

C
C-------- OETERHltE IF AXIAL ~ORMAnON IS CONSICERED
C BIT lib OF REL IS TRlE IF AXIAL CEFORMnON IS cDNStDERED

00 949 1=1.5
CS:.CT:i<I.1)
CE=cTE(I.1)
IF (A8S(CS).LE••0001 .AIrI). ABSCCE).L£••0001 ) GO TO 9'99
IS=IOOF(JOINTl.!>
IE:lOOF(JOINTJ.I>
rF <IS.EQ.IE) GO TO 999

REL=IBSET<REL.b)
qqq CONTINUE

C

C
C-- DEGREES OF FR£EDOM
c REMOVE OOF'S THAT ARE COMSTRADEO TO nE SIIE DOF •••

DO 75 1::1.0
IF ( IOOF<JOlNTI.I>.N::.IDOF(JOIHTJ.I> ) l1EN

UtTeI )=IDOF'c JOINTI.I>
LHTC I+6>=IDOFc JOINTJ.t)

ELSE
LMT<I >= 0
LMTCI+6>= 0

ENOIF
7'5 CONTINJE

C
C-- CAlCl.l.ATE ASAT

DO 70 1=1.12
00 70 J:l.12
ASAT<I,J)::O

DO 70 K:l.12
70 ASAT< I.J)--A$ATc t.J)+A( 1.1( )*SAT<IC.J)

IF ( STESTclSUG.8> ) CALL IMATRX<ASAT .12..12.' &SAT .. )

$( 6. 8) :-526
S< 6.12> :: C
S<7.7>::H
S< 8. 8> :: S22
$( 8.12) :-S2l2
Sc 9. 9> ::: S:SS
S< 9.11) :: sSU
S<10,10) :: Q .. I(TJ
$(11.11) : BJ
SC12•.12) :: A.J
S< S. 5> :: S( S. 5>
$< 6. 2> :: SC 2. 6>
S< 7.. 1) :: S< 1. 7)
$( 8. 2) : $( 2. 8)
s< 8, 6) :: SC 6, 8>
SC 9, $> :: $< S. 9)
S< 9. 5> :: SC 5. 9)
S<10, ~) :: SC ~.10)

S<11. 3) : $( 3.11)
S< 11. 5) :: S< 5.11)
sell. 9> :: S< 9.11)
$(12. 2) : $( 2.12)
5<12. 6) ::: S< 6.12)
5<12. 8> :: SC 8 •.1.2)

C
C---- CONVERT TO HALF STORAGE IIOOE
C
C
C
C
C
C
C
C
C
C
C
C
C
C
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GO TO 810

=====- PRINT MAllI..... aaEHT LOADS

MAT = RINJUT< 1)
CALI. MATUB
< 0 .LSTT't'P ,FALSE , IREl..FAlSE. NAME ,EESE.EPSE.DUCT .EXCR.

FT ,F .R! .R ,v .1Jl. ,LELE" ,L.MAT •
NAT , NAITVI'.SE.IElNO.DAMAGE)

ISE=ISE+LEL£M
RETlJlN

ENGOAT< 1) = EESE
ENGOAT(2) = 0

RETUlN

00 620 LOAll:l.N.OAD
00 610 I=l.S
GFEM<I >=0.
GFEMCI+5>::O.
GFEM< 1>6 >=0.
GFEM<1+9>::O.
00 610 J=l,S

D1:fEM<J , LOADl
02:=FEIikJ+5.LOAO)
OS:F80:J+6,LOADl
~=fEM(......q.LOAD)

GFEMCI ):GfElikI ~TS<I.J);t()l

GFEM<I.S):GFEMCI.S)+ 8$(I.J)"01 • CTSCI.J)*02
GFEIik I+6>=GfEMC 1+6 >+CTE< I.J )-05

610 GFEM<I.9>=GF"EMCI.9)+ BE<I.J)*05 • CTE<I.J)~

IF (BTEST<IBUG,7ll Tl£N
HRlTE<6.*) 'mNO" .mNO
C.ALL ltUoTRX< FEM ,1 .12."LOCAL FIXED 00 FORCES")
CALL lMATRX<CiFEM ,1 •.12.·GL.OBAL FIXED 00 FORCES')

BIlIF

00 620 J=1.6
JI=IOOF<JOIHTI,Jl
JJ=IOOf< JOINTJ.J)
FORCE< Jl .LOAD >=FORCE< JI.LOAD>+GFEM< J )

620 FORCEeJJ.LOAD>=FORCE(JJ.LOAD~J+O)

IF <BTEST< IBUG.7> ) TI€N
CALL IINTRX<FORCE .1I)OF.N.OAD.·CL08AL LOAD MATRD<')

BIlIF

ELE08040
ElE08050
ELE08060
ELE08070
ELEoaosO
ELE08090
ELE08100
ELE08110
ELEo8120
ElE08l30
ElE08hO
ELEOS1SO
ElE08160
ELE08170
ELE08180
ELE08l90
ElE08200
ElE08Z10
ElE08220
ELE08230
ElE08240
ElE082S0
ELE08260
ELE08270
ELE08280
ElE08290
ElE08SOO
ELE08S10
ELEo8S20
ElEOSS30

RETUlN ELE08S40
C ELE08SSO
C--::;:::;;==::;== /11I'11£ NaIlER FORCES TO OlIl'PUT FILE ;:;::;:;::;=====:;:ELE08560

700 CONTIM.£ . ELEOSS70
C ElE08SS0

IooIRITE (!\MIT ,710) NlXEI.CFTeJ) •.hl.o>.NOCEJ.CFTCJ>.J;] .U> ElEOSS90
710 FORMAT (I6.lP.6G.l2.S)· ELEOSolfOO

C ELEOS IO
RETURN ELEOS 20

C ElE08~50

C=======:;=== READ AN) PRINT MEItEJl FORCES FROM OUTPUT FILE ====ELE08"~

800 CCHTlII.E ELE08'050
BACKSPACE< ItJraT) ELEOS'i-60
READ (IUNIT ,. ) ITVPE.IaNO.Dfl'ITE.TO.DT ELE08"70
..ITE (6.805> ELE~80

I~TEP=-IWRlTE ElEOa~90

lUO READ (IUNIT .81S.ENb:8SO> ELE08Soa
& NOOEI.(FTeJ>.J=l.b>.NOOEJ.<FTCJ> •.rJ.12> ELEo8510

815 FORfUT <16.bG12.5> ELE08S20
ISTEP=ISTEP... IWRlTE ELE08530
r:; TO.or·ISTEP ElE08S40
IF (MQO(ISTEP.INC).EQ.O> ELEo8560
~ITE (6.820> ISTEP.r .NOOEI.cFT(J).J:l.6>. ElE08570

NOOEJ.cFT<J).J=7.12) ELE08S8O
ELEo8590
ELE08600
EL£08610
ELE080ZO
ELE08&SO
ELE086'tO
ELEO&;SG
ELEOSbOO
ELE08670
ELE08680
ELE08f,90
ELE08700
ELE08710
ELEOSno
ELE087~O

ELEo8740
ELE087S0
ELE08760
ELEOS170
ELE08laO
ELEoal90
ELEo8800
ELEoa810
ELE08a20
ELE088S0
ELE088~

ELEa8850
ELEo8a60
ELEoaB70
ELE08880
ELE08890
ELE08900
ELEoaq1o
ELE08920
ELEa8q~

ELEO~

ELEOSQSO
ELEOS%O
ELEoaQ7o
ELEoaQao
ELEoaqqQ
ELE09000
ELEQQQ10
ELE09020
ELE090SQ
ELE~

ELEOQQSO
ELEO'106O
ELE09010
ELE09080
ELE09090
ELE09100
ELE09110
ELE09120
ELEO'll50
ELE09l40
ELElN1SO
ELE09160
ELEOQll0
ElE091SO
ELE09190
ELE!)9200
ElE0'l210
ELElN22a
ELEoqzso
ELEOqz~

ELE09Z50
ELE09260
ELEQQ210
ELEOQ2SO

C
830 RETlJlN

e
C===========--==:;= DETERMINE THE LEJGTH aF TlE "'TERIAL DATA

900 Cc.T1tAE
~ST=.L

ISC=O

00 1010 I=l.12
1010 EESE::EESE + <FT<:I>+F<l)4<:R'CI)+RT<I»I2.

C

C
Cc;..-=--==:===;:===== ClJCTIlITIES AN) E>«:t..RSION RATIOS
C NO 0 & E liiI:ATIOS FOR elASTIC ELEMENT

1100 RETLRN
C
C
C
C

1200 CONTINl.E
l.OA02:;:O
IF <FIRST> !tRITE <6.~9l> ' 1lWCDI.M VALUES FOR ALL STEPS

& II' NOTE: JlW(DUt VAllES tUV NOT occt.R SIIU..TANEOUSLV·
I4lITE <6."92) IELNO.lo.t02,N()(JZI.(fMAK<J).J:l.t;o),

NOQEJ.(FMAK< J).J;1.12)

e
C=--========= ~TERMINE HE TOTAL STRAIN Et£RGY

1000 CCHTIMJE
EESE=O
EPSE=O

C
C
C===============:::=--: RESET ELEMENT FORCES
C
1~ CONTIME:

C-- ZERO MATRICIES
00 1540 I:=1.12

FJIW«I);:Q
F (IhO
FT<l)::O
R <I)::O

l5ftO RT<I>::O
IoRITE <6.1SSO) IELNO

1S50 FORMAT <' SO BEAM•••••••• ELEMENT I' .I6.
I.' INTERNAL FORCES At«J HVSTERESIS MOOELS ARE RESET TO ZERO')

FALSC=.FALSC.
LSTTVP::c
CAU MAT\.IB

& (Z ,LSTTVP ,FALSC .IIlEL.FALSE.IWE,EESC,EPSE.OUCT.EXCR.

THE STIFFIESS IS STOIlEl IH STIFF, TIE MoIPING MATRIX IN UI
THESC HAIlE THE <401lAl. AOORESSCS I2XE ANI IZUI•••

Fe 7>: -H*(R( l>-R< 7»
F< 8>=-sz:24t<R< 2)-R( 8)>-SZ61tR( fo>-SZlz-tl'(12)
Fe 9>=-SS5,"<R( SHK 9n.SSSItR<: S,.S5llotfKU)
HIO)= -Q*CR< ")-RUO»
F<ll):-SSU*<R( ~)-R( 9»+ O'"RC 5~1l)
F(12)= S212-efK 2HK 8». C"ft( 6>:+A.J4l1'K12)

C
c-- CALL 8K.OA TO DETERMINE TJE FDCED £hi) FORCES

IF <MAKELO.GiT.0) TlEN
CALL BMLOA< IELHO.FEMFLG.LEJGTH.m .MAXELD.tELD.N..OAD.

& FEM.IEl.D.ao)
ElSC

FEMFLG:.FALSE.
EhIlIF

C
C---- LooP FOR EAOf LOAD

00 4SO LOAD::l.II..OAO

HO
C
C------ INCRlHENTAI. FORCES

F< 1>= H*'(R( 1>-«< 1»
F< 2): S22*<R( 2>-R< 8»+$26. 6)+S2J.24tR'C12)
F< Sl: SSS"<IK Sl-R< 9ll-SSS"tl< 5l-SSll"tl<Ul
Fe 4>= Q*<Re 4~10»
F< 5>=-SS5*<R< :n-Rc 9)J+8I*Rc S)+{)*l:t(ll>
F< 6>: S26*eR( 2H« 8»+'I-RC 6}+C~12)

C
c-- TRANSFORM FRuE OlSA.. INTO LOCAl OISPL

00 ...10 I::l.S
ReI >=0.
ReI+S>=O.
IK I>6 >=0.
IK 1+9 >=0.
00 UO J:l.S

Ol:OISPL<!DOF<JOINTI,J ).LOAD)
D2=OISPl< IOOFe JOINTI .J+$).LOAO)
OS::OISPl<IOQF'<JOINTJ.J ).LOAD)
~::OISPl< IDOF< JOINTJ.J.S).LOAD)

R<I )::ReI )+CTS<J.I)"Ol. BSCJ.I)itQ2
R( I+~):dlCI.~)+CTS<J.I)~
R<I+6):R<I+6)+CTE<J.l>*1B • E<J.I)t"(M.
R<I.9)=R<I.9)+CTE<J.I)~

C
C-- SlJIlTRACT OF FIXED BIl FORCES

IF <FEHFLG) THEN
00 ..20 1=1,12

..20 F<I>=f<I>-FEJr«I.LOAD)
EhIlIF

C
c---- DETERMINE MAXIMl.W VALues Fe:. ......TIPl.E LOAD CASES

IF (N.OAll.GT.1> TI£H
00 ..25 1=1.12

..25 IF < ABSCF<I».CiT.A8SCAWKI») FMAXtI>:FCI)
OOIF

C
C-- PRINT FORCES

IF <STEST<!8I.Ii.O).ANJ.PR!NT)
& WRITE <6.,,9$> I£UI).LOotD.NOOEt.<ReJ),J::l.6>.
& NOOEJ.<R(J).J;:}'.12)

IF < PRINT> t«m <6.'r9'2) IELNO.LOAO.NOOEI.(F<J) •.J:.l.6>.
& NIX1EJ.<F<J) •...I=1.12>

C
...50 CONTINl.E

C
C-- CAl,ct,uTE IEMIIElf FORCE CH JOINT. ANI AOIl TO lNlAl..INCEIl FORCES
C THIS IS USED TO CALC t.JrIW..MCED FORCES.

00 '"'l 1:1.3
Il;:IOOF<JOlNTI.I )
12=IOOF< JOINTI.I+S)
Jl::IDOF'< JOINTJ.l)
J2=lOOF< JOINTJ.I.S)
00 "'" J=l,S

FlIkn):fUB(Il,+CTS<I.J)*(F<J )+F'T<J »
FlII<!2>:FUB<!2).8S<I.J)*CFeJ >+FT<J »
FlJ8(I2);flJ8( I2}+CTS<I.J)-<F< J.S)+FT( ;.s»
FlJ8( Jl);:flJB( Jl )+(1£< I. J)*( F< M)+fTc J+4»
FUB< J2>::Fl.6<.J2)+ BEeI.J)*(F< J+6 )+FT( J+(,»

FUR< J2)::Ft,8( J2 >+CTEe I. J >*( f< J+9 )+FTc J+9»

C
c':'_- TOTAL FORCES AN) OlSPl.AC9ENTS

DO 510 1=1.12
FT< I )=FT<I >+Fe I)
RT<I)=RT<I)+R<:I)

510 IF < ASSCFT<I».GT .A8SC AWK I» ) FlWC<I>=FT<I)
520 FORMAT <' I;·.U.' R:· •.lP,Gl2.~,· RT;·.GJ.2.~.

& • F:' .lP.Gl2.~.· FT:' .W.,.)
LOAD::1
IF <BTEST( ISUG.O).AtIl.PRINT>

& WRITE <6.~95) taNO.LOAO.NOOEI.<RT(J).J=l.,fa).
& NODEJ.<RTeJ).J:l •.12)

IF < PRINT> laITE <'.~92) IB.NO.LOAO.NDOEI.<FTeJ).J=1.6).
& NOOEJ.(fTeJ),J--1.12)

C
C---- AOO FIXEO EIIl FOICES TO LOAD MATRIX

aE06780
ElE06790
ElE06800

.RETURN ElE06810
C=~~:;;;TIHJE======l£TERMIt£ IHCRDENTAL FORCES ======l~ELI.EEI=

IF (PRIHT.ANI.FIRSTl WRITE (6,091l sTEPm ElE06840
El.E0685O
El.E0686O
ElE06870
ElE06880
ElE06890
ElE06900
El.E06910
El.E06920
El.E069Sll
El.E069'iO
El.E06950
El.E06960
B.E06970
ElE06CJ80 C
El.E06990
El.E07000
El.E070l0
ElE07020
El.EOlOSO
El.EOlO'iO
a£07050
El.E07060
ElE07070 C
ElE07080
El.E07090
ELEallOO
El.E07110
ElE07l2O
ElE07150
8.£07140
ElE07iSO
ElE071..,
ElEal170
ElE01180
ElE07190
El.E072OO
El,fOnlO
aE07220
ElE07230
ElE072'Kl
El.E072SO
ElEonoa
ElEDnlO
ElEonao
ElEo7290
ElE07SOO
ElEOlSio
ElE07320
El.E07S5O C
a..E07S40 805 FORMAT </' 3D BEM FORCE:S••• • ,/
ElE07550 , ' STEP TIlE HODE' .nc.· AlWL' ,llX,'FV' .1Sl<, 'FZ·.
B.£07S60 , llX.·TORSIOH· ,1OX.'MY' ,l3X.'MZ·)
ELEa7$1O 820 FORMAT <I.IlO.1P.cas.5.CP.I6.lP.6G1S.6•
ELEOp;sQ '125X. to. 6Ia5.6)
ELE01S90
ElE07_
ELE01"'10
B.EDl,.,2O
ELEDl,.SO
El.E07"'"
ElE01~

El.E07'i60 C
ELEOl,.lO
a.eDl~

EL£07,.OO
ElE07';OO
El.EQ7';lO
ElE07'i2Q
aE07S5O
ElE07S4Q
ElE07S50
El.E07S60
ElE07S70
ElED7580
B..E01S90 C
ELEOl600
ELEOl610
ElE07620
ElE076SO

"91 FORMAT <r SO BEAN FOP.':ES••• ' .5)(." E1.EOl6...o
&. ELEflENT LOAD NODE' .]X.'AKlAL' ,llX.'F¥' ,lSX.·FZ·. aEOl65Q C
& 11x.· TORSION" .1OX. 'M¥' .BX.'MZ·) ElE07660

..92 FORMAT U.IlO,I5.2)(.·FORCE' ,I6.lP.6oClS.6. ELE07670
& /15)( .2><. 'FORCE' .16. bClS.6> ELEOl680

49'S FORMAT <I.IlO.I5.2>C. 'OISP"" .I6.lP.bCl5.6. ELE07690
& 11S>< .2)(.'OISPL· .1&. 6G1S.6) a.ED7700

RETl.RN ELE07710

C=SOO=~o;;Tm.;~=== OETERIlD£ TOTAL FOICES =======~~~

IF <PRINT .AtrI).flRST) t«ITE <6.~91) STEPm EL£077~

ElE07750
ELE077&O
ElE07770
ElEon""
ELEOlSOO
ELEo7820
ElEOlaSO C
ELE078~

ElE07llSO
ELE07860
ELE07870
ELEOl880
ElEo78'lO
ElE07900
ElEO"'10

RETURN ELE01920
c El.Ea19SO
C========================= OETERMItE FIXED EN) FORCES. AM) AOO TO FORCE=ElEa79'oO

000 IF (.AllELD.LE.O) RETUlH ElE07950
C aE07960
c------ CALL !M.DA TO CETERMDE 1lE FIXED EfrIJ FORCES Elf01910

CALL 8It.0;l( IElNO.FEMFLG,LElliTH.REL,IW<EUl.t£lD.N.OAll. ElE~

& FEt4.IELD.ELD) ELE079'kl
FEMFLG=FEMFLG ELf08000
IF (.NOT. FEIFLGl RETURN El.EOB010

ElE08020
El.EOSOSO
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C
C--- GET 11.08M. CONSTRAINT MATRDC BS, BE
C
C

ELE01160
ELE01170
ELE011SO
ELEOll90
ELE01200
ElE01210
ELE01ZZO
ELE012S0
ELE012'tO
ELE01ZSO
ELE01260
ELE01270
ELE01Zao
ELEOl2'1O
ELE01S10
ELEOlSZO
ELE01SSO
ELEOU'"
ELE015SO
ELE01S60
ELEOlS70
ELE01S80
ELEOH90
ELE01000
ELEDH10
ELEOH20
ElEOl,,50
ElE01"otO
ElEOl"SO
ELE01~

ELEOl,,70
E~E01480

ElE01<,QQ
ELE01500
ELEo151O
ELE01520
ELEQ1550
E~Eo15...0
E~EolSSO

ELEOl560
ELEo1570
ELE015SO
ELE01S90
ELEOl600
ELE01610
E~E01620

ELEo16;;O
ElE016...0
ElE016S0
ElEo1600
E~E01670

E~E01680

E~E01690

E~E01700

€LE01llO
ElE017ZO
ElE017>O
ElE017...o
ElEOllSO
ElE017t>O
ELEOl770
E~EOll80

ELE0174()
ELE01BOO
ELE01810
ELED18ZO
ElE01SSO
ELE018oloO
ElE01SSO
ELE01860
ELE01S10
ELE01S80
ElEo1980
ELE02080
ELE02OQO
ElE02100
ELEo2110
E~E02120

ElE02BO
ElE021-.tJ
ELE021SO
ELE021toO
ElE02110
ElE02130
ELEO:zl90
ELEo22(X)
ElEOZ21.0
ELEo2220
ElE022SO
ELEOZ240
ElEo2Z50
ELE022~

ELE02270
ELEo22SO
ELE02Z'IO
EUOZ300
ELEOZSIO
ELEOZSZO
ELEOZS::;O
ELEOZSOrO
ElE02~SO

ELE02SbO
ELEo2S70
ELE02S80
ELE02390
E1E02<,00
ELE02410
ElE0242Q
ELEOZ"SO
ELEo2".;.a
ElEDZ<,;o
ElE024b{)
ELEOZ...70
ELEo2480
ELE024QQ
ELEOZSOC
ElE02510
ElEo252D
ELE0259J
ELEDZS"O
ELEOZSSll
ELE02SbO
ELE02S70
ELEOZ580

.)

.)

REMOVE oaF'S THAT ARE CONSTRAINED TO HE SAME OOF ....

RDAJTC 1)
RDAJTC 2>
RINPUT( Sl
RDl'UT< -<,>
RNlUT( 5l
RIf*lUTc 6>
RINPUTC 7>
RDl'UTC 8)
RINPUTe 9)
RnPUTClD>

J=I
IF (I.GT.6) J: 1-6
IF C IDOF<JOINfI.J).EQ.IOOF<JOINTJ.J> > GO TO so
IF eI.LE.6) THEN

l"TI;IDQf(JOINTt.I>
ELSE

UHI=IOOF< JOINTJ.J>
EIilIF

Al:O
A2=O
IF <I.LE.S) HEN

IF <KTVPE.LE.$) A1=CTSCI.KTYPE)
ELSE IF <I.LE.6) nEN

IF <KTYPE.lE.S> TIEN
Al=llS<I-5.KTYPEl

ELSE
Al=CTSCI-S,KTVPE-S>

ElIlIF
ELSE IF (LL£.9l HEN

IF cKTVP£.LE.S) A2:e!E(I-6.KTVPE')
ELSE

IF <KTVPE.LE.S> llEN
A2:8E<I-9.KTVPE>

ELSE

IF (KTVPE.LT.l .011. KTVPE.GT.6l Tl€N
HiITE<6.l02> IELHO.NOOEI.NOOEJ.ICTVPE
FORMAT<lX.2Q(· ...• >,'ER' •• RQR - INVAlID KTVPE' ,I
SlC,'IaNO:' .I5.5X.' JOINTI=' .15.5X.· JOINTJ:' ,15,
5X.'KTYP'E:· .IS./
5X•• REVISE IN'UT 1 LE ItTVPE L£ 6 ••••••••••••• ' I)
L.EhGTH=l.O

EIilIF

IOAT
~

~J
<TYPE
>UN
Wel)
W(2)
YV(S>
l<S
><£

IF ( BTEST<IBI..G.l> ) T~
CAll.. lMATlnc(BS. :5. S.·as
CALl ""rRX<SE. 3. S.'BE

ENlIF

lOZ

•••

lOS

101

•••

C
C-- GET INTERNAl NODE • ASSOCIATED WITH EXTERNAL NODE .' S

JOINTI=IQlJICl«~.IO.lNlOEl

JOINTJ=IQUICl.( NCOEJ.ID•..,;n:).

C
C
C GET GLOUl. TO LOCAl TRANSfOllMATION IOATRIXC----__-----------
C-- DEFINE VECTOR )(. LENGTH

11)( 1>=COORO< JOINTJ.1 >-C00RfXJOINTt,1 )
IJ)« 2 >=COOIlO( JOINTJ.2 >-COQRO( JOINTI •2 >
Vl« S>=COOOlI)( JOINTJ.Sl-COOIlO< JOIHTI.S l
LENGTl+--SQRT< '1)« 1 >-2.VX< 2 )"2.V)« $)-2>-XS-)(I:
IF (lENiTH.EQ.O) TlEN

00 lOS U=l.S
VJ«ll>= COSINE(l,II.JTCOS<JOIHTI»
W< II >= COSINE< 2, II .JTCO$( JOINT!»

LE...tH:l..OO
ELSE

L£NGTH:LEHI;TH-KS-)CE
EIilIF
IF OQ..EN.HE.O) TlEN

LENGTH=lClEN
llS--<l
><£=0

ENlIF
IF <lENGTH.LE.O> Tl£N

WRIlE<6.l01) IELNO.JOINTI.JOINT J.LENGTH
FQRIoIAT<lX.2Q(··'>,'ER·,'ROR - LENGTH IS LE 0',/
5X. 'IELMO::' ,I5,5)(.' JOINTt::::' ,I5.5)(.' JOINTJ=' ,IS.
5)(. 'lENGTH· .lP .G1S.t,/
SX. 'REVISE lhfIUT •••••••••••••••••••••••••••• •"/)
LENGTH::.l.O

EIilIF
IF ( BTEST<IBUG.7> ) Tl£N

WRITE (6.·) • JOINTS' ,JOINfI.JOINT J
IolRlTE <6.·) 'V)('.VX
IolRITE <6,·) ·W· ,W
"ITE e6.·) 'L.aGTH '.lEJGTH

ENlIF
C-- GET LOC.tL TO GLOIM. TRANSFottMAfION MATRICIES CT AfrI) B

lCS:JTCOS< JOINTI >
ICE=.JTCOS( JOINTJ)
CAll ROf)cyzeV)(.w.COSINE<l.l.ICS).CTS. l<S .0. ,0. ,ss,

I. CQNSTc JOINT!.l ),MA.KNOO>
CAll ROTXYZCVJ(.W.COS!NE<l.l.ICE).CTE.-X[ .0••0••BE.

81 CQNSTCJOINTJ.1).IWCNOO)
IF < BTESTeIBUG.7) ) T.e.

CALL IoIUnUe< CTS • S. S. 'CTS ')
(AU. _TlllC< erE • S. S. 'eTE ')

EIilIF

C
C-- ASSEJtILE TRANSFOItMATION MATRIX A
C I«»TE; A IS OINENSIONEO AS .. 12)(2 MATRI)(. BUT otI..V T~ FIRST IELODF
C RON'S CONTAIN ltEORMATION. THE BAlANCE OF THE MAUIIC IS
C lNIEfIh£D. TIE' CiL08AL 00f COORESPOfI)ING TO T~ ROW'S OF A
C ARE STORED IN VECTOR LN. .t.GAIN. ONlY' THE FIRST IROOF ROW·S
C OF UI AIlE DEFINED.

IElDOF=O
DO so I=l.12

C
c-- ZERO !UTRItIES

F =0
FT::O
R=O
OT=O
V=O
VT:Q
FfIWC(l>=O
FflW( 2>=0

.LElEM •LJlAT ••F ,RT .R ,v
,HATTVP,SE ,IaNO,DAMAGE)

FT
IOAT

IMPLICIT REAl(A-H.o-Z)
LOGICAl. ERR .FIRST .PRINT .Bl.C.FALSE.IEHK.amc
LOGICAl BTEST
CHARACTER"'SO NAME
CHARACTER"'( -) STEPID
CHARACTERfHJ TYP£( 6)
DIMENSION IOOf(!'IAXNOO.6).COOROOWCNQl).6>.COSDE(3.3.NCOS)
DIMENSION COHSTCMAXNOO.6). II)(MAXNOO> .JTCOSOUXNOO)
DlfIlENSIOH $ATc2.12),STIFFC78>
OIIENSION A( 12.2).S<2.2>,UK 12).AWC(2)
OIMENSION Clse S. S).CTEC 5. S).V)(S>.vycs>.vzes>
DIMENSION BS< S. S).8E( S. S>.SECISC>
DIMENSION OISPlchOOF .f&.OAO).fUI(tI)OF)
DI!'ENSION VELOCe N)Of)
DIMENSION FORCE<NDOF.trl.OAD>
DIMENSION RDAJT<lOO>.HORt«6>,Cl£T<S>.E>ccR<6>
REAl LENGTH
REAL Dc_IV .IZ.K.nz.KJJZ.KIJZ.1UIV .K.JJY.J:IJV .ItTI. TVJ
INTEGER REt.RaT
DIMENSION JIOC 15>
DATA ltJ/l.2.4,7 ,ll.16.22,2'9.~,"'6.56.67.~I
OATA TVPEI' AXIAL,.J *AR-Y".' SHEAR-Z·.

& • TORSION', 'B9IJING-v·. 'BEN:lDG-Z·/

GO TO (lOO.200.$OO.<tOO.500.600.7'OO.800.900. 1(IJO,1100_1200.
• 15OO.1_'.IOI'T

100 CONTIt<.E

(

C=~~==~~ o-.;e INlEX
C
1_ OAMAGE = O.

C

C
c-- INTER?ERTATE DI'UT DATA

IELTVP= Z

ElE09290
ElEll9SOO
ELE09310
ElE0920
ElE093SO
ElE~

ElE09350
ELEO'I%O
ELE09S70
ElE09S8O
ElE09390

a.o ElE"""'O

c====_Tl~-ELEoi ================4li=
& <IOPT • ItMIT .I£J« .fIRST .PRINT a.EOOO6O C
& f.ooF .1i.0All .IW<NOO .1NlOE .NCOS ElEOOO70
& ID .IDOF' ,COORD .COSDE • JTCOS ELEQO]8l')
& cON$T .OISPL .VEl.OC ,FORCE .F\.6 ElECIOO9O
& IRa ,SUCi ,IBUG ,ACCEL. .KCiOATA ELEOOIOO
& GRAV ,PGEOM .EL.STIC ,IWE .STEPID ELEOOllO
& IELNO .RINPUT .EESE .EPSI; ,INC ELEOOl20

~ ~ :IELDOF ,HOlE .NQ(EJ .JOINn ~:f~
& JOIHTJ.R ,RT ,F .FT ElEOOl50
& V ."IT ,ISE ,H .LENGTH ELEOOl60
& MAT ,A .UI .JtTVPE .FMAK ELEOOI10
8o:iE .STIFF ) ELEOOl80

ELEOOl90
ElEOO2OO
EI.EOO2l0
ElEOO22O
Elf002""
ElEOO2'O
ElEOO25O
ElEOO26O
ElEOO270
ElEOO28O
ElEOO29O
ElElmOO
ELEOOSIO
ElEOOS2O
ElEOOS50
ElEOO5..,
ElE""'"'
ElEQIHl;O
ElEOO=
ElEOO'..so
ElEOO590
ElEOO'oQO
EUOOttlO
El.EOOO20

C EL£00tt~

C----- ------------------.~_
C VAR1A8L.ES: ELEOI>t5O
C ELEOl106Oc---- CiLOBAL VARIASLES ELEaK70
C lOPT :: 1, INITIALIZE BEAM COLl,'" ELEIENT ELEOlJIttD
C = Z. CAl.C\UrE GEOMETRIC STIFFtESS ElEOOO90
C :: 5. FORM STIFFlESS EUOO5OO
C ::: Op. CALClJ.ATE INCReENTAL. FQRC£S EU0D510
C :: 5. CALtu..ATE lOTAL FORCES ANJ E1ERGlES EUODS2O
c Il.I\ItT :: OUTPUT FILE !MIT • FOR PRINTING OUTPUT EUOO5SO
C ERR = ERR 011 FlAG. IF IlH ERR 011 HAS 0CCl.IlED. ERIl:. T1lIJE. ELEOO5OO
C FIRST :: FLAG. FIRSI=.l'Rl.£•• PRINT HEADERS EUaJ550
C PRINT :: FLAG. PRINT::, TR\.E•• PRINT DATA ELEOOS6O
C~ ::. OF GLOBAl,. [)(If ELEOO51O
C N,.OAO ::. OF LOAD CCfllIJINAfIONS EUOO58O
c IWOIOO :: • RON DIMENSION oF NOOE ARRAV eUOO590
(NIlOOE =. OF ~S ELEOO&OO
c to :: ARRAV OF EKTEIilN.IL NODE JUIIERS ELECOblO
C IOOf :: ARRAV OF DEGREES ~ FREEDOM ELfCJO&20
c cOORD :: ARRAY OF COOROINAfES El.EOObSO
C COSINE =: ARRAY' OF DIRECTION COSINES OF NODES EU~

C CONST = ARRAY' ~ CONSTRAINT TRANSFORMATIONS EUOO650
C DISPL. = GLOBAl. DISPlACEMENT MATRI)( a..EOO66O
C Z = REAl Q..OBAL STQRTAG VECTOR EL£00670
C HZ = INTEGER GLOUL STORTAG VECTOR . EL£00b80
C IZIUT =: ~OCATION OF MATERIAL OATA IN Q.08IL STORAGE VECTOR ELEOO&90
e HAlE = ELEIENT HAlE ElEOO700
C IELNO = ElEIENT NlItBER EU00110
C RINPUT =: DFUT OATA ELEoono
C STIFF =: OUTPUT ELEMENT STIFFNESS (I.PPER TRIAN:iU..AR FORM) ELEOOlSO
C UI = OUTPUT LOCAL TO GLOBAl. STIFFNESS MAPPING "'nux ElECI)1~
C-------- REPENT VARIA8LES ELEOOl'iO
C H.Q.AI.,u.C.8I.BJ.S22.S26.S212.m.SSS.SSll.D ELEOOl60
C = lteJIVIOUAL. TERMS IN TtE RElENT STIFFN:SS <S) MATRIX ElEOO770
C PKG = Ih9UT LOAD FOR F~.tNG r.EOfIETRIC STIrFtESS MATRIX... ELEOO18O
C R = INCRIMENTAI.. DISPLACEtENTs ELEOO790
C RT = TOTAl DISPLIoCElENTS ELEOOlIOQ
( F = IHeRIIENTAl FORCES ELE00810
C FT = TOTAl FORCES ELEOO82O
C L" =: t.0CAl TO GlO8&L S'TIF'AESS MAPPDG MATRDC ELEOO8SQ
C eTS .:: LOCAl TO Q..06Al ROTATION MATRDe START ELECIQIK.Q
e eTE = ~OCAl TO GlOBAL ROTATION MATRIX EN) ELEOOI5O
c as = LOCAl TO GL08&l ROTATED ECCENTRICITY/CONSTRAINT MATRIX STARTEUOOII6O
c BE = LOCAl. TO Q.OBAL. ROTATED ECCENTRICITY/CONSTRAINT JlCATRIK EN) ElED0870
C STIFF = ElEMENT STIFFNESS El£00880
C IEl TVP = ELEflENT TYPE =10 a£00890
C NOOEI = EXTERNAL JOINT ~R. EM> I EL£00900
C NOOEJ = EXTERNAL JOINT ~R. EJrC) J ElEOO'91a
e JOINTI =: OHERNAL JOINT IUlBER. £PI) I ELEOO92O
C JOINTJ = INTERNAl. JOINT ~. EN) J ELEOlJ'ClW
c---------- TEHPROARY VARIA8LES ElECJOQJotO
C VX = VECTOR DEFINING HE ELEMENT IC AXIS ELEOQ9IiO
c VV = VECTOR DEFINING THE EL.EMENT Y' AXIS ELE()OClir6Q
C COSLOC = ~OCAl COSINE MA TRIIC EUCJ0970
C A ; GlOBAL TO LOCAl FORCE TR'ANSFORMAfION MATRDC EL£OO98O
c S =: ElE)£Nl SllFFlESS AT LOCAL COORD. AT em OF FlEXA8LE PART EUOOQCK) C
C SAT ': PRODUCT OF S-A' aE01000
C ASAT = PROOlCT OF "-SAT EU01010
C-' ----€LEOI02O
C ELE01MD
C ElE01000
c------ OtOOSE OPTION El.E01OSO

IF (IOPT.LT.1 .OR.IOPT.GT.l~> EU01060
I. I«11E <6.-) '!NVAlm oPTION IN B..£-QZ. IOPT:· .IOPT ELEOI07O

ElEOI08O
ELEOI09O
ElEOllOO
MDlliO
ELE01l2O
ElEOU50
ElEOU..,
ELE01l5O

138



C
C-- GET SPRING STIFFNESS

FALSE=.FALSE.
LSTTVP=O
CALL MATLIS
< 2 ,lSTTVP .FAlSE .IRe..FAlSE.NAJE,EESE,EPSE. DUCT ,exat.

FT .F ,RT ,R .0. .0. .L.EL.EM ,l.M4T
"'T ....TTVl'.SE.IElHO.OA...GID

, ,12)

BY COLl.IflNS

~ IMJICATES
LOCATION OF DATA
IN MI.fl.AY STIFF

.IElDOF.2,' A

6 10 IS 21 28 Sb .or,; li5 66 78
S 9 li zo 27 55 ¥t ,., 65 77
't S is 19 26 S" loS 5S 6" 16

1U18253S"'2S2t>57S
11 17 2'; ~ 41 S1 62 7"

16 2S 31 40 50 61 TS
2250S9 960n

29 "" S9 71
$7 ~7 58 70

"6 57 69
S668

67

1 S
2

A2=CTE< I-9.KTVl'E-S)
ENllIF

ENllIF
IF <A1.EQ.O .AM). A2.EQ.O) GO TO 50
IELOOF:IELOOF+1
A< IELOOF ,1 ):A1
A<IELOOF ,2)=42
LMC IELllOF ':LIITI

H : SE(1)
I-It:: SE(1)/LENGTli
$(1.1)= HH
S<1.2):-l+t
S<2.1)=-l+t
5<2,2)= Ifi

L=O
DO 70 J=l. ttLDOF

OQ. 70 1=..1.1.-1
L=l+l
STIFF<l)=O

00 70 1(=1.2
STIFF( L)=STIFF(L l+A( I.K )·SAT(K .J)

IF (H.EQ,SE<l» RETURN

IF ( BTEST<IBUG.", ) no
WRITE <6.·) '!ELOOF' ,IEl.OOF.'Uf =' .(UKC).I=l.!ElOOF)
CALl lMAfRX(STIFF,)(J.IElOOF.(L.1>.·SP'RING STIFFtESS')

ENllIF

H : $E(1)
I-tt= SE.< 1 )/lENGTH
S<l,l)= HH
::i<1.2)=-l+t
::i<2.1 >.:-'-'
5<2.2)= I+t

IF ( BTEST<IBUG.7> ) HEN
WRITE <6.·) ·tROOF' ,IEtOOF.·LM =' .(UK1).I:1,IB.OOF)
CAlL LMAfR)«STIFF,Itl.IaDOF.<L.l).·:iPRII«i STIFFNESS')

ENOIF

50 CQNTDlJE
IF ( BTEST<I8UG.7> ) CALL IfItTR)(2< A

70

'70

C
C----- CALCULATE SAT

DO I)Q 1:1.2
00 bQ J:l. IElOOF
SATCI • .J):O

00 tioO K=l,2
SAT< I.J )=$A T< 1 ,J ).5< I,K ).A( J.I()

111 FORMAT (OP,' ZMATR)(C .16,');' ,I15,lP.G20.10)
C--- H IS HE SPRING STIFFtESS
C

c
C----- CAlC\A.ATE ASAT AND CONVERT TO HALF STORAGE MODE
C
C
C
C
C
C
C
C
C
C
C
C
C

C
C---- CAlCl.I..ATE SAT

00 %0 1:1.2
00 ~ J=l.IELllOF
SAT< I.J):O

DO 360 K=1.2
SAT( I.J )=SAT< I.J).SCI.J()*A< J,J()

ELE02S90 IF (PRINT .AMl.FIRST> illITE (6.<91> STEPID ELEO~8SO

ELE02600 C ELEO,,","
ELE02610 C-- LOOP FOR EACH LOAD ELEO~850

ELE02620 00 "SO LOAO;l.N..OAD ELE05860
ELE026SO C ELEO~870

ELE026<O C-- TRANSFOllM FRA>E OISPt. INTO LOCAl. OISPl. ELEOS880
ElE026SO C•• o LOCAL OISPl.. ARE AT THE EhO EN) OF THE sPRDG. n«JS ELEO:S:S90
ELE02b6ll C••• POSITIVE IS TENSION AMl NEGATIVE IS COIAlESSION ELEO~900
ELE02610 R=O ELE03:910
ELE02680 V='J ELEo~920

ElE02b90 00 ,,10 I=l • .IELDOF EL.EO:S:9~
ELE0271JO J=LMC I> ELEOS9<O
ELE02110 An: AC 1.1) E:LEo:S:9S0
€l.EOV2'O 412= 4<I.2) ELE05960
B..E0273O DISP= OISPLeJ,LOAD) ELEOS970
ELE027~ VEL= vElOCC J) ELE05980
ELE021SIl ELEO~990

EL.E02760 R= R .. (ACI.2:>-ACI.l» .. OISPL<J.lOAD> ELEo'tOOO
ELE02170 ,,10 v= v .. (ACI.2)-A(I.l» .. VEloceJ) ElEO'tOlO
ElE02780 C ElEIYt020
ELE02llOO C-- INCRIJEI,lTAI. FORC£S ELEO<OSO
ELE02810 F: H"Il/lEHGTII ELE""",,"
ELE0282C C ELEO'o05O
ELE028Sll C-- ClEO( STIFFNESS AMl CAl.a.uTE lNIAl.AIlCED FOIlCES ELEO<06O
ELED28<O C TIIIS IS Pl!EF0IlIED 0'''' FOR INElASTIC ANAlVSIS ELEO<070
ELE02850 P :FT+F ELE~

ELE02860 IF <-NOT. aSTle) no ELE~
ELE02870 C - SET toP TaI"ORARV - TOTAL LOADS. DISPL!S AN) VELOC ELEO.,1oo
ELE02880 Pl.:FT ELEO< UO
B.E0289O 0 ::<RTi'R )/LENGTH ELE04120
ELE02'!OO llL:RT ILENGTH ELEO<150
ELED2910 VC=VT+V ELE~l.;.o

ElE02920 Vl;::VT ELE04150
ElE029SO C - TRANSFER PERtW£NT HYSTERESIS DATA TO TEMPROARV STORAGE •••ELEoo.l60
ElE029'ftO ISE2=lSCI2 ELEO't170
ElE029'iO 00 ..15 I=l,ISE2 £L£00..180
a£~ H5 SE<I.ISE2J=SE<I> EIE()oj.1QO
ElE02'7D ~- CALL HvST I«)(EL TO GET ~w STIFFtESS .wJ ElEo 200
ELE~ THE TOTAl FORCE P AT OI:iPL O. ELEO Z10
ElEOzqqo MOPT=3 ElE04220
ELE05COJ CAlL fltATLIB ELEO...250
ElEOSD10 <MOPT ,L.STTVP .FAlSE ,IREl,FAlSE,NoUE,EESE.EPSE, DUCT ,EXCR, ELEQot.2~

El£05D20 P.PI...O,OI...VC,1Jl ,LELEM ,L/'tAT. ELEoo.250
EL£OSQ5D MAT .IUTTVP.SE<ISE2.1),I£LNO.0AM&GE> ElEO'r260
E1.E0SlK0 IF (SE<ISE2..U.JrE.SE<l» t£l«;. TR\£. ELE0lt270
ELEOSOSO EM>IF ELEQ<.280
ElE0506Q C ElEO...290
ELEMOlO C-- SAVE PEAK VALUES FOR I'U....T!PLE LOAD CASES ELEO.. :;OO
ELEOS08Q IF (fLOAD.GT.1 .AN). ABSCF).GT.j8S(FJW« 1» ) THEN ElEo-.no
ELEO$09O FM.l)(!):=f flEO"'520
ElEOSlOO FMAX( 2):;:R ELEO't:;~

ELEOSllO ENJIF ELEo-.540
ELEOSl2O C ELEo-.5;o
ELEOUSO C-- PRINT OAT.. ELEO't$bO
El.E0Sl<WJ l-I1: H/LEHGTH ELEO"t:i70
ELEOSlSO IF <PRINT> "lYE (6."92:> IElNO.LOAD. TVPE<I(TVPE).NOOEI.NOClEJ,F.R,i+ElEQ4.530
aEMlfioO C ElEO'tSQQ
ELEOSl1ll <so CCNTDU ELEo<"""
EUOS18Q c ElEoo."'10
ELE05190 c-- CALc.u.ATE TIE l.JrIIM..ANCEO /ISlER FORCE ON A JOINT. ELEo-. 20
ElEOS2DO UBA.= ~+fr..p ELEO ~

ELE0S210 F : F ELEQ't~O

ELEOS220 FT : FT ELEO....;o
EUOS2SO p : P ELEO<t'tW
ElEOS2ltO IF (BTEST<IBU;.1) "Ire (6,"9$) F.FT.P ElEO<o"70
aEomo DO ....a I:1.LEUlDF ElEIJot6,SO
ELE0S260 J=lM( I) ELEQolI.'ocao

PRINT cou.... OAn ELE0S270 AU: ACI.l) ElEO<t;QQ
IF (FIRST .OR. BTEST<IBUG,1) .OR. BTEST(IBUG.8) ) I«ITE <6.192) ELE0$280 A12: 10(1.2) ElEo....r;10

191 'lRITE<".193) NAME:.IELNO.MAT.NOOEI.NOOEJ,TVPE<I(TVP£).LEN::iTH, aEOS29O Fl8(J)= F1.8(J) • <11(1.1)-.1(1.2» • IAJAL ELEO..S20
.. W(1).VV(2).VV<S>.XS.-lCE ELEOS3OO IF <BTEST<ISUG.]» ELEQooS:;O

C £lEOSS!O , IoRlTE (b."~) (II.Ut<II).FL8<II).II:1.IELDOF) ELEO<oS..a
192 FORMATU' aEMENl' 02, ONE (LOCAL> OOF SPRING ELaENT'l/ ELEOSS20 ~ CONTItrA£ ELEO<oS;o

10 T22.'. MATL ~TART ENJ' .2>C.·-TVPE-· ,blC,'LEN:ioTH' .sx, EL£053SD C ElE~libO
& 11('-' ).' V-AXlS '. EL£0$3-W> 1091 FORMAT (I' SPRING FORCES••• • .5X••' ElEOOo.,70
& 12<'-'),' STAAT OIST EIIl OrsT') ELEOS!50 ... ELEIENT LOAD',Tl',' TYPE'.' NOCEI',' NODEJ', ELEo..S80

193 FORMArox.,uS,otI6.2:H.A9.SX,LP,G12.ot.(P, £LEOS36O .. ' FORCE',' DISPlACMENT ',' STIFFNESS ') ELE0..5Q()
10 F9.5.' 1" .SP,F9.5.' J' .F9.S,' Ie' • lP.SS.3G.12.ot) ELEOSS1'O,.92 FORMAT <IIO.IS.2X,A9,2I6.1P.5GJ.S.6> ELE~

~T1JRN ELEOSsao otlJi FORMAT <' F:' .lP,Gi6.a.· FT:' .Gl6.a.· P:' .Cl6.8) ELE~lO

c====:============= oe:TERMINE GEOMETRIC STIFF :==--=====------=ELEOS!90 lo~ FORMAT <' 1:'.15.' LMCI);'.I6.' Fl.8CI);'.lP,C16.8) ELEo-.b20
200 RETURN ELEOSlfOO C ELEOot6SO

e THE GEOtETRle STIFFlESS MATRIX IS NOT AVIAU8lE FOR THIS EL£MENT ELEOS-HO C-- AD..JJST F FOR I.MAUNCED Lo.tD P ElE0't6..a
c £LE~20 F::P-f'T ELE0-..650
C=;============--===--=--== OETERMItE STIFFNESS :======:===£LEOS~50 RETlJlN . ElEO...6t,O

sao CONTINlE ELE~ c============--===::==== OETERMDE TOTAl FORCES, ENERGIES EeT :::::::::£lEa...,,70
C ELEO~ 500 CONTItA.E ELEO...680
c----..:.- H CONTAINS TIE SPRING STIF~NESS. IoI4ICH WAS DETERMINED IN TIoE ELEOSt,60 IF (PRINT.AtIJ.FIRSf) l«ITE <6,,,,Q1) STEPID ElEO..t>QO
CLAST CAL.l TO MAT LIB ElE~70 C ElE<h100
C IF H::$E<1> THEN T~ STIFFNESS HAS NOT CHANGED. RETt..RN ElE05't8D C ElEa...1l0
C ElEOYt90 C--- TOTAl FORCES, OISPlACEJlEHTS AN) VELOCITIES ELEOOono

ELE05SOO FT:FT.F ELEO..7~O
EL£0S510 RT:RT+R ELEO<t7...0
ELEOS52O VT:IJT.V ELEO<tlSO
ELE0S5$O . IF < A8S<FT>.GT.A8SC FMAK< 1» ) nEN ELEo..7bO
El£~ FMA)« 1 >::FT ELEo..no
ELEO$9iO FMA)( 2 r.:RT ELEo..180

EUOS56O C EtGIF ~t~~~~
ELE05510 C-- PRINT OATA ELE0<0810
ELEM580 Ifl: HlLEttGTH ELEO<t820
ELEOSS90 IF (PRDlT> "IYE(6.~92) mHO.I. TVPE<KTVPE).NOOEI.NOOEJ.FT .Rr ,1+4 ELEO..S50
ELEOS6OO C ELEo...a...o
ElEO$blO C-- TRANSFER TEJIFROARV HVSTUEsts DATA TO PERtWENT 5TORACE... ELEo..850
ELEOS62O lSE2::ISEI2 ElEO",SIJO
ELEOS6SO IF <.NOT. ELsnc) T~ ELEO't810
ElE~ 00 510 I:l.ISE2 ElEQoo880
ElEOS6SO 510 SE( I ):SE< 1.15(2) ELEQoIoS90
€L£0S6b0 EMlIF ElE04900
ELE05610 C ELEQlo910
B.EOS68O RETl'RN ElEO...920
ae0S690 C ELEQoo9SO
EL£OS1OD C== OETERMIM;: FDCED EJrI) FORCES• .v.D ADO TO FORCE:ELE0<t9'oO
ElE0S710 600 RE'TlRN ELEO<Io9'50
ELEOsno C ElE\)Io%o
ELEOSlSO C-- FDCED EtrIJ FORCES ARE NOT AVAn.A8LE FOR HE. SPRING ELEO't910
ELEll51," C ELE0<980
ELEOS75O ~==--==== WRnE IEMIER FORCES TO OUTPUT FILE :;:=:;:===:::;;::=ELE\)Io~

El£0S160 700 CONTDAJE ELE05000
ELEOSllO C ELEOSOlO
ELE0S7ao CAlL ""'TUB ELEOS020
ELEOS79O , (" ,LSTTVP .FALSE .IREl.FALSE.fWE,EESE.EPSE. DUCT ,EXCR. ELEOSOSO

RETURN B.EOSBOO & FT .F .RT .R ,D. .0. ,lEtE" ,LMAT. ElEOSO'to
C::==;;:;;:;:=::======== OETERttII£ n.:RIlENTAl. FORCES ===--:=;£L£0S810 'NT .MATTVP.SE.IElNO.OAMIiE) ELEOSOSO

..00 CONTINlE ELEOS820 C ELEOSO&O

C
c---- RELEASE l.HJSED STORAGE

180 IREL:78-L

C
c----- CAlctl.Ar£ ASAT. ST<ME rN tppfR TRIAIG.l.AR MATRIX

L:O
00 370 J=l.mOOF

00 570 I::J.1.-1
L:L.l
STIFF(L):O

00 ~70 ':1,2
STIFF<l):STIFF< L)+A( I.K )"SAT<K,.J)
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.ISIOA

.J<

.R
,VT
.A
• TEHP2
.STIFF

.PRINT

.NCOS

.JTCOS

.AS
,KCDATA
.STEPID

.PSC

'.
FMAl(
ESE

.ISIOS

.JS
.1ll.AN(
.V
.U«'G
•TEJI»1
.SE

.FIRST

.>IlOOE

.COSINE

.FORCE

.ACca

."

.ESE

')

.NEJ«

.IWCNOO

.COOltO

.mot

.IBlJG

.arne

.AXIAI.

:rsa
,J2
.MATA
.FT
.UI
.SA
.AWl

.MATTVI'.SIO.IELNO,OAMAGE)MAT

OAMAGE=OAMAGE-<EESE+EPSE )
RETUltl

GO TO <lOO.200.SOD.400.5CO.600.lOO.800.900.1lXlO.1100,1200.
& 15DO.l'tOO).IOPT

IF (PRINT .AtIJ.FIRSTl ~ITE (6tl~lO)

If <PRINT> "IlITE <6.1'1020) IElHO.OANAGE,FMAXl,FMAX2.EESE.EPSE
l~lO FORMAT (/

11.' ELEMENT' , T12,' DAMAGE IfIIE)C
& ' DMAX

• PSI;!'t2O FORMAT <llO.lP.6Gl5.6)
C

EIIl

"==~~iHE:=='Elf::O~S============
& <IOPT .ltNIT
& 'ilOF ....OAll

• IO .~& CONST .OISPL

• IREL .BUG.. GRAil .PCE(»I
& IELNO .RDI'UT
& INC .OAMAGE
& IEtTVP •IE1DOF
• lSE .Jl
.. MATS .No'S
II. RT ,F
& PKG .UG
& sa .ss
& (GOOF .LElGTH

ELE06S30
ELE06S.;o
ELE06350
ElE06S60
ELE06570
ELE06=
ELE06'iOO
ELE06"lO
RE06,,20
ELE06'30
ELE06';'4Q
ELE06.;.SQ
ELE06"';O
ELE06"'10

=ELEOOO"l
EtEOOOSO
ELEOOO6O
ELEOOO70
ELEoooao
EtEOOO9O
ELEOOl00
ElEOOllO
EtEOOl2O
ELEOOl30
EtE001"l
ELEOOlSO
ELEOOI60
ELEOOllO
ElED01S0
ElEOOl90
ElEOO2OO
ELE00210

IJoPlIC!T REAL<A-H,o-Z) ElEOO22O
DOUBLE PRECISION sx.s>o<.SV.SXV.SN ELEOO250
LOGICAl. ERR,FIRST .PRDlT .BU;,FALSE,NEI«.RSTIC ,AXIAL.8TEST ElEOO2~

OtARACTER"80 NAME ElEOO2SO
CHAR'ACTER--<:") STEPIO ELEOO260
OOU8L.E PRECISION SAT .DSTIFF< 600) El.EOO270
DIMENSION IOOF<MAKNOO.b).COORD< MAXHOO.6 ).COSINE<S. S.NCOS> ElEOO280
DIMENSION CDNSTOWCNOO.6). IOOCAXNOO) ,JTCOSOW<NOO) ElEOO29O
DIMENSION SAT<S.~>.STIFF(600).l(GDATA<S) ,SAT2(6.2't) ElEOO~

DIMENSION AT<2<t.6),A< 2't.5).$(6.6 ).lM<2., >.AJ:(6.S).U«G<Z.,) ELEOOSlO
DIIENSIQN CT<S.3).8S< S.3).VX< S). VV( $>.VX8(S).VXT< S), VZT( S). VZB<~D ELEOOS20
DIMENSION vll<S).vZ2<S) El.EOOS:SO
DIMENSION SE<ISE).,ul<6.S).A22<6.S).A"<6,3).AS3<6.S) ELECKB'tO
DIMENSION F( S>.R<: S>.v<S).FTC$).RT< 3'. 'VT( S >.Pe 5) ElEOO550
ODENSION OISP\.<JrIJOF.N..OAO).Fl.8<.JC)Of),EFUB<2ot).FMAK<6) ELEOOS60
OXtENSION \IEl.OC:( to:lF) El.EOOS70
ODENSION FORCE( to:lF .tl.OAO) ELEOO5SO
ODENSION RDAtT(100).NORIC<1).DUCT<S.S).EXCR<:6.S) EL£OOS90
1rEAL. LENGTH ELECIO'rOO
OIlENSION tlX2S) ELEOOHO
DATA tel 1. Z. ot. 7. 11. 16. 22. 29, 57. ~, 56. 67. ELEOOoo20

, 7'9, 92.106.121,151.15';'.172.191.2.1.1.252.254.277.5011 El.EOOHO
C ELE"""""
C -----ELECOrSO
C VARIABlES: ELEClO<t6O
C----------------------------ELE0Q0070
C--- GLOUL VARII8LES EL.EOlJo,80
C lOPT .: I, INlnALIZE BEAM CC1.1.J11rf elEMENT ElEoo...qo
C = 2. CALClUTE GEOIETRIC STIFI'lESS ELEOO500
C = S. FORM STIFFhESS ElEOOSIO
C = .. , CAlcu..;, TE INCREMENT.... FORCES ELEOOSZo
C =5, CALCt.l.ATE TOTAL FORCES AN) ENERGIES ELEOOSSO
c ItJaT = OUTPUT FILE t.NIT • FOIl PRtNTIHG OUTPUT El.EOOS~

C ERR :: ERR OIl FLAG. IF .AN ERR (It HAS 0C'Cl.RED. ERR:. TRt.E.. ELEOOSSO
C FIRST = FlAG. FIRST.:. TR\.E •• PRINT lEADERS ELEOOS6O
C PRINT = FLAG. PWINT.=. TRt.£ •• PWINT DATA ElEOOS70
C JO)F .=. OF GLOBAL OOF ELEOOS80
C N..OAO .:. OF LOAD CC»eINATIONS ElEOOSCHl
C IWOrQ) =• RON OIIENSION OF ,.. IIlftAY ElEOObOO
C fMIlE =. OF NCO:S ElEClObl0
c m = ARRAV Of EXTERNAL NODE tUCBERS ElEClOb20
C IDOF = AIlRAV OF CECMEES OF FREEDl:M ELEOO6SO
C cOORD = Al/RAV OF COORDINATES El.E~ ..O
C COSDI: =AlRA" OF DIRECTION CosDES OF NODES ELEOObSO
C CONST = ARRAV OF CONSTRAINT TRANSFORMATIONS ELEOOb6O
C OISPL. = GLOBAL DISPlACEMENT IlIATRIX ElEOOblO
C Z = REAl Q.08Al. STORTAG VECTOR ElEOO680
C NZ := INTEGER GLOBAl STORT.&C VECTOR ELEOO6c;JQ
C IZMAT = LOCATION OF MATOIAL DATA IN GL08AL STORAGE 'VECTOR ELEOO700
C NAJlE :::: ElEMENT NME ELEOO710
C IElNa = ELEMENT~ ELEOO;ZO
C RDIlUT = IlfJUT DATA ELEOO7SO
C 5TtFF :: OUTPUT ElEMENT STIFFNESS <t.FPER TRIANGl.t..AR FORM> El.EOO7otO
C LN = OUTPUT LOCAl TO CL08AI. STIFFNESS MAPPING MATRIX ELEOO750
C---- ELEMENT VARIABLES El.EOO160
C H.Q.AI.AJ,C.8I.BJ.S22.S26.S212.SS3.S:SS.SU1.D ElEOO770
C ":, rM:lrvItUtL TERMS IN 1l£ ELElENf STIFFJESS <$> MATRIX ELEoo780
C PKG : I~T LOAD FOR FORMING GEQllETRIC STIFFNESS MAfRIX... ELEOOl90
C R : D«:RDEHTAI.. DISPlACEMENTS ElEOOSOO
C RT :::: TotAL DISPl...ACEJENT$ ELEOOSIO
C F = INCRIIENTAI.. FORCES ElEOO820
C FT = TOTAI. FORCES ElEOO8SO
CUI: LOCAL. TO GlOlAL STIFAESS MAPPD«; MATRIX ELEOO8~O

C cTS :::: l.0CAl to GlOBAl. ROTATION MATRIX START ELEOO850
C cTE = LOCAL TO GlOBAL ROTATION MATRIX EtIJ ElEOO86O
C as = LOCAl TO GlOBAi.. ROTATED ECCENTRICITV/CONSTRAIHT MATRIX STARTElE00870
C BE = l.OCAl TO GlOBAl.. ROTATED ECCENTRICITV/CONSTRAlNT MATRIX ENO ElEOO88O
C STIFF ,ElEMENT STIFFIESS ELEOO890
C m TYP = aEtENT TVPE :::: 10 ElE()Qq()Q
C NOO:I = EXTERNAL .JOINT 1lUIJER. EN) I ElE00910
C NOOEJ = EXTERNAL AINT ~It, EN) J ElEooq20
C ..oINTI = INTERNAl ..oINT taMBER. Et«J I ElEOO9SO
C ..oINTJ = INTERNAL JOINT NlMIER. 00 .J ElEOO~O

C--_· TEHPROARY VARIABLES ElEOO95O
C vx = VECTOR CEFINDG Tit:: ELEIENT Ie AXIS ELEOO%O
C \IV : \/ECTOR OEFININ; TIE ELEMENT v AXIS ElEOO970
C CQSlDC = lOCAl COSINE Mol TUX ElEl)Q<)80
C A : GlO8AL. TO lOCAL FORCE TRANSFORMATION MATRIX eLEOOQQQ
C S = ELEJlENT HIFFNESS AT LOCAL COORO,. 4.f ENlS Of FLEl<A8LE PART El£GlOOO
C SAT = PRODUCT OF S-A' ELE01010
C ASAT = PROOI.I:T aF ,-saT ELEOlO20
C --€LEo10SQ
C ElEOIOW
C ElEOI05O
C-- CHOOSE OPTlON ElEOI06O

IF (IOPT .LT.l .OR.IOPT .CT .H) ElEo1010
& IoIllTE <6,·) 'INVALID OPTION IN ELE-Q2. IOPT=' ,IOPT ElEOIOBO

ELEOI09(J
E:LEOllOO
ElE01l10
ELEOll20

.;

IF <ElSTlC) EESE:<FT-F)It(RT~>*O.50

FMAX1:FMA)( 1)
FMAX2=FMAK<2>
CALL MAlLIB

8. < 5 .L.STTVP .FALSE .IREL.FAlSE,NME.EESE.EPSE. DUCT .EXCR,
& FMAKl,O.. ,FMAIQ, 0., o. ,0. .L.aEM .UU,T •

HRlTE (ILt4IT.710) NOOEI.NOOEJ.KTVPE.FT.RT.H.EESE.EPSE.
& (WCT(I).EKCRCI),I:::l,S)

710 FORMAT (SI6.1P.5Gl2.'/6Gl2."

805 FORMAT (/' SPRItG FORCES••• ' ,I
& 5X,'NODEI;".I6,5)(,"NOOEJ;",I6,5)(,'SPRDG TYPE:' ,11.,11
& ' STEP TIlE '.
& ' FORCE ' .' OISPl..AaENT ',' STIFFNESS' •
&' ESE ',' PSI: ')

820 FORMAT <IlO.lP.Gl5.5.6G13.5)

850 WRITE <6.8'tO) <HORK<I).I=1.6)
8<00 FORMAT uno." MAXDIJN DUCTILITIES AN) EXa.RSION RATIOS' 1

& TID,' ===============--==--=====--===' I
& Tl5,'OISPlACEMENT OEFINATION: Ul=' .lP.G12.4,5X.'E1:" .GU.'Io1
& T15.'ENERGV OEFINATION d: U2=' .lP,G12.4,5X.'E2=' .GI2.41
& Tl5.'ENERGV DEFINATtON _2: US:' .lP,G12.'t,SX.'E:s.=' ,G.l2.'t)

RETURN

C
810 READ <IlJ.rIIT ,815,ENl:8SO) NOOEI,HOOEJ,KTVPE.FT ,RT,H,ESE,PSE,

& (WORl«I>.I=l,6)
815 FORMAT (:SI6,5Gl2.~/6G12.,,)

ISTEP:ISTEP.IWRITE
T=TO+OTIOISTEP
IF cISTEP.EQ.O) IoRne (6.805) NOOEI,NOOEJ. TVPE<K'fVPE)
IF (MO()(ISTEP,IM:).EQ.O)
ioRITE <6.820) ISTEP, T.FT ,Rr ,H.ESE.PSE
GO TO 810

C
C==========--===== OETERMDE TlE L..ENGTH OF ll£ MATERIAl OATil.

900 CONTI~

NHVST=1
lSE=O

ELE05070
ELE05080
ELE05090
ELE05100

RETUltl ELE05110
C ELE05=
C====-_-= READ AN) PRINT EMBER FORCES FROM OUTPUT FILE ==EL.EOSl30

sao CONTINJE ELE051'0
BAClCSPACE( ILt4IT) ELE051SO
READ <It.IIIIT.* ) ITVPE.IaNO.IHRlTE,TO,DT ELE05160
ISTEP:-DoRITE EL£05170

ELE051SO
ELE05190 C
ELE05200
ELE052l0
ELEll5220
ELE05:80
ELE05240
ELE052S0
8.£05260
ELE05270
ELE05280
ELE05290
ELE05300
ElE053:l0
ELE05S20
ELE05330
ElE055~

ELE05!i50
ELE05300
ELE05370
ELE053S0 C
ELE05S90
ELE05000
ElEos.10
ELE05<20
ELE05"'~
El.E05ft<ioO
ELEOS..so
ELE05..a
ELE05otlO
E.LE05~80

JUT = RINPUT< 1) E!.E05.90
CALL "'TLIB ElED5500
(Q ,lSTTVP ,FALSE .IRE1..F.&LSE.NME.EESE.EPSE, lJJCT .£)(CR. ELE05510

FT .F .RT .R .0. .0. .lElEM ,UfAT 8.EOSS20
MAT ,MATTVP.5E.IElHO.DAMGE> ELE05S:SO

ISIO=I:;£+lELEM ELEOSS4O
c ELE05~

c--- DOUBLE 110£ STORAGE. TO ALlOW FOR ratPROARV VALLES... ElE05500
ISE=ISE*2 El£QI51i70

RETURN ELECJI»8O
C ELE05540
c- __ C£'TERMDE 1l£ STRAIN EPERGY ElE05600
1000 CONTINJE ELEll56l0

C ELE05l>2O
C;;:========= OUCTn.ITtES AhO EXCUtSION RATIO'S ELE0543D
1100 CONTDU; ELE05600

C•••• OPTIONS 10 AMI 11 HAIlE TIE SAME COllE FOlt THIS EI.EIENT... ELE05050
C•••• THE EhERGY WAS CALauTED NITH TlE LAST CALL FOR INCRIMENTAl FORCEElEOS6OO
C TOE TOT... FORCES HAVE IIOT BEEN CAUEll VET. THUS TIE ElERGIES RESIIlEElE05(,70
C IN Tl£ ru.TRDC SE BEGINING AT AODR£SS lSE21. ELEoseao
C ELE05690

lSE21=ISEI2 .1 Elf05700
CALl MAn.m ELE05710

& <.. ,LSTf\IP .FALSE .IREl..FALSE.NI.IE.EESE.EPSE. DUCT .EXCR. ELEOS720
& FT .F .Rr .R .0. .0. .LELSt .LMAT. ELE057$O
" JUT .MATl'VP.SE<ISU],) •.m.NO.o.tMCE) ELE051..a

ELE057S0
EL£0576O
EU05170
ELE05no
EtE057"O
EtE05800
ELE05810
EtE05a50
ELE05a"l
ELEosao;Q
EtE_
ELE05a70
ElE0ri84JQ
ELE05900

RETURN ELE05910
C £LE05920
C========== MIlUIUl FORCES Elf05~

1200 CONTIMJE . ELE05~

IF (FIRST> WRITE (6.~91) 'Mol\CIfIUil LOAD AM) OISPl AT IWClMUM lOAD 'ELEOSQllj.Q
& II' NOTE: MAXIMlII VALUES MAY NOT OCCUR snU.. TANEOtJSLv' ElE05%O

ioRlTE<6, ,,92) raND,o. l"VPE(l(TVPE') ,NOOEI,NODEJ ,AWI:( 1) ,FIUX( 2 > ELE05970
RETURN ELE05980

ELEOS990
ELE06000
ELED6010
Elf06020
EtE06050
EtE""""l
ELE06O'iO
EtE06O&O
ElE06070
ELE06000
Elf06090
ELE06100
ELE06110
ElEDb120
ELED61!iO
EL.£D61'tQ
ELEDblSO
ElE06160
ELE06170
aE06180
ElE06190
ELE06200
ELE06210
ELE06220
ELE06250
ELE~

ELE062SO
ELE062(,Q
ELE06270
ElE06280
EU06290 C
ELE06300
ELE06S10
EtE06= C

C
C
C=:==========--====== RESET INTERNAL FORCES

l:SOO CONTIN.E
C
C----- ZERO HATRIC1ES

F:O
FT:O
R ::::0
RT=O
V =0
VT::::!)
F/lW«1 >:0
FMAX< 2 >=0

00 1510 1=1,ISE
H10 :ie<I>=O

IoIl'ITE (&,1330) IELND
lS30 FORMAT <. SPRING ElEMENT .' .1&.

&. INTERNAl. FORCES _ HYSTERESIS IOlOaS AIlE RESET TO ZERO')
Co6l.lM.&TlIB

& (2 .LSTTVI' .FAI.SIO .IllEL.F...SIO.NAIE.EESE.EPSC, W:T .EXCR.
& FT ,F .RT ,R .0. ,0. .LELEM .LHAT •
& MAT .NoTTVP.SE,IaNO.OAMAGE)

RETUltl
C
C
C::============::::=== DAMAGE IhI:lEX - ---==

1'000 IF (ELSTIC) RETUltl
C

IF <PRINT.AMl.FIRST) WRITE <6.1191>
IF <PRINT) ~ITE <6.1192) IElNO.<[U:T<I>.EXCR<I>.I.=1.S)

1191 FORMAT (I' 5PR'IMii OLCTIlITIES AN) EXt1..RSICIi RATIOS•••• • .5)(1
,". EL£JEHT',T12.'I- OUCTn..ITV OEFlNIoTION.1 -I "
• '1- DUCTILITY IlEF!HATION 112 -I '.
• '1- DUCTILITY OEF1HATION 05 -I '.1 H2,
&' CU:Tnnv EXCURSION '
&' eu:TILITV EKCURSION
•• W:TILITV E><Cl.IlSION

1192 FORMAT (IlO,IP.6GlS,6)
C
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.LElEM ,U<AT

,LElEN .LMAT

.LElEM .LMAT

••2,,)

• ,2")

.0.

REMOYE OOF'S THAT ARE CONSTRAINED TO TlE SAME DOF •••
IF C <IDCIF(Jl.J).EQ.IDDF<Jlt,J) .OR.

<IDClF(Jl.J).EQ.IDOFCJ5.J» .OR.
(IDOf(J'2.J).EQ.IDOFCJ'f.J» .OR.
(IOQf<.J2.J).EQ.!OOF<J5.J» i GO TO so

IELOOF=IELOOF.l
IF (I.EQ.l> llEH

lMTI=IDOF'C .Jl • .J)
ATC IaDOF .1)=A1l( J.1)
.&T<IB.DOF .2)-Jll( J.2)

ELSE IF CI.EQ.2) 1>0
lMTl=IDOFC.tl.J)
.& To: IEl.DCF •3: >=A22< J.2 >

elSE IF cI.EQ,S) 1lEH
LMn=!DOF(..3. J)
.&T(IELOOF.4):.A~J.2)

ELSE IF <I.EO."') HEN
l.,.MTI=!DOF< Jlt. J)
AT< IELDOF.S>=A~J.l)
AT< mDOF. 6 >=A<t<K J.2)

ENIlIF

COIlTIIU

LMl:mDClF'>=lM'TI
IF«"T(~.1).EQ.O).AM).(AT(IELOOF'.2).EQ.O) .AN>.

CATCIaDDF .S).EQ.O).ANJ.(AT< IELDOF." ).EQ.O) .AIC).
(ATe.taOOF .S).EQ.O).AN).CAr< IELOOF .0).EQ.0» HEN
IEl.OOF=IELOOF-l

ELSE IF <IEU>DF .Gr.!> THEN
00 ...9 IId.In.DOF-1

IF cLM<II),EQ.LM<IEUlOF» TlEN
00 ~S J-'=1.6

.AT( It.JJ >=AT( II. JJ >+,T< IaOOF .JJ)
Ar( IELDOF.J.J>:O

IELOOF=IEUlOF-1
GO TO so

EIClIF
CQHTDI,E

EIClIF

IF < BTEST<Il!UG,n ) 1lEH
CALL ~'URX2C AT • IELOOF, 6.' AT
CAlL )llArR)( AI.: • b.l,· II:. .)
CALL )IITllXlC A • IEL.OOF ,3.' A

ooIF

00 55 1=1. IB.DOF
00 55 ..I=1.S

ACI.J>=O.
00 55 W,.

A< I • .J):A( I • .J ,.Arc I.I<)·AC(I<.J)

50

..

C
C--- 42Al FOR STIFFtESS Ot&.Y•••

.&CU.l>: O.

.&C<2.l>: -l.IM
A(;(3:.1>: l./N
"",1>= -1,11I
AC(S.l>: Q.

AC(Eo.1)= 1,.1W
AC( 1.2>: 1.
ACC 2.2)~ ALPHAIN
AC<5.2>: -ALPHAIW
AC(~.2>= -aElA IN
ACCS.2>= -1
ACC6.2>= BETA IN
AC<i.?;): O.
AC<2.5>: ·1.12.
ACCS.S>:: 1.12.
ACc~,:S>: -l.l2.
AC(S.S)= o.
.ACC6 •.5>= -1.12.

C
C
C----- GET SPRING STIFFNESS

FALSE=.FALSE.
lSTTVP:O
CAU. MATLD
(2 .LsTTVP .FAlSE •lREL .FAlSE, NAIE.

ESEB.PSE8.OU:rc 1.1 ).EXCR< 1.1).
FT .F .RT .R ,0. ,0.
HAT8 .M&TTVP.SE< ISEB> •.m.HO.CWUGE)

CALL ""TUB
< 2 .LSTTVP .FAlSE .IREL.fAlSE.NAfE.

ESES.PSES.rJU:Y( 1.2).EXCR<1.2>.
FT ,F .RT .R .0. .0.
JUTS ,MATTVP.SEcISES).IEl.HO.OMAGE)

CALL ""fLIB
(2 ,LSTTVP .FAlSE ,IRa.FALSE.NAIE.

ESEA.PSEA.OUCTC 1.S).EXCR<1.S).
FT ,F ,RT .R .0.

I«ITE <6.*) •JOINT 11+. .....' •.J't ElE02S70
CALL If4ATRX<A~ • 6. S.' 'IPof ") ELE02S80

OOIF ELE02S90
C ELE02400
~-- 2E!lO ""TIlICIES ELE02410

00 25 1=l,S ELE02'20
FMAX< I >: 0 ELE02HO
FMAKCI..S>= 0 ELE02lt'rO
F (1)=0 ELE024S0
FTc n=o ELE02460
R (I >=0 ELE02~lO

RTC I >=0 ElE02.rrSO
v (1)=0 ElE02.rr90

2S VT<I>=o ELE02SQO
00 27 W,2'o ELE02510

LM CI)=O ELE02520
U«GC I >=0 ELE02S50
00 26 J=l,S ELE02540

AC I, J:>=O.OO ELE02550
DO 27 W.6 ELE02560

27 AT<I,Kl=O.OO ElE02570
C ElE02580
C-- ASSaII.£ TJlANSFORMATION ""TIDe A =AS M A'f K A5 ELE02S90

NOTE: AT IS oIMENSIOOED AS A ~l<6 ""TJlIl<, 8IJT OtLY Tl£ FIIlST IWlOF ELE02600
RON'S CONTAIN IWORMATION. 1lE 8ALAHCE OF TIE MATRnc: IS ElE02610
I.H:JEFDED. TJ£ GLOBAL OOF COClRESPONlx... TO THE ROW'S OF A ElE02620
ARE STORED IN VECTOR LM. 1oGAIN. otLV TIE FIRST lELOOF ROW'S ElE02650
OF LM AlE DEFINED. ElE026"t<l

IEl.OOF=O ELE02650
00 50 1:1." ELE02660
00 SO .r-l,6 ELE02670

ELE02680
ELE02690
EtE02700
ELE02710
ELE02no
ELE027~

ELE027..0
EtE021S0
ELE02760
ELE02770
ELE027BO
ELE02l90
ELE02800
ELE02810
ELE02S20
ELE028SO
ElE02S..0
ELE02SS0
ElE02Wl
ELE02870
ELE02Sao
ELE02Sqo
ELE02900
ELE02910
EtEa2920
ElEOZ9~

ELE02~

ELE029S0
ELEOl%O
ELE02<J70
ELE02()80
ELEa29Q(l
ELEO~

ELEO~lO

ELEa502Q
ELE030SO
ELEO~

ELEa~oso

ELE05Q60
ELEO~lO

ELEO~80

ELEO~o<KI

ELEO~lOO

ELEO!>110
ElE03120
ELEO~gO

ElEO!>l,",
ELE031SO
ElEO~l60

ELEo3:170
ELEO~l80

ELEon90
ELEo~2ao

ELEO~2l0

ELEO~220

ELEO:'25:0
ElEO~2'tO

ElEO~250

ELE03260
ELE05270
ELEO~280

ELEO~290

ELEO~:roo

ELE05!aO
ELE03S20
ELEO~S50

ElE03S..0
ELE05:5:50
ELEOS'S60
ELEOSS70
EtE05:SSO
ELEO:;590
ElEOS~OO

ElEOS~lO

ElEOS~20

ELEOS~SO

ELEO:;4<rO
ElEa~4SO

ELEOS...,o
ELE03~lO

ELE03~80

ELEOS~qo

ElEOSSOO
ELEOSSIO
ELEOS520
ELEOS5SO
ElE03S~O

ELEOSS50
ELEOSS60
ElEO~S70

ELEOSS80
ELEOSS90
ELEOS600

aeollSO
ELE01l'tO
ELEOllSO
ELEOll60
ae01l70
aeoll80
ELEOll90
ELEOl200
ELE01210
ELEol22O
ELE01250
ELE012~

aeOl25O
aeoU60
ELEOUlQ
aeOl28O
a.eOl290
£lEOlSOO
ae01310
£lE01~

ELE013SO
aeo13~

aeol35O
aeOl36O
aeOlSlO
ELEOB80
ELEO!S90
ELEOl400
ELEOHIO
ELEOh20
ELEOl~SO

ElEOl't40
ELEOl<t5:Q
ELEOlft60
ELE01't70
ElEOl"ao
aEOl,,90
ELEOlSOO C
ELEOlSIO
EtE01S20
£lE015SO
ELEOlSofO
ELEOlS5O
ELEOl560
ae01570
ELEOlS80
ELEOlS90
ElEOl600
ELE01610
ELEOl620
ELE016SO
EtEOlMO
ELEOlbSO
ELE01060
ELE01670 C
aeOl680
ELE01690
aeOl7OO
ELE01710
ELEOI7'20
ELEo17SO
ELEOl10f0
ELE01lSO
ELE01760
aeOl770
ELE0l180
ELEOl.7'9O
ELEOlSOO
ELE01810
ELEo1820
ELE01830
ELE0180f0 C
ELEol8S0
ELEOl860
ELEOl8l0
ELEOlSSO
ElE01890
ELEOl900
£lE01910
ELEol920
ELEOl9~

ELEOl9ltO
ELEOl9liO
ELEOl960
ELEOl970
ELEOl980
ELEOl990
ELE02000
ELEOZOIO
ELE02020
ELE02OSO
ELE02O'Kl
ELEO=
ELE02060 c
ELE02070
ELE02080
ELEo209Q
ELE02100
ELE02110
ELE02120 C
ELE021SO
ELE02l'tO
ELE021SO
ELE02160
ELE02170
ELE02180
ELE02190
ELE02200
ELE02210
ELE02220
ELE022SO
ELE022<O
ELE02250
ELE02260
ELE02270
ae022SO
ELE02290
£lE02SOO
ae02310
ae02~

ELE02SSO
ElE02.5ftO
ae02SSO
ae02S60

C
C--- cALCll....re IIX. AM) NORMALIZE

CALL \ICROSS( V)(, 'IV •VZB >
W)(=SQRTCVXC1>u2.IJ)((Z)-2.VXCS)-2>
V)«1)=V)(C1>!WK
IIX(2 ):II>l:C 2 )/WX
V)(!i)=V)(c$)/NK

00 21 1=1.$
DO 21 J=l.3

All(1 ,J)o:CT<I,J)
21 All<hS.J>=8SCl,J)

c--- JOINT III
CALL ROTXYIC VX, W .COSDEC 1.1.JTCOSC J2».CT •

0••0••0••SS. CQNST(R,1).fIWOIJO)

100 CONTINlE
c
C-- INTEIlPElHATE Ill'UT DATA

IELTVP= 5
MATS = RThPJTC 1>
MATS = IU~T( 2>
MATA ;: RI~T( $>
NOllEl = RINPUTc .,
NOOE2 ;: RI~( 5>
NOll6 = RI~C 6)
NOOE~ ;: R1J*lUTc 7)

AlPIN = RINPUTc 8)
PKG ;: RI~T( 9>

00 22 1=1.3
00 22 .,1:1.5

A22CI .J>:cTCI,J)
22. A22<bS,J>=8SCI,J)

C- JOINT .5
CALL ~ncvZ<\I)(.vv.cOSDE(1.1.JTCOSCJ5».CT.

O.,O••o••SS, COIC$T(J$,l).MXNDO)

cc----- NORMAlIZE V VECTOR •••
VII( 1 )=VV( 1 )/LENGTH
VVC2 >:V¥CZ)/lENGTH
V'iC!:>=WcS)/LENGTH

ALPHA=AL.P!N*lENGTH
BETA =LaG1H-ALPHA

c
C-- ClEtx FOIl TWIST

IF C BTEST<IBUG.7> ) Tl£N
loRlTE ct.,·) 'JOINTS' ,J1•.JZ.J5.~
WRITE C6.*) , V)(' ,VK
WRITE <6.·) • VV·.W
IoIRITE (6,") , VZ·.vza
HRITE (6.·) "LSCTH.AL.PHA.BETA' .LEJ«iTH.ALPHA,BETA

ENOIF
C
c---- GET LOCAL TO ",08AI. TIl_OIlMATI... ""TIlICIES
c--- JOINT .1

CAU RQTKVZCY)(.VV .COSINE(1.1.J'TtOSCJ1».CT.
0••0 ••0••SS. CON$T(Jl,l>.MAICNDO>

c
c-- CALCl.l.ATE AIJERAGE LENGTH.ALPHA AhO BETA•••

lENGTH::SQRT<WCl)-2+W(Z>-2+lI\l'CS,"2>
IF (LENGfH.L£.O) THEN

WRITE<6.101> IELNQ,l.9GTH
101 FORMAT(lX.2OC'·· >,'ER' ,'ROI' - L£NIi,TH IS l£ O'.J

& 5X.'IaNO=' .I5.5X.5X,'LSGTW .lP.GlS.61
& SX•• REVISE' :uflUT • I)

LENGTH=l.O
OOIF

00 25 1=1.5
DO 2.5 J:l.S

A3S<I .J):CTCI.J)
2S ASS<.I.S.J)=8SC.1.J)

c--- JOINT n
CALL ROTKVZ(Vl(.V'i.cosnE<1.1.JTCOSC,)(,».CT.

0.,0••O••as. CONSTC~.l).MXNDO)

C
c--- CALCULATE v veCT~ ..•

we l)=l: commc J1.1 ~OOR[)(J2.1)-cOORD( ..IS. I >-COOROC~.1) >/2.
we 2):( COOROC.J1.2 ,..cOQRlX J2.2)-COOROC JS.2 >-COORD:~ .2»/2.
we S):(COOROC J1. S)+COOROC.ll..S >-CoaROC JS.:S >-COORD::~ .S»I2.

DO 2" 1=1.3
DO 21t J:1,3

A'"<I .J>=CTCI.J)
2~ 'WhS.J>=SSC:I.J)

IF ( BTESTc IBUG.7> ) 11EN
loIRlTE (6.·) 'JOINT a1. J1' .J1
CAlL *ATRMCAU .6. S.'All ')
l«1TE <6. 1t ) • JOIHT lIZ. Jl.'.Jl.
CALL j,NTRXCA22 • 6. S.· A22 ')
l«ITE <6.·) • JOINT as. JS·.JS
CALL *lTRXCASS .6. S.'US ')

c
C----- DEFINE VECTOR v. AT TOP OF Tl£ WALL

I/XT( 1 )=COORQ( J1.1)-cOOROC JZ.I)
I/XT( 2 >=COOROC J1.2 >-COOROC J2.2}
VXT( 5 )=COORQ( J1. S>-COOROC J2.S)

c
C:----
C GET ...08AL TO LOCAL TJl.VlSFOIlMATI... ""TllIXC:---------------------
C-- £EFINE VECTOR X. AT 8OnOM OF n£ WM.L

VX8( l:>:COOROC ~.l >-CODRDC JS.l>
1J)(8( 2 )=COOROC~ .2XOOROC .JS.2)
vX8(:S )=COCJRO(.Yt.S >-COORDC J3.S>

c
C---- GET INTERNAL NODE • ASSOCIATED WITH EXTERtML. NQOE a'S

Jl=IQUICKCNOllEl,ID,NNOOE)
J2=IQUICKCN00E2.m.N«lOE>
J~=IQUICK(NOOES.ro.tHXJE)

,.,..=IWICKCNOC!E••m•...oDE>

c
c----- CALCll... rE T1£ wmTH .•• - oEo:: TlE IEXf 1 LDES --

CALL VCJlOSS( VZT ,w,Vl<T)
CALL VCROSSCVZl.VZT.IIY)
CALL \ICROSS(VZI. VY, V)C8)
CALl VCROS$( VZ2.VZB. VV)
WT = SQRT<vZICl:>-2 • mCZ>-2 • VZlCS>-2)
j,IJ = SQRTCYZ2(UIHt2 • IIZ2(Z)H'2 • YZ2(S>-2)
w = 01''''>/2.0

c
c-- ClECX FOR TWIST

TWIST:J.COS(VCOSCVZT.Y2B>)-s7.2958
IF (ABSCTWlsn.GT. S.O) t«ITE C6.1a:l> TWIST

102 FORMATe 5)(.lOC '.' >.' WARNIMi 1lE WALL IS TWISTED::' ,lP,CU,".
& ' DEGREES. REVISE INPUT AN) RERtM' >

141



ASSEIlIlLE GEQI£Tll[C STIFFlESS ..mIl< FOR • um lOAD...

BY COLlItNS

6 10 15 21 28 S6 ItS S5 66 1'8
59h20VSS'tlt5't65n
'0 8 13 19 26 S'io itS 53: 6ft 76

1121825S3:'o252657'5
11 17 Z~ ~2 It1. 51 b2 7'0

162SU'oOS0617S
nSOS9'o960n

29 sa .a 59 71
51 ~7 sa 70

>6 57 69
5668

67

....TT'IP .SE< ISO). IELNO.llAMAGE)

1 S
2

CONTDI,£

C.CDCF ;l(GDOF' .1
IF (1.£0.1) TlEN

l"TI.IOOFC Jl.J)
AT<KGDOF .1 >=A11e J .1)
ATeKCDOF .2>=.41.1< J.$)

ElSE IF (I.EQ.2) TIEN
LMTI:lDOF< J2.J)
AT<ICGDOF' .5>=A22< J .3>

ELSE IF (I.EQ.5) T~
LMT!=IDOFC JS.J)
AT<ICGOOF.~>:AS5CJ.$>

ELSE IF (.I.EQ.'lo) T1£N
UfTI=IOOF<Jio.J)
AT<ICGDOF.5:>:A~J.1)

Af<ICGDOF.€:l:>:AfrieJ.S>
E>I)IF
LMKG( ICGDOf >::UtTI
IFe (AT< ICGDOF.1 ).EQ.D). AIrIl. <AT< ICGDOF,2 >.EQ.D).AII).

(ATCKGDOF .S>.EQ.D).AHO.CAT<ICGDOF.oj. ).EQ.O).AN).
(AT<KGOOF,5 ).EQ.O).AtIJ,(AT(I(GDOF .6).EQ.O») THEN
KGDOFdGOOF-l

ELSE IF (lGDOF' .GT.1) llEN
DO H9 II:l.KGDOF-l

IF (LICc<II).EQ,lICCCI(GI)OF» nEN
00 L'ta J.J=1.6

AT< II. JJ >=ATc II .JJ>+AT< ICGDOF. JJ)
.\T<ICGDOF',JJ>:0

KGDOF:d:GOOF-l
GO TO lo1t§

ENlIF
CONTINLE

ENlIF

""fA

ESE:O.
PSE:O.

IF < BTEST<I8UG." ) T1EN
IooIRITE <6.·) "IELDOF' .IELDQF.'Uf =' .(U,c:I>.I=I.mDOF>
CALL l.MT1b((STIFF .ICJ.IELDOf' "eL.l>.'NAU.. STIFFfESS')

OOIF

l:O
00 70 J=l.m..DOF

00 70 1:.1.1.-1
L=L.1
OSTIFF( L>=0
00 70 K:1.5

70 OSTIFF<L)::D$TIFF<L>+A<I.IC )-sAT<IC.J)
DO 71 J=I.L

71 ST!FF<J>=DSTtFF<J>

1'5

1<9

148

140

111 FORMAT «(II.' ZMATRX(' ,16.'):' • IlS.lP,G20.10>

C
C-- lOCAL GEOOETllIC STIFl'NESS ..mIl(

00 ISO I2=1.12

ElEOS610 00 150 JI:l.12 ElECl'i860
fU'lB62O 150 SC12,JI>=O. a ElE0'0870
fU'03'30 SCl.l): 1.0/lEllGTH ElECl'i880
ELE05640 SC2.2): 0.51lEllGTH ElECl'i890
fU'03'SO SCS.S): O.5IlEllGTH ElEO<9OQ
B.£0S660 S<ft.ft>= O.SIlEMaTH ELE04910
fU'0S680 SC5.5): l.OIlEllGTH ELECl'i920
ElE0S690 SC6.6): O.5IlEllGTH ElECl'i9SO
aEM700 5<1.5:>:: -l.OILENGTH ELE0lt9'f.O
ElEOSlI0 SC2.6): -a.5IlEllGTH ElECl'i950
el£Osno S<3.ot>:: -o.51l£NG1ll ELE(J(,%Q
ElEOS730 SC5.1): -l.OIl.ElGTH ElECl'i970
ElE0S74O 5<6.2): -a.5Il.ElGTH ElECl'i980
ElEOS75O 5«.S): -a.5IlEllGTH ElECl'i990
ElE0S760 C ElEOSOOO
ElEOS770 C-- CAlCt1..ATE SAT ElEOSOI0
ElEOSlllO 00 160 1=1.6 ElE05020
ElEOS790 00 160 J:l.KGDCF ElE05OSO
ELf05800 SAT2(l,J>=O ELE~

ElEosa10 00 160 K=l,6 ElE05050
El£OS820 160 SAT2<I.J>=SAT2CI.J:>+S<I.K)*ATCJ.K> ELeOS06O
El£OSSSO C ELE05070
ElE0S84O C-- CAlCt1..ATE ASAT ANI CClN'IERT TO HoW' STORAliC MOllE BY COllOlNS ELEOS08O
ElE05850 00 170 J:l.KGDCF ElE05090
ElEOS86l) 00 110 I=.J.l.-1 ELEOSlOO
ElE0S810 1.::L...1 ELE05110
ElEOS88O STIFF(LJ=O ELEOSl20
ElEDS890 DO 170 (:1.6 EL£05130
ElE05900 170 STIFFCL:>:ST!FFCl)..ATCI.K)*SAT2CK.J) ELE05HO

sao. Nl.JIeER OOICATES ElE0S910 C ELEOSlSO
LOCATION OF DATA ElE05920 c-- PRINT GErJETRIC STIFF DATA FOR OEB_UGGING ELEOSl60
IN ARRAY STIFF ELE059S0 IF ( BrESTc ISW.n ) THEN ELEOSl70

ELE05~ CAll. /riIlTRX2( AT .KGOOF'.6.' AT '.2ft> ELEOSlSO
El£OS9S0 CAlL *ATR)« S • 6.6,' KG-S .) EU05190
ELE05960 CALL IolMATRXcSAT2 .t..KGOOF.'SAT2 .) ELf05200
ElEOS97D I«ITE (b,') 'IC.CiOOP ,ICGDOF,'LJIII(C :' ,(U«CCI).I:l.KGDOF) £LE05210
ElE0598D CALl. LMolTRXcSTIFFCUG).jo().KGOOF'.5OD.'WAU. GEOMETRIC STIFF.') ELEOS220
ElEOS'" ENlIF ElEOS2SO
ELE()(t(IQO C ELEOS2'tO
ELEOttOla C-- REl..EASE lNJSEO STORAGE ELE05250
ElE04020 180 IRa..:bOIH. ElE05260
fU'040S0 C ELEOS270
EL.S~ C PRINT cau.... OATA ELE05280
ElEOlt05O IF <FIRST .OR. BTEST(I!II.G.n .OR. 8TESTctBUG.S) ) ~ITE (6.192) ElE05290
ELEOW»6O 191 ~nE(6.195) NAIE.IB..HO.MATB.MATS.MTA. ELE05~

a£~10 "Il)(Jl).lD<J2).IDcJS).IDCJlt). ELEasSio
EUOW)8Q • t..EHGTH.N.ALPIN.PKG ELEOS52Q
ElEQ0W)9Q C ELEo5S~

ElEOHOO 192 FORMATC/' El.EJENT os. RIC Sl€M WALL aE!IEHT'1I Tll, ELE05S"O
aEOttllO 8.' aEM',' BElIJ'.' SHEAR',' AKIAl',' JOINT',' JOINT', ELEOSSSO
E!..ECM-120 " JOINT' ,. JOINT'.' LENGTH •• ' WIDTH • ELEOSS60
ELEQotlSO " AL.PHA' " PKG ' I, Til. ELE05~lO
ElEC/(tl~ " .' " MTt'.· MAll' " Kill',' _1" " .2'. ELE05580
ElEQotlSO " as' .' ft' I) ELEOSS90
ELEOft.l60 C ELE05~

ELE(Mol7O 195 FORMf(lX•.us,8I6.2X,lP,W2.It) ELEOSitlO
ELEOHSO IOPT=1tJ.'T ELEOS"20
ElEll'l90 RETtIlN ELE05<SO

~:~ C 200 CoNTI~=:-===~ [ETERMINE GEOMETRIC STIFF -===--=~~~~

ElECl'i220 C- <C IS I£TEIlIlDED FOR • ooT lOAll MITH IOPhl. ElE05,"",
ELEort230 c- T\€ ACTUI.L LOAD (Pr,EOM> IS DETaMDED )£RE. ElEOS,,10

LKG:l..j, a.£~2ttO C~ KG IS MJLTIPLIEO BY PCEOM ~N Tlo£ TOTAL STIF'FJESS IS ASSEMBLED ElEOSlt80
IF ( PlCG.EQ.O .IM). KGDATA<:l).NE.2 ) GO TO ISO ELE~2S0 C- NECATt\IE PCEOM IS COMPRESSION. '" ELEOS'oQQ
IF O::GOATACl).EQ.O .OR. KCQATACZ).EQ.O ) GO TO 180 ELE()t260 C ELEOS500
AlCIAL=.TRIIO. ElEll'270 AlCIAl=. TU. ELEOS510

C Elf()t28Q C--- CETERMtNE TIE iJCIAL LOAD TO 8E USED FOR KG... ELEOSli20
C----- OETERMtNE TlE AXIAL LOAD TO BE USED FOR KG... ELEQ(r290 IF (KGQATA<I).EQ.l) THEN ELE05530

IF (KGDAT,\(I).EQ.I) HEN ELEO'tSOO PGEOM = PtcG ELEosS"O
PGEOM = PKG ElEOftSIO ElSE IF <KQDATA(1).EQ.2) fIoEN ELE05SS0

ELSE If (KQDATA<:l).EQ.2) Tl£N 6.fO'tS20 PGEQIII ::: -F<S) ElEOSSoO
PGEOM = -F( S) ElEOtrSSQ EtCJIF ELE0557a

EhI>IF ELEOtrS..a IF (BTESTCIBIJG.7" I«ITE <6.·) 'AXIAL ',AXIAL,' PGEOM:',PGEOM ElEOSc;ao
C EL£/)'tSSO C ElE055QQ
c-- ASSEMBLE TR'ANSFORMATION MATRIX A EllO+S60 RET\RN ElE05600

NOTE: AT IS DDIENSIONEO AS A 12X6 Mt.TRIX. BUT ON..v Tl£ FIRST mDOF ElEOH1O C ElE0S610
ROW'S CONTAIN IWORMATtON. THE BAlANCE OF TIE MATRIX IS ELEOftSSO C======= _ OETERMIfE STIFfNESS ====================::=€"LEOlib20
l.JI'O:FDED. nE: Q,.08AL OCF COQRESPONlING TO THE ROW'S OF A ELE0'9-S90 gJQ CQHTIU ElEOSf:l50
AIlE STORED IN VECTOR LN. AaAIN. OtI,.Y THE FIRST IELOOF RQW"S ELE~ 58=S8 ELE0560t0
OF lH ARE DEFINED. ELE~10 SS=SS ELE05650

00 HO I:1,2<t El£O't<t2Q SA=SA ELE056bO
00 litO 1C=1.6 ELE~SO IF (BTEST<lBUG.]» _ITE <6 •.az> Ia.HO.SB.SS.SA ELE0S670

AT<I.JO:O.OO ELE~ IF <BTEST<lBUG,]» ~ITE (6.~) IELNO.SE<I5EB'.SE(ISES).SE<!SEA) ELE05680
KCOOF=O ElEOWiO C ELE05690
00 IltS I=l.'io ELE~ C--- sa. SS JII) SA CONTAIN THE STIFAESSES. "'ICH IoIERE OETERJlIlNED IN ElE0li700
00 lit, .kl.6 ELE~1O C 1)£ lAST CALL TO "'" TLIB ELE05710

ELE~ C IF S8=SE(ISEB> AtrI) Ss:se<ISES, AMJ SA:.SE<ISEA) ELEOS720
EL£~qo C T~ 1lE STtFRESS HAS NOT CHANCED" RETlMN ELEOS7~

ElE"""" C ElE05740
ELEtwil0 IF (SB.EO.SE<ISEB>.,W).SS.EO.$E<ISES>.MiIJ.SA.EQ.SE(ISEA» RETlRN ELEOS750
ELE~20 C ELE057bO
ElE_SO C-- SET LP 1l£ loc.u.. STIFFlESS ..mIll ElE05770
EL£~ sa: SEc ISO> ELE05780
ElEl)09.;O SS: SE< ISES) ElEOS790
ELEtWi60 SA.::: SE<.ISEA) ElEOSaoo
aEOftS7O rF (BTEST<IBIJG,]» .-rn (6.'002) IElNO.S8.SS.SA ELE05810
euCWi80 SBl: SE< ISEB )1lEN:iTH ELE05820
Elf0'f590 5Sl: SE<I5ES>lLEMiTH ELEOSSSQ
ELE~ SAL: SE< ISEA )/l.£MiTH ELE058~

ElE0<610 C ElE058SO
aE~ c-- CALCt.l.ATE SAT ELEOS86O
EL£~sa 00 560 .J=1.lEL.DOF ELE05870
ELEOlo6'tO SAT<1.J>=S8l*ACJ.1' El£OS880
ElEO'obSO SAT<2.J>:SSl.*A<J.2> ELEOS890
ElEOlo66O S60 SATCS.J)=SAL*ACJ.S> ELE05900
ELE~lO C ELE05910
ELEOlt68O C-- CALCt.l.ATE ASAT. STORE IN l.FPER TRI.uQA.AR MATRIX ELEOS920
ElE04690 L=O ELEOS9SQ
ELE~700 00 gO J:!.m.DClF ELEOS9ltO
EL£O't710 00 go 1::..1,1.-1 ELEOSqc;o
ELEO't720 L=L.1 ELEOS%Q
ElEO't730 OST!FF<L>=o ELEOS970
ELEO't1'oO 00 S70 l:1.3 ELE05980
B.eOit7'50 S70 DST!FF(l)::CISTIFF(l >+1.( I.l )*SAT<l.J' ELEOS9QQ
ElEO't760 00 91 J:.l.l ELEObOOO
ElE04no PI STIFF<J>=DST1F'F<J) ELE06010
ElEQlt780 c ElEOb020
aEQ(t19O IF < BTESTC:t8I.G.7> ) TIEN ELE060SQ
ELE~ I«ITE <6,·) 'IELOOf" ,IELOOF.·LM =' ,cLMCI).I=1.I£LOOF) ElEOtoO<tO
ElEo+SIO CALL l*1'RXCSTtFF./I().IElDOF.<L.+1).·WAl.L STIFFNESS') ELEOb05O
ElEo<82O OOIF ElE""ll6O
ELEortSSO C Elf06070
ElECl'iMO RETtIlN ElE06080
ElEQ08!;O "=== _=-===== I£TERlfDE INClIDelTAl. FOIIttS ========ElE0609O

C
C--- CAi..ClI.ATE ASAT AN) CONVERT TO HALF STORAGE HOa:
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

C
c-- CALcu.ATE SAT

S8l=S8/l.EN;TH
SSL=SS/lENGTH
SAl.:SAIlEllGTH•
00 60 J=J.,IElOOF

SAT(I.J>:S8l.*io(J.l>
SAT(2.J>=SSL*A< J.2>

60 SAT(S.J>=SAl,.""ACJ.3>

C
C-- SET LP TI£ lOCAL STIFFl.ESS ..mIll

SII= SEC!SEB)
SS= SEclSES>
SA::: SEclSEA)
IF ( BTEST(!BUG,7) ) n-o

!oRITE (6.*) '8EN)INC STIFFtESS ICB=' ,sa
WRITE (6 .... ' 'HAl STIFFNESS ICS:'.SS
WRITE (6.·) , AXIAL STIFFNESS KA:;',SA

ENDIF
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ESE=( ESEB-t£SES.-£SEA )-LENGTH
P$E:< PSEB+PSES+PSEA)~TH

ENOIF

1(=lM(I>
EFU8<I)= A<I.l)"tSM ... A(I.2>~ + ACI.S)*UBA
FUS<K)= FlJB(K> + ERIk!>

IF <BTEST<IBUG.7» THEN
IoRITE (6.493;) (I,F<I>.FT<I>.PCI>,I=l.S)
WRITE (6.*> 'us: M.S,A =' .l8M.U8S.L6A
!oRITE (6,"'9't> (I.L*t),EA.8CI),I:1,IELOOF'>

Et.IlIF
OOIF
F( 1 >:P( 1 )-fT(1)
Fc2 >:Pc 2 >-FT< 2)
F<3>:P<S)-fT<S>

~50 CONTIJ«£
C

...91 FORMAT <I' RIC SHEAR WALL FORCES••• • .SX,AI
&' ELEHENT LOAD' •Tl7 ,
& ' JNT-l',' ..Nf-2'.' JNT-$'.' JNT-4'.
.. ' MOfENT ',. ROTATION '.
& ' s.£AR '.' Sl£AR DISPL. ••
& ' AXIAL ' .' AXIAl. DISPL. ' 1>

It92 FORMAT (IlO,I5.2X.H5.IP.6GlS.')
.,9$ FORMAT (' 1:',11.' F:·.IP,Gl2."'.' FT:'.G12 ..... • p:'.Gl2.... >
"909 FORMAT C' 1:',15,' LMCI):·,I6,' A8<I):',lP,G12."'>

c

C
c-- TOTAl. FOllCES. OLSPLACEIEHTS A>Il VELOCITIES

00 510 1:1.5
FT<I) = FlCt) FcI>
RTCI) = RTCI) R<I>
vt<I) = VT<t> V(I>
IF < A8SCFTCI»).l;T.A8SCFMA)(CI») ) ll£H

FMA)(C I ):fT( I)
FMAJCCI+S)::RT<I)

Et.llIF
510 CONTItU:

c
C-- PRINT OATA

IF (PRINT) WRITE <6 ....91> IELNO.LOAO.
.. IDCJ1>.ID<J2>.ID<JS).IO<""",).
& <FT(I>.RT(I>.I:1.5)

c
C-- TRANSFER TDPROARY HYSTERESIS OArA TO PERNHEHT STORAGE •••

ISE2=ISEI2
IF <.NOT .ELSTIC) n£N

DO 520 I:1.1:iE2
520 5E<I>:SE<I.ISiE2>

Et.IlIF

IF (PRINT) ioRITE (Itlrln.llO) IO<J1>.IlXJ2>.ID<JS>.IO<.)ft)
WRITE (IUNIT,711> <FT(I>.RT<!).I=l.S).ESE.PSE

710 FORMAT <H5.1P.6E10.S/(8ElO.S> )
111 FORMAT (lP.SEIO.S)

C

ElE07$40
ELEQ7550
ELEQ7560
ELE07S10
ElE07~O

ELE07:590
ElE070W0
ELE07lt10
ELE07lt20
ELE07~SO

ELE07440
ELEO]450
ELE07460
ElE07470
ELE07,,80
ElE07490
ElE07500
ElE07510
ELE07520
ELE07SSO
ELE0751tO
ELEo7SSO
ELE0756ll
UE07570

IOPT=IOPT ueo7580
RrnJRN ELEQ7590

C=500-CONiIN..E~=== DETERMD£ TOTA&.. FORCES. eaGIES ECT ==~t~~;~

IF <PRINT .ANl.FIRST> ~ITE <6,"'91> STEPm ELE07620
ELEo76SO
ELE07640
ELE07650
ELE07b60
ELE01670
ELE07680
ElEo7690
ELE01700
ELEonlO
ELE01720
ELEonso
ELEon...o
ELE077'SO
ELE07160
ELE07no
ELEon80
ELE07790
ELE07800
ElE07S10
ELE07S20
ELEolSSO
ELEo18..o
ElE01350
ELE073bO

RE~ ELE07810
C ELE07880
C =--=== DE1'£RMDE FIXED EffJ FORCES. AN) AOO TO FORCE=ELE07890

bOO RETtRN ELE07q()Q
C ELE07910
c-- FDcEO EN) FORCES ARE NOT AVAILA8l.E FOR RIC SlEAR WALL ELE01<t20
C ELE07q~

c===::.=:==:-_-=== ~ITE IEMIER FORCES TO OUTPUT FILE =:;:============ElE07Qo,O
700 CONTINUE ELE07Q50

C ELE01%Q
C•••••••••• BQOIMi ENERGY. ClI:Tn.ITV ANJ EXCLRSION ••••• ELE01lli70

IF <ELSTIC) THEN ELE07980
ESEB:O.SO-(FT( l).F< 1»-<"'RT( 1>+R(1» ELE079QO
E:;eS:O.SO·(FH 2 ).$( 2> ).( RT( 2)-+R( 2») ELEOSOOO
~:iEA:0.50·( FT~ 3: ).,fi S»·<RTC 5>...1«5> > ELE08010
E:;E: ESEB...ESES...ESEA ELEo802Q
1'$£=0.0 ELE080~

ELSE ELEoso-.o
CALL "'n.IB ELE08OS0
(. ,lSTTVP ,FALSE •IREL.FAlSE,NAlE. ElEOBObO

ESEB.PSEB,OUCT< 1.1 ).EXCR< 1.1>. ELEOBOIO
FT ,F ,RT .R .0. .0. ,LaEM .LlUT ElE080SO

" IUTB .IUTTVP.SE<ISEa>.IELNO.OAMAGE:) ELE08090
c••••••.••• SHEAR ENERGY. [JJCTILITV AN) E>c'CtMSION ••••• ElE08100

CALL MAoTua £LE08110
<.., ,1.STTVP .FALSE .IREl..FALSE,NME. ELEOB120
ESES.PSES.OUCT< 1.2>,EMCR(1.2). ElEOSBO
FT ,F .RT ,Il .0. .0. .LELEM ,LMAT. ELE08HO

" MATS ,IUTTYP.SE<ISES>.tB.NO.OIMGiE) ELE081SO
C•••••••••• AXIAl ENERGv, OOCTIUTv AN) EXct.RSION ••••• ELEOBlbO

CALL MARIB ELE08l70
(., .LSTTVP .FAlSE ,IREL .FALSE ,NAME, ELEOB180
ESEA.PSEA,DUCT( 1.S),EXCR< 1.5). ELEOBl90
FT .F ,RT .Il .0. .0. ,LELEM ,LHAT, EtE08200
MATA ,MATTVP,SEClSEA).IELHO.DAMAGE> ELE08210

£l£0822O
ELE082SO
ElE082lto
ELE08250
£L£0826O
ELEOS270
ELE08280
ELEOS290
ELE08~10

EtEOS520
ELE08~:;O

RETtRN ELE08~'tO

C ElE08~

C=========== READ All) PRINT IEMBER FQflCES FROM OUTPUT FILE ===:ELE06S60
8CO CONTI~ ELE06570

$X :0 ElE08~8D

S><X=O ElEOSSQQ
sv =0 ElE08400
sxv=o ELEOSltl0
SN =0 ELEOSlt20
BACKSPACE( Il'UT > ELE08~SO

READ <IUNIT ," ) ITVPE, laND. !WRITE. TO.DT ELEOS"'tO
REAO (IUNIT .710> NOOEl.N00E2.NOOES.HOOE~ ElE08...SO
1STEP::-lJoWITE ELE08~

AVEMV:O ELE08470
ICOUNT=0 ELEOSltBO

ElEOS"QIQ
UEQ85SO
ELE085..o
ELEOSC;:SQ
£lE08S60
ElE08S70
ELE06580
ELE085CKl
ELEQ8600
ELE08610

c
810 READ ClUlIT.815.ENO:BSO) ,F'l).R<l).I=I.5),ESE.PSE
815 FORMAT (SE10.S>

ISTEP::ISTEP.!WRITE
T:TO+OT*ISTEP
IF (ISTEP.EQ.O> WRITE <6.805> NOOEl.NOOE2.NOOE3.NOOE'"
IF (I'KKXISTEP.It¥:).EQ.O)
WRITE <6.820) ISTEP.T.cF<I),R<I>.I:1.S>.£SE.PSE
sx = sx F(2)
sxx =SXX FC2>IIf'(2)

IF (aSHe> THEN
ESEB:O.SO*cFT< 1 )+FC 1 »*C RT< 1 >+fl( I»
ESES:O.50"( FT( 2)+fc 2 >>.< RT< 2).-R< 2> >
ESEA:O. 50"< FT< 5 )+F< 5 >>·C RT< 3: >.R< S> >
ESE= ESEB+ESES+£SEA
PSE=O.O

ELSE
ESE=< ESEB-tESES+ESEA)"LENGTH
PSE=< PSEB+PSES+PSEA )*LENGTH

ENOIF

••••

400 CONTlNlE ElE06100
IF (PRINT•.wl.FIRSTl WRITE '6.~9l> STEPm UE06IlO
IF <BTESTCIBUG.7» THEN ELE06120

WRITE C6,'tOl) moo ELE06150
401 FORMAT <lX,SOC'=' ),'SI£AR WALl, ELaENT.' .16,1)(,30('=') > ElE06140

Et.IlIF UE06I50
C UE06I60
C--- SET UP THE C-eNENT STIFFNESSES UE06I70

SB: SE<ISES) El£061SO
SS= SE<ISES) UE06I90
'"'" SE,ISEA) UE06200
IF (BTEST<IBUG.7» WRITE <6,'t02) IaNO.SB,SS,SA ELE06210

It02 FORMATe' IELHO:' .Il,· SB:' .lP.W.5,' SS;' .GU.5.' SA:' .G12.5) ElE06220
C 8£~~

C-- LOOP FOR EAOt LOAD EL.E062'tO
DO ItSO LOAD=l,tl.OAD EL.E062SO

C UE06260
C--- TRANSFORM FRNE OISPL INTO LOCAL DISA. B.E06270

00 "'10 I=1,S aE06280
RC t):o ELE06290
V( I )=0 ElE06300
00 ..10 "J=l.IELDOF aE06510

K=UtC J) ELE06520
R,D:R'I)+A(J.D*OISPl.CK.LOAO) UE06550

It10 V(I>=V<I)+A<J,I>*VELOCCK) B..£06~

C UE065S0
c---~ INCRlMENTAL. FORCES ELE06360

Fe 1 )=SSloR< 1 )/LENiTH ElEO&570
F(2)=SS'"R(2)1LENGTH EL.E0658Q
F<S)=SA<tR<S)/LENGTH aE06390

C UE06'OO
c---- CHECK STIFFJESS AN) CAl-aLATE UNBAlANCED FORCES 8.E06ltlO
C THIS IS PREFORtED ON..v FOR D£L.ASTIC AIW..VSIS ElE06't20

P<l> =FT(1)+fc1) ElElJ6oltSO
P(2) =FT(2)+F<2) El£Ob't~

pes) =FT<S)+F<3:) ELE06..sD
IF <.NOT. ELSTICJ THEN UE06'i60

-- TRANSFER PERtWENT HYSTERESIS OAT'" TO TEMPROARY STORAGE •••ELE06't70
ISE2=ISEI2 UE06_80
DO 415 I=I.ISE2 aE064CM)

5E<I...ISE2>--SE<I) ELEOb500
-- BEt.IlING ------- UE06S10
- SET l.P TEMPObRV - TOTAL LOADS. OUP.... S 1M) YELOC ELEOb52O
PL=FTc1> ElE065SO
o :<RT(1).R(I»/LENGTH ELE065'iO
l:J.=Rf(l> ILEHGTH ELEOb550
VC=VT<l)+tK1> EL£06560
V'l=VT<l> ELE06S70
-- CALL HYST MOIS. TO GET t£W STIFFNEss AM) aEOb580

HE TOTAL FORCE P AT OISF'\. D. EL£065QO
HOPT=5 ElE06600
CALl MA TUB ElElJl:,0610
(HOPT •LSTTVP.FAlSE .IREL.FAlSE.NoUE. ELE06620 C

ESEB.PSEB.DUCT< 1.1 ).EMeR< 1.1>. ElE0b650
P<l).PL,D.1'l..VC.VL.LELEM .!..MT • ELE066'tO
MATB.MATTVP. SE< ISE2... XSf:B). IELNO.o.uu.GE) ELE06650

IF <SE<ISE2"'ISEB).NE.SE<ISEB» 1£Wt=. TRl.E. ELE~

- S1£All UE066lO
-- SET i.P TeflORARV - TOTAL LOADS, O1SPL"S IMJ VELOC EL.£06tl8O
Pl.::oFT< 2 > aE06tI90
o :(RTC2>+R(2n/LENGTH ELE06700
Cl.:RT< 2 > ILENiTH ElE06710
VC::;VT<2,.V<2> ElEObTZO
VL=VT<2> ELE067SQ
-- CAlL HVST MOIS. TO GET NEW STIFFNESS »I) ElE061~

Tl£ TOTAl. FOllCE P AT OLSPL O. UE067S0
MOPT=3 ELE06160
CAlL MATUI ELE06770
(HOPT .LSTTVP.FAlSE .IREl.FALSE.NIJE. ElEOb780

ESES.PSES.OUCT< 1.2>.E1<CR< 1,2>, ELE067CJO
P(2).PL.D.OL.VC,VL.LEL.EM .LMAT • ELEOb8DO
MATS.MATTVP .SE< 1SE2...lSES >. IELNO.OMAG£) ELE06810

IF (SE<ISE2 ...ISES>.NE.SE<ISES» NEl«:.TRUE. ElE06820
- AXIAL UE06850
-- SET l.P T9PORARV - TOTAL LOADS. DISPL'S IMJ VELOC ELEe::t6&WJ
Pl::oFT< 3> ELEO&8SO
o =(RTCS>+f(S»/lENGTH ElE06860
Cl.=RT< S) ILENGTH ElE0687D
VC=VT<Sl+V(5) ELE06880
VL=VT( $) ElE0689CJ
- CAlL HVST MOOEL TO GET JEN STIFFNESS N6J ElE06900

HE TOTAL FORCE P AT DISPL D. aE06910
HOPT=5 El.E06920
CALL MATUB ELEOb9SQ
(MDPT.LSTTVP.FAlSE ,IREl.FALSE.NAME. ELE069otO

ESEA.PSEA.OUCT< 1.S>.EMCR( l,S>, ELEOb9S0
P<5>.PL.O.lJ..I/C.VL.LEl':M .LMAT • ElE06%O
MATI. .MATTVP •.SE<ISE2..XSEA>.IaNO.OAMAGE> ELE06970

IF <SE<ISE2.. ISEA>.NE.SE<ISEA» t£t«=.TR\..E. ElE06980 C
ENOIF ELE069'lO

8.E07000
ELEOTOlO
aE07020 C
UE07050
UE07O\O
ELE07050
UE07060
El£07070
ELE07080
aE07090
aE07100
ElE071l0
ELE07120
UE07150
ELE01140
UE07150
ELE01160
UE0717Q
ElE01160
aE07190
ELE0720ll
ELEOl2ID
ElE01220
ELEOl2SO
ElEOn~

ELEOnso
UE0l260
aE0l270
UE07280
ELE07290
ElE01:SOO
aE01S10
ELE07520
ELE07550

c
C·----~ ~AVE MAKIfUf LOADS

,IF oI.OAD.GT.1> 1l£N
00 ~89 1=1.S

IF (A8S<FCI».GT.A8S(FMAX<I)) > nEN
FMAXCI >= HI)
FMAX(I.S>: ReI>

ENJ1F
S89 CONTI"",

ENOIF
c
c------ PRINT QAfA

IF CPRINT) ioRITE <6.S92) IElND.LOAD.
& IDCJl>.ID<..J2>.IDC JS).IDc Jlt).
& (FCl).R<D.I=l.S)

592 FORMAT (IlO.I5.2l<.H5.lP.6GlS.6)
c
C----- CALCULATE 1lE tNW.ANCED IE&R: FORCE ON A JOINT.

IF CLOAD.EQ.l> HEN
USN = -< FCl )+fT(1)...P(1) >
ISS = -< F(2)+fTC2>-P<2) >
lJBA = -( F"<S>+fT<S>-P<3:) >
00 ..., I=I.IELOOF
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RETURH

ENllIF
GO TO S10

,LELEM ,LMAT ,

.LB.at .uuH •

,LELEM ,LHAT ,

.LELEM ,LHAr •

, LELEM ,l.MAT •

.LELEM .LMAT •

CAlL MATLIB
< 2 ,L.STTVP .FAlSE ,IREL.FAlSE.NAfE.

ESSI.PSE8.OUCT< 1.1) ,£KCR< 1.1>.
FT ,F .RT ,R .0. ,0.
MATS ,NA TTVP. $£( ISEB >. IaNO.OAMAGE)

QlL MlTLIS
< 2 ,LSTTVP .FALSE .IREL.FALSE.NNE.

ESiES.PSES.OJCT( 1.2).E><CR< 1.2).
FT .F .RT .R.a. .D.
"TS ,..rTW.S£<ISCS).m.... llAMAG£)

CALl ..rUB
< 2 .LSTTVP ,FALSE .IREl.FALSE.NAME.

ESEA.PSEA.WCT< l,,S>.EXCJ« 1,5>,
FT ,F .RT .R .0. .0.
MlTA ,MATTVP.SE< ISEA).lB.HO.~ >

RETURH

OCllIllE PllECISI... ElE.ESE.CErE.PSE.l£OO.Em.EXI
DIMENSION COORO<MAKNOO. 5 ).ID< MAXNOO).

& IDOFOW<NOO.b) ,COSINE<S.S.NCOS),CHST<MAHNOO.6),
" JTFLGC.I"A)(NJO).Jrcos<MAKNO(J)

C
C:- '=:,===== RESET INTERNAL FORCES

l500 CONTDAlE
C
C-- ZERO Mot.TRICIES

00 1510 1=1. IS£
1510 SE( I >=0

00 1325 bl.S
FMAJ(I):O
FN.tJ(I..S>:o
F (1):0

FT< I >=D
R (1)=0
RT(1):O
V (1):0

l325 vT<I>=O
I«ITE (6,15SO) IELNO

l5SD FORMAT (. SH9R IW..L. ••••• ElEPENT a' .I€t.
... INlERtrW. FORCES AM) HYSTERESIS *XJElS ARE RESET TO ZERO')

RET1JRH
C=--=====--====== DAMAGE DCJE)(

1'tOO IF (ELSTle) RE1\JlN
FMAKl:F"'4JC(1)
FIUK2:ftW«(2)
FMAKS:FMAX<:S: )
FMAX~~IiWC(ft>

FMo\lG:::fl'WC< 5 )
FMAK6:fIU)« 6)

c..•....... 8£M>DC EtERCY. AN) OAMGE IteJEX
CALL ",TUB
(S ,LSTTVP .FALSE ,IREl. .FALSE.MAIE,

ESEB,PSEB.OUCT( 1.1).EXCR< 1.1 >.
F"MAXl.O. .FMAH....O. .0. .0.

.. MAT8 ,IUTTVP.SEcISEB).mNQ.OAMB)
c BaIlING ENERGV. AND _ I_X

CALl ..TUB
(5 .LSTTVP .FALS£ ,IREl.FALS£.NAIE.

ESES .PSES.OUCT< 1.2).E.WCR<1.2),
FMAX2 .0. .FNAXS.O. .0. ,0.

I. .....rs ,MATTVP,SE< ISES). Ia.N:I.OAMS)
C•••• ' • •• •• AXIAL. EI£RCV. AN) ()AM&(;E DIJEX

CALL .....TUB
< S .lSTTVP .FALSE .IREL..FALSE.NAIE.

ESEA.PSEA.DlXTC 1.5 ).EXCR( 1.5).
FHAX5.0. .FIUX6,O. .0. .0.
MATA ,MATTYP,SE<ISEA>,1ELNO,OAMA)

IF (POlOO.AND.nRSTl WRITE (6.1191) aE09920
IF (POlINTl HRlTE (6.1192)IElNO.«llUCT<I,J).EllCll<I.J).I:1.5).J:1.5:>E1.E0995O

1192 FORMAT <l)(,I5,18F7.2) ELE~

1191 FORMAT <I' RIC StEAR WAll. CJJCTILITV AN) EHCl.RSION RATIOS' 16K, ELE099SO
& ' 1--- l!EIOOO e-<lNENT ". ElE09%O
• 1--- StEAR CQIlFOf£NT I' , ELE09970
• 1 AXIAL COMPONENT I' I.' EL£Ma', ELE09980
• 1- lEFll 1- - lJEFN 2- - OEFN 5-1', ELE10000
• 1- OEFN 1- -- OEFN 2- - OEFN 5-1'. ELE1oo10
• ' l-lI3'N 1- - OEFN 2-- - OEFN ~-I·/6ll. aE10020
& DJCT. EXCR. ClJCr. E>CCR. DUCT. EXCR.·, ELElOOSO
• llUCT. EXCfl. llUCT. EXCfl. llUCT. EXCR.'. ElElOO'oO
& DJCT. £)(CR. CU:T. EXCR. WCT. EXCR.·) ELElOOSO

RETURH ElElOO70

C::======== "'tlTE IW<DUI ANJ HINDU VALLES ~tn=
1200 C"'TIllE aEl0100

IF <FIRST> "ITE(6.~91)·MA)(DIM LOADS AM) OISPL AT MAXIMlM LOADS 'ELEIOHO
& II' MOTE: I'WCIMlIt VALLES MAY NOT OCCLR SIMULTANEOUSLY' ELE10120

WRITE <6,"'}2> IaNO.LOAD. ELElOlSO
IDe: Jl).ID<..!.Z).ID<JS),IDCJIt). ELElOlltO

<FIWCCI).fIW«5+I>,I:.1 , 3> ELEI0lSO
ElElOl60
ELEl0170
aE10180
ELE10190
ELE10200
ELEI0210
ELElO22O
ELE10250
ELE102~

ELElO2SO
ELEl0260
ELEl0270
ELEI0280
ELE10290
ELElOSOQ
ELElO3:10
ELEI0:;20
ELEIOS30
ELElOS~

ELElOSSO
ELEIOS6Q
ELEIO:S:7a
ELElO~

ELEla:S:90
ELElO'oOO
ELElO'olO
ELEIO..20
ELEIO<o5l)
ELEl~

ELEl04SQ
EL.E1O'tbO
ELElO<tlO
ElEl0480
ELElo..90
ELflOSOO
ELEIOSIO
ELEI0520
ELElOSSO
ELElOS-nl
ELE1OSSO
ELE.10560
ELE1OS70
ELEl0580
ELEl0'590
ELE.10b00
ELElOblO
ELEI0b20
ELEIOto~

ELEl06-.Q
ELEl0650
ELElO66O
ELEIQt)10
ELEIO&8O
ELElClb90
ELEla7QO
ELElallO
RHona
ELEI01SO
ELEIO]ltO
ELE.10lSO
ELElo760
ELEI0770
ELEl01S0
ELEI0100
ELElO8OO
ELE10810

ES£=< ESEB+ESES+ES£A )"loollt ElEl0820
P$E:<PSEQ+PSES+PSEA)*LENGTH ELElosSO
OAHAGE=( CWlB~ ESEWSEB)+OMSlt(ESES~S ).+(),AMA-( ESEA+PSEA.) )-t.ENGTHELElos..a
IF (FtRST) "ITE (6,H20) ELEl0850
I«ITE (6 .HlO )IELNo.0AM8.ESEB.PSE8.DMS.ESES .PSES. OAMA.ESEA.PSEA ELEloBbO

1~10 FORMAT (lX.I5.$(OP.Fl~.5,.lP.2Gl ••5» ElE1087a
1~20 FORMAT (16)(. ELEl0880

& • 1--- BEtClING COMPONENT --------1', ELEloS90
• 1--- SlEAR COfIPQNENT --------". ELElO9OO
• • 1--- UIAL COMPONENT -------1'1.' aEHa' , ELEl0910
I ' 1- DAMAGE - -- ESE - -- PSE --I'. ELE109SQ
• • 1- _ - - ES£ -- - PSE -I'. ElE1W'oO
.. ' 1- OM&GE - - ESE - - PSE -I') ELEloqsa

RET'l.RN ELElO%O
ENJ ELEla970

c~ _ --================ENE(l()()to
C ENERCV llALANC£ ENEOOO5O
c============--=========================================:======ENECJ006.0

SlBROUTDE e~V(Ll.L2.L5.L"'.LS.L6.)OJF .MAXNOO.NCDS.PT2.CONO. ENElXlO70
& nO.llOG.IQC.JII).fIDCS.....G.OVN.WRITE.A8ORT. ENEOOO8O
& STIFF ,ltG.MSS. ENEOOO9O
.. EIE.ESE.PSE.EKE.EOO. ENEOO100
& ALPHA.BETA.KGFORM.NELMT.ht4OOE .OT .StMJB. ENEOOlla
& SUIe:.OSI.I«C. St.I4FO.DSt.I1FO,FUAMP.OFDAfIP. FZ. ENEOO120
.. GA.GV.GO.GAT .GVT .~T. WORIt.WORK2.FG.l:FC. ENEOOISO
& OACC.OVEL.DDISP.ACC.VEL.DISP. LOAO.Cl.OAD. ENEOOHO
• 10 , IDOF • CNST ,JTFlG • COORO ENEOO1SO
& COSDE , JTCOS ) EM::OOl60

ENEOO170
ENEOO1SO
ENEOOl90
ENEOO2OO
ENEOO2.LO
ENEOO220
ENEOO250
Et£OO2'oO

aE08620
ElE08650
aE086<O
aE08650
aEOSWl
aE08680
aE08690
aEOS710
aeoa720
aE08750
ELEOS7'"
ElEOS750
aEOS760
aEOS770
aE08780
aE08790
ElE08800
aE08810
aE08820
ElE08850
aE088'"
aE08850
aE08860 C
aE088lO
aE08880
aE08890
aE08900
ELE08910
ElE08920
aE08950
aE"""'"
aE08950
ElEOIl96O
aE08970
ElEOII98O
ELE089'lO
ElE09O.LO
ELEO'105O
ElE~

aE09070
ElE09080
aE09090
ElE091DO
ELE09110
ElEO'll2O
aEO'll5O
aE09140
ElE091SO
ElE09160
aEO'll7O
EL£09180
ElEO'll90
ELE09200
ill0'l210
aE09220
aEO'I250
aE092'O
aEO'J25O
ELE09260
aEO'I270 C
aE0921lO
il109290
ElE09500
ELEO"M10
aE09520
aE09550
ElE095O<l
ElE09S5O
ELE09560
illO'l570
aE095IlO
EL.E09~90

ill"""'"
ELE09'tolO
ElE09'o20
ElE09'o50
aE_
ElE.,..;o
aE"","",
ELE~10

ElE_
aE09'o90
il109500
ELE09S1Q
aE()9';2Q
ElEO'l<SO
aEO'l<'"
aE~ C
aE_
EL£09!i1O
ELE_
aEO'l<90
aE09600
aE09610
aE09620
aE09650
aE"""'"
aE096SO
aE......,
ElE09670
aE09680
aE09690
ELEO'l700
aED9710
aE09720
ElE09750
ELE09?'"
ElE09750
aE09760
aE09770
ELE09780
aE09790
aE09800
aE09ll10
aE09ll20
ElE09ll50
aE098<O
aEQ'lI!;O
ae09860
aE09ll70
ae09880
ElEO'l89O C
ElE09'lOO
ElE09910 C

,W£M .UlAT.0.

&
&
&

•910
C
C--- OOt..8L.E TIE STORAGE. TO ALLOW FOR T9PROMY VALl.ES•••

lSE:ISE*2

C
830 CONTINI.E

AVEMV=A\lEMVI JIW(ICClt.HT ,1)
WRITE (6.85ll AVEIN.ICOlINT
IF <$V,HE.D )l'l£N

Rt+--SV/SX
ICOUNT=SN
WRITE (6.855) RM.ICOlIlT

ENllIF
OM = SN*S)()( - sx*sx
DB = SX*SX - SX>C*SN
IF <OM.fE.O .AII). OB.t.E.O) 1l£N

R8=< SKV*S)(-SV*SXX )/eB
RM =< SN*SKV - SX*SV ) I CIt
ICOlIlT:SII
WRITE <6,852) RM,RB.ICOlNT

ENllIF
8S1 FORfIU,TUflO.' AVERAGE HOMENTlS£AR RATIO=' .lP.Gl2. ~ .!iX. OP,l6.

a. ' POINTS ioERE USED. "
& ' POINTS wITH V=O ARE EXQ..t..QEO' )

852 FORMAT< flO.'REGRESSION MQ£NT-SIEAR EQl.IlI: ,
& • III ='. lP.Gl2... , 'it V +'. G.12.~,5)(.

& OP,I6,' POINTS !ERE USED')
855 FORMATe nO.'REGRESSIOH MQIE.,.-Sl£AR EQl.tj, •

& ' " =', lP,G12... , 'It V '. 12)( ,!iX.
& OP.l6.· POINTS ~ USED')

C
C:::--==--==-__ DETERMV£ TlE STRAIN ENERGY

1000 CONTIN.£
C:====:::~~~ llUCTIUTEIS AND El<CUlSI... RATIOS
lloo CONTIM.E

C • •• NOTE ELEDS WAS LAST CAllED TO CALC IM:IRIENT&l OISPL.
C THE EM::RG!ES A.SSOCIATEO WITH INCR DISPl ARE STORED IN
C THE ADDRESSES: ISES.ISEI2
C ISES'ISEI2
C lSEA+lSE/2
C•••••••••• BENDING ENER'GY. WCTILITv Ate) EXa.RSION •••••

ISE2:ISEI2
CAll MATLIS
('0 .LSTTVP ,FALSE .IREL.FALSE.NAME.

ESEB.PSE8.OUCT< 1.1).£XCR( 1 •.1).
FT ,F ,RT ,R ,D. ,0. ,L.ELEM ,LJU.r

& MAra .MATTVP.SE<ISE8+ISE2>.IELNO.0AMAGE)"
C•••••••••• SlEAR Et.ERCY, OUCTIUTV AlII) EXCURSION •••••

CAU MATLIB
< ~ .LSTTYP ,FALSE .IREL.FAlSE.NAtE.

ESES.PSES.OUCT( 1.2).EXCR< 1,2>,
FT ,F .RT ,R .0. ,0. ,LEL.EM .L.MAT

& HATS .MATTVP.SE<ISES.. lSE2),IELND.OANAGE)
C. • • • • • • • •• l)(IAL ENERGY. OUCTIlITV AN) EXCURSION •••••

CAUMATLIB
& ('0 .LSTTVP ,FALSE .IREL.FAlSE.NAME.
& ESEA.PSEA..OUCT<l,S>.EXCR<l,S>.
& FT ,F .RT ,R .0. .0. .LfLEM .L.MAT
& MATA ,MATTVP.SE(ISEA+!SI2>.IELNO.DAMCIE)

IF <ELsrtC) nEH
ESEB=O.50It(FT( 1)+1:( 1 »tt(RT( 1)+R'( 1»
ESES--Q.SO*( FT< 2 ).F(2 ) )*( RT< 2 )+R( 2 ) >
ESEA=O .solt<FT( S)+F< 3) )It( RT( S)+R( S) >
ES€: ES£B+ES£S+ESEA
PSE=O.O

as£
ESE=< ES£B+ESES<ESEA )"lENGTH
PSE=< PSE8+PSES+PSEA >tttBMiTH

ENllIF

IF (BTEST<IIlUG.])l TIEN
WRITE (€t.") 'ESEB ESCS fSEA • ,ESEB.ESES.ESEA
WRITE (6.·) 'PSEB PSES PSEA ',PSEB.PSES,PSEA
WRITE <€t o lt ) 'ESE PSE LENGTH' ,ESE ,PSE .L.fNGTH

ENllIF

Sf = SV + F(l)
SXV =SXV + F<l)tIf'(2)
SN =SN +1
IF (F<2).NE.0) TI£N

RA'TMV= F(D/F(2)
AVEMV=AVEMV+RATMV
ICOlMT=ICOUNT+1

805 FORMAT (I' RIC HAl MALL FORCES••• ·.I
&. 5X.·NOOEl;· ,I6.5X,'N0QE2:· .l6.5X.·NOOE3:' ,I6,5X,'NOOE~:' .16.11

~. ...k~ T~ ";'m... .
& ' SI£AR' ' .' SJ£AR OISPL. '.

~: ESEAXUJ. ' ':' AKI:'seDISPl-. , ~;
S20 FORIUT <I6,lP.Gl2.~.bGl~.5,2G.l2.~)

8S5 FORMAT (/TIO.· I'W(!MUN OUCTD..ITIES All) Exct.RSIOH RATIOS' I
& T10,'-====- ')

SltO FORMAT (/TIO.AI
& TlS, 'OISPlACEMENT OEFINATION: Ub' ,lP,Gl2,lt.5X, 'E1=' ,Gl2.'t1
& TlS, 'ENERG\' OEFlNATION ai: U2=' .lP.Ciol2.... SX. 'E2=' .G12.~/
& TlS, 'ENERGV CEFINArtON ttl: U$.:' ,lP.W.'t,SX.'Es.:' ,W.'t)

RETURH
C
C======= OEfERIitV£ T1E t.aGTH OF TlE MATOIAL. DATA

QO(J CONTIU
ISE=O

C--- LooP FOR EAQf",l'EIAL -
00 910 1=1.3

IF (I.EQ.!> TI£N
lSEB=ISE+l

as£ IF <I.EQ.2l TI£N
IS£S=ISE.1

ELSE IF <I.EQ.3) 1l£N
ISEA:rse..l

ENllIF
MATI = RINPUTCI)
CALL MATtIS
(0 .LST1"n" .FALSE ,.IREL.FALSE,NAIE.

ES£. PSC.llUCT<l.2).EXCfl<l.2).
FT ,F .RT ,R .0.
MATT ,MATTVP .SE,m.NO.DAMAGE)

lSE=ISE + La.EM

144



ENEOH90
ENEOlSOO
ENE01510
ENEOlS20
ENE015SO
ENE01S<;O
ENE015SO
ENEOlSbO
EHEOlS70
ENEOlSSO
ENE01S90
ENE01600
ENE01610
ENE01620
ENE01650
ENEOW.O
EtE016SO
ENEOl660
ENE01670
ENEOl680
ENE01690
ENE01700
ENEOlll0
ENEOlno
ENE017~

ENEo17.;o
ENEOllSO
ENE01760
ENEOlno
ENE01780
ENe01790
ENEOlSOO
ENEOlS10
ENEOlS20
ENE01S50
ENEOlS-.o
ENE:Ol850
ENE01360
ENE01S70
ENEOI880
ENEOlS90
ENEol900
E1£01910
ENE01920
ENf01Q SQ
ENE01~

ENEOIOSO
ENEOl%O
ENf01Q70
ENEOIQaD
EtE019QQ
ENE02000
ENE02010
ENE02Q20
ENE020~

ENE02Qo,O
ENE02OSO
ENE02ObO
ENE02Q70
ENE02080
ENE02()QQ
ENE02100
ENE02UO
ENE02120
ENE021~

ENE0210t0
ENE02150
ENE02160
ENE0211a
ENE02180
ENE021QQ
ENE02200
ENE02210
ENE02220
ENE022SO
ENE02Z...0
ENE022S0
ENE02260
ENE02210
Et4E022SO
Et.E02~

ENE02SQO
ENE02HO
EN£02S20
ENE02S~O

ENE02:!>.;.()
ENE02S50
ENE02S60
ENE02570
ENE02~

ENE02590
EIo.IEOZ"OO
ENE02"10
ENE02"20
ENEOZ"iQ
ENEo24..0
ENEo2~50

ENE024l:)l)
ENE02..,0
ENE02etSO
ENE02"qo
ENE02500
ENE02510
ENE02520
ENE025~

ENEOlS'll
ENE02550
ENEo2SbQ
ENEDlS70
ENE02S80
EIE025QQ
ENEo2bOO
ENE02bl0
ENE02b20
ENE02650
E~02b'tO

ENE026SO
EIE026~

EliED2blO
ENE02b80
ENE02bq()
ENE02700
ENE02710
ENE02720

CONTI!I.E
ENOIF

ESE =ESE .. EESE
PSE = PSE .. EPSE

-- GET ElASTIC AlII PUSTIC STRAIN ENERGY FOR EACH ELEIlENT
lSTTVP::O
PRINT=.FALSE.
lEAD =.FALSE.
DO 60 IElNO=l. JrEUfT

CALL ELElIB
(10.LSTTYfl' •• F....SE •• IREL ••FAlSE.. NAIE .EESE.EPSE.DAfllAGE.

IElNO ,1aOOF .KGOOF' .PGEOM.RltrRJT .AXIAL,IZOISP.IZLOAO.MSTOR)
IF <PT2) IoIRlTE <6.55) ffi..NO.EE~.EPSE

F'ORMAT<' 8.£MENT.' ,IS.' ELASTIC SE=' .lP.G13....
• PLASTIC SE=' .lP.C1S.">

52

60

&
5S

55
&

20

&
as

C
c•••••• CAlCt.l.ATE TJE IN:RDlENTAL Df3UT Et£RGV WE TO KG•••

DIKG..-O
DO 5S I=L3,t+

ENER= ,FG<Il+OFG<I)l2l_(I>
IF (PT2) I«ITE (6.*) I.

'FG.OFG' ,FGCI).CFGCI>.' ODISP' .WORI«I),' a£R' ,£HER
OIKlloIlIXG+€NER

DEIE=OEIE.oIXG
ENOIF

C= CALCl.I.ATE TOTAL. STRAIN BSlGV
C= _
C...... CAlClUTE TIE TOTAL S11WN ENERGY

OESI'oESI'
DPS£:PSE
ESI'=o
PS£=Q

c
C••••• , CAlCt.l.ATE HE. Da'DENTAI.. STRAIN ENERGY

OESE=£SE-DESE
DPS£:PSE-QPSE

IS
c.••
C
C

c••••••. GET TIE ABSOlUTE Ioa.OCITV All) STORE IN VECTOR -woRK2•••••c... SAVE RElATIVE RESPONSE IN VECTOR WORK2
DO 15 I=l.L'"
WORK2(I)::va<I~<I)

ADD GIlClHl RESPONSE IN JOINT CORllOINATES TO RELATIVE RESP
JIU..TIPLv GROI.ICl VElOCITV * DIRECTION cosINE
OMIT ALL DOF THAr AItE CONSTRADED TO A MASTER DOF •••

IF (eYT< 1>.JE.0 .CR. GVT(2).HE.Q .OR~ CVT( S).~.O> THEN
00 21l NllllE=l.1HXlE

ICOS=JTCOSCNCl(£)
00 20 K:l.5
IF <.NOT. ST£STurFt.ccNQOE>.It.u» 1l£H

II=IODF< NOlI: , K>
IF (II.L£.Lr,)
~II>:t«JRKZ(U> • GVT<l)"COSlNE<l.(.ICO$>
.. GVT<2>-eOSDE(2.Jt,ICOS> • GVT<S>tlCDSlNE( S.K.ICO$)

ENOIF
CONTDIJE

EIflIF

C
C- = __= __=
c= CJL.Cl.l.ATE KINETIC 8£RGY
t.=~~IF=~~~=Oo'=======

C
C...... ZERO ~ FOR STATIC CASE.

£00:0
0E1lO=O

ENOIF

C
C•••••• CALcu.,ATE ll£ TOTAL lE

OEI(E=£KE
CALL ETIlFl.V<PT2.L1.l2.L3.l.,.L"1.l~.

IJ«IIfS .ICJCS.MSS.WQRI(. NORI(2.WDRK2. EKE >
EKE:EK£I2.0

C
C•••••• CALC\l.ATE TIE: INCRDENTAL. ICE

OEKE:EK£-OEKE
£LSI'

C
C•••••• CALCI.l.ATE TJE DCRIMENTIl QMfPDG EJrERCV

DEOD =0
[f <AlPHA.~.O .~. BETA.NE.O) THEN

00 SS I:l5.l"
FOOCEI= ~I~Ill2
VMI = va.c I,.. 0VEl<I)/2
ENER:FORCEI"VMI
IF <PT2> !oRITE (6."> I.

'FoRcEr .FORCEI.· 11M' ,IIMI.· EfrEJt· .EttER
llEOO=OEOO • ENER
OEOO=lEOO"OT

OOIF

C
c•••••• ZERO KE FOR STATIC CASE.

OEItE:O
EKE :0

ENOIF
C
C===============--=
C:== CALaLAt'E ONPltED E~'t'

c===============================
IF <OVN > TlEN

C
c. . .••. CALQl.ATE 1lE TOTAl.. cw.DED EIERGY

EDO=EIlG.oEIlO
£LSI'

C

c=---================
C= CEca:; EtrERGV BALAM:E ==
C--===--=======-_-=====

DlFFoEIE-ESI'-EltE-PSE-aJO
IF CEIE.toE.O> HEM

RE::OIFFIEIE • 100
£LSI'

RE:llXJ.OO
OOIF

C

c======
C== PRINT OAfA =
c==========

IF (NRlTE)

CHARACTER*80 HAlE
DIMENSION STIFfCDIJ).flOCL6+l>
DIMENSION MASS<I~l,MlJMS(L6+l>
DIMENSION KG<IIIlKQ>.IOCGCL6.U
DIMENSION RDAITClOO>,FOAMP<L6),DFtWF<l6),FGC6),DFGC6)
OIMENSIOH SUJltRCC6J.DSUfIfRC(6),stW0<:6).DSUlfRK6).SUHUB<6)
LOGICAL BTEST ,PRINT.1£AO.PT2,AKIAl,COOIl,F,T,OVN,NRlTE.AllORT

DIMENSION GlXS>, GVcS). GACS)
DIMENSION GOT(Sl,M(3).GAT(S)
DIMENSION OOISP<L6),OVELCL6),OACCCL6)
DIMENSION OISP<L6>, VELCL6>, ACCcl6>
DIMENSION WORt(Cl6>.WORK2<l6>,LOtUXL6),ra.OAOCl6)
OATA F/.FALSE.I, T/.TRlE.1

L"l=L.,.l

•&
50

C••••
C•••

ENEOO25O
ENEOO26O
ENE00270
ENEOO280
ENEOO29O
ENEOO5OO
ENE00310
ENE00320
EIEOOS50
ENEOOS.;o
ENE00350
EM:OOS60
ENEOOS7D C
ENEOCBllO C. • •••• CAlClUTE TIE TOTAl IIFIIT ENERGY

C ENEOOS90 EIE=eIE ... t:EIE
C--------- NOIEllClATlJIlE -------------<CENEOO'iOO
C DACt INCRDENTAl RELATIVE ACCELEllAnON CENEOOHO
COVEL INCRlMENTAt.. R£U,lIVE VELOCITV CENEOOlt20
C DDISP INCRDEHTAL REl..UIVE DISPL.ACaENT CEh£OOltSO
C ACt PtlEVlOUS STEP'S RELATIVE ACCELERAnON CENEOlMO
C I/EL PREVIOUS STEP'S RS.AlIVE vaocITV CENE~

C OISP PREVIOUS STEP'S REUlIVE DISR..ACEfENT CEIEQ0f960
C DlOAD INCtIDENTAl """'-rED LOAD, NOT ""OIl CENEOO\7O
C LOAD PREVIOUS STEP'S APPLIED LOAD. NOT MttAG CEhEQOfrao
C OFDAMP INCRlMENTAl OMPtlG FORCE CENEOOlt90
C Fe- PtlEVlOUS STEP'S e-Ni FORa CENEOO5OO C
c CENE00510
C GO INCRllENTAL GIlOlNl DISPLACEMENT CENEOO520
C ~ INCtIDENTAL GIlOlNl VELOCITV CENEOO5SO
C c.A INCRlMENTAL GROI.NJ ACCaERATICIN CENElXJ5ltO
C GOT TOTAl GROI.JN) DI~~MENT CENEOO550
C C.VT TOTAL GROl.,N) VElOCITY CEtE('IC)56Q
C GAT TOTAl GROUtrIJ ACCELERATION CENEOO57D
C I«)RK TEMP FORCE VECTOR CENEOO58O
C 1ofORK2 TEMP OISPL OR vELOCITY veCTOR CEJEOO590
c------------- ---eENE()()6(JJ
C ENE00610

ENEOOb2O
ENECIOb50
ENEOO,,",O
ENEOO650
ENEOO6eO
ENEOO670
ENEOO68O
EIEOOb90
ENE00100
ENE00710
ENEOOno
ENEOO7~

ENEOO7<.o
ENEOO750
ENEOO76Q
ENE00770
ENEOO1SO
ENEOO1'lO
ENEOO8llO
ENE00810
ENEOO82O
EtE,008SO
ENEOO8<.o
ENE~

ENEOO86O
ENEOO8lO
ENE""'l80
ENEOO89O
ENEOO'lOO
ENE00910
ENEOO92O

CFD:'.W.5.' FQAIiII:' .Gl5.S. ENEClO'XO
ENE"""""
ENEOO9SO
ENE"""""
ENE00970
ENEOO98O
ENE"""""
ENE01000

OEIE:O ENEOIOI0
C ENEQI020
C•••••• CAlClUTE TIE IN:1l. INPUT EHEllGV DUE TO GIltIl MOTION ENEOlosa

IF (OVN) THEN Et.l:0100t0
IF (PT2> WRlTE<lI.·) • SUIlC'. SlMlC ENEOIOSO
IF <PT2> "IfEe6,-) "ClSl.IItC' .OSUItC ENEOIObO
IF (PT2) wRlTE< 6. "') • St,WO·. SI.»FO Et£01070
IF CPU) ioRITE(6.*) ·\JSlIlFO'.OSI.JIFO ENE01080
IF CPT2) WRITE( 6.·) , SlM.B'. SI.MB ENEOI090

DO "8 1=1. S ENE01100
FORCEI= Sl.Jr«CcX,.. o.S*f)SUIlCcI) • Sl.WDCI> • o.5I1QSlJ11FOCI> ENEOl110

• SlJUl( I> ENE0I120
ENER=GDC I )4"MCEI 8£011$0
IF (PT2> HRITE <6,·> I. ENEoll~

'F"ORCEI' ,FORCEI.' GO' .GDeI>,· EtER'.ENER ENEOUSO
DEIE::DEIE + EtER EfEOll60

ENE01170
ENEOll80
ENE01190
ENEo1200
ENE01210
ENE01220
EIE012SO
ENEOu.o
ENEOl25O
ENEOl260
ElE01270
ENE01280
ENEOl290
ENEOL5OQ
EfrrEOUlO
ENEOU20
ENEOUSO
ENE01S~

ENE01550
BEOlS60
ENE01S]O
ENE01SSO
ENEOlS90
ENEOl<iOO
ENEOHolD
ENEOH20
E.\EOIUO
EIEOl~

ENEOl'50
ENEOl<060
ENEOl'7O
ENEOl'tao

c
C...... CAlClUTE TIE INCH. INPUT ENERGY DUE TO """'-XED LOAOS•••

N2=t.6
IF <OVN> N2=l..,
DO sa I=LS.N2

FORCEI=LOAQ( I >+OLOADC I >/2
ENER:FORCEI'1lOISP< I l
IF <PT2.AtI1.<FORCEI.lE.O .CR. OOISPCI).tE.O»

WRITE <6.·) I.
'FORCEI' .FORCEI.· OOlSP' .ODISP<I>.' SER'.ENER

OEIE=DEIE • B£R

C
C======= _
C== INTEGRATE GROt.NJ ACCELERATION
C====================

If <OVN) TIEN
DO 10 1=1.S

GA< I >=GA( I >
GV(I}:;(~TcI)+GA(I» -flT 12
GOCI>::GVTC!>*OT • cSItGAT(I)+GA(I» -oT-oT 16
G.AUI)=GA(I:>+GATc I>
GVU I )=G\I< I )+GVT<I )

10 GOT<I>::GOCI>+GDT<l)
ENaIF

IF <PT2) THEN
IF cDVN> nEN

l«m <6.22) <I.ACCCI>.VElCI>,OISP<I).LOADCI),I=l,L")
"IfE <6,25) (I.DACe(I ),ova( I ),lXIISP< I>.II.OAOC I).I=l.L.,>
loIItTE <6.~> CI.FGl:I).CFGC I).FDoUPCI),CFQAIII( I>,I=l.LD>

£LSI'
"ITE <6,22> CI.ACCCI>,VEl(I>.DISP(1>,LOAIXI).I=1,L6>
IoIRITE <6.23> (I.OACC<I).DVB.<I).OOISP< I >.DlOADl:I >.I:1.L6>
WRITE <6.2i-> (I,FGCI>.OFGC.I).ftWII(I>.CFOUIt<I>.I:o.l.l6>

ENOIF
22 FORMATUTltl.'TOTAL RELATIVE RESPONSE FOR PREVIOUS mE STEP'I

, (TIO,;·00F:'.I6.' ACC:'.lP,G1S.S,' VEL:',taS.S,' OSP:',taS.S,
80 'LOAD:' .GU.5)

2S FORMATUTlO.'INCRIJENTAL. RELATIVE RESPONSE'I
S (lIO,'OOF:' .16.' ACC~' .lP.W.S.' \IEL;' ,W.5,' DSP:' .G13.S,
& 'LOAD:' ,G13.5»

2.. FORMATe ITla.' SPECIIL FORCES '1
& (TI0. 'OOF:' ,16.' FO:' .IP.G1.S.5.'
& • CFD&MP:' .caS.5»

ENOIF

51
C•••
C
C

C
C===========--=======--====
c== CAlCULATE DAlT EARTHQUAKE ENERGY
~::;==========-==========

c
C. .. • •• CALClUTE TIE EIOGV ll£ TO 1C000lRIC STII'FIESS

IF (I(GFORM.EQ.2 > THEN
GET TIE INCRllENTAL DISPI. _ STOR£ IN VECTOR -.z.....
SAVE 1NCRDENTAl IN VECTOR WQIlI(2
DO 51 I:LS.L"

WORK( I )::OOISP( I >
ADO GROlNJ RESPONSE IN JOINT CORROINATES TO RELATIVE RESP

flU.. TIPl..'t' GROtN) OISPl • DIRECTION COSDE
OMIT ALL oc:F THAT ARE CQNSTRAIhED TO A MASTER 00f •••

IF (GOCl>.~.o .OR. GD<2>.tE.O .OR. cnc:S).IE.O> HEN
00 52 NOlI:=l.1HXlE

ICOS=JTCQS(NO(£)
DO 52 K=l,S
IF (.NOr. STES'T<JTFLGCMIE),("Un nEH

II=IOOF( NODE,K >
IF (II.l.E.L' ._. II.IC.LS)
WORI«U):W(JRKCII> • GDCl>*coSDEcl.l,ICOS>
+ W<2)"COSDE(2.It.ICOS> • QJC$>*COSItE<S.K.ICOS)

ENOIF
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:---- CALC Ff' 0 lFR *l<R
CALL TlIIlVcF.T .DO.l6.L.5.L',Ll.L6.J().A.P,X'

Cc----- CALC PF =KFR *)(R
CALL llFLV(F.T.no.l6.U.l~.LS.L.'.)I).'.P.X)

:---- CALC E2 • ES + E~ = 'KF • Pf • lCR • At
00 ZO L=Ll.L6

20 E = E • lXL)*P<l)

•T~.lP.G12.5.T55.Gl2.51
•T~.lP.Gl2.5.T55.G12.51
•T'oO.lP.G12.5. T55.G12.51
•T~.lP.G12.5.T55.G12.51
•T<tO,LP.G12.S. T55.G12.5/

T55.Gl2.S.·Z' )

IF <REtA •.,.,. Ra8) 1l£N
WRITE (6.900) IELNO,'TORSION WITH 80TH EJGS RELEASED'
....-0

"'0ELSE IF (RELI) THEN--.....-0
ELse IF <RELA) TI£H--.. .0
E""IF

h. TRUE.
F=.FAlSE.

IF <ITORQ.EQ.O> THEN
IF <REL,A .AN). RaB) TlEN

"' =0.....-0
ELse IF <RElB) TI£H

IU = IU-MBI2
.....-0

ELse II' <RELA) TI£H
fIIb !'tl-M/2
.. .0

E""II'
ELse

E:O
00 10 L:l.3.L'

10 E: E • ueL)~L)

El:E

&HI!ITE <6.100) [£IE.EIE.[£se.ESE.DEICE.EKE.~.PSE .00000.EIlO.RE
100 FORMAT (/. TI0.· a.ERGV BAl.ANC£' /

& TI0.'=--===--='.
&: T~,'INCRIMElITAL' .TS8. ' TOTAL' 1
& Tl5,'I)f)UT 8£RGV'
& TlS.· ELASTIC STRAIN EtERGV·
& TlS•• KINETIC ENERGY '
& TlS.'PLASTIC STRAIN Et€RG'I'
& T15.'OAMPOO ENERGv'
8. TlS,'RELATIVE ER' .'RQR'

IF (OVN.AN).WRITE) ~ITE (6.110) ( GOCIl. GV(I>. GACI).I=l.S).
&: CGDT(I).GVTCI>.GAT(I).I:1.S)

110 FORMAT (/, no.' GROl.N) RESPONSE' /
& T10.'==-__ ==-=.'1
& no.·n.cR!IENTAl VALlES'. T46.'DISPl.AC9ENT',
& T63 •• VELOCITY' •T76.' ACCElERATION' 1
8. TlS. 'GLOBAL x AXIS TRANSlATION••• '. nS.LP.SG1S.S.1
& TlS.·GLOBAl v AXIS T~ANSlArIOIl ••• • .T<S.lP.3GlS.5.1
& TiS.·GLOBAL Z AXIS TRANSlATION••• ' .T~,LP.SG15.5./
& no.·TOTAL VAlLeS'j
&: 115.'GL08AL )( AXIS TRANSL.J.TION••• '.nS.LP.SGl5.5./
& T15.·Gl.0IIAI. V AllIS TRANSlATIOIl... ·.T<S.lP.3GlS.5.1
&: TiS,'GLOBAL Z AXIS TRANSL.J.nON••• ·.T~,LP.SGlS.5)

IF (PRINT) l1£N
WRITE. (6.501» 'CAlC ENERGV FOR PARTUU.Y ft£OJCEO A. MATRIX' •

Ll.L2.l5.L.....LS.l6.ZERO.X5
CAU. LMfR)(CA.fiG.L6.DCJ."MATRDC A ')
00 515 I:U..L6

5lS IoII:ITe(o.520) I.l«I).ueI)
EMlIF

---- e.tl,C El :: XF" It pp

C
C=--========--===- _
c=== Dtr;Tn.ITIES AhD E>CDRSION RATIOS =
C==::==========

LSTTW:Q
PRINT=HRITE
HEAD :IolIlITE

DO 200 IEUKI=l.JrELMT
zoo CALL ELEUB

& <U.LSTTVP ••FALSE •• IREL. ••FAlSE•• NAME ,eeSE.EPSE.OAMAGE.
&: IELNa.IE1J)OF•(GOOF .PGEOM,RI~T .AXIM...IZDISP.IZLOAO.MSTOR)

c====================--=:=s:: ==
SUBROUTINE FEMREl.(MA.t8.REU.REL.B,ITORq,IELHO>
REAL MA.te
INTEGER REL
LOGICAL RELA.RELB.BTEST

EJ£02750 EMlIF FEIlOO350
EJ£027~ FEM005~

91£02750 900 FORMAT(' EI' ,'ROt CALOJ..ATIt.G FDa) ENJ FORCES FOR ELEIEN.T .', FEMOO3:1iO
aE02760 & 16.' ',A,' IS NOT AVAILASLE') FEHOO%O
El£02nO RETUlll FEMOOS70
EIE02780 EMl FEMOOsao
aE02790 __ ===
EIE02800 STRIPS PREceDING IlU* SPACES OFF A CHARACTER STRING FII/OOO10
EJ£02810 FIR00040
EIE02820 SUiROOTINE FIRSTOQlD) FIROOOSO
ElE028SQ LOGICAL BlEST FIR00060
EfE028~ OIARACTER*(*) IoIORO FIROOO70
Ef£0285O IF (1JU)«WORD.' • ).£Q.O) RETt.RN FIROOOSO
EhE02860 00 10 I=l.<LENcWORD» FIR00090
EJE02870 J=lKlEX(NORDCI; >.' .) FIROOlao
EtE02880 IF (J.EQ .. l> CO TO 10 FIROOllO
EIE02890 _I:) FIR00120
EIE02900 RETUlll F!ROO=
EHE02910 10 CONTIN.E FIROOl<PO
ElE02'l2O 20 RETUlll FIROO1SO
EIE02950 EMl FIROOl60

~= C=sleRwT"N;"-==F::~=~IOP=T=)========= o~:g
ElE02960 ClWlACTEI!"8O _ FOROOO6O
£":02970 OiARACTER*l50 EUIl FOROOO70
EIE02geO LOGICAL PIlIHT .1EAD.FALSE.AXlAl..BTEST.1IlJG5.BUlS7 FOROOOSO
EtElJ29lJQ IN:Ll.I:E (zeae.) FOROOO9(t
EfEOSOOO C FOROOlOO
ElE05010 C--------______________ -FOROO110
EJrEO$D20 C MATRDC STORAGE SCI£JE: FOROOUO
EfEOSOSO C -TIE STIFFJESS MATRIX (10 IS SAME) AtrIJ SY*ETRIC. FOROQHO
EtEOSOWJ C THUS M.Y T~ SKYlDE ABOVE llE MAIN DIAGONAl NEEDS TO BE STORED. FOROOl<tO
EtE~ c TIE tUTRIX Ie IS STORED IN A LD£M ARRAY BV COUJIII4S. FOROOlSO
ENEOS06O C T)£ IJALUE ON TIE MAIN OLUiOHAL IS 5TOREO IN TlE LIfEAR ARRAV FIRST. FOROOlt)O
eEOSD70 C rlElATIVE AOORESSES fS T~ L..IHEAR ARflAV ELEMENTS CONTAINING HE FOROO170
EfEOSOSO C MAIN DIAGONAl TERMS ARE ~TORED IN /11). FORQOlaO

RETlRN EtE05090 c TIE A8S0LUTE 4IDlESS OF nE: FIRST ELEIENT IN TJ£ I( MATRIX IS rZSTIF.FOROOl90
END EhEOnOO C Tl£ 5TIFFtESS IUrRDc ( IS STORED IN nE Z ARRAV. Z<IZSTIF)=I(Cl.1) FOROO200

C===--======= __ -----=ETMOOOttO c HE A8SOlUTE AOOIlESS f1F 1lE FIRST ELEMENT IS TIE ICl MATRIX IS IZHD. FOR00210
C CAlC TlE E~ (E) FOR UCTRANSP) • P :: UCTRANSP' * A • )( ETfIIXXJ50 C llE STIFFt£SS MATRIX «: IS STORED IN Tt£ HZ IRRAV. NZ(IZICn=tI)(1) FOROO22O
c ETM00060 c ntJS: IF I LE J <'-PPER TRIANiII..AR MATRIX) FOROQ2SO
C - MATRIX A IS AN lPPER TRLVGJ...M MATRDC. WITH ""IN DIAGONAl AOORESS EllOJOlO C IF IZIG-l+J < :rztC)-l.J+l F~
C MATRI)( I«J. ETMlJODaJ C lJo:MZ(IZJt)-I.J)+J-I ; RB.,ATIIJE AOORESS IF ElEIENT <I.J)fOROO25Q
C DOF U TO L2 HAVE SEEN CtM:£NSEt) OUT ETM0D090 C BCI.J>=.Z(IZSTIF-1 • tJ) FOROO260
C DOF L3 TO L" HAVE BEENHOOIFIED FOR T'H5 CONlENSATION aF U TO L2 ETMOOlOO C ELSE FOROO270
C OOF I..S TO L6 HAVE NOT BEEH MODIFIED ETJllXJ1l0 C 8(1 •••n=o : (I.J) IS ABOVE THE SKYlINE FOROOZSO
c - )( IS A VECTOR. ETIOJ12O C FOROOZ90
C - P IS A CUIIfY DPUT veCTOR'. ETMODl30 C E>WIPl.E: LET B BE nE 5X5 R.U SVJETRIC MATRIX BELow... FOROO~oa

c=============---====--===--====--===========--=====--;=====£TMOO1<tO C I 1 1 ~ I I , 12 I FOROQ510
SUBRQUTDE ET!'FlV(PR{HT .Ll.L2.13.L....L5.L.b.DI).J().A.P.)(.U.E) ETMD01SO C I I Z 1 5 I I li I NOTE: aU.S).Bel.~) 1M) B<2.~) ARE ZERO. F0R00520
00U8lE PRECISION E. El ETl«JOl600 C S:: I I ~ I 7 I 10 r FOROOS~

OIIENSION A(OO).)C(Lb).P<L6).MXL6+l>.UCL6) ETMOOl70 C I SVJeI. I 6 I 9 I IG: 1. 2, .... 6. 8. 13 FOROQSota
LOGICAL BTEST .PIlIHT • r.F ETlClO1SO C I I B I FOROOSSO
IJI(I.J):M)(J:>+J-I ETIO)19O C SAY IZMJ=121.IZST1F=200 FOROO~

ETIOI2OO C NZ<l2l>:l Z<ZOO>--! FOROO~70
E1lIXJ210 C NZC122>:2 Z(201)-~ FORQOSao
ETM00220 C NZ(12S~ Z(202)::S FOROQS90
ET1«XJ2.5O C NZ(~>:6 Z(2QS):lf FO~

ETMDD:Nl C Nl( US >=8 ZC~ >e5 FOROOHO
E1'MQQ25O C NZ<UE.>=1.S %c205>=6 FOR()()(r20
ETM00'260 C ZC 206 >-...1 F~~

ETl«J02lO C Z(206)--8 FORl)()<ioooO
ETMD02'!O C Z< 206 >=9 F~50

ETMDa:l'9O C ZC206>=lO F~
£l'MOOS[XJ c Z( 206 )=11 F0RCl0't10
ETlIlO510 C I( 206 >=12 FOROQ<i,8Q
ETtIJOS2O C ~. FOR seS."> I=S. ~ FOROOlt90
ETMOOSSO C lJ:HZ(IZMD-1+J)+J-I = Nlc121-1 ..... ) .......S = b"';'-S =1 FOROOSOO
ET'MtlO3~ c BcI.J>=Z(IZSTlF-1 • IJ) =ZC2QO-h1) =Zc2Ob) :: 7 OK FOROOS10
ETNODSSO C THUS. FOR Be2.... ) h2• .L~ FORQ()C;20
ETMOlH6O C IJ::HZC~1+J)+J-I =NZc121-1.... > ....-2 = 0_-2 :8 FOROO550
E~ C N2<IZJG -hJ+1>=NZ(121-!+.rt+l>=S FOROOS.p()
ETlI:JOSSO C SlHCE IJ CiE NlC~1 • .J+1) FOROO550
E1'lIJOS9O C BCI.J>::O (I.J) IS A80VE THE SK:VLINE.... FOROClSbO

~~= ~:------_._-----_ ..._-------------------;:=~
ETMI)I)l,20 8UGS = STEST(IBUG.S) FOROO590
E~SO 8UGS1= BTEST<IBII;,n .MI). SUD FOROO6OO
ETIiIJOfri() FOR()()b10
ET)O)f,IiQ FOROO620
E'OIJOo9bO LSTTVP:Q FOROO650
~~= PRINT=.FAL.SE. FOROO6.,O
E1')O){,9Q t£AD =.FILSE. FOR0Q6SO
ETKIJIiCIJ C FOROObbO
ETJO:I510 c- ------------------------F0R00610
ETM0D520 C lOPT:1 FORM STIFFNESS MATRIX FORClI:>680
ETIOJ550 C IOPT=2 FORM GEOMETRIC STIFFNeSS MATRIX FOR0CJ6QQ

~= ~---_._-----------_._----------------==~~

ETM00560 IF <BUGS) .-m <6••• ) , IN ltOUTINE FORM IOPT:' .IOPT FOROOno
ETICIO!i7O c FQROO7SQ
ETMOO58O ..., FORMAT elX.AlC' I;' .n.· JCJMASSCI>:' .IllD F0R00740
E1lOJ590 C FOROO750
ETM00600 CO TO <100.200).IoPT FOROO1W

_::::fEMOOO10 C FOROOl70
FEMOOl!'O "======== F0R00780

~~= ~~=~IFF~ _~ ~== 100 CC»ITINUE F0R00810
F8IJOlOO 1ST :IZSTIF FOR0082O
FEMOOllO IEJIl=USTtF +oNZ(1ZKl+trCJOf) -1 FOROOSSO
FEt«1012O C FOROOS"'O
FEMl10150 C--__ ZERO STIFAESS FOROO85O
F£JIlOl~ 00 110 IoIST. IEICl FOROO860
FEMOO150 liO l<I):l) FOROO870
FEMOOl60 C FOROO8SO
FBOJl7O c- LOOP FOR EACH El.£MENT FOROO890
F£JIlO1SO 00 120 IElHOd.fEUlT FOROO'lOO
FEMJOl90 C FORQ0910
FEl«102OO C---- GET STIFFJrrESS aF EACH aaENT F0RQ0920
FEM00210 FALSE:.FALS£. FOROQ9SO
FEIDl220 CALl EW.IB F"""""""
FEM002SO <S,lstn'P .FALSE .IR£L.FALSE .NAME .EESE.EPSE .DAMAGE. FOROQ9l;O
FEI«lIl2iO lElHO .IElOOF.llillllF.PCE<lII.Z .AI<IAI..IZOISP.lZl.OAO.MSTO't> FOOQll<l(,Q
FB0J250 C FOROO970
FEIIlO26O II' <BUlS7) TI£H F"""""SO
FEtIlD210 I«ITE C8.JI).1S) IElNO.cNlChIZl......l).I:1.MINCIaOOF.18») FQRtlO9QO
FBOJ28O 15 FORMAT ('ELEtENT .' .16.' LM:' .18I6) FOR01OOO
FEJOJ29O CALL LMATRXC Z< IZICE) .JG.IB.DOF.IO: IELOOF.1).ELNO) F0R0101.0
~ EIIlIF F0Il01020
FENlXJ:SlO C FOROIOSQ
FEMOM2O CALl FQfM.<Z(IZS'TIF>.HZ(IZJI).NXIF.NZeIZJCkM)QF). F0R01~

C
'SOD FORMAT (/2)( ....J2)(.·\..l:· .IS,· l2:~ .IS.

&. L5:' .15.' L":· .15,
&. L5:' .15.' L6;' .IS.· ZERO: ••U.· )(3::' .U)

510 FORMAT (F2X.' TOTAl. ENERGY:' .LP.Cl.S.S.· £1:' .G1S.S)
520 FORMAT (2)C.'00F':' .16,' X(QCF>' .LP.(A1~.5.' UCDCF):' .Gl~.5)

RETURN
Ell)

CC----- PRINT ANSIER •••
IF <PRINT> WRITE (6;,510) E.E'
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.000.IIERB<I,1>.EQ.' .) TlEN

lSI"" =1
L=lENCVERB )

5 IF <I.GT.ll IlETlIlN
IF (VER8(I:1).EQ.·-·) Tl£N

lSI"" ~1
1=1+1
GO TO 5

ElSE IF (\IER8(I:I>.EQ.·.'

2ll

10

C LI = GLOBAl OOF ASSOCIATED WITH llE rTH ROW OF THE MEMBER STIFF.
C LJ = GLOBAl OOF ASSOCIATED WITH TI-£ 1'TH ROW OF THE !'EMBER STIFF.
C I.nM =ABSOlUTE AOOllESS OF THE IEIOBER STIFFNESS TERM <I,J)
C IJGLOS= ABSOLUTE~ Of nE GLOBAL STIFFNESS TERM eLI.LJ)
C
C· MAXIJ ::: IO:hOOF.l>
C

C
C-- NOTE: LINES COMIENTED OUT C· ARE FOR ER-'~OR CHECKING.
C IN LM ARE AS:uEIl TO BE CCORECT ...
C

RETlIlN
ENO

C==- _ =_====
C
C Sl.BROtJTINE GETD« OETERMIHS TIE VAlle OF TIE FIRST CHARACTER
c AFTER AM oPTIONAL (LWORO=.TRUE.) KE'IWORD (1oKlRO).

C AtrI) REMOVES THE STRING; <HOR[)IICHAR IF
C MODIFY=. TRUE.
C

FOl<OO6OO
FOROO610
FOROO620
FOROO6~O

FOROO6<t-O
FOROO650
FOROO66O
FOR00670
F""OO680
F0R00690
F0R00700
FOROO7l0
FoROOno
FQROO]SO
FOROO7ltO
FOROO7S0
FOROO760
FORDOno
F0R007~

F0R0079O
FOROOSOO
FOROOSIO
FOR00820
FOROO8~

FOROOS"l
FOROO850
FOROO860
FOROO870
FOROO880

HE VALUES FOROO890
FOR00900
FOROO910
FOROO920
FORO0930

____ -=====--===================GETOOOI0
GETOOO...O
GETOQOSO
GETOOOl;>O
GETOOO10
CETOOOSO
CETOOO9O

SlllIlOUTINE CETCIIl<VER8,IIORll.CHAR.~.MOOIFV) CETOO100
C GETOOllO

CHARACTER*< 1I) VERB.HORO.CHAR CETOOl20
LOClCAL MOD.IFV. LHORO .BTEST GEToo1SO

C GETOOhO
999 CHAR=' • GETOO150

IF (lWORD) 1lEN GETOOlbO
ISTART=ItUXeYERB.WORO> GET00170
IF (ISTART.LE.O) RETI.IlN GETOO1SO
1=ISTMT-+t.£H(MQRO) GETOOl90

aSE GETOO200
1=1 GETOO21O
ISTART=l GETOO220
CALL FIRSTeVERB> GETOO2S0

ENJIF GETOO2"0
c GETOO2S0

IF (VER8Cl:I>.EO."" ) Tl£N GETOO260
1=1.1 GETOO270
1J=1 CETOO2S0
J=1N:El«VERB<IJ: ).'''' >-2 • IJ GETOO290

IF (VER8(eJ+2>:<J+Z».EQ... ··) HEN GETOO::OO
1J:.)+5 GETOOUO
co TO 10 CETOO';20

EtGIF GETOO~SO

IF CJ.EQ.O) THEN GETOO5otta
CHAR=VERIk 1: ) GETOOS;o
GO TO 10 GETOOSbO

E1..SE GETOO~70

QtAR=IJERS(I: J) GE:TOO';SO
E~IF GETOOS90
IJ=DIJE)«(OMIt•••••• t ) GETCJ04tOO
IF (IJ.NE.O) TtEN GETOO<tLO

0iAR=CHM<: IJ)J/QtAR(1J+2):) GETDO<t20
GO TO 20 CETOO"tSO
OOIF GETOO4..o

aSE GETOO"t50
J:DIlEXClJERS(l: ).' .) • I -2 GETOO4.,o
IF eJ.tC.I> CHAR=VER8CI;J) GE:TOO'tl0

EfrI)lF GET~80

C CETOO4<KJ
IF (MODIFY) T1£N GETOOSOO

IF <VER8CJ.2:J+2).EQ.·.·) J:J+l GETOOSlO
VERICISTMT: ):VERBC.J+2: ) GET00520
CAll. FIRSTeVERB> CETOOS::;O

EMlIF GETOOS..o
C GETOOS50

~T~ GETOO5~

EN) GET005lO
c====================--========================================GETOOOl.O
C GET()()()o;,O
C stIIROUTINE CETlNT OETERMINS TlE VALUE Of TlE FIRST INTEGER (INTEG) GETOOOSO
C AfTER AN t1I'TIONAL (lWORD:. TRUE.) KEVWORD (WORD). GETQ0060
C AM) REMOVES HE STRlMi (NORD )IIINTEGER IF GETOOO70
C I«IOIfV=. TRtJ:. INTEG CAN BE ANY LENGTH REPRESENTA8lEGETOOOSO
C BV SINCLE PRECE:SION. CET()()()QQ
C GETOO100

SUBROUTDE tCTINT(VER8.NDIlIJ.INTEG.DEfl.LT .LWORO.J«XJlFV) GETOOIIO
C CETOO120

OUMAClERtI(.) VERB.WORD GETOOHO
CHARACTER*lO IlrUII GEToohO
lOGlCAL MCIOIFV. lWORD. HIT. 8reST GETOOl50
INTEGER 0EfU.T GETOOl60
DATA tUIl/. 012$1tlib789' I GETOO170

C GETOO1SO
1NTEG;;()EFll.T GETOOl90
HIT:. TRUE. GETOO2OO
IF (LWORQ) nEN GET00210

ISTART:INJE)(VERS.HORO) GETOOZZO
IF (ISTART.LE.O) RHlRN GETOO250
I=ISTART+L£N<WORO) GETOO2'tO

ElSE GETOO250
1=1 GETOO2bO
ISTMT=l GETOO270

ENJIF GET00280
CETOO29O
GETOO3OQ
GETOOSIO
GETOOS20
GETQOS:S;O
GETOOS"O
GETQOS50
GETOOS6Q
GETOOS70

F0Il01050
FOflOl0i>0
FOOOlO7O
FOROI08O
FOIlO109O
FOROUOO
FOROlllO
FOOO112O

IF (.NOT. AXIAL) GO TO 120
DETERMINE TIE FACTOil FOIl KG

IF (Nl(IZKGOT.l).EQ.1) THEN
ACCElZ= Z< I2J(GIlTl
PGEOM:::PGEOMt'< 1.ACCELZ)

IF (8UG57> TtEN
WRITE <EL'" ,15) lELNO,< HZ< I_IZUlKG-l ).I=l,MINcKGllOF,lSII
CALl UtATRXeZ(IZKEKG).MO.ICGOOF.I«KKGOQF.l).ELNO>

ENOIF

CONTlMJE

IF <.NOT. AXIAL> GO TO 220

IF <8UG57) THEN
~ITE (6.·) 'PCE~' ,PGE<II
HR:tTe eaNO.1S) reLHO.<NZ(I+~l).I::;l.MINCKCiDQf.la»

C"ll L.HArRX< ZC IZK£l(G '.I'O.K.ClX/F.1'fJ< KCDOF.l).aND)
ENOIF

IF (NZI:IZKGOT+S).EQ.l) HEN
FAlSE=.FAlSE.
CAlL ElELIS

(2.LSTTVP ,FAlSE ,lREl.FAlSE, NAME .EESE,EPSE,OAMAGE,
IEU,fQ .IEL.OOF,KGOOF.PGEOM.Z ,AXIAL.IZOISP.1ZLOAO.MSTOR)

EMlIF
SWAP 11£ SIGN ON PGEOM FOIl SUlTRACTIOM.....
PGEOM::"PGEOM

CAU.. FORMleZ(IZSTIF).NZ(IZJt).~.NZ(IZMJ~).
& Z(IZKEKG).MO.KCOOF ,MOCICGDOF+l ).NZ<IZL.J«G),PGEOM)
ENOl'

210

C
C---- SlJIlTRACT GEOHETRIC STIFFHESS

NZ( IZKGOT.S ):NZe IZKGOT+5)

C
120

C
C------ ZERO STIFFNESS

DO 210 1=!ST. IEIrIl
2<1>=0

C
C----------- GET STlFAESS (j: EACH ELElENT

FAlSE=.FAlSE.
CAlL REUS

(2.lSTTVP ,FAlSE .1REL.FALSE. NAME .EESE.EPSE.DAMAGE.
IELNO ,IELOOf,KGOClF.PG£OM.Z .AJCIAL..IZDISP.IZLOAD,MSTOR)

c
C----------- ASSEMBLE GEOJETRIC STIFNESS

200 CONTIM"E
IF (NZ<IZKGOT+S).NE.2 ) RETtRN

1ST =IZKG
1e~IZKG • NZeIZKlKG.wrI)QF) - 1

C
C---- lOOP FOR EACH ELEMENT

00 220 IElNO::l.NEl..fIIT

CALL. FORK.(Z(IZICG).NZ(IZJOCG>.PQ)F.NZ<~).
& It IZKElG) .ICJ.KGOOF.KKKGDQF.1 ).HZe IZU«G> .PGEClM>

220 CONTtNJE
c

DO ~ I=l.mDOF
FOOO11~ LI=lM< 1>
FOROll~ Cit IF cLI.L£.O .OR. U.GT.I«X)f) GO TO ~
FOOO115O DO 2ll J-..I,mDOF
FOROll60 LJ:l.MC J)
FOROll70 C· IF CLJ.LE.O .OR. LJ.GT.I«X)f) GO 10 20
FOROll80 I..ELM :JOC.E(j)+J-I
FOROll90 IF (KE<I.EUD.EQ.O) GO TO 20
FOOOl2Oll IF <LI.LE.LJ) TI£H
FOR01210 I..G..OB::fII)(LJ>+l.H.I
FOOOl22O ElSf
FOROl2SO IJQ.08=fC)(U>+U-t.J
FOOOl2'O EMlIF
F0Iil0125O Cit IF ( r..G.08.GE.MAXIJ ) llEN
FOR01260 c* ..ITE (6.") 'ER·.'ROR IN MAPPING El.EJENT STIFFtESS FOR'.
FOROl27O Cit • ElEMENT .' .IElND.LI.LJ.IJGl.08.KAXIJ
F0R0128O C. ELSE
F0R0129O K(I..G..08>=K(IAOB~<I...ElM) ... FACTOR
FOROlSOO C· OOIF
FOR013l0 20 CONTIM.E
FOROlS20 SO CON1IM.E
FOOOlS3O
FOROlSltO
FOOOl55O
FOROlS60
FOOOl~O

FOROl380
FOR01590
FMOl400
FMOhlO
FOR'OH20
FOROl't30
FOROl""O
FOROhSO
FOROl~

FOROhlO
FOROl..ao
FOROl.90
FOROl500
FOROlSlO
FOR01520
F'0R01530
FOROl~

FOROl550
FOROl560
FOR01570
FOROl580
FOR01$90
FOROlbOO
FOR01610
FOROlb20
FOR01650
fOR'Ol(rWJ
FOR016SO
FOROl600
FORClblO

.FOROlt>80
fOR01690
FOflOl700

RETURN FORDi7l0
END fOROlno

C:====:::::=====--======--==== =========:;~OROOOIO

SUBROUTINE FORK.(I( ./'O.NlOF.DCt.ItE.KICE.IElDOF. DCJI(E .LM ,F/JI:.TOR) fOROQl)(tO
LOGICAL BTEST . FCR00060
OIMENSION 10::~~ 1>.IOCEC IELOOF.l >.uec m..J)QF') F0R0001O
REAL KCIMD>.UcIKJ::E> FOMlOOSO

C FOfIOOO'lOc------- FOROOlOO
C MATRIX STORAGE SCHEIE: FOROOllO
C ~THE STIFFNESS MATRIX <10 IS 9ANOEO AN) SVfIIiElR'IC. FOROOl20
C TKJS 0Nl.V THE SKYLINE ABOVE HE MAIN OIAGONAL fEEDS TO BE STORED. FOROOl50
C TIE MATRIX K IS STOflED IN A LINEAR AIll!AY BY COllMlS. FOllOOI"l
C TtE VAlUE ON THE MAIN OIAGONAL IS STORED IN THE LIIEAR ARRAV FtRST. FOROO1SO
c RELATIVE ADDRESSES OF HE LDEAR ARRAV ElEMENTS CClNUlNDG THE FOROOl60
C MAIN OIAGONAl TERMS ARE STOIlED IN MO. FOllOOllO
C THUS; FOR K<X.J) FOROOl80
C IF I lE J (UPPER TR1ANCU..AR MATRIX) FOROOl90
C IF JfXJ)+J-X < /O:J.1) FOROO2OO
C IJ::fI)(J)+J-I: RELATIVE AOORESS IF ELaENT (I.J) FOROO210
c (1.J):l::eIJ) FOROO220
c ELSE FOROO2SQ
C l(e1.J)=O (1.J> IS ABOVE TI€ SKVllJE F~

C FOOOO2SO
C EXAMPU: LET 8 BE TI£ 5X5 FlU. SVlETRIC ""rRIX BELOW... FOROO260
C 111S1 I 1121 FOllOO270
C I I 2 I 5 I I 11 1 "'1£, K(l,$),K<1." ANO K<2," ARE ZERO. FOIlOO28O
C <=1 1'171101 FOIlOO29O
C I SY*. I. I 9 I MIl: 1. 2. " •• a. 15 FOROOSOO
C I I 8 I FOllOOSlO
C SAV IZI&=121.IZSTtF=2DO FOROOS20
C JII)( 1)=1 1( 1 >=1 FOR'OOSSO
c MOC2)=2 1( 2>=2 F<:lROIB~

C MO<S):<r ICC S)::~ FOROO$5O
C MOe: ott )=6 1« ott r.:-. FOROO56O
c ICK 5 )::8 1( 5 )::5 FOROOS70
C MOCtI)=lS 1( 6)=6 FOROO'.»80
C 1( 7>=7 FOROOSqo
C 1( 8)=8 FOROOottOO
C 1( 9 )=9 FOROOtt10
C 1(10>=10 F0R'IJ0fJ2O
C KC 11 >=11 FORQC)ortSO
C K(12)=12 F~

C n..ss. FOR K(S.~) 1=S• .J=<t FOROCJ'!tSO
C IJ=fIO(J).J-1 = 14)«')....-S :: 6+4-S =7 F~

C II;(I.J):I(1J) = 1(7) = 7 0It F~70

C THUS. F~ 8e2.") 1=2. J=", FOlWO'lt80
C IJ=fII)(J)+J-I :: KK~) '-'-2 =6"'-2 =8 FOlKX)(,lM)
C MO<J.l>::MOC~.l)=a FOIOOSOO
C SINCE IJ GE MIl< J_ll F0lt00510
C lI;eI.J)=O eX.J) IS ABOVE TlE SKYlINE.... FClROO52O
c~-------------------- FOROOSSO
C noll ELEMENT STIFFNESS IS STORED IN A SIMILAR MNrI£R. FOROO5'tO
C ICE IS THE LINEAR ARRAV CONTAINING THE £LElENT STIFFJrESS FOROO55O
C MOI(E IS THE AIll!AY CONTAINING THE MAIN OIAGONAl. AOalESSIOS FOIl KE FOlIOO5OO
c-------------- ----------f0R0lJli70
C F~~

C------ MAP ELEIENT STIfFN::SS INTO GLOBAl. STIFFNESS FOROO590
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IF ClA.•EQ.O' 1I!t.=1

IF (lOR') 2SO.2S0.210
IF cP.GE.PV) GO TO bOO
S=l<Tl
.....=2
tt<LN=2.1
IW'V
RETtJltj

IF 'PL.LE.o, GO TO 210
FMAX::;AMXl(P ,FlWC)
CNK:MIJUCD.OtWC )
FX :ftuJe-PV
ox =ONAX-PYII(C
S=l(C
1Ift..;3
1fllN=2.2
"=fX
~

IF (lOR) 500.500,"10
IF (ASSCP).GE.PV) GO TO 100
S.:I(Tl
1I!t.='
HlI.N='.1
A;-9V
RET\JlOl

IF <PGTPl) GO TO 500
IF (P.GT.O) GO TO 530
IF (KC.IE.KTl> HEN

c..u. INTSCT<Dl.PI.O,P.KC.OX.fX.JCT1)
ELSE

PI=P
01=0

ElIlIF
IF (P.LE.PI) GO TO S20
S:KC
II!t.=S
HllN:3.11
>=PI
RET......
S=l<Tl
1I!t.='
>tll"=S.12
A=PV
RE~
IF <P.CE.fMUC) GO TO 200
we
.....=5
t«LN::S.2
"=FX
RET\.IlII

IF <KC.NE.lTl> 11EN
CALl INTSCT(OITENS.PlTENS.D.P.KC,OVT .PV,KTl)
C.tU. INTSCTCOIC(M).PICQtIP,O.P.ItC.OX ,FK.KTl)

ELSE
PITfNSd>
OITENS=O
PI~

OIC<W:O
EIollIF
IF <P.LE.PICCIfP) GO TO 530
IF 'P,GE.PITEMS, GO TO 210
s=<c

.....""1fllN=5.1
IF <PGTPl ) A::PITENS
IF <PlTPl >A:PICCIII
RE~

HVSl10990
HVSOlOOO
HVSOIOIO
HVSOIOZO

GO TO <lOO.200,3OD,~,500.600.700,800,900. HVSOIOSO
& lOOO.1100,l200.1SOO).RlLEI HVSOIO'tO

C HVSOI05O
C I!II.E 1 - LOAOINC AIIl Ltl.OAOING ON TIE C_SSION BRAMl:H BEFORE vEM HVSD1D<>0
c HVS01010

100 SEQ=KC HVSOI08O
IF CP.cT.0) GO TO 20D HVS01D90
S=KC HVSOllOO
~=l HVSOllla
IfllN=1.1 HVSOlllO
IF (PlT'PL) A:MINclO.*f',-2.*PV) HVSOl130
IF <PGrfIL> A::O. HVSOll'ta
~ HVSOUSO

HVSOll60
HVSOll70
HVsollSO
HVSOl190
HVSDl200
HVSOl210
HVSOl22O
HVS01230
HVS012W
HVSOl250
HVS01260
HVS01270
HVSOl280
HVSOl290
HVSOl500
HVsolSIO
HvsaH20
HVS01550
H"'$01540
HVSOIS50
HVSOlS60
HV$01570
HVSOlSSO
HVSOlS90
HVSOl"Oll
H¥SOl'tl.O
HVSOl"'ZO
HVSOl.;.50
HVSOl~

HVSOhSO
Hvsal~O

H"'$01,,70
HVSOl..ao
HVSOl..90
HVSOlSOO
HVS01510
HVSOlS20
HVS015~

HVSOlS40
HVSOlS50
HV'30tStoO
HVS01570
HV~015S0

H'Y'S015OQ
HV501t»OO
H\,SO!':110
HVSOltl20
HVS016SO
HVS016'KJ
HVSO!bSO
HVS01660
HVS01610
HY$Olt>80
HVSOlc90
HV$otlOO
HVSOl710
HVSCt720
HVSOlno
HV501740
HVSOl750
HVSot760
HV501770
HVS01780
HVS01790
HVSOl800
HVSOl.BIQ
HVSo!820
HVSOlSSO
HVS018W
HV$01850
H"S0186O
HVS01870
HVSOl880
HVS01890
fiVSClqoo
HV501910
HVSOIQ2t)
HVS019S0
HVSOl~O

HV$019liO
Hvsol%O
HV$01970
HVS01980
HVSOl9Q(J
HVS02000
HV$02010
HV$02020
HVS020SO
HVS02O'tO
HVS02050
HVS0206Q
HVSQ2070
HVS02Q80
HVSOwq(J
HVS02100
HVSOZ110
HVS02120
HVSOZ1.S0
HVS021"'O
HVSQ21SO
HVS021bO
HYS02110
HVS02180
HV$02190
HVSQ2200
HVS02210
HVSD2220

C
e I!II.E 2 - TENSION LOADING BEFORE VEIlll
e

20D
210

IF <IIIl') 6SO.6SO.610
S=l<T2
.....=6
>tll"".1
...-5...

c•• '. . •• ••.• CAlC IH.OAOIPrIii ClINE FOR ENERGV m:o
FMAX=AJUX1<P.fltAX)
OMAK=AMAXl<O,OfW( )
KR::ItC"fIUN( 1 ••<OVT /DfIW( )*. AlPHA)
F)( :fMAJ(-PY
ox =ONAX-PYIl<R
lS :<P\'+F)()/<OX-CVC)

C--- FORCE lCR CE J::S. TO PREvENT UNSTASLE LOOPS•••
IF (II::S.GT.KR) KR::<FMA)(+PV)/<OMAX-OVC)
SEQ:I<lI

~~

FM4X=ANAK1( P,FMAX)
OMAX:MU.Kl< a .I»WC )
JCR::.ICC-..INc: 1 •• <DVTJtJWC )-ALPHA)
f)C ::FJW(-PV

ox :iJUH-PV/1CR
ItS ::cPV+f}()/(DX-DVC>

C--- FORCE KR CE ICS. TO PREVENT lMSTA8lE LooPS•••
IF CK.S.Gt .lR) Mtol

ICR::<FMAXtoPV)/(CIIAlC-DVC)

'S=<R

c
C IftLE ... - LO&DDG TOWMOS v' FROM Fx.
e

'"'"HO

c
C RU.E S - l.N.OAODG ON TENSION BEFORE VElLO
C

SOD

e
C Rtl.E 5 - LOIDDG ,UCJ t.N.OADDG SEMEN BRANCHES o-v All) F)(-V'
e

50Il

e
c RtJ..£ 6 - LOIDING AfTER TENSION VEILD
C

60Il
610

INTEG=!NTEG*ISICiN

1::1+1
GO TO 5

EI<lIF

EIollIF

IF (MOOIFV) Tl£N
IF (VER8(I:I).EQ.' " > W+l
VfRIl( ISTART: l:VfRIl( I: )

ENDIF

ou;TIl.ITV FOR POSITM LOADS Dl&.V
IF (J).CT.O .AMJ, PGTPl.)

• CAlL ONECl.lJlOS.ElCCR.OVT.O .ESl'(2'.PSE.Psr;DlD.CSE)

10 IF (LGE(VERS<I:D,'O') .AM). LlE(VERBCI:I>,'9') ) 11£N
IF ( HIT) TI-EN

HIT=.fALSE.
INTEG.O

EIollIF
DO 20 .hl.10

IFCVERB<I:I).EQ. MJlIB(J:J) ) Tl£N
IHTEG::10*INlEC+ <;-1>
1::1+1
GO TO 10

EI<lIF
20 CQNTINlE

ENDIF

m CAll IORECTCIOR.IIllIV.IIlRVO.P.PI..V.Vl)
IlJ!=I!lll

C
C•••••• CALC EKa.RSIOIf RATIO AT EVERY ZERO CROSSVG•••

IF 'P"I'l.LE,O .AIII. PL.cT.O'
.. CALL [IrE<O.l.POS.EXCR.DYT .O.ESE.PSE.PSEOLD.CSE>

IF (PItf'L.lE.O .MG. Pl..LE.O) nEN
EXCR<,,>:O
EXCR(S)::Q
EXCR(6)::Q

EIollIF

GETOO580
GETOOS90 C
GElOO'OO
GETOO'oIO C
GET_2O
GET_50
GElOO'l"O
GETOO'iSO
GETOO'iOO
GET_70
GETOO'o8O
GET_90
GETOOSOO
GET00510
GET00520
GETOO550
GETOO5'O
GElOO55O
GElOll56O
GETOO570
GElOO58O
GElOO590
GElOO6DO
GETDll610
GETDll620

~~ GET_50
e:~ GETIJ06otO

C======== - - _ ===HVSllOI>iO 250
C:::=--=:l:::::::l HVST02 :l=:l:=-__-=====:l==::l:l=_=__= -_-__::=:=-_===:;HVSQQDIO
C SU_BllOUTINE AJ<LMDD - AXIAl HVSTERESIS IlOOEl. HVSIlOD5O
C REFERAHCE: ANAlVSIS ~ TIE FULl SCALE SEVEN HVSDOO6O
C STORV RIC TEST STRUCTURE. HVSOOll70
C HVSIlOIlIlO
C P :: Cl.IlRENT LOAD. POSITIVE IS TENSION HVSOOO9O
C 0 = CUilflENT OISPlACIENT. POSITIVE IS ELONGATION HVSOOIOO
c S :: STIFFNESS HVSOOllO
c KC :l vIRGIN CDJIII'RESSION STIFFNESS. EC HVSOCJl2O
e KTl = PRE-vEn.D vIllGIN TENSIlE STIFFNESS. O.9"t(C HVSOOl50
C KT2:: POST-VEILD VIRGIN TENSILE STIFFtESS. O.OOl*«C HVS001'KJ
C PV :: TENSIlE VEIlD POINT. PHO-FV 1iVSOO1SO
e F.... =IWlDUl TENSIlE FORC£ BEFORE tH.OADING HVSOOlbO
C OMAX:: MAXIl'I..N TENSILE OISPlAOENf BEFORE IM-OAOlt.e HYSD0170
c FX :: FORCE AT STIFFNEs::i CHANGE POINT ON THE IN..OAOIJ<<i C1.RVE HYSOOlSO 510
c ax :: OISPL. 4T STIFFNESS CH.UG: POINT ON THE LN..OAOING cl.JNE HVSOOl90
c PI.DI :: INTERSECTION OF TWO LINES HVSIXJ2IXJ
e OVT = TENSIlE vEIl.O OISPlACMENT = PVIlCT1 HVS00210
c ave:: COMPRESSION vEILO OISPlACPIENT ; PVn::C HVSC0220
c FJ) :l FORCE AT COflIIIRESSION STIFFNESS 0tANGE POINT HVSDO'2SO
C [:P '=. COfIPRESSION AT COfIlPRESSION STIFFhESS CHAN:iE POINT HVSOO2'tO
C KR :: tH.OAOING STIFFNESS :: KC/( OMAX/DVT ).*( .20) HVSOO2SO
C KS :: LOADING STIFFNESS. t...tJrE BETWEEN cF)C.Q)o Ah1) (FP.(P) JofYSD026O
c KT :: LOAODG STIFFNESS. t...tJrE BeTWEEN CFP.OP) Ah1) (-2PV.-2OV) HVSOO270
c HVS00280
e HVSOO29O

SUIIIlCUTDE HVST02<P.O.PI..Dl.V .....S.HIlI.N.KC••Tl••T2.PV ..........SETA.~ 520
& OVT .DVC.CSE.FMAX.[liW(.FX.OX.FP.OP.ICR'.lS.KT....A.PRINT. HVSOQ510
• SEQ.ESE.PSE.PSEDlD.LPOS.'-'EO.ElICl.IIllll HVSllD520

HVSIlO550
REAL'" KC.KTl.KT2.U.ICS.KT." HVSDO'$'toO
ODlENSIDN lPOS($).l.NECCS),EXCRC6),ESE(S) HVSOOS5O SSG
INTEGER Illl.EI H'ISOll5bIl
LOGICAl LT.PllINT .PGTPI..PI.TPL HVSIlO570

C HVSOOS8O
8000 tF (JIIINT) ioRITE C6.SOIO) P.D.PL.tL.V,Vl.S.J«LH.ICC.KTl.lT2.PY. H'f'S005QO

& .........SETA.OVT .OVC.FMAX.DIWC.Fl<.Oll.FP ,a> ,<R.<s.<T .1I!t..A. HVSOO'OO
• SEQ.ESE<S,.PSE. PSEDlD.CSE .\,POS. '-'EO, ElCCR IfVSIlO<10

SOlD FORMATC HVSDO<2O
&' AXLMOD-P:::' .G13.s.' (b' .GIS.5,' Pl.=' ,GU.5,· tI.;' ,GIS.S,I ~SD
&' AK- V=' ,GIS.5.' VL.;' .G1S.5.' $::' ,G1S.S.' HRl.N=' ,GIS.5.1~
!t' AK- KC=' .el!:.s.' II:Tl=' ,eloS.s.' (T2=' ,GU.s.' PV=' ,G15.5.1 HVStOrtSO
It· AX-ALPHI=' .W.S.' BETA:' ,Gl3.5.' DVT=' ,G.lS.5.· DVC;' .Ci.15.5.1 HYSlJl)hl.Q
!t, AX- FM&K:::' .GU.s.· CIIAX=' .GU.5.' FX::' ,GIS.5,' OX:' .G1S.5.1 ~70
!t' AX- FP=' .caS.5.' OP=' .G1S.5.' lIb' ,ClS.5.' IC$;' .C1S.5.1 HV:sooo.80
It· A)(- ICT'=.' .W.5.' MtL=, .G1S.5,' A::' ,ClS.S.' SEQ=' .laS.S.1 HVSCJ()(,90
!t' AX- ESE::' .G.l3.5.· PSE=' ,W.5.' PSEO:' .Gl3.5.' CSE=' ,G.15.5.1 H¥SOO5OO
!t' A)(- l.Pl=' ,QS.s.' 1.P2=' ,GlS.s.' L.PS=' ,G1$.51 HYSDQS10
It· AX- I.JNl=' .caS.5.' 1M2=' .GIS.5.' lMS::' .G1S.51 HVSOCJS20
!t' AX- EXl::' .W.5.· EK2=' .GIS.5.' EX$=' ,G..U.51 HV'SQCJ!;SO
!t' AX- E)(~' ,W.5,· EX5=' .GU.5.' EX6=' ,C13.5) HVSDOS<tO

HVSllll<;~

HVSOOSbO
HVSOO570
ItVSD05aO
HVSOO590
HVSOfl'OO
HVSOO610
HVSOO62O
HVSDll650
HVSOO6oiO
HVSOO650
HV>llll6OO
NVSOO&70
HVSIllI680
NVSOO&90
HVSIJ0100
HVS00710
HVS00720
HVSl10150
HVSllOl'"
HVSDll150
HVS007bO
HVS00770
HVS00780
HVS00790
HVSD0800
HVSOO810...
HVSOO850
HVSOIlll'"
HVSOO85O
HVSIlO86O
HVSOO870
HVSl108BO
HVS00890 6.50
H'ISOO9OO
HVSOll910
HVSIlO'I2O
HVSOO9SO
N'ISlllJ9<O
HVSOO95O
HV9:lD%Q
HVSOO970
HVS0D980

e •• " ... SET INITIAl STIFFNESS AlII RETtJltj
IF <NRl.EQ.O) lIEN

IF <P.LE.D> no
....1.=1
>tll".l.1
S=l(C
SEQ=lCe
IW'

ELSE
"Ia.=2
tt<LN=2.1
S:;KTl
SEQ=lCC
A=P

ENDIF
~~

c.••.... RETtRN IF NO STEP HAS BEEN TAKEN
IF <P,EQ.Pl .OR. D.EQ.tI. ) RETUlN

c.••.• " SET LOADIhG FlAGS
PGT"Pt.:P.GT .PL
PLTPl.:P.LT.Pl.

e
c. . . . •. CALC DUCTILITY IF LOAD GT PAST LOAD
e
C
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HOl"=lS.l
ENOIF
IF <PLTPL) TlEN

IF (P.LT.PICllII') GO TO 800
A:PICOIfI
HOl"=lS.2

ENOIF
~<KR.S2)

NRI.=lS
RET"'"

II'FlICIT REAL.<A......K.G-Z)
IMPlICIT INTEGER<I.J.L-H)
INTEGER DIR.OIRL.
CHAR'ACT£R!'(t FRU)
LOGIC... _.REVllSI..PRINT.BTEST
DIMENSION PBCl),L8< 1 ).PR< l),ORe l).l.JlOS( S>.lN:G<S>,EXCR<6 ),ESE< S >
IlATA AI.PIIMIl.129/. "'PHA8ll.029/

FS10C)= $I -(OCIlO".~

FS'20()= sI -<O.SS~.(OCf)(-1)+1>
FSse: X>= SI -< a.9092-(DC/x-1> ..1>

HVSOS470
HVSOSlt80
HVSOS490
HVS03500
HVSOSSIO
HVSOS520
HVSOS5~

HVSOS540
HVSO~50

HVSOS560
HVSOS570

~ HVSOS5~

C =============--===--===:::t====HVS()()()itO
C= 1lENl00 HVSTERESIS MOOEl. HVST03 , HVSOOOSO
C ===--==HVS00060
C HV~70

C INPUT VARIASLES HVSOOO80
C P :: Cl.RRENT LOAD HVS00090
CD:: ClRRENT DISPUCaENT HVSOOlOO
Cpt::: LAST LOAD HVSOOllO
C VEl :: PRODUCT OF LAST MrIJ ct.RRENT VELOCITV HVSOOl20
C III =_ Of' _ CIIlVE PaMS HVSOOlSO
C Nt :: MAXDIJN fUIIIER OF SEcotOIRV LOOPS HVSOOli-O
C PC :: Oi'AlXIMii leWD HVSOOlSO
CDC:: CRACltDG OISPl.AC9lENT HVSOOl60
C P8Cj):: BACX80fE curve J..OADDG POINT j. j::l.NI HYSOOl70
C Q8(j):: BACKBCIrE Cl.Ii'\IE DISPlACEIENT POINT j .I.NS HYSOOl80
C $I = INITIAL STIFFNESS. PC/DC HVSOOl90
C HYSOO200
C OUTPUT YARIA8l£5 HYSOO210
C •••• AN IN.lTIAL vAlLE OF ZERO • OR FALSE HVS00220
C IS ~QUIRED FOR .au. OUTPUT VARIA8lES... HVS002SO
C IC :: STIFFlESS . HV$OONO
C RULE ::~ tUiIER. STORED IN TIE FORMAT RN.OIR uPON EXIT OF HVSOO250
C THIS SU_BROU_TINE HVSOO260
C " :: LOAD LIMIT BEFORE ~ Rl.l.E CHANGE. IN TtE ClRRENT OIR HVSOO270
C PMG :: MAXIfiIM PAST LOAD IN HE POSITIVE OIRECTION HVSOO280
C PMi :: MAXII4JN PAST LOAD IN floE NEGATIVE DIRECTION HY500290
C OMG :: MAXlMlM PAST OISPLACEIENT IN HE POSITIVE DIRECTION HV:;OO:;OO
C OMH :; IWCI..... PAST DISPlACEMENT IN HE NEGATIVE DIRECTION HVSOOSIO
C PR<I) = seCONlMY LOOP LOAOI)I; POINT. I HVSOOS20
C (]R< I) = SECCNlMY LOOP OISPUCEMENT POINT. I HVSOO~50

C FR<I) :: ZECOfrOARY LOOP FLAG HVSOOS40
C lR , _ Of' SECONlWlV LooPS ACTIVE HVSOOSSO
C oILPMAl = POSITIVE LOAD DEGRADING STIFFNESS FACTOR HVSOOS60
C ALPHAl: NEGATI\IE LOAO ~GItt.ODG STIFFNESS FACTOR H..,:moS70
c BACUl: QAClIICItE LOAOIIG FlACi H.....~ooSao
C HV:;OO5QO
C INT'ERNAL vMIA8L.ES HVSOO..oo
C J : BAa8Ot£ ctJNE POINT • IN TloE Ct.RRENT DIRECTION H.....S()l)l,lO
C JD :: TEMPORARY VARIA8l.E HVSOlJft20
C I.IT :. SEClJIrIlIRV LOOP tA.IIJER HVS(DtSO
C OIR :: CUirRENT DIRECTION HVsoo-....o
C OIR:.l. POSItIVe LOADIMi HVSOOltSO
C DIR=2. POSITIVE I.M.OAODG HV~

C DIR:5. tEGATIVE LOADING HVSOCYt70
C OIR:". NEGATIVE l.JrI..OADINC HV$O()ofo80
C OIRl. :. LAST OD£cnClf HVSOOOt90
C IR\I.E:. INTEGER VALlE Of RU.£ • HVSOOSOO
C LRt.t.E:. INTEGER VAl-I.E OF lAST Rt.I.£ • HVSOOSIO
C REYRSl:: LOAD REVERSAL A..AG HV$QOI520
C PRINT:: PRINT -FLAG. USED FOR OEBU GGING HV5005~

C "" :. A8S0LUTE VAlt,E. -OF THE LoiD. P. HV$0054Q
C PM :. NAH!JUI PAST LOAD IN TIE CLRRENT DlREcrtOH J1'VS005SO
c (JIt : IWCDUI PAST DISPLACEMENT IN Tl£ ClRR€NT DIRECTION HV$OO5bO
C CIWC :. fiW(DIJN PAST OI~MENT IN BOTH DIRECTIONS HvS0Q570
C Ql -: 0trE QUARTER f1f PM. USED BY t.IrI,.OAOING CUNES HVS00S80
COS:. TI«EE QUARTERs OF PM, USED BV IN..OAOING CLRVES HVSOQS90
C OQl :. OISA...t.CEMENT AT Ql 'ON IN..OAOING BRANCH HVSOObOO
C DQS = OI:iPlACEMENT AT Q$ ON lH,.OAOING BRANCH HVSOOblO
C OOl :: INTERMEOIATE OISPUCEIENT INTERCEPT OF lH..OAOING BRANCH HV$0CJc20
C DOl :; INTERMEOLAT£ OISPLACEMENT INTERCEPT OF UN..OAOING BRANCH HVSClOb:;O
C 00 = OISJ)LACEMENT INTERCEPT OF lH.OAOING BRANCH HV5006..0
COP:: DIFFERANCE IN LOAD. w.x:o FOR CALCULATING I( H..,SOIJbSO
C DO :. OIFFERAN:E IN DISPLACEMENT, USED FOR CALCULATItG K HV$OObbO
C PX :. L()jQ INTERCEPT OF LOADING AM) BACKBONE CURVE HV$OOt,70
C OX := OISPLACEtEHT INTERCEPT OF LOADING AJrC) BACKBONE CURVE HVSC!0b80
C PeS := PCIS HV5OOb90
C DCS = OISPl.ocaENT AT PCS HVSOO700
C P2,02:: INTERSECTIa..t C1F LOAOIMi AND IN..OADlNG ClMVES HVSOO710
C PI,OI:. $MALL LOOP l.N.OADDG POINTS HVSOO720
C lC : IWCDIJN OISPU.CEIENT HVSOO7SO
C 1(8 :: STIFFNESS FJtOM ~E 8 HVSOO1",O
C FlAlll:. l.I'P€R S£c~ LooP FlAG HVSOO750
C FlAG2 -: LONER SECCMURv LooP FLAG HV$0076O
C AlPHAA:= OEGRADIP.Ia FACTOR FOR FIRST CVClE HV5OO770
C AlPHAS = lJ:GIi'ADING FACTOR FOR SLBSEQUENT CYCLES HV500180
C S -: TEtfIORARV STIFF~SS HVSOOlqQ
C Sl :: IN..OAODG STIFFNESS FROM FS1 HV500800
C SZ -: IN..()AQING STIFF~SS FRON FSZ HVSOOSlo
c S3 : l.N..OIDING STIFFNESS FROM FSS HVSOO820
C su : STIFFNESS 8E.TMEEN CtIlRENT AICl RElOADING POINT HVS008~

C S02 : STIFFIESS BETIEEH Pi ANJ 00 HVSQ08<t{)
C $0$ = STIFFNESS BETMEEN P8 AtG 00 HVSOOeso
c HV5OO86Q
C INTERNtl. FUNCTIONS HV5OO870
C FD2 : OISPUCEJENT INTERCEPT OF LOADING At«J IN.OAOING Cl.RVE HVS00880
C FSl : l.N,.OAOIPrG 5TIFFlrESS~ ~.75 PMAX . HVS00890
C FS2 : \.N..OAOINl;ii STIFFNESS I+EN .75 PMAX > P > .25 PMAK HVS00900
C F'SS : IN..OAODG STIFFNESS )olEN .25 PMAX > P HVSClO9l0
C FSl. :. LOtDDG STIFFtESS MEN .P < PCIS WITHOUT REVERSAL... HVSl:10920
C HVSOQQgJ
C S1J BROU TDES CAlLED HV~

C oIJiEcr -, DETERMINES THE v...UES Of' DDt AIIl OIR!. HVSOO'>SO
C INTSCT:: DETERMINES 1lE INTERSECTION (If TWO LINES IN POINT -:iLOPE HV5OQ%O
C FORM HVS00970
C QUN : OETERMDES THE STIfFtE,SS BASED ON [I),DO ANJ K_OEFl.A.T HV$()Qq8(J
C HVSOOCJCJO

SUSROUTIJE HYSTOSCP.O.Pl.CI..IJEL.".NI.PC.OC.P8.OB.SI,CSE. H"'$OlOClO
& K.llU.E,RODt.'.PlG._.1JOi.0I0H._.A1.PHA1.A1.PI<A2. HVS010IO
.. IR.SR1,SR2.SRS,SRM.PR.OR.FR.PRINT. H.....SOl020
.. SE.DV.ESE.PSE.PSEOLD.LPOS.lMEG.EXCR) HYS010~

HVSOlOltO
HVSOI05O
HVS01060
HVS010lO
HYSOlO8O
HVSOl090
HV$011oo
HVSOUIO
HVSOU20
HVSOU50
HVSOlhO
HVSOllSO

HVS022SO
HV~

HVS022SO
HVSD2260
HVS02270
HVS02280
HVS02290
HVS02SOO
HVS02S10
HVS02S20
HVS02SSO C
HVS025'O
HVS02S50
HVS02S6O
HVS02S7O
HVSll2S8O
HVS02S90
~

HVS02UO
HVS02'020
HVS02_SO
HVSIl2-.o
~HVS02'70
HVSll2'8O
HVS02_90
HVS02S00
HVSII2S10
HVS02520
HVSlI2SSO
HVS025'O
HVSU2550
HVS02S60
HVSII2S70
HVS02S80
HVSlI2S90
HVSll2600
HVSQ2('lO
HVSll2620
HVS026SO
HVSll2,""
HVSll2650
HVS02660
HVS02670
~
HVS02690
HVS02700
HVS02710
HVSll2720
HVS027SO
HYSD21ltO
HVS02750
HYS02160
HVSU2770
HVS02l8O
HVS02790
HVSll2800
HYSOZI10
HVS02120
HVS02ISO
HVS028'O
HVSll2ll<;O

HVSlI2SOO
HVS02870
HVSD2lI8O

. HVSll2890
HVSIl2900
HVS02'OlO
HVSD2'l2O
HVS029SO
~

HVSlJ2'l';O
HVSIl2960
HVSll2970
HVS02'JlIO
HVSIl2990
HVSllSOOO
HVSOS010
HVSllSll20
HVSIlSOSO
HVSlJiOOO
H\'SIlS05O
HVSIH060
HVS0S070
HVS0S080
HVS0S090
HVSOSIOO
HYSQS1l0
HVSOSl2O
HVSOSISO
HVSOSl'"
HVSOS1SO
HVSllSl60
HVSOSl7O
HVSOS1SO
HVSOSl90
HVSOS2OO
HVSllS210
HVSllS220
HVSDS2SO
HVSOS2.o
HVSOS2SO
HVSDS260
HVSIlS210
HVSllS280
HVSOS290
HVSOSSOO
HVSOSSlo
HVSOSS2O
HVSOSS30
HVSOSS.o
HVSOSS50 C
HVSOSS60
HVS05370
HVSOSSSO
HVSOSS90
HVSll5.oO
HVSI>S'10
HVSI>S'20
HVSI>S'SO C
~

HVSilS'5O
HVSIlS'<>O

C
c RULE U - IN.OAODG BE1lEOI V' l Q
C

1100 SEQ:KR
IF (A8S(P>.GT.PV ) GO TO 1000
IF ( P .GiE. D.> GO TO 1200
S=Kll
NRI.=l1
HRt.N=1l.1
IF <PGTPl> .....-0
IF (P1.TPU......,
R€TURN

C
c RUlE 10 - ON TI£ C(lIIfIRESSION a.INE AFTER '¥aDDG
C

1000 SEQ= 1. J ( l./KC • (~.IKR - ~.ACC>-<P'¥IP>-2 )
C

c
c RULE 12 - Lo.tDIMli FORM Q TO "
c

1200 IF <P[. fPU Tl£H
IF (I(S.EQ.KR .AN). P.GT .FP) GO TO 800
~ TO 1500

ENOIF
IF ( P .GE.AWn GO TO 600
S=KS
NRl.=12
1fft..N::12.1
A=f1U)(

RET"'"

c
c RUlE 9 - ON BR.&NCH FP-V
C

900 IF <PGT'Pl) GO TO 1SOO
IF (P.l.E.(-2"l'Y' , GO TO 1000
S:JCT
1rRL:::9
Ifia.N:9.1
A:-;2"PY
R€TURN

C
C RULf 8 - ON BRANCH BETIE£H OK & lJ'
C

800 IF <PGTPt) llEN
IF (Kll.EQ.KSl GO TO 1200
GO TO 1300

ENOIF
IF <P.LE.FP) GO TO 900
S=KS
NRL=8
HRLN::8.1
A=FP
R€TURN

C
c RtJ...E 7 ... IN..OAODG AFTER VEIlD
C

700 SEQ=lCR
IF (!OR> ~.7'SO.710

710 IF <P.GE.FtwO GO TO 600
S:;ICR
NRI.:7
HOl"=7.1
A=f1W(
R€TURN

730 IF (P.LE.FlC) GO TO 80D
S:KR
NRI.:7
HRLN=7.2
A=fK
R€TURN

OK:OIW<-I'V1XIl
ENOIF
OP ::DYe ... BETA*(OX-DVC>
FP :F>I - (1lK-lP,*KS
ICT =< 2*PY+FP)I( c.'-2*OVC)
OQ =OVC ... PV/KR
s.-l<R
NRI.=7
HRlH:6.2
A.-FK
R€TURN

c
c RUlE 13 - LOADING AN) t.N.OADING IHSIDE ~Y"-Y'
C
1SOO IF (KR.PrE.ICS) TlEN

CALL INTSCT(DlTENS.PITENS.O.P.ICR~[JIIAI(.FMAX.ItS)

CAll. IN1SCT(OIC_.PIC_.0.P.Kll.OK .FK.1tS ,
ELSE

IF <PGTl'L> GO TO l2DO
PITENS:!'
OITENS:O
P!COMP-..P
OIC-=O

ENOIF

C-----1S POINT wtTMIN PV'~ ?
IF cPICOfIP.LE.FP) Tl£N

IF (KC.NE.KTl TIEH
CALL INTSCTCDICOMP,PICOMP.O.P.ICC.IP.FP,lT )

ELSE
IF <PLm..) GO TO 900
PICQtiF'=P
DICOMP=O

ENOIF
IF (Kll.EQ.KS .AIII. P1.TPI., GO TO 800
S2:KT

ELSE
S2:KR

ENOIF
IF (PGTPL' T1£N

IF (P.GT .PITENS> GO TO 1200
A:PITENS

IF (I~) 10$0.1050.1010
1010 $::KC

NRI.=l0
HRlH=lO.l
'=10.
R€T"'"

10$0 IF <ABSCP>.L.£.PY) GO TO 11DO
S:l::C
NRI.=l0
HOl"=lO.2

'=-f1Y
R€TURN

14'3



OOIF

so

HVS020;00
C HvSQ2fiola
C•••••• LOADING AFTER .....OAOIHG HVS02'20

ElSE HVS02"50
C.. •• •• .. ••• ••• RELOAODlG INSIDE SJUU. LOOPS RU.E 1lHV502'<O

20 1;1-1 HVS02<50
IF <I.GT.O ) ll£N HYS021io6O

IF <...,r.« FRcI>.EQ.·" .IIO. OIR.EQ.l' .OR. HV502VO
( FR<I) ..EQ. 'L' .AfII). OIR.EQ.S») GO TO 2OHVS02480

(,KMIN<Cll-Dl(1».CP-PR<1».SI> HVS02.90
A=PRC I) HVS02S00
Rt.l.E=1l+I/1OOO. HVS02S10

HvS02520
HVS02S50

RULE SHYS025fioO
HYS02550
HVS0256ll
HVS02570
HYS02S80
HVS02590
HVS02600
HYS02610
HVS02620
HVSQ2650
HYS02640
HVS02650

PCS=SIGHC:PC/S.PM) HVS02660
00l:lJ4-PM1t( 1./FS1(flM&)()+2 ./FS2< [JW()+l.IFSSC OIW(»N .HYS02610
002:l»1 - PM*<~)/<AIf-.PMG) HVS02680
IF <OIR.EQ.l) OIl:::MX(OOl.OO2) HY$02690
IF (OIR.EQ.S) ClO:I(IN(DD1.DD2) HY$027'OO
OCS=OO+PCSIFSl.<(JW() HYS02710
S::JCMIH<CD-OCS>.(P-PC;S),SI) HYS02720
IF (S.GT.K) HEN HYS027~

K:S HvS027-.o
A=: PeS HYSD27S0
RlLE=8.1 HVSD2760

EM>!F HV$02770
C HVS02780
c HtTH REVERSAL. FAR SIDE LOADING RLt.E QHvS02790

IF «(OIR.EO.l •.w;J. D.LT .0) .OR. HVS02800
(DIR.EQ.S .AtI:J. D.Gr .0» no HVS02S10

1C::K8 HVS02S20
00 ~ .k2.hB HVSQ28SQ

IF < P9( J) .LT .A8S(PM) ) GO TO "0 H~S02S<,Q

00::. -SIGNC08CJ>.O>-O HVSQ2S50
DPz -SICiH(P9(J).D>-P HVS02S60
IF ( (oo-tP).LE ..0 .. ) GO TO fioO HVS02870

S:£FIOO HvS02Sao
IF (S.G1.X. .MG. S.LE.SI) HEN HV$0289O

1C=3 HV$02900
A=SIGN<P8<J>.PM) HVS02910
Rt.l.E=9 HVS02920
BACK8::. TRt.E:. HVsa~

BlJIF HVS029'oO
cONTD&.IE JoivSQ2QiSO

EN:IIF HVS02%O
C HVS02970
C. • ••• • • •• • • • • • •• •• WI1ltaUf IlEVERSIL Rt.t.E bHvS02980

ELSE H'\I~9QO

IC:FSl.(OM&X) HV:;O~

A: SIGNC(PC/S)'.PM) HV$05010
RtL£:6 HVSQ5020

EhDIF HVS050W
C HVSO;o..O
C MIDRANGE JlEl.OADDG a.R\IE R1.l..E lHVSOS050

ElSi: IF (AP.lT.A8S<.9§-PM) ) TlEN HVSO~

BACKB:.FAl.SEOo HYSO$070
P2=.00i-PM HVS05080
02=f02<!»WC > Hvso50QQ
K:KMIHc:<D-02>.<P4'2>.SI> HVSO:!llOO
A=P2 HVSOSllO
RULE=7 HVSOS!20

C I-jvso5BO
C Oo •• llUOING TOMUO$ tl£ 8ACXBOHE ClRV'E RU..E lOHVS03ho

ELSE Hvsa51sa
8ACK8=. TRU:. Hvsa51bO
IF (.4P.CiE.A8S(PM) .OR. (A8S(tIf».LE.OC) co TO 1 I-jYS05170
I~=O HVS0518a
IF <OIR.EQ.1) TIEN H"SOSl90

IF <AlPHAl.)E.AI..PMU .AtIl. Al.PHAl.~•.AlPHA8) HVS05200
AlP'IW=AlPHAA HVSOS210

OO.dlJlHA1"£M-{J HVS05220
ELSE HVSOli2SO

IF (ALPHAl.I£.AlPHM .AN). Al.PHA2.~.AlPHA8) Hvso52"O
AlPHA2=Al.PHM Hvso5250

OO:AlPHA2-oM-O Hvso5260
ENJIF Hvsa5270
lP=PM-P HVSOS280
IF <(CJH'OO).GT .0> Tl£N HYS05290

((:MIN<. <OP/OO1 ..SI) IoNS05'500
ELSE Hv$a551o

I(=SI Hvsoli~20

EhOIF Hvsa5!:?;Q
00 so J:2.hB HVSOS?;"O

IF < P8<J).LE.ABS<PM) ) GO TO 50 HVS05'SSO
.J):J-1 Hvsa5~

00=08< J >-C8<..o) HVSOS~70

OP::PS<J)-P8("X) HvSaS:i:80
IF «DP-OO).lE.O.> GO TO 50 HVSOSS90
CALL INTSCT([D(.PK.D.P.' ..SIGNl:08CJ).P). HVSOS400

SIGNCPBC:J).P).([J)IOO) ) HVSOS410
P)(:PK HVSOS,,20
O)(:OX HvsaSHO
IF (ABS<OX>.C£.D8c.JO) .AIrI>. AQS<mo.LE.0B(J).AN[).HVS054.;.o

A8S<P)().GT .A8S<PM) .ANJ. PM-PX.GJ .0) nEN HVso5'9JiO
IF (AP.GT.MS<PK» GO TO 1 HVsaS4bO
A: P)( HVSOSol.70
RlLE=lo HVSOS4SO
IF COIR.EQ.l> TI€N HVSOl),,90

ALPHAl=ALPIWI HVSOSSOO
ElSE HVS05510

AlPHA2:Al.PtW1 HV'"'..a5520
Etf)IF HYSOSS~

GO TO 100 HYSOSSotO
EfrI>IF HVSO$S50

CONTIMJ:: HYSOS500
GO TO 1 HYS05S70

ENJIf HVSOSS60
ENJIF HVSO~5q()

HV50SbOO
HYSOSb10

ELSE HVSOS620
C.. •••• .....OAODlG RlUS Rll.ES 2·SHVSOS6SO

C
C INITIAL RELOADDlG sa,", PCIS
c••.....•...•.• 'Oo • •• •• ••• ..... •••• WITH REVERSAL

elSE IF (AP.LT.(PC/S> )THEN
BAClCIl;.FAlSE.
IF «OIR.EO.l .AJ.Il. OIRt...EQ.... ) .OR.

COIR.EQ.S .ANl. OIRl..EQ.2» TI£H
P2::.95*PM
02=1'02< OIWC'
K:lCMIN«D-Q2).<p....pz),S!)
1C8=K
hP2
R\I.E;8

E..,IF

18

AP::A8S<P)
C.. .. •• DETERMIt.E IF ElASTIC

IF <RU.E.E9.0 .ANl......LT.PC ) 1lEN
(;$1

SE'"
RETlJIIj

C
C•••••• CALC E)CCl.RSION RAno AT EVERY ZERO CROSSING•••

IF <P"fl'l.LE.D) CALL OtE(O.I.POS.EXCR. OV.[J,.I.ESE,PSE.PSEOLO.CSE)

FSLOO= SI *(OCIX>**.28S HYSOl160
FQ2CK>: OM-.05"l'1l/(FSICK» HVSOUlO

C HVSOllSO
C HVSOll90

1000 IF (PRINT>- I«m (6.1010) P.D,PL..Il..Ml,NI,PC.OC.SI.K. HVSOl200
& Rt.U:.A.PMG.PIIH.OMG.~,BACK8,IR.OIR. HVS0121a
& SE.OV.ESECl>.PSE.PSEOLO.lJ'OS.CSE.UNEG.EJCCll.va HVSOl22O

1010 FORMAT( HVS012SO
&' 81- P=' .GlS.5.' 0:' ,W.5,' PL:' .Gg.s,' OL:' .GH.SI HVS012~
&' 81- "Il=' .GJ3.5.' NI:' .1llS.S,' PC:' .GIS.5,' DC.:' .GlS.51 HVSOl2S0
,. 81- SI.:' .GJ3.S.' IC.:' .1llS.S.' RtJL..E:' ,Gl3.S.' A:' ,GU.51 HVS01260
" 81- F'MG=' ,G13.5,' PMt:' .w.s.' C»IG::' ,ClS.S,' 0fIM:' .GIS.51 HVS01270
" 81-BACK8:' .G13.S.' IR:;' .GIS.S,' DIR:' .GU.S,' SE=' .GlS:.51 HVS01280
"81- OY:' .W.S.' ESE:' .W.5,' PSE'=' ,Gl5.5.' PSEO:.' .W.SI HYSOl29O
fr.' 81- !.Ph' .W.S? \.P2.:' ,GU.s,' \JPS:' .m..s,' CSE:=' .Gil.51 HVSOl300
" 81- lMl:' ,GIS.5,' UN2:' .GU.5.' tM5:' .Gls:..SI HVS0151D
&' 81- EX1:' ,GlS.5,' EX2=' ,G.U.S,' EXS=' ,W.SI HVS01S20
s,' 81- EX~:' .GIS.s.' EXS::' .W.5.' EX6::' .Gl5.5/' VEL=' .Gil.S) HVS01330

IF (IR.GT.O.AhO.PRINT> WRITE (6,1020) (I.PR<:I).OR(I),FR<I),I=l.IR:>HYS013~

1020 FORMAT HVSOI$O
& (' 81- 1=' ,Gl3.5,' PR=' ,Gl3.5,' CIt=' .G.lS.5,' FR:' ,A )HVSOl360

HVSOl37O
HVSOl3S0
HVS01390
HVSOl_
HVSOI~lO C
HVSOH2O
HVSOl'50
HVSOl_
HVSO~'o!iIl

HVSOl<\60
HVSOlfio70
HVSOl'SO
HVSOH90
HVSOl500
HYS01S10
HYS01520
WlS015SO
HVSOI540
HYS01550
HVSOl500
HVS01570
HVSO~S80

Hvso1590
HY501600
HVS01&lO
HVSOlit20
HVSOl.50
HVSOlitota
HVSOl<>SO
HVSOlitbO
HVS01670
HVSOI680
HVSOI690
HVSOl1OlI
HVSD111D
HVSO~no

HVSOll3ll
HVSOll...
HVS017';O
HYSOl160
HYS01770
HVSO~l8O

HYS01790
HVS01800
HYSD1810
HVS01820
HVS01850
t-fYS018fioO
HVSOl850
JoNSOl860
HVSO~870

HVS01880
JoNSOI890
tfYSOl900
HVSOl'lQ
tfYSOl920
HYS019SO
HVS0191H)
HYSCI950
!'WS01%O
HVS01970
HVSO~980

HVSO~990

HVSD2000
HVS02O~o
HVS02020
HVS02050
HVS02O<O
HVS02050
HVSll2060

.AtrI). < P.LE.PRe!) .OR. D..l£.DR<I>)) .OR. HYS02070

.AN). < P.GE.PRcI> .OR.D..CE.DRCI) ») T.et HYSll2080
HVSll2090
HVSOZlOO
HYS02110
HVS02120
HVS02130
HYSD2HO
HVS02lSO

IF <OIR.EQ.1 .OR. OIR.E9.S) 1lEN HVS02160
C•••••• LOADING Rt.I..ES ••••••••••••••••••••••••••••••••••••• Rt.Lfs 1.6-l1}fYS0217O
C 1-NS02180
C•••••• LOADI..- ON BACK8Ot£ RU...E 1HYS02190

1 IF (BACK8 .OR. R\l.£.EQ.O.O> TlEN HYS02200
I(::(h HYS022l0
00 18 J=2,te HVS02220

OO=OB<J)-A8S(O> HYS02230
CJ':PB< J)-IIP HVS022fioO
IF (AP.LT .P8(J) .MII. (OO"tfl).GT ..0.) THEN HVS02250

S.:lJ'/[J) HVS02260
IF (S.GT.IO 1l£N HVS02270

I(=S HYS02280
A:SIGNCP8(J).P) HVS02290

E..,IF HVS02500
E~IF HYS02310

CQNTIN.£ HVS02S20
RU.E,l HVSlI23SO
BAClQI;. TRtJE. ~

IR'" HVS02SSO
IF COIR.Eq.. l) TtEM MYS02S60

AlPHAl=AIJ'!4M HVS02S70
ELSE HVS02=

AlPttol2=AIJ'!4M HVS02S90

C
c. . . . .. OETEfnIIlNE CURRENT DIRECTION

LRULE=INT( RU.£)
OIR =ROIR
CALL OIRECT<OIR.OIRl..P.PL.va)
ROIR ,OIR
IF (PRINT) IoRlYE (6.1050) DIR,DIRL

10$0 FORMAT
& <' 81- oIR:' ,II .' DIRL::' ,18)

C
C...... DETERI41NE IF WALL IS !N.ICTl'J(. IF SO RET1.I!N

IF (RlI..E.LT .0.0) RETURN

C
C•••••• ~TERMDE JlW(I.fII.W AN) MINDI.N VAlI.ES

PMG=II&l« P.PM:. PC)
~(D.OMG. lX>
PMH=MINc P.PMH. -PC >
CMt=MIN< O. [Mt. -{)C >
0tWC=MAXC0NG. -OMH)
PMAX::MAX( PMG. -PflH )

C
C. • • • •• ERASE SMAlL LOOP FlAGS

IF (IR.GT.O) U£H
IT:IR
00 10 I=l.IT

IF «FR<I>.£Q.'l'
(FR<I).EQ.'r

IR,1-1
GO TO 15

E..,r;
10 CONTIMJE

ENOr;
15 I=1R+l

C
c..•••• :iET JlW(DUf AM) MINDUI VAU.ES•••

IF COIR.EQ.l .OR. OIR.EQ.2 ) 1lEN--0II=lJ0G
ELSE IF cOIR.E9.S .OR. OIR.EQ." 1lEN-.-

C
C...... CHECIC TO SEE IF LAST RU.E IS STILL IN EfFECT

IF (OIR.EO.OIRt.. .AM:J.
& (OIR.EQ.l •AND. P.LT > .OR. <OIR.£Q.2 .JJI). P.GT.A) .OR.
S, (OIR.EQ.5 •.w:J. P.GT ) .OR. (DIR.£Q.'io .MrI). P..LT ....») nEN

RET"""
E..,IF

C
C...... CALCIUTE EQUIVAI.EJlT .....o.tIlDlG STtFflESS FOR ENERCV•••

IF (BAiXB .OR. R\I...E.EQ.l.O) 1l£N
Sl=l'SlCO...."
S2:FS2(OMX>
SS:FSS(OIW"
00 :eM - PM*C~>I<PfII+-.PIiIG>
QI:PM/lt
95,S-<l1
OQ$::OM -O.2S-PM/Sl
S02,KMIN<<OQS-OO ,. 95.SI'
Qql=OQ5-<l.SO_/IWl<S2.Sl:I2)
SOS:lClfIN<CQql-OO'.Ql.SI)
SE= 0.5 * PM-2 I <

(PM+QS>*O.S-<:CIM-OQ5:)
+<Q$+Ql )"".S-<OQS-DQ1>
.-< 41)*0..5·( QJ)/MIX(SS.SOS»

E"'IF
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t
C...... DETERMINE IF NAU. IS IllACTIVE. IF so RE_TUlN

.OV

seCONDARY LooP LOAOINli POINT
SECONDARY LooP OISPLACEIEIlT POINT
seCONDARY LooP FLAG
seCONDARY LooP _
8ACICBONE LOADING FLAG
REL060INli STIFAESS~ R\l.f 8 - USED BY E 11
RELDAOINli STIFFIESS FROM R\l.f 9 - USED 8V E 11
RElOAl]OO STIFF~SS FROM RUlE 7 - USED BV RU...E 11
REL06000 STIFFtESS FROM .....ES 8 & 9 - USED BY R\l.f 11

PR
DR
FR
IR
IlACl<ll
SRI
SR2
SRS
SRM

INTERNAL RJNCTIONS
F02 : OISPLACEJIENf INTERCEPT OF LOADItG AN) 1,N.OAOrNG CURVE
FSI : IN.OADDG STIFFJESS M£N Px~ >::PA
FS2 : \.N,.OADI,.. STIFFtESS IiIEN PA>P>< PC/2 >=PI
FSS : l.M.O£DDG STIFFNESS IiIEN P'>P8
FSR : LOADING 8ELOM Pen. wITH PDOWG

I~IC~T REAl(A-H.IC.o-z>
IMPlICIT INTEGERCI.J.L-N)
INTEGER DIR.DIRL
lOGICAl. BACKB.CRACKD.REVRSl.PR'INT.8TEST
CHARACTER-to i='R<NI>
OIIENSION PSCNS).DS<NS).I'RtNI),OR<NI)
DIMENSION lPOs<'S),l..I€Gl:S).EXCRCb).ESECS)
DATA ALPHA/1.Qil.!

AP=A8S(P)

ENDIF

OIRL
IRI.l.E
LRtl.E
<RootO
REVRSL
PIIlNT
Pel
0C2
S
SR
SIlP
00
DOl'
AP
PM
010
OIW<......
••PI
OA
08
DP
DO
PX
OJ(

P2.02
X

Xl
lC2
I,IT
JO....
ALPHAP
Sl
52
SS
SlJ
S02
sos

SlIIfOUTINE HVSTOft<P.D.PI...I1..\rU.NS.NI.P9tINT.
.. PC ,DC .PS .DS .S! .CSE
& .( .RU.E .ROI1l.A ,PM;.Pflft
10 ClNG .OMH ,BACKS .SRI ,SR2 ,25
& SRM .IR .se .l.POS .lMEG .EJ<Clt
& ESE.PSE .PSEOLO,PR .lJl ,FR >

HVSOOSIO
HV$0CH20
HVSOOS30
HVSOOSotO
HVSOOSSO
HVSOOS60
HVSOOS70
HVSOOS80
HVSOOS90
HVSQO.;oO

INTERIIAL VARIAllLES HVSOCl'10
J = llACJ(8ONE CLllVE POINT • IN Tl£ ClRllEHT DIRECTION HVSOll'20
DIR = ClRllEHT DIRECTION HVSOO'o30

OIR=l, POSITIVE LOADlJG HVSOO't-'tO
OIR=2. POSITIVE IM.OAOINli HVSOI>05O
DIR=S, JEGATIVE LOAl]DG HV~

DIR='. IEGATIVE lH..OAOINli HVSOCl'70
= LAST DIRECTION HVSClCYtSO
= INTERGER VALLe OF R\l.f HVSOCl''lO
= INTEGER VALLe OF LAST R\l.f • HVSOOSOCl
= CRACKED IaU. FLAG HvSOOS10
= LOAD REVERSAl FlAG HVS00520
= PRIHT FLAG. USED FOR IE81.tCGDG HVSOOS30
::: PeI2. USED BY LOADING CUlNES HVS00540
= DISPUCElENr CORRE_ TO PC2 OIl Tl£ LOAOINli BRAHtH HVSOO550
= INTERIEIlIATE STIFF>lESS HVS00'i60
:: R'ELOAQIJIi, STlFFlESS HVS00570
= "INDUI RELOAODG STIFFNESS HVSOOS8Q
=DISP\...AC9ENT INTERSEPT ~ PlEAK OISPLACaENTS HVSOOS90
: OISPlAC£JENT INTERSEPT ~ TIE I.N..QtOING BRAM::I'i HVSD0600
=A8SQlUTE vAllE OF ClItRENT l.OAD P. HVS00610
: HAXDLN PAST LOAl) IN fIE Ct.RRENT DIRECTION HVS00620
: IWCDIM PAST OISPlACEMENT IN T1E CURRENT DIRECTION HVSOO630
: IUXDIM PAST DISPl..&CEMENT IN EITHER DIRECTION HVSOO6otO
: MAXDUI PAST LOAD IN EITlER DIRECTION HVSOObSO
: PM-PC, USED BY IN..OAODC C1.QVES HVSOObcO
: PeI2. USED Bv lH.OADI..- CI.IlVES HVS00670
: DIsPlACEMENT AT PA, USED By lH..OAODG CURVES HVSOO680
: DISPlACEMENT AT 1'9. USED BY IN.O''11INi ClRVES HVSQObqo
: DIFFERAM:E IN LOAD, USED FOR CAlcu...ATlNG I( HVSOO700
: DIFFER.u.ee: IN OISPLACEIENT. USED FOR CJl.Ct.l..ATING I< HVSOO710
= l.OAD INTERCEPT OF LOADI,.. AN) 8ACKBOE CURVE HVSOOno
= DISPLACEMENT INTERCEPT'S LOADING AN) BACKBONE CURVE HVSOO7SO
= POINT ON TIE LOADING ORVE BeTlEEN R\.LES 7 AIrI) 10 HVSOO7toO
: MAXIMlN OISPlACEHENT HVSOOlSO
= DISPUCEMENT INTERCa'T FOIl R\l.f U HVSOO760
: 75Z PC DISPl.AC9NT FOR RU...£ II HVSOO770
: 25'1. PC OISPLACEJINT FOR RU.E 11 HVSOO780
: TEMPORARY UBEl.. Fe. SMAU. LOOP LOADING »I) lH...OAOING PTSHVSOO7()(J
: J-1 HVSOOSOO
: ~GRAODG STlFF)I£SS FACTOR HVSOOSI0
: CEGRADINii STIFFJESS F&CTOR USED BY RILE 10 HVSOO82D
: STIFF~SS FROM A.IrI:TION FSl HVS00850
: STIFFlESS FROM A.N:TION FS2 HVSOOSItO
= S1'IFF~SS FROM FI.N:TION FSS HVS00850
: STIFAESS 8ET~ aIlRENT .UrG RELOoIDDG POINT HVSOO8bO
: STIFFNESS BETWEEN PA AN) 00 HVS00870=STIFFtESS BETIEEN PH AM) DO HVSOO88Q

HVSQ(l8'QO
HV$OCJlK)Q
HVS00910
HVSOO~2O

HVSOCIQ50
HVS00"40
HV,.,.,..;o
HVSOO%Q

~=-~r:~E~ TlE VAllES CF OIR IN) OIRl ~~=~
INTSCT : C€TERMIJrES ll£ IHTERSECTION OF TWO LIN:S IN POINT-SLOPE HVSOOQQ()

FORM HV'iOIOOO
(MIN : CElERMDES TME STIFFNESS·8ASED ON OP.W At«) K_OEFll.T HVSOIOIO

HVSOI020
HVS010~O

HVS01()'i.O
HVSOIOSO
HVSOIObO
HVSOI070
HVSOI08O
HVSOI090
HVSOllOO
HVSOUIO
HVS01l20
HVSOllSO
HVSOll40
HVSOllSO
HVS01l60
HVS01l70
HVSOl1S0
HVSOll90

FSI00= SI "MIN<<l.'9675-<lXJ)(,...~5).1.) HVS012SO
FSZOO::: ~I toMIMC<O. 7761-<OC/lC)..•• Sl95>.l. ) HVS012bO
FSS(X>::: st "M!N«O.0107+<OC/X)·1.S69 ).1.) HVS0127a

FSRClO: Sl ""DI« (A8SCOC/X»"1.D2).l.) HVSOI280
F02<X>: SIGNCOMAM.PlO....O'ittSIGNCPIWC.PM)/<FSIC)(» HVSOI2~

C HVSOBOO
1000 IF <PRIND WRITE (6.1010) p.O.Pl.Cl..NS.NI.PC.OC:.SI.K.Rtl..E.A. HVSOHIO

&. PMG.PII4.CIG.!Mf.Sltl.SIil2.SRS.SRIf.BACKS.IR.PSEOlD.va. HVSol~2D
& SE.DV.ESE(l).PS£.l.POS.CSE.LtEG,E)(CR HVSOHSO

1010 FORMlT ( HVSOlS~

&" Sl- P:' .GU.5.' 0:::.' .W.5.' Pl.:' ,W.5.' [1=' ,GI3~SI HVS01SSO
!Io' 51- NS=' ,l&lS.5.' NI:' .G.!S.S.' PC=' .W.S.' IX=' .GIS.S! HVSOl~

!Io' Sl~ SI=' ,W.S,' K:' .G.I.3.S.· R\J..E:' ,'15.5,' A;;.' .GlS.S/ HVSOlS70
&' Sl- PIG:' .GIS.5.' AM:' .GIS.5.' DMG:' ,CU.5.' OJIIH=' .G13.SI HVSOB80
!Io' 51- SRI:::' ,GU.5.' SR2:::' .CilS.5.' SRS=' .G1S.5.· SRM:' .GIS.51 HvSOlS90
&' Sl-8AC1CB:' .GlS.5.' IR:' ,GlS.S.' PSEO:::' .GIS.5.' VEL:' .GH.51 HVSOlt,OO
!Io' Sl- SE:' ,GlS.S,' OY:' .GU.5,' ESE:' ,G.1S.5.· PSE=' .GU.51 HVSOhlO
&' S1- !.PI=· ,G15.5.' l.P2:' ,Cl.S.S.· t.PS=' .G1S.5.' c$E=' ,GiS.SI HVSOl~20

!Io' Sl- LNl=' .GIS.5.' lM2:' .G15.5,' lMS::' .GB.51 HVSOhSQ
!Io' S1~ EX1:' .GIS.5.' EX2=' .G1..s:.5.' EX$:' .G.15.SI HVSOh"O
!Io' Sl- EX"=' .GU.5.' EX5=' .G.1.S.S.' EJC6:' .GIS.S) HVSOhSO

IF (IR.GT.O.ANl.PRtNT) It«ITE (6.1020) CI.PlkI),CW<I>.FR<I>.l::I.IR)HVSOl'H)O
1020 FORMlT HVSOh70

& (, I:' ',G1S.5.' PR:' ,tilS.5.' M:::' .tilS.5.· FR:' ,A) HVSOh·80
HVSOh90
HVSOlSOO
HVS01510
HYS01520
HVS01S'SO
HVS01Sota
HV$01550
HVSOI5bO
HVSOI570
HVS0158D
HVSOlS90

C
C. .. ... DETERMINE IF ELASTIC

IF (RU..E.EQ.O .MG. AP .LT.PC ) no
<:51
SE:K
GO TO 9999

INITILlZE VAlLES
llAClC!l=.FALse.
Sl::FSl( O~W()
S2::FS2(0MAX>
SS:FSS< DMA)"
00 :OM - Pfritlt(0MM-0MG)!( Mf-PMG)
Ql:PM/'
QS=S'QI
OQS:OM -o.25_/Sl
S02:KMIN< (OQS-OO >,QS,SI >
~l~S~.~*~/~C~.~)

SOS:KMINcCOQ1-DO>.Ql.SI)
SU:D.

IF «I.OSttSI>.GT.K .AN). I<.GT.D ) RETlRN

1(=0
RlJt.E=-RULE
RETlJRM

70

ENDIF
ElSE. IF ccDIRl..EQ.S .MoII. OIR.EQV, .AN)••NOT. REVRSt.)

& .011. (DIRL.EQ.2 .AlII. DIR.EQ.1> > THEN
IF (IR.LT.NI) lIEN

IR=IR.l
""'IR,,",
OR<IR)--O
FR<IR>:'L'

ENDIF
ENDIF
IF (P9tINTJ It«ITE <6.10ft0) Sl.'i2,S3

10"0F~Tc

!Io' Bl- 51=' .ClS.5.' $2=' .cas.5.' SS::' ,G13.S.'

C
c•••.•.

C
C
Coo lROAOINli INSIDE SMALL POSITIVE LOOPS

I=IR.l
1=1-1
IF (IoGT.O> THEIl

IF C.NOT.(CDIR.EQ.2 .AtIl. FRCI>.EQ.'l') .OR.
CDIR.EQ.lt •.v.I). FR(1).EQ. '7'» ) GO TO 70

IF CCOIR.EQ.2 .AtI>.( CP.GT .QS .MIl. PR<I).GT .QS) .OR.
(QS.GE.P .AND. P.GT.Ql .AND. PR<I>.GT .Q1> .011.
(Ql.GE.P .AN::J. PRU).GT.O») .OR.

(DIR.EQ.' .AND.( (P.LT./lS .AND. PR<I>.LT.QS> .011.
CQS.LE.P .ANJ. P.lT.Ql .AND. PR(1).LT.Ql) .OR.
(Ql.LE.P .,AN). PRCI>.LT.O»» THEN

(::( PR< I>-P)/C lJK I)-{»
IF (1C.l.f~O .OQ'. IC.GT.sn GO TO 10
A--PR<I)
RlLE::5.lIlooo.
GO TO 100

ELse
SU::KMINC (DR<: I >-0) ,( PR< I >-P).SI)

ENOIF
ENDIF

C
C•••••••••••••• CAlC OlCTll.nv AMJ E>Ctt.RSION RATIO•••

IF ( .....E.EQ.1 .011. R\l.f.GT.5> nEN
IF (DIR.EQ.2) THEIl

OLI=fIW(cO.Cl.)
CALl ONEC1.1.POS.EXCR. DV.CLI.ESE(Z).PSE.PSEOl.D.CSE)

ELSE IF cOIR.EQ•., THEIl
DlI= MINC D .. [l. )
CALl. QtE(l,lMEG,El<ClI.-ll'I,OLI.ES(S>.PSE.PSEOLO,CSE)

OOIF
ENlIF

C
C. • .. • .. • • • • ... I.N..OAOIM; ctrt TIE TOP SEGIENT

IFCAP.GT .A8S<QS» llEN
K:MIJ(CS1.SU)
A::Q5
R\l.f=2

C•••••••••••••• IN.OAOING ctrt floE IGDDl£ SEGJENT
ELse IF(AP.GT .A8S<Ql» THEN

K:M&K(S2,S02,SU)
'--Q1
Rtl..E=S

C...... '" .oo.. 1.N.06OINli ON TI£ BOTTOM SECIENT
ELse

K:MAKCSS.SDS.SU)
'--0.
R\l.f='

OOIF
OOIF

c SAVE REVeRSAL. POINTS FCIt SMMJ. LOOPS•••••••••••••••••••••••
100 IRlI..E=INTCRU.E)

REVRSL=IRlA.E •EQ,1.011. IR\l.f.EQ .10.OII.L.....E.EQ.1.OII.L.....E•EQ.10
IF «DIRL.EQ.1 .AND. DIR.EQ.2 .AND••NOT. REVRSL>

!Io .OR. (OIRL.EQ." .AN). DlR.EQ.S) ) rtEN
IF (tR.l.T.NI> TlEN

IR=IR.l
PR<IR,,",
aKIR)--O
RKIR)='7'

HVSQ56.;o C
HVSQ5650 C
HVSOS66l) C
HVSO~70 C
HVSOS68Q c
HVSO'l690 C
HVSOS700 C
HVSOS710 c
HVSOS72O C
HVSOS1SO C
HVSOS7ltO C
HVSOS7S0 C
HVSOS760 C
HVS0S770 C
HVSOS78O C
HYSOS790 C

R\l.f 5 HVSOS800 C
HVSOSSlO C
HVSOS820 C
HVS058SO C
HYSOS8~ C
HVS0S850 C
HYSOS860 C
HVS0S870 C
HVSOS880 C
HVSOS890 C
HVSOS900 C
HYSOS910 C
HYSlB920 C
HVSOS9S0 C
HVSO$9'O C
HVSOS950 C
HVSOS960 C
HVS05970 c
HVSOS980 C
HVSO~9lM C
HVso.;ooo C
HVSO'rOlO C
HVSO<o02ll C
HYsor.oso C
HV_ C
HVSO'oOSO C
HVSQ.;060 C
HY$l)W)70 C
HVSOOOIIO C
HVSQoo09O C
H'fso.lOO C
HV~UO C
HVSOo9>lZO C

RUlE ~lSO C
...-1.;0 C
HVSQo-..1SO C
H~l60 c
HVSOltlla c

IU.£ 5HYSCM>lSO C
HYSOH90 C
...-200 t
HVS09210 c
HVS0'0220 C

R\l.f _2SO C
~2"ioO C
HVSQi,250 C
HV~260 C
H'fSDlio270 C
~280 c
HVS0'0290 t
HVSIMOO C
HVSOofUO C
HVSQoloS20 C
HV_SSO t
HVS0'05.;o t
HVStKS50 C
HVS{K%O C
HV_S70
HVso<58Il
HV~S90
HV_
HV~la

H'iSO"20
HVSQolr<lt5Q C
HVsetrrt..a
HV""""
HVSlWo6O
HVS0tt410
..,."..80
HV","""
HVsor.liOO
HVStJolol!ilO

:' .IllS.5) HVSCWi20 C
HVSlMSO
HV""'"
HVS0<S50
HVS0<560
HVso-570
HVSlMllO
HVSO'oS'lO

ENl HVSll'6OO
c======:============_____ _ - = _ _=====::--==HVSDOOIO
C=== SHEAR HVSTERESIS oooa.••••. HVSTO< ••••••••••••••••••••••••••••••••HVS00020
c=:=========- =-===--======"tYSOOOSQ
t HVS00070
C IhPUT vARIA8LES HVSOOOSO
c p ::: ctRRENT LOAD HV'SOI:J09O
C 0 = ClRRENT OISl'l.ACaENT HVSOOl00
C PI.. = LAST LOAD HVSOOllO
C VEL ::: PRODUCT OF LAST AfC) C1MRENT VElocm HVSOOl20
c US ::: PUllER OF 8'CQONE ct.ItVE POINTS 1«SOO1SO
C NI ::: IWC.I..... tI..I8ER OF SECQN)MV LOOPS HVSCIOIlHJ
C PC ::: CRACKING LOAD HVSOOlSO
C DC = <RootI'" OISPl~ HVS00160
C 51 ::: INITIAL STIFFNESS PCIOC HVSOOllO
C PS = llACJ(SONE CUM L06OI... POINTS HVS00180
C OS = llACJ(SONE CUM DISPlACEMENT POINTS HVSODl'"
C HVSOO2OQ C
C OUTPUT VARIA8LES HVS00210
C AN INITIAL VALLe OF ZERO IS REtlUIRm FOIl ALL OUTPUT VARIA8l.ES... HVS0D220
C < = STIFFtESS HVSOD2SO
c Rlt..E : RlLE MHIER. STORED IN TIE FOR_MAT RN.DIR lJPON EXIT rE HVSQ02(tQ
C THIS SU_BROU_TI~ HVSOO25O
CAL060 LIMIT BEFOll£ NEXT R\l.f CIfANlE HVSOlI26O
C PMG """DIM PAST LOAD IH TJE POSITI\IE DIRECTION HVSOO270
C PMH IUKDUI PAST lOAl] IH llE ~CATIVE DIRECTION HVSOO280
t llllG "'X- PAST DISPUCElENT IN Tl£ POSITIVE DIRECTIOIl HVSOD29O
C """ """IlUI PAST DISPUCEIENT IN Tl£ tEGATIVE OIRECTIOIl HVSOOSOO
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aSE IF (ASS<PR<Il>.LE.5"PC/" Tl£N H'lSD2840
X2=02-cP2-1.5*PC2)J$RS HVS02850
X1:X2-PC2/SR2 HVS02860
x.=:k<PC2n-p) /SSl2 HVS02870
IF eAP.LT.PC/4 .»1). e<OIR.EQ.1 .AN:!. X.LT.Xl>.OR.HVS028SO

(DIR.EQ•.s .AtIl. X.GLKl») Tf-EN HVS02890
J(;QIINC (Xl-o ),( PC2/2-P >,SI> HVS02900
A:SIGN«PC/.,.PM) HVS02910
RlLE=1.l.Z.I/1000. HVS02920

aSE H'I~~Sl:l

K.:KM1NC([R(I>-Q>.(PR'CI)-P>.SI> HV~

A::::PR( I > HVS029S0
RlLE=1l.S.I/1000. HVS02%O

EtGIF HVS02970
ELSE HVS02980

X2:OR(I>-<PR<I)-1.5"PCZ)/SR!I HV~

Xl=><2-PC2/SR2 HVSOSOOQ
x::::O+<PC2J2-P) ISR'2 HVSOS010
IF eAP.LT .PC/" .AN). «DIR.EQ.l .AM). X.L.T .)(l).OR.HVS05020

(OIR.EQ.S .AN). X.GT .)(1») ll£N HVS050SO
J(::KMIN«Xl-D),(PC212-P).SI) HVSO~

A.::SIGH«PC/4>,PM) HVS05050
RlI.E=ll.ft+I11000. HVSO:so6Q

8..SE HVSOS070
l<=D+<1.5"PC2-P) ISRS H'I~5D80
IF (AP.LT. S-PC/.. .AICJ. HVS05090

«OIR.EO.l .AMJ. >C.LT .)(2) HVSOS1oo
.OR. (OIR.EO.S .AN). >C.GT .)(2») Tl£N HVSOSUO
K:lM!H«)(2-D).(1.5*PC2-P>.SI> HVSOSl20
A.:SICN< (S*PC/4 ).PM) HVSOSl50
RtL£=1l.5.1/1ooo. HVSO:;r.r,.o

ELSE HVsaSl50
SRS=.SRM HV505160
K=KMIHc ([lte I >-0 >.( PR< I >-P), 51> HVSOSl70
A.::PR<:I) HVSOS1SO
RtLf=1l.6.IJ1000. HVS05190

ENJIF HV$052oo
ENJIF HVSO~210

BDIF HVSO~220

C HVSOS25Q
C•••••••••••••• INITIAL RElO.tDING BELOW PC/2 HIO REVERSAl RlA.E 6 HVS02~

ELSE IF <AP.l..T.A8SCPC2> .AND•• NOT.REVRSL ) THEN HVSO.52S0
I(=:fSl( 0M&k) HVSOS2EoO
A:PC2 HVS0270
R'lI.E--6 HVSOS2SO

C HVSOS29Q
c. . . . . •. . . . . . .. RELOADING TO P2 RULE 7 HV:iO:i::;oo

ELse IF <AP.LT.A8S(P2) .MD. HVSOSS10
<•NOT .REVRSl .OR. AP.GE.PC"'O.7S» TlEN HV:iO:;:::;20
(=5 HVSOS::;SO
A.::P2 HVSOSS...a
RU.E=1 HV$OSSSO

C HV:>OS~

c R£L.OADDG 8El.OW PC wITH REVERSAL. RUlE:i a &·9 HVSOSS70
El..SE IF (AP.L.T.PC*O.15 ) THEN HVSOSS80

SR:fSR( [JU)C) HVSOS590
Sl..FS1(0MA)C> HVSOSotOO
S2..FS2(CIWO HVSOS"lo
$S:f'SS< lJIIWC) HVSOS420
PA.::SIGHl: PfiWC .PM>-SICN<PC.PM > HV:;OS"SO
OA.::SIGNCC»WC.PM>-SIGNl:PC.PM )/S1 HV~:;,."'O

P8::::SIGN< (MIN(IoBS<PA>.(PC/2» ).PM) HVSOS~

DB:OA-< PA-PB )/$2 HVSOS"~

OOP=08-<PS)/S.s HVSOS"70
~(~)/(PfC-.PIIt4> HVSOS,,80
IF <OIR.EQ.l) OOP~OOP.OO) HV505"9O
IF <OIR.EO.~) OCP:MD«OCP.DO) HV505;oo

OC2=OOP+PC2/S1 HVS05S10
SRM-...KM!N«DC2-Q2),(PC2-P2).Sl) HVS05S20
IF <S.CT .SRM) nEN HV:>05S~

REVRSl:.FALSE. HV:;O~S..O
GO TO 20 HVS05550

Et«lIF HV$05560
SRP=KMINC(0C2-o).( PC2...p).Sl) HVSO!;510
SR1:f11AX(SRP,MDKSR.S» HVS05S80
OC2P=O+<pt2-P>/SR1 H~OSSQQ

SRS=:lMIHc(D2-oc2P).(P2-PC2).S!> HVS05bOQ
SR2::2.00/( 1./:iRl • l./SRS ) HV$0~10

IF (AP.L.T.(PC/"t) ) THEN I-IV$O$620
I(::::SR1 HVSOSbSO
A::SIGNC(PC/" >.PIC> HVSOS6ota
RLl.E::::8 HVSOS6SO

ELSE HV$OSOoO
K=SR2 HVS0S670
A:::SIGN<PC.PM)*O.75 HV:;O'ib80
Rll.E=9 HVSOSbQQ

OOIF HV:;05700
C HVSO~710

C••••••••••••• , 1..0A0IJrIi, TOMMOS 1lE BACK80tlE a.RVE Rtl..E lC»tVS05720
ELSE HV$057~

B&ClB::. TRUE. HVSOS740
IF (.NOT. CRACKD) GO TO SO HVSO~750

IR::::O HVS05760
ALPHAP:l.0 HYS05770
IF (A8S((M).EQ.A8S(OfIW(» AlPH4P'=AlPHA HVS057SO
K:::KMIN«AlPHAP-SIGH«(JW(.02>-02),(SICNCPMAX.P2)-P2) HV:;05790

,:;1) HVSO!>800
00 50 J::::2.NS HVSOS8lO

IF ( PS<J).LE.A8S<PtWc) ) GO TO 50 HV$O~820

..0:.;-1 HYSOSSSO
OO:::DS< J >-OS(..xI) H\I:;058"'O
[)P~S< J >-PS<.IJ) H\I:;OS850
IF u[pto{JJ).LE.O.) GO TO 50 HVSOS86Q

CAlL. INTSCT([))(.PM.O.. P,K.SIGN(OS(J).P). HVSOS870
SIGN<PS<.J),P>.dP/OO) ) HVSOS880

IF <Io8S<OK).c.E.OSC.lD .ANI. A8S<O>O.L.E.OS<J).M().HVSOS890
&8S(PX).CT .AQS(PtWO.AN). PM-P)(.CT .0) THEN HVS05900
IF (AP.GE.A8S<PK» GO TO SO HV:;OS910
K;:KMINC(OX-o).(PX-P).Sl) HV:;OS,920
A.: P)( HVSO~9sa

RU..E=lO HV$OS~

GO TO 100 HV$OS9SQ
ENl!F HV~S960

CONTDI.C HVSO"S91O
GO TO SO HVSOS,980

EtlJIF HVSOS9CllO
ENOIF HVSO"tOOQ

HVS~lO

H\I:;O..o2O
HV~Osa

HV:;iO<tQio.Q
HVSQ0t>050

IM.ES 2-SHVS0'0D60
H'lso.o1D

ELSE
c••..•. I.H..OAOIIC RlL..ES •••••••••••••••••••••••••••••••••••••.••••••
C
c•.•••. INITlLIZE VALUES

llAOOI= •FAlSE.

EtIlIF

IF (RULE.LT.O.O) GO TO 9999

EtilIF

C
C•••••• DETERMINE ctJR1lEHT DIRECTION

lIM.E=INT( RULE)
OIR ="OIR
CAlL OIRECT(DIR,OIRl.,P,PI..VEU
ROIR :011
IF (PRINT> WRm (6,10Sl) OIR,om

lQ'SO FORMAT(' OIR:' •IS .' OIRL:'. IS )
C
C...... DETERMINE IW<IlUI AMI MIIWUl VAlLeS

PMG::MAX(PNG. PC.P)
OMG::::MA)(OMG. DC.D)
Pflt4:MINCPMH.-PC.P)
OI'It--MINC (Mi. -lX.D)
OMAX=H'AXeOMG.-CMt)
PMAX::::MA)(ePMG.-PMH)

C
C•••••• CAlClJ.ArE EQUIVALENT lH..OAOIIG .sTIF'AESS FOR EJ£RGV•••

IF (BACKB .OR. RtJ...E.EQ.O.O) llEN
S1:FSl( OMAJ()
S2:FS2( OIUX)
SS::FS3(OMAJ()
OO::::~OIC-CJIf)/(PMG-PMf>

PA=PM-SIGNl: PC .PIIf>
OA:£Jt-SIGN<PC.PM )/51
P8::::SIGN< olD«A8SCP4>.ePCI2))).PM)
SQ2::OtINC (OA-OO),PA.SI)
08:OA-cPA-P8)/tWKS2.SOZ)
SOS=lMIH< (DB-OO).P8.SI>
Sf: 0.5 • PMH2 I (

(F'tk9& )*0. 5-< CM-OA>
+(P4+P9)-o.S~O&-OS>

.-( PB>ot(J.S*< PB)JMX<S3.~S»

C
C.... •• OECI< TO SEE IF LAST IM.E IS STILl IN EFFECT

IF (OIR.cQ.OIRL .ANJ.
& «OIR.EQ.l .AtIl. P.LT.A) .OR. (DIR.EQ.2 .»G. P.lAT.A) .OR.
& (OIR.EQ .. S .AIrG. P.GT .10) .OR. (OIR.EQ." .MG. P.LT .10») nEN

RETlllN
EtIlIF

C
CoO .... SET IW<IIUI AMI "INIIIJN VAlLeS•••

IF (OIR.EQ.l .OR. OIR.EQ.2 ) It£NPM_
OM=DMG

ELSE IF (OIR.EQ.5 .OR. OIR.EQ.4) TlEN
PM:P...-

C
C...... ERASe SMALl. LOOP FLAGS

IF <!R.GT .0) THEN
IT=IR
00 10 hl.IT

IF «FR<I>.EQ.'L'
(FR<I).EQ.·7'

IR=I-l
GO TO 15

OOIF
10 CONT~

OOIF
15 I=IR.l

C
c•••••• CAlc EXCURSION RATIO 4T EVERY ZERO CROSSING....

IF (ptIPL.LE.O> CALL ONE(O.t.I'OS.EJa:R. OY.I1.I.ESE.PSE.PSEOlD.CSE)

HVSOI600
HVS01610
HVSOI620
H'lSOI6Sl:l
HVS016<O
HVS01650
HYSDl660
HVS01671l
H'ISOl680
H'lSOI690
H'lSOl7llO
H'IS01710
H'ISOl72O
HVSOl7Sl:l
HVS017<O
HVSOl75O
H'IS01760
HVSOl77Il
H'IS01780
H'ISOl79O
INSOl800
loNSD1810
HVSOl820
HVS018Sl:l
HVSll18<O
HVSll1BSO
HVSOl860
HVSll187ll
HVS0188ll
H'ISOI890
HVSOl900
H'l$01910
HVSOl920
H'lSOl9Sl:l
H'IS019<O
HVSOl950
H'IS01"60
HVSOl~1O

HYSOl980
HVSC190lKJ
H'lS02000
HYSD2010
H'ISll202O
H'/S02OSl)

H'IS02O<O
H'lSll205O
H'lS02COO
H'ISll207Il
H'lS02OllIl
H'IS0209O
1MIl2100
HVS02110
HYS02120
1MIl21Sl:l
1MIl2l<O
IMIl2l5O
1MIl2l60
1MIl217O
1MIl2180

.AHD. ( P.L£.PR<I) .0IIt. D.LE.l:a<I>)) .Oll'. H¥SC21'90

.MCI. ( P.GE.PR<I> .aR. O.GE.[It(I> ») no H¥S022OO
H'lS0221D
H'lS0222D
H'ISll22Sll
H'ISll22<O
H'ISll225O
H'ISll2260
H'/S022lD

IF (DIR.EQ.l .011. OIR.EQ.S) Tl£N H'lSD228Q
C.... •• LDADIIG RULES ••••••••••••••••••••••••••••••••••••• IM.ES 1.5-1ll<VS0229D

PC2=SIGNCCPCI2) .PM) H¥SO'2SOO
C H'ISll2510
c. .. ..• LOADING ON BAaBOtE RU..E 1 HVS02S20

so IF <8ACQ .OR. RU..E.EQ.O.O) no HVS02S30
(:0. ~

00 ~ J=2.NS HVS02S50
OO:OSCJ>-ABSCO> HVS02S60
~:PS(J>-AP KVSD2S70
IF cAP.LT.PSCJ) .»1). (QOttI)p).GT.O.> net HVS02S8Q

S:llP1OO IMIl2S90
IF <S.CT.1e .AtIJ. S.LE.SI> THEN ~

IC;S HY~lO

A:SIGNl:PSCJ).P) ~20

EtClIF HVS02~SO

EtilIF H'ISIl2'<O
CONTDl.E HVS02~

Rll.E=l HY~
BACKS:. TRUE. HVSl)2(t70
IR::O HYSOl"'80

C HVS02,,90
C...... LOADING AFTER I.OI.OAOIIG RULES 6-1ll<VS02SOO

aSE HYSD2S10
CR&a:[):(.A8S([»t>.GT .(1:) HVS02520
REVRS1.:«OIR.EO.l .AtrI). OlRL.EQ.~) .OR. LRta.E.EQ.8 HVS025SO

.OR. (OIR.EQ.S .AMI. OIRl.EQ.2) .OR. lIM.E.EQ.. HVS02S<O

.OR. LIM.E.EQ.S .011. lIM.E.EQ.U) HVS02550
IF <CRAaI) llEN HVSD2560

P2:.9'i*SIGNCPMAX.pt!I) HVS0'2S10
02::F1J2(0MAX> HVS02S80

elSE HVS02'590
P2=P11 IMIl2600
O2:OM HVS02610

EflJIF HVS02620
S=otINccQ2-0>,cP2-P).SI> HVS02650

20 1:1-1 HVS026-.o
C H'IS0265O
C. • • • • •• • • •• • •• RElOADDG DlSIDE SMILl. LOOPS RtI..E .l1HYS026eO

IF (LCT.O ) 1l£N tiVS02610
IF (.NOT .« FIKI>.EO.'l' •.ucJ. DIR.EO.l) .OR. HVSD2680

( FR<:I>.EQ.'l· .N6J. OIR.EQ.5 ») GO TO 20fYS0269O
IF <SR1.LE.O .OR. SR2.LE.O .OR. SR$.LE.Q .OR. HVSOVOO

SRM.LE.O ) HEN HVSD2710
1:1 HVS02no
co TO 20 HVSQ21'SO

EfQIF HVS021~

IF (AP.lT .A8SCPC2) .AII). S.I&T •SilO 11EN HVS027'50
REVRSl.= .FALSE. HVSD2160
I=l 1MIl2770 C
GO TO 20 HYS02l8O C

ENJIF HVSOV9Q
IF (A8$(PR(I).LE. PC/4) THEN HVS02800

K:IOON« D-lJR( Il ),(P_ I)).$I l H'lS02810
A:PR(I) HYSD2820
1M.E=1l.I.U1OOO. H'lS028Sll

152



PE" LOAO IN Il£ POSITIVE DIRECTION
PE" OISPUCElENTIN Tl£ "'ClATM OIRECTION
PE.lIt LOAl) IN TOE "'ClATIVE DIRECTION
tM.OAl)IIIi STIFFNESS

• FOR ClRRENT DIRECTION FOR LOADING .uI) l.H..OAODG
• FOR JEW DIRECTION FOR REVERSAL• =Z FaR POSUlVE lOAD. • =1 FOR t£GATIVE LOAD
SIGN aF LOAl) IN NEll OIRECTION
SIGH CF f}£ ctJlRENT LOAD FOR LOADIN:i. AN) t.N..OAOING
SICN OF TIE ~ LOAD FOR REVERSAL.

IF (OI.LE.OS) TIEN
IJlEVSL=-I

ELSE
lREVSL= 1

ENOIF

HY$OO$60
HVSOOS70
HVSOOSSO
HVSOOS90
HVSOO4OO
HYS00410
HYSOO420
HYS0()4.SO

HVSOC""
HVSllO'5O
HVSOO%O
HYS00470
HVS00480
HVS004'lO
HVS00500
HVSOOS10
HVSOOS20

FlAG. IF fIWCFlG=O sTIFFfEss..-o BEYDN) FAILURE POINT (OO.PU) HVSOO'iSO
LOAl) IttERE ll\U QtiGS IF LOAl)IIIi CONTIlUS IN CtJRR OIRECTION HVSQ05'll
PRIHT DArA FOR TRACING HVSOOSSO
ELASTIC I.N.OAOING CLRVE HYS00560

ElASTIC STRAIN ENERIiV HVSQ0570
PLASTIC STRAIN ENERGY HVSOOSSO
PLASTIC STRAIN ENERGV AT LAST 2EIlO CllOSSIIIl HVSQ0590
POSITIVE tu:TIL.ITV !WO. HVS00600
NEClATIVE llUCm.ITV INFO. HVS006IO
EXtRUSIa. RATIO Dl"O. HVS00620

HYS006'"
HVS006"'O
HYS00650
HVS00660
HYS00670
HYSOO680
HVS006'lO
HV$OO700
HVSOO710
HVSOOno
HVSOO7~

HVSOO70t0
HVSOOlSO
HV$OO760
HVSOOnO
HYSOO780
HVSOO790
HVS00800
HVSOOS10
HVSOO820
HVSOOSSO
HVSOOS,.O

01;::' .GU.5.' ps.=' .GI2.5.· OS=' .Gl2.5IHVS00850
v$:' .G12.5.· S=' ,GU.5,· tfa..N:-' .G12.5/HVS00860
8:' .W.5.· RF';::' .G12.5,· PC=' .G12.5/HVSOO870

P¥=' .W.5.' DV;::' .W.5.· PO=' .G12.5/HVSOO880
OW' .GU.5.' CY:' ,GI2.5.' VlJ=' .G12.S/HVS00890

-'=' .Gl2.5.· l.Ml=' .G12.5,' l.JC2;::' .GIZ.S/HVS00900
l,M;::' ,G12.S.' S1=' .G12.5.' XO.:' .G12.5/HVS00910
lCO'V:' .W.S.' UOO::' .G12.5,' 00=:' .Gl2.S/HVS00920
Ul=' .G.12.5.· U1O=' ,l:a12.5,· K2U0=' .G1Z.S/HYS0Q9S0

)3Ul=' .la2.S.' US:' .1a2.5.· QV;::' .G12.5/HVSOO9'tO
1ORO=' ,G12.5.' MAXF'=' .G12.5.· C5l:;::' .G12.5/HVS009S0
ESE:' .Ci12.5.'PSE=' .GU.5,· P$EO;::' .G12.51 HVSOO%O
l.P'2=' .GU.S.' LPS.:' .G12.5! HVSOO970
l.IQ=' .Gl2.5.' l.tls':' .GU.SI HVSOOqSQ
00:' ,GU.S.' eKS:' ,G12.5! HVSQOCJQO
EXS:' ,ca2.5.· £><6=' ,G12.5) HVSQUXXl

HVS01010
HVSOI02O
HVS010~

HVSOIOW
HYSOIOSO
HVSOIO&O
HVS01070
HVSOlOSO
HVS01090
HVS01100
HVSOlllO
HVSOll2O
HVSOUSO
HVSOll...o
HVSOllSO
HVSOll6D
HVS01170
HYSOllSO
HVSOllQO
HV501200
HVS01210
HV$01220
HVS012S0
HVS0120t0
HVS01250
HVS01260
HV501270
HV501280
HVS01290
HVS01500
HVS01SlO
HVS01S20
HVSOlSSO
HVS015,.O
HVS01550
HVSOl560
HVS01S70
HVS01580
HVS01Sqo
HVS01<J.OO
HVSOlft10
HVS01,.ZO
HVS01"'sa
HVS01~

HVS01'tliO
HVS01..6Q

HVS01,.70
HV501,.8O
HVS01"9O
HYS01SOO
HVSOISlO

IF <IIR.Lf"Q) TlEN HVS01520
IF <ISGN.GT.O) CM..L DNE<I.lPOS.EXCR. OV.OI.ESE(2).PSE.PSEOLO.CSE:+iVS015~

IF (I$rM.LT.O) CALL N(1.lJtrEG,EXCR.-DV.DI.ESE(S).PSE.PSEOlO.CSE)HVS01SotO
ENDIF HVS01SSO

HV$0156oO
HVS01570
HVS01SBO
HVS01S90

SUBROUTItE HVST06<PI.OI.PS.OS.VI. VS .S.I«LN.A.8. IORO.RF.
& pc.OC,PV .OV.PU,CU.CX::.CY. VU.CPY .CSE.RtIlL .l"It41.UM2.UHS.~.

& Sl.XO .XlllI4.xav ,UlXJ,UO.Xll.lt.Ul.UlO ,)(2UQ.U2.KSI.J1.US,QV.HAXFLG.
& ACtNi.PRINT .SE.ESE.PSE,PSECILD.lPOS.lNEC.EXCR)

lREVSL
ISGH

lJl2
L06....
SI,.,
>«Ul
><I1'I
UOO
Ull
Xl'"
UI
UlO
lC2Ull
U2
I($Jl
us
'IV
""""'-G..,..,
PRINT
lE
ESE
PSI'
PSCOLO
lJ'OS
lJEG
ElCCR

If (PI.CoT.O) 1l£N
901 ISGII =l

JI=2
a..sE IF (pt.LT .0) THOI

902 ISGN =-1
JI=I

ELSE IF (OI.LT.OS> 11EN
'lOS ISGN ~I

JI:l
ELSE IF <OI.GT .OS) nEN

900 ISGII =1
JI;::2

ELSE
905 ISGH =l

JI=l
ENOIF

REAL l.M: 2. 2). IIIlO.IWCA.G.1JPOS( 5> •LIEGe 3) .f)(CR< 6) .ESE( S)
LOGICAL PRINT ,BTEST

8000 IF (PRINT> "Ire (6,8010) Pt.OI.PS.DS.VI.VS.S.tfn.N.A.8,RF.
10 PC.OC.PY.OY .PU,OU.OC.CY. VU.CPY .RNRL..LMl.LIC2.l.ItS.I.JMot,
.. Sl.XO .XClM.XOV.UOO.UO.Xll....Ul.ULD .X2UO.U2.XSUl.u3.QY.
10 AQIG.IDRO.MIXFlG.CSE.
• SE .ESE<i l ,PSI'.PSI'OLO.LPOS,LOEG.ElCCR

8010 FORMATe
.' r~I=' .Gl2.5,'
10' Tl- VI:' .Gl2.S.'
I.' TK- A;' .til2.S.'
10' TK- QC;' ,G12.S.'
I.' TI- OU=' .W.5.'
1,' TI- CP't=' .lll2.S.'
I.' K- ~••Gl2.5.'
l' TK- lUJ.M:' .W.S.'
,. TK- lU!.M=' .1612.5.'
"TK- U2=' .Gl2.S.'
I.' fI.- ACtfG=' .W.S.'
l' TK- SE=' .w.S.'
•• fI.- l.P1=' .W.5.'
l' TIt- lIU=' .GU.S.'
&' Tl- £Xl=' ,G12.S,'
l' TK- EX~' .G12.S.·

C
C••••••• RTN IF aIlRENT STATE :: PWEYICIUS STATE

IF «PI.EQ.PS .'*. OI.EQ.OS> .AIfJ. RNn...fE.O ) REl1.RN
C
C••••••• iCl OIRECTI(»t AIG llYN IF Cl..IlRENT SUTE IS WITHIN LIMITS••.

CJU. IORECT (IIIt,IDRV.ItINO.PI.PS.VI.VS>
IF (A.GT.8 .MrIJ. PI.LE. r .AIC). PI.GT.8 .ANl. IOR.EQ. lORa) RETURN
rF <A.LT.a .MO. PI.CT." .IKJ. PI.LT.S .IKJ. IDR.f.Q.I{)RO) RETURN

C
C•••••• INITIUZE DATA

NRL=RNRL
lJIk 1.1 >=00
l.M<1.2>:lM2
iJl(2.1l:loll5
t,II(2,Z>:I..Itft

C
C•••••• CALC EXCUtSION RATIO AT E'VERV ZERO CROSSltei•••

IF (PI~.t.E.O>CAU. (»E<O.LPO$.EXCR. OV.OI.ESE.PSE.PSEOLO.CSE)
C
c." •••. D4TtL.I2E DATA F~ FIRST CAll. TO SlJBR(lJTINE

1 IF <1Mt'l.EQ.O) THEN
RYft..=1
l.U~

1.II2=-PC
1.16: DC
'~PC

ENOIF

GO TO < 100. ZOO, 500, .00. 500. 600. lOll. 800, 'lOO,Iooo,
1 1100,l2OO.1300,1~.1500.16OD),Nn..

C = TAKEDA R\L£ 1.0 = ELASTIC STAGE

SI:FSI< D,wn
S2=fS2( DMAX)
SS:FS3( Dlwn
OO=OM-PM*<OfIIG-(JtH)!<PMG-Pttf)
PA:PM-SIGN<PC,PM)
OA=OM-SIGlKPC,PM)/SI
P8::SIGN< (M!N<A8S<PA>.(PCI2» ),PM>
S02=KfII1N«OA-OO).PA,SI)
08::DA-<:PA-PB)/MA)C(S2.S02)
SOS=KMlNC (08-00) ,PS,SI)
SU=O.

IF «OIR.EQ.2 .ANl.( (P.GT .PA .AfI). Pf«I>.GT .PA) .OR.
(PA.GE.P .ANJ. P.GT.P8 .AIIJ. P1KI).GT.P8) .OR.
<PS.GE,P .AND. Pll<I).GT,O )l) .OR,

(OIR.EQ.,. .AIIJ.( (P.LT .PA .AIIJ. PRCI).LT .PA) .OR.
(PO.LE.P .AIII. ..LT.PS .AND. Pll<n.LT.ps) .OR.
(PS.L£.P .AN:I. PR<Il.LT.O»» llEN

K:< PSK 1>-P)/( DR< I >-0)
IF (K.LE.O .OR. It.GT .SI) GO TO 70
A:Pll<n
Rll.E:5.I11000.
GO TO 100

ELSE
SU:KMIN<(e-t( I >-0 ).( PIK I )-P>.SI)

ENOIF

ENOIF

ENOIF

ENOIF
ENOIF
IF (Cl.CI5aSIl.GT.1t .AIIJ. K.~T.O ) GO TO 9999

ENOIF
aSE IF «DIRL.EQ.S .AIrG. DIR.EQ.~ .MI)••NOT. REVRSL)

• .<;8. (OIRl.EQ.2 .AICI. OIR.EQ.l) ) T~N

IF (IR.LT .NI) ll£N
IR'=IR.l
PRcIR):P
[)R(IR)=O
FRCIR>='L'

70

K=O
RULE=-RUlE

9999 CONTIU
RET\JIlN

C
C••••••••••••• tH.OAIlIIG INSIDE SMoILl. POSITIVE LOOPS

I=IRd
1=1-1
IF (I.GT .0) T1£N

IF (.NOT.«DtR.EQ.2 .AN). FRcI).EQ.'L') .OR.
(OIR.EQ.,. .ANl. FR<I>.EQ.'7'» ) GO TO 70

C
C•••••••••••••• CALC DUCTIlITY AM) EXCLRSION RATIO•••

IF (R\I.E.EQ.l .OR. ll\U.GT.5l TIEN
IF (OIR.EQ.2) THEN

eLl= MAX( 0 • (l., >
CALL CN:(l.l.fJOS.EXCR. rt'I,Cl.I.ESE(2).PSE,PSEOlO.CSE)

aSE If (DIR.EQ••> no
OU=MIN<a.Cl.)
CALL ONE( 1.LOEG.ElCCR, -ov ,OLI ,ElE< Sl,PSI' ,PSI'OLO,CSE)

ENOIF
ENOIF

c
C•••••••••••••• IN..OAODIi ON TJ.£ TOP SEGMENT

IF(AP.GT .A8$(P&)} Ti£H
K=MAX($.1.SU)
t.:PA
N..E:2

C. • • •• • • • • • • ••• IN.O.tODG ON TIE JIWXl.£ SEQCENT
ELSE If< M' .GT .A8SCPI» TI£N

K=tW« S2.S02.SU)
A:PII
R\I.E=S

c.......•.•.•.. UM.,0MJItG ON TIE BOTTOM SE~T

EL~

.=-<S5.S03.SUl
hO.
ll\Uri

ENOIF

C
C•••••• SAVE REVERSAL POINTS FOR SMALL LOOPS•••••••••••••••••••••••

100 IRU..E=INT( RU..E)
REYRSL=IRU..E.EQ.l.0R.IR\I.E.EQ.10.0R.LRl.l.E.EO.1.0R.LRU.E.EQ.10
IF «DIRL.EQ.l .MIl. aIR.EO.2 .ANl••NOr. R£VRSL)

10 .DR. (OIRL.EQ.,. .ANJ. OIR.EQ.5> ) THEN
IF (IR.LT.NI> nEN

IIl;::!R.l
PRCIR):P
OIl<IRl=Il
FR<IR>='7'

~C

HVSO'o09O C
HVSO'oiOO C
HVSO<lIO C
HVSO'ol2O C
HVSO'olSO C
HVSOH'tO C
HVSO'oI5O C
HVSO'oI60 C
HVSO'ol7O C
HVSO'tl80 C
HV~l90 C

R\LE 5 HVSOlt200 C
HVS0'02IO C
HVS0'0220 C
HVS0'0230 C
HVS0'02'<l C
HYSO't250 C
HVS0'0260 C
HVS0'0270 C
HVS0'0280 C
HV~290 C
HYS09~ c
HYSI)(,SlO C
HVSO'oS20 c
HVS0'0550 C
HVS(KoS"O C
HVSO'o'l5O c
HVSO'o!!60 C JI
HVS0'0570 C
HVS0'0380 C
HVSI)t590 C
HVSlWoOIl C
HVSO'I410 C
HVSil'420 C
HV$(K.i,SO C
HV_
HV_
HVSQt,<l,70
HY~80

HVSil'4'lO C
HV_
~IO

HV~
HYSl:)tJ;SO
HV~

~5O

ll\U 2 HVSllO%O
...-570
~

~'lO
HV_

Rt.t.E S H'VSDoHtlO
HV~

HVSlJO(,5O...,.,.....
HVSlJ',(,5O

ll\U • HVSD0660
HVSll'670
HVSllo68O
HVSll'6'lO
HVSOolOll
HYSOtt710
HVS0'0720
HVSO'o~

HVSO'o''ll
HVS0'0750
HVS0'0760
HVSl>o17O
HVS0'078O
HVSOO.....
HVSl!'8OO
~alO

HVs0.820
HVSO<I5O
HYSO<I'll
HYSOo850
HVSO<I6O
HV:;o.81O
HYSOo880
HYSOo890
HY~'lOO

HV$I)9'lO
HYSOo920
HVSQli~SO

HVSO'o_
HVSl>o950
HV""'''''
HVS0'0970
HY",..8O
HVSl)o""
HYS05O'll
HVSll5050 C

EN) HYSOSCI6O
c..~========~~=====-- _ _===--
C== TAlEOA HYSTERESIS MODEL ••••• HYST06 ••••••••••••••••••••••••••••••HYSDOOSO
c================::--=-- =-_ _==--==========:tN~c=============== =_= --=--======--=::HVSlXJ09O
C HVSOOlOO
C TMEDA HVSTERISIS MODEL - REFERAN:E. S. OTANI. Un.lJ-EMi-7~2029 HVSOOllO
c TAKEDA & SOlEH. J. ASCE S1. 011,1. - DEC. 1910 HYSIXJl20
C HV5OO15O
c PI ClRRENT LOAD HVSDOHO
C 01 CUlRENT OISPL HV5OO15O
C PS PREVIOUS LOAD HVSOOl60
C OS PtlEVIOUS OISPL HV5OO170
C VI ClMRENT VELOCITV HVSOOl8Q
C Vl. PREVIOUS VELOCITY HVSODl90
C S ct.RRENT STIFFPESS HYS00200
C I«LH ct.RRENT Rll.E .....eR HYSD02l0 c
C 0 \JlPER LOAl) LIMIT BEFORE ....E awa HVSOO22O
C B LONER LOAl) LIMIT BEFORE ll\U awa HVSOIl25O
C IORO ??PREvtous DIRECTION HVSOO2"Wl
C RF HVS0J250
C PC.DC CRACKING LOAD AN) OISPLACEMENT HVSC0260
C PV.OV YEILD LOAO AlII OISPLACEMENT HVS00270 C
C P\l,OU "-fINAlE LOAl) ANa OISPL~ HYS00280
C OC ELASTIC STIFFtrESS PO/DC HV$D029O
C CV POST CRACKDG STIFFNESS (PV..p()/(OY-DC> HYSOO$OO
c vu POST venD STIFF~SS (P'J-PY)!<OO-OV> HVSOOSIO
C CPV CRACKING', VEIlD STIFFNESS (PV+PC)/(DV+OC> HVSOJS20 C
C C~ ~5O

C RNRL IlEXT R\l.E t&MIER HVSOOS~

C ...I PEAl( OISI'UCEMENT IN Il£ POSITIVE OIRECTION ~50
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LOADING TOWARDS POINT UO

» GO TO blo

» GO TO 810

» GO TO 1010

HYS02840
HVS02850
HVS02860
....S02S70
HVS02880
HVSOZS90
HVS02900
H'lS02'l10
H'lS02920
HVS029~

HVS0294Q
HVS029SQ
HVS02%<)
HVS02970
H'lS0298Q

LOADING TOWARDS POINT lit ON Tl£ PRIHARHYS0299Q
a.RVE. HVSOSOOO

HYSOSOIO
HVS05020
HVS030S0
HVSOS~

H'lSOSOSO
HVSO~

HVSOS070
....SOSOBO
HVSOS090
HVS03100
HI/SOUlD
HVSQSlZO
HVSOSlSO
HVSOUotO
HVSOUSO
HVSOSlbO
HVSOSIIO

lJI.OAOD«a FROM POINT UN AFTER Rt.l.E 6 HVSOUsa
HVSOSl90
HVS0520Q
HVSO~210

HVSO~2ZO

HVSO~2SO

HVSO~2i{)

HVSOS250
HVSOS260
HVS03270
HVS03280
HVSO~290

HVSO~~

HV503:510
HVSOS:~20

HVSQS530
HVSOSSI,()
HVSOS~

HYSO~~

HVSOSSlO
HVSOS580
HVSQ3590
HV$OS-.oo
HVSOhlD
HYSOS.,2Q
HYSO'Hsa
HVSO~<9oW

HV:;OS..SO
HVS05"60

LOAQING TOWARDS POINT UN ON THE PRIMARHVS05<970
ClINE HVS05",80

HV505..9O
HVSOS500
HVSOS510
HV505520
HVSOS530
HVS055..a
HVS05SS0
HVSO~O

HVSO~570

HVS05580
HV505590
HVS0560Q
HVSO~10

HVS05020
HVS056S0
HVSOS6~

HVS05650
l.H.OAOIMO FROM POINT ul AFTER RtA.E 8 HVS05b&O

HVSOS670
HVS05t.>80
HVS05090
HVS05700
HVS05710
HVSOS720
HVSOS730
HVSOS7~

HVSOS7C50
HVS0576Q
HVSOS770
HV$OS780
HVSOS790
HVSOS800
HVS05810
HVSO~20

HVS05S~

HVS05840
HVSOSSSO
HVSOS860
HVS0S810
HVSQS880
HVSOS890
HVSOS900
HVSOS9la
HV50S920
HVSOS9sa
HVSOS~O

HVSOS9IiO
HVS05%Q
HVS05970
HYSOS980
HVSO~990

HVSOOOOQ
HVSO'oOlO
HVSQ<.020
HVSo..osa
HV~O

IN.OAOING FROM POINT U2 AFTER RU..E 10 HVS0tt050
HVso.ooo
HVSO't010

HRI.N=6.11
co TO 2000

630 UOO:llI
UO=PI
A:PI
8=0.
s.sl
hRL=7

HRI.N=7.12
GO TO 2000

730 A:PI
8=0.
S=;Sl
....=7

5SO A:PI
8=0.
s.s1
hRL=S

HRI.N=7.2
co TO 2000

7~ L-i.J«:JI.Z)
8..-0.
IUIA< PI""""" JI.2 »/(014.1'(JI.lJ)
S:Xl....
"'lI.=8

_.U
GO TO 2000

9SO A:PI
8..-0.
5=Sl
tfll.:.

1«lM::8.U
GO TO 200Q

850 Ul:PI
uIO:OI
A:PI
8.::0.
S:Sl
hRL=.

HRI.N=7.11
GOT02OQ;l

no &.::tJ«JI.2)
8:PI
xCUt::<0.-U«:JI.2»/(JCI).o.4.JK JI.l»
S:lUlUl
Nll=6

1IllJl:5.2
OO102OlXJ

SOO IF (DI.LE.DS) IORV:2
IF (Dl.GT.DS) IORV=J.
IF (A8S(lJIkItRV' •.l).GT.DC) GO TO <t5O
A:PC*IREVSI.
8..-0.
s.sl
NRl.=:1~

HRI.N=S.51
GO TO 20IXJ

= TAICEDA Rl.l.E 6.0 =

HRI.N=7.S
GO TO 20CXJ

C ==- TKEDA RU..£ 1.0 ===
C

aaa IF (!tR) eSD~8SO.810

810 IF (ASSCPI>.GE.A8S(lM(JI.2») GO TO 210
L4.lKJI.Z>
B=PI
)(lLlb:<Pt-4.lKJI.2»/(OI~JI •.l»
S=XILII
JIft.=s

HRI.N=6.2O
GO TO 2000

C === TAKEDA RtA..E 7.0 =
700 IF (Ian 730~7~.710

710 IF (ASS(PI>.G£.A8S<l.O» GO TO no
A..-W
B:PI
s.s1
....=7

c
C

600 IF (mil 6SO.6SO.610
610 IF (A8S(PI).GE.ABSCLIk.JI~2»)GO TO 210

A=I.oK JI.2 )
8:PI
XCUl=<Pt~.JI.2»/(DI-\,IIKJI.1»

S:=XOLM
hRL=6

J«l...N:9.2
GO TO 2000

_A..-W
8:0.
>C2U);( PI~ )/(DI-UJJ)
S:J<2\.O
Nll=10

l«lN=9.S
GO TO 2000

C :=== TMEOA Rl.l.E 10.0 =--=
1000 IF (lOR) 1050.10$0.1010
1010 IF (.l8S(PI).GE.A8S<UO

A..-W
8:PI
X2Ul=< PI -W>/(OI-UJJ>
S:J<2\.O
'-'=10

HRl.N=10.11
GO TO 2000

1030 U2=PI
A:PI
8=0.
S=Sl
"ll.=11

HIIl.N=10.2
GO TO ZOJD

C == TAI<EllA RtLE 11.0 =
1100 IF (tat> 1150.11~.lUO

llla IF (A8S(PI>.GE.A8SCU2

t«lN:::8.2
GO TO 2000

. C =:= TM£D.l RU..E 9.0 ==
q(JO IF (rat) '9SO.9'W>.910
(JiO IF (A8S(PI>.GE.A8S<ul

A=Ul
B:PI
5=51
tfll.:9

HVSOl600
HVS01610
HVS01620
HVS01630
HVS016'O
HVS01650
HVS01660
HVS01670
HVSOl680
HVS01690
HVSOllOO
HVSOVI0
HVSOl720
HVSOl73O
HVSOV-a
HVSOJ.]';O
HVS01760

LOADING ON PRIMARY CURVE LP TO VEILD HVSOlno
HVS01780
HVSOl790
HVSOlSOO
HVS01810
HVSOl820
HVS01830
HVS018-a
HVSOIBSO
HVSOl860
HYS01870
HVS01880
HVSOl8C)Q
HVSOl900
HVS01910
HVS01920
HVS019SO
HVS019ltO
HVS01_
HVSOl960
HVS01.7O
HVSOl980
HVSD19ClO
HVS02000
HVS02010
HVS02020
HVS020S0
HVSll2O<O
HVS02050
HVS02060
HVS02070
HVS02080
HVS02090
HVS02100
HVS02110
HVS02120
HVSD21SO
HVS021-a
HVS021Sll
HVS02160
HVS02170
HVS021SO
HVS02190
HVS02200
HVS02210
HVS0222ll

ONTlEPR~3O

HVSQ22-a
HYS02250
HVS022.a
HVS02270
HVS02280
HVS02290
HVS02SOO
HVS02Sl0
HVS02S20
HYS02SSO
HVS02S-a
HVS02$50
HVS02~

HVS02S70
HVS02S80
HVS02$1QIQ
HVS02'oOO
HVS02ltlO
HVS02~20

HVSOZor,SO
HVS02'o;,o
HVS02lftSO
HVS02or,e-Q
HVS02or,70
HVS02'80
HVS02or,tK)
HVSO:zsoo
HVS02S10
HVS0252ll
HVS02S3O
HVS02S'O
HVS02SSO
HVS02%O
HVS02570
HVS02S80
HVS02S90
HVS02600
HVS02610
H'lS02620
HVS02630
HVS026..o
HVS026S0
HVS026<oO
I0I\l502670
H'lS02680
HVS02690
HVSOVOO
HVS02710
HVS02720
HVS02730

lH.0AD1Nll FRCM POINT .... ON TIE PRI_S027;,o
CtINE BEFORE VEnDING HVS02i"50

HVS02760
HVS02770
HVS02780
HVS02790
HVS02800
....S02810
....502820
HVS02830

HRI.N=S.U
GO TO 20CXJ

............ 2
GOT02OlJO

IF (OI.LE.DS) rt'RVO:l
IF COI.Gl.OS) I.OR'VO=2
IF (A8S<lMCIDRVO.lJ).C;T .DC) co TO <t5O
A.::PC-IREVSL
8=0.
S=Sl
"'lI.d5

....JrL...... Sl
OOT02CDJ

)(0::01
)(CJlIt:( O. 4JI'( lIINO.2) )/( XD-lII( ItIlYO.l»
)(OV =<D• ...pv·ISCN)/(>CO-OV·ISCN)
IF (PV.GT.ABS(l,_IlItVO.2» .JM:J. XOY.GT.>ClUO GO TO lP60
A=l.M<II:INO.2)
8=0.
S2=><OLM
S.::S2
NRl.:l£I

............ U
GO TO 20lXJ

A=PU*ISCN
8:PI
S.::VU
NRl:.::S

............12
GOT02ODO

':PI
8.::0.
S=51
"'lI.='

1IlUC5.2
GO TO 200D

= TAI[£D& RlI.£ ••0 = IN..OADDG FJtCJt POINT l.M
CURVE &FlEIl VEILDDG

HI!LH=5.11
GO TO 200D

~ A.:PU*ISGN
8=PI
5::0.
IF OWCFLCi.ME.Q> s=VU
NRL=S

>f!I.N=2.11
GO TO 20Xl

2$0 8:::0.
A:::PI
51=<PI.(PC*ISGN»)le DI+OC-ISGN)
s.s,

SE=Sl
"'lI.=5

1IlUC5.12
GO TO 2ODO

sso 8=0.
A::PI
80fT:MAXCAlSCOI).A8SCUMl) .A8SCLI6) )
Sl::a»v· (OVl8On>-o.~
s.sl
hRL='

'tOO IF (ItR) ~sa.~.oHO

HO IF (A8SCPI).GE.A8S<IJIKJI.2») GO TO '20
A...-tJM(JI.2)
8:PI
S:Sl
hRL='

100 !' (Illfl) 130.130.110
110 IF (A8S<PO.GE.PC) 00 TO 200

8:PI
A:Pc*ISGN
s..-oc

SE=S
hRL=J.

HRl.N=1.11
GO TO 2000

lSO 8=0.
A:PC*IREVSI.
IF <PI .. tE.O) A=PC*SICNCl .. 09 PI>
s..-oc

SE=S
Nll=1

.....N=ri.S2
CQT02'CXJQ

~ lJIkJI.l>=DV"ISCN
IJM(JI.2>.:::PY·ISGN
A=l.M<JI.2)
8:0.
S2:XOV
S=S2
Mia.::6

ttn.,N=2.2
GO TO 2000

C ::::::::::::::: TAKEDA RILE S.O ==== LOADING ON PRDWtV ClRVE AFTER VElle
soo aoTT:JIW(CA8S(OI>.A8S<UMl>.A8S(lMS> )

Sl=CP'i* (DVlBOn>-o.~

SE=Sl
IF <ItR> S30.S~.SlO

no IF (A8S(PD.c;E.PU) GO TO S2D
A=P\I*ISGN
8:PI
S=VU
Nll=S

.....=1.2
GO TO 2000

C ===== TAI<EllA RtLE 2.0 =
200 IF (ItR) 230 .2$0.210
210 IF (A8S(Pl>.I£.PV) GO TO SlXI

8:PI
A=Pv*ISQrrI
s..-cv

Sl=< PI+< flCitISGiti)/(OI+OC-ISGtn
SE=Sl

hRL=2

>flI.....S3
GO TO 2000

C =:==.:: TAKEDA RU..E 5.0 =
C

sao IF (Illfl) 5SO.5;,o.510
510 IF (A8S(pn.CiE.A8SClIICJI.2») GO TO 20D

oL-lMCJI.2)
8:PI
S=S1
hRL=S
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HVSOSS20
HYSOSSSO
HVSQS540
HYSOSSSO
HYSOSS60
HVS05~70

HYS05SBO
HYS05S90
HVS05400
HVS05~lO

HVSQ5420
HVS05~SO

HVSQ540f.0
HVS05450
HVS05460
HVS05470
HVS05480
HVS05490
HYSOSSOO
HVS05510
HVS05520
HVS05550

-====~~=:HYSOOOI0
HVSOOOI0
HYSOOl>'O
HYSOOO5Q
HVSOCI06O
HVSOOO70
HY$00080
HYSOOOOO
HVSOO100
HVSOOllO
HVSOOl20
HVSOO1=:O
HVSOO1~

HVSOO150
HVSOO160
HVSO0170
HVSOO180
HVSOOl90
HY$OO2OCl
HVS00210
HVS00220
HVSOO2SO
HVSOO2<f.O
HVSOO2SQ
HVSOOZbO
HVSOO270
HVSOO280
HVSD0290
HYSOOSOO
HVSOO~lO

FL:;;' .GU.5.' £x..;:' ,GB.S/HVSOOS20
VI=' ,GU.5.' CSE=' ,GB.S/HVSOO~:SO
PV:' .Gl5.5.' ICIE;' .G.13.5/HVS:OOS~

HYSOOSSO
PSQ;:' ,CiS.S/HVSOOS60

HVSOO570
HVSOOsao
HVSOO~90

HYSQOo;OO
HVSOO"10
HV500<t20
HVSOO~50

HVS004~O

HYsooo.so
HV~

HVS00470
HY"",,"SO
HY"",,"OO
HVSOOSOQ
HVSOOSI0
HVSQ(ll;20
HV$005~O

HVSOOS..O
HVSOO,SO
HVSClOSbO
HVSOQS70
HYSODS80
HVSOOS90
HYS00600
HVS00610
HVS00620
HVSOO6~

HV$006..0
HVSQ()l)SO
HV$OObbO
HVSOOblO
HVS00680
HVSQOb90
HVSOO1OO
HVSOO710
HvSOOnO
HVSOO7~O

H\lSOO1~O

H\lSOOlSO
HVSOOl60
HVSOO770
HVSOO780
HVSOO790
HVSOOSOO
HVSOOSI0
HVS00820
HYS008SO
HVsooe..O
HYSOO85lJ
HYSO<JS6(J
HVS00870
HV$OO880
HYSOO'lOO
H\lS00910
HYSQOO2(J
HVS009SO
HYSOOO'o()
HYsoooo;o
HVSOO%CJ
HVS00910
HVSOO980
HYSOOOOO
HVS01000
HVS01010
HVSOl020
HVSOI0SQ
HVSOIOltO

PSE=' .CiS.5.'
UPS=' .Gl5.51
UNS=' .G.lS.5/
E)(S=' ,G-1S.51
EX6:' .GIS.S)

DC.:',GH.5,'
Rl.I.E=' .C013.5.'

$.::' .GIS.S.'
S=' .COIS.51

ESE=' .GlS.;.'
l.P2=' ,C01S.5.'
UN2=' .GlS.5.·
E)(2;;' .ClS.;.·
EX5::' .GlS.5,'

= ClRRENT LOAD
; MODIFIED C1.RRENT LOAD
= CURRENT DISPl..
= lAST LOAD
= lAST DISPt..
= ¥EILO LOAD
= MOOIFIEO VEILD LOAD
= ELASTIC STIFFJESS
;: CURRENT STIFFNESS COUTPUT)
= Cl.RR'ENT R\l..E JrUIIBER, USED TO TRACE MOCE. (OUTPUT)
= NExT R\l..E NI.MiER (OUTPUT)
= NOT USED
= NOT USED
= INELASTIC STIFFNESS

UOO=OI
A:PI
B..-<l.
S=S1
S2=<jV
)(O=OI-PI/S2
NllL= 7

""""=16.2
GO TO 2000

SIUIRlllUINE ELSPl.S - ELASTo-PlASTIe 8ILINEJ1l HYSTERESIS IIOOEL

Fe
PEQ
DC
FL
Ol
PY
PVEQ
S
(

RU.E
RNIll.
VI
YL
KIE

SUIlOUTINE IiVST07(FC.OC.FL.Cl..IC.RU..E.PSEOLO.A.8.
& VI, VL.S.PV ,lIE.OV .CSE.PRINT .ESE.PSE..JCEV .l.POS.UNEG.EXCR)

REAL IC,ICIE
LOGICAL PRINT .BTEST
O!J£HSlON I.PO$C s) •utEG< S).£)CCR(6 >. ESE< S )

FC:J:*<OC-Dl)+F'l
rF <PRINT> WRITE (6.1010) FC.OC.FL.Cl.,K.RlA.E.VI.C3E.VL.S.PV,KIE.

.. A.B.K.Ev.ESE<S).PSE:.PSEOlO.l.POS.UNECi.E>CCR
1010 FORMAT <

.. ' ELSPLS-FC,;;' .CiJ5.5,'
&' EL- It:' ,W.S.'
,'a- Vl::' .CU..S.'
.. ' EL- A::' .G.lS.5.'
" Q..- KEV=' .GlS4S.'
"EL· LPl:' ,G1S.S.'
... El.- 00=' .1;15.5.'
.' El.- 00:' .IllS.S.'
" 8..- EXlr.:' .W.5.'

C
C => CALct.l.ATE IWCDI.N PREVIOUS IEFORMATION

2000 UMl=MINClJIKl,l>.OI)
UH2:::HINCUMC 1,2 ),PI)
UMS:HA)(ClJIk'2,l),OI)
1.It't:HAX<UMC2.Z).PI)
RNIll.=NRt.
IllRO:IOR
RF:O.
IF <!DR. GE4 0) AQtrG:;:A
IF <IOR.LT.0) AQfG:8

RETURN
00

g=-~-~~~':=7===
C
C
C
C
C
C
C
C
C
C
C
C
C
c
C
C
C
C

C
C
C----- ELASTIC Il£GION

IF <RU..E.L£.1 .AN). A8S(FC) ..LT.PV) TlEN
(=S
RU.E=I.
A: PV
11:_
FC,:;:S-OC
CALL. STRaG <ESE.PSE.PSECLO.FC.FL.OC.Cl..K.S )
KEV=O
GO TO 1000

EIilIF

C
c CALC ExcutSION RATtO AT EVERY ZERO CROSSIN;•••

IF<FC*Fl.t.£.O>CALL ONE.<O.LPOS.EXCR. OV .Cl..ESE.PSE .PSEOLO.CSE)

C
C---- INEUSTIe REGION

OIR::DC-OL
IF <DIR.EQ.O) RETUllf
PEQ :fC-KIE*OC
PEQl.="L...IE.....
PVEO=PV·< I-KlEIS)
DVa:;;vI*\Il
IF <PRINT> IolR.tTE <6.·) '9EQ.PVEQ.OVEL.vI.VL:·
IF (PRINT) WRITE (6.") PEQ.PVEQ.OVEL.VI.1Il

C
c---- LOAD AT OR ABOVE POSITIVE VEILD

IF (RULE.EQ.1) TtEN
IF (OIR.GT.O) TtEN

••• POSITIVE VEnD •••
CALL STRENG <ESE.PSE,PSEOl..O. PV .Fl. OV.Cl..S.S )
FL:::PV
Cl.=Ov
GO TO 210

RSE
• •• MEGATIVE VEnD •••
CALL STRENG (ESE.PSE.PSEOLO,-PV.FL.-DV.tl..S.S )
Fl=-PV
(l.=-DY
GO TO 220

ElIlIF
RSE

IF (Rt.l.E.EQ.2.10) GO TO 210
IF (Rll..E.EQ.2.20) GO TO 220
IF (Rl.LE4EQ.2.50) GO TO 250

E~IF

HRITE (6. lt ) ·tHVALID Rll..E IN HVST07-BIL.D£AR' HVSTERESIS HOOEL·
C
C--- lOAD AT- OR ABOVE POSITIVE VEn.D. ON BACKBOtI: CURVE

210 If <OIR.U.O) GO TO 230
(:KIE
RlLE=2.10
FC=PVEq.QC*lCIE
II: FC
k:: FC-lO
CAlL STRENG (ESE.PSE,PSEOlD.FC.Fl,DC,OL..lC.S )
I(EV::1
IF <DVEL.LT.O ) TIEN

J(=5
8:: Fe
A:: FC

EIilIF

LOADDO: TOWARDS POINT Ul

) GO TO 210

) GO TO 1520

) GO TO SOD

» GO TO 810

» GO TO 1210

IiVSO'08O
HVStl<09O
HVS04100
HVSl'tllO
HVS04120
HYSOHSO
HYSOltl~

HVSO'oISO
HYS()(rl60
HVSO'ollO
HVso<tlSO
HVSOttl90
HVS04200
HVS04210
HVS04220
HVS042SO
HVS04Wl
HV_25O
HVS04260
HYS0'9270
HVSO'i>280
HV~290

HVS04SOO
~5!0

HVS04S20
HVSO'oSSO
HVS04S<O
HVSO'oSSO
HVS04S60
HVS04S70
HVS04SBO
HVS04S90
~

~10

~20

HVSO'o'SO
IN.OAOING FROM POINT US AFTER RlLE 12 HV~""O

HVSOlt-tSO
HV_
!-fVS()(,<tlO
HV~~80

HV-'90
HYSO'o';OO
HVSQotIilO
HV~20

HV~SSO

HV$0ft.5'tO
~

~

H'ISO'o;70
HVSO'o<8Cl

LOADING IN TlE I.H:RACXED DIRECTION AFTEHVSO'tS90
au.eatG IN Tl£ ollER DIRECTION. HV~

HY'Sl)l,<blO
~

""""""SO
~

H'ISO'oe5O
HY_
""",,",,70
HY_
HY,.,..,90
HVS04700
H"fSEK.71.0
HVS04720
HVS047SO
HVS047<O
HY_750
HVS04760
HVS0'0770
HVS0'078O
HVS04790
HVSO'oIOO

LOADDO: IN TIE \JlCRACKEO DIRECTION AFTEItVSO'o810
VEILDDG IN llE OTHER DIRECTION. HVS09820

HYSO'oSSO
HYSO'oS<O
HVS0'08<;O
HVSO'ollOO
HVSO<t870
HYSl't8SO
HVSI>089O
HVS04900
HVsor,9LO
HVS04020
HVSQl,9SO
HVSO'o_
HY_~
HY__

HVSQlt470HY__

HVSO'o'" .C
HVS05<lOO
HYS05010
HYS05020
HYSOSOSO
HYS05O«l
HYS05050
HYS05060
HVS05070
HVSlJ'i<l8ll
HVS05090
HVS05100
HYSQIlillO
HVS05120
HVS05150
HVS051<O
HVS05150
HV>llS160
HVS051lO
HVS05180

lOADING TONMOS TIE VEILD POINT AFTER HVSCJIil90
RU.E 15. HYSOS200

HVSOS210
HYSOS220
HVSllS2SO
HYS0S2<O
HVSIlS2SO
HVSllS260
HYSOS270
HVSllS280
HYSOS290
HV>llSSOO
HVSCJIi5!o

>flLN=15. 51
GO TO 200D

1550 A=PU-lREVSl
8=0.
S=VU
NllL=S

A::U2
B=PI
S=S1
t<Rl=11

>flLN=11.11
GO TO 2000

U:SO A:::PI
8:0.
5::51
NllL=l1

>flLN=11.2
GO TO 2000

1140 A::U1
8::0.
)(~U1;:(PI-Ul )/<OI-UlO)
S=XSUI
t<Rl=12

Hlll..N=l1.S
GO TO 2000

C ::::::=== TAKEDA RU.£ 12.0 ===
1200 IF <lOR) 1250.1250.1210
1210 IF <ABSCPI>.GE4ABSC'U1

A=U1
ll=PI
X.3Ul=< PI-Ul )/(014.110)
S=xSUl
NRL=12

""""=12.11
GOT02OOQ

1230 U~=PI

A::PI
8::0.
S.=51
NllL=IS

te..N=1242
GO TO 2000

C ===== TAKEDA IltU 15.0 ====
1:>00 IF <toR) 1$30. ~.1$10
1510 IF <A8SCPI>.GE.A8SCUS

A..-US
B=PI
S.=51
NRt.=15

HRI.N:lS.11
GO TO 2000

BSO A=PI
B=O.
S=S1
NRl.:::1S

I«LN=1S.2
GO TO 2000

== TAKEDA RU.E: h.O ==C
C

!'tOO IF <rat) HSO.l~.HlO
1~10 IF (A8S(PI).GE. PC

A=PC"ISCN
8.=0.
S=S!
NRL=l"

t«lN::l".ll
GO TO 2000

llt"SO A:PI
8=0.
S=Sl
NRL=14

I«LN::H.2
GO TO 2000

1'"0 A=IJM(JI.2)
8=0.
5=51
NllL=5

f«LN=l...S
GO TO 2000

C === TAlCEDA IltU 15.0 ===
C

1500 IF <IOR> 1550.15<0.1510
1510 IF <A8$(PI>.GE. PC

A:PC*ISGN
ll=PI
S=Sl
NllL=15

>flLN=15.11
GOT02OOQ

1520 PQ=PC*ISGH
OQ::( PQ-PI )/51+01
QV=< PV*ISGN-PQ)/<OV-ISGN-Qq)
A::PV*ISGN
B=pq
S;QV
NRL=16

HRLH=-1S.12
GO TO 2000

1550 A:::PI
8=0.
5::S1
NRL=15

""""=15.2
GO TO 2000

1540 IF <A8S<PI> .GE. ;'8SU,M(JI.2») GO TO 1550
A=.l»KJI.2)
8=0.
S=Sl
NRL='

>flLN=15.52
GO TO 2000

C ==--= TAK£DA Rtl.£ 16.0 =
C

1600 IF <lOR) 16g).16g).1610
1b10 IF (A8S(PI>.GE. PV

A=PV-ISGN
B..-PI
S=<jY
~=16

""""=16.11
GO TO 2000

1650 IJO:JI.1>=llY
lJK JI.2>=PV
UD=PI
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.00.

) RETUlN

) RETUlN

ID<'N).Ll. TARGET ) GO TO lao

RETIJRII

10

•••

IF (ID<l).GI.TAllQOT .OR.
IQUIlX=l
IF (ID<IClUICK).EQ. TARCET
lQUICK=II
IF (IDclQUlCX).EQ. TARGET
J:::<N+i>/2
IQUICK:J

10 J=: J 12
IF (IQUICK.LT .1) ICIUICK=l

C
C-- OETERMDE IF OISPt.ACIENT. vaOCITV, AccEL.ERATION OR LOAD

IOPT::::Q
IF <TEST<tpTION.'OISPL',.FALSE.» ll£N

IOPT=!BSET(IOPT.1)
ElSE IF <TESTCOPTION.'\IB.' ••FALSE.» THEN

IOPT=IBSET(IOPT.2)
ElSE IF <TEST<OPTION.'ACC',.FALSE.» Tl£N

IOPT::::IBSET< IOPT .~;)

ELSE IF <TEST<OPTION. 'LOA' ••FALSE.» n£N
IOPT=IBSET<IOPT.4)

ELSE IF <TEST<OPTION, 'FOR' ,.FALSE.» TJ£N
IOPT=IBSET<IOPT .4)

ELSE IF <TEST<OPTION.'BI)' ,.FAlSE.» TIEN
GO TO 500

ELSE
I«ITE <6,·) 'IHVALID OPTION:" ,OPTION
GO TO 10

ENJIF
C
C-- OETERMINE INTERNAl. JOINT N.JIER

20 JOINT:::lQUICX<NOOE.ID.tHXI:>
IF (JOINT .LE.O) T1£N

IoIRITE (6.·) 'NODE .' .NODE.
• • WolS lilT FOLOIl. Q£CK IIfl\IT. INITIAL VALLE IS OMITTED •

GO TO 10
ENJIF

C
c--- GEtERATE VALl.ES AT oTHER NODES

IF (ICEN.GT.O) THEN
IGEM:::ItOEH-l
NOCE=HOOE..INC
GO TO 20

ENJIF

510 FORIUoT</J'jJ(.·INnlAL. ItIDN-ZERO VIl.UES·/
, nc,·DOF' .7X.'FORCE' .ICDC.·OISP'.ll.X.·V£L •• 11X.'ACC ')

S50 FORMAT <II0,~.b)

C

C
C-- PUT INITIAL VALlES IN PROPER ARRAYS

DO ~ 1=1.6
IF <ACI).EQ.O> GO TO 50
II::::IOQf< JOINT .1)
IF (STEST<JTR.G<JOINT>,I..l1») THEN

I«ITE <6.-) 'cONSTRAIJrED [)OF .' .I.· COMPONENT IS SKIPEO'
ELSE IF <8TEST<IOPT .1» TlEN

OISI'< II)--A( I)
EL:i£ IF (BTEST<ICPT .2» HEN

VEL(II):A<I)
ELSE IF <BTEST<IOPT.S» THEN

ACCCU>:::A<I>
ELSE IF <8TEST<[OPT.4» HEN

FORC£< II):A( x>
ENOIF

so CClNTIU

C
500 CONTDI.E

Cc-- PRINT OUT _ 2ERO IIIITIAL VALLES
FlAG.:.l'RUE.
00 520 1=1.'-

IF (OISPCt>.IE.O .OR. IJEl<I).NE.O .OR. ACC<I>.IE.O
FORtE<I).NE.O ) HEN
rF <FlAG> "'ITE <Eo.510) ..
"Itt (Et.s'SO) 1.FQRCE(I).OISPtI).VEL<I>.ACC'(I)
FUG.:.FALst:.

,1Ilt<
S20 CONTINl£

C

INTOO:S70
INTOOSSO
INTOOS90
INTOQ<,OO
INTOOHO
INTOO't20
INTOO4SO
INf{X)~·"'o

INTOO450
INTOO%O
INT00470
INTOO<t80
INTOO490
INTOO5OO
INT00510
INTOOS20
INTOO5~

INTOOS4<l
INTOOSSO
INTOO56O
INTOO570
INTOO58O
INTOO590
INTOO6OO
INT00610
INTOO620
INTOO&30
INT006...a
INTOO650
1NTOObbO
1NT00670
INT00680
INTOObQ()
1NT007oo
INTOOIIO
INTOO720
INTOO750
INTOO1"O
INT00750
INTOO760
INT00770
INTOO1SO
IHTOO790
rNTOOSOO
INTOO810
INTOO820
INTO085Q
INTOOS"O
INTOO8S0
INTOO860
1NTOO870
INTOO880
INT00890
INTQOQOO
IHT00910
INTOO92O
INTQ()qSO
INTCJ04ot.O
INTQOQI;Q
INTOO4l)O
INTOO'470
INTQ0Q80
INT"""'"
INTOlOOO
!NYOIOIO
!NTOlO20
INfOlo5Q
INTOIO~

tNTOIOSO
INTOIOf;,O
!NTOl.010
IHJ01.080
IHT01.0Q()
INTOllOO
INTOl1l0

Etc) INT01l20
c=====--======::=========::========::::::=:::::========:::::::::::====
C - INTERSECTICIrI OF 1lD LUES IN POINT SLOPE FORM ••••••••••••••••••••• [NJOOOI0
C CEBUG lMIT<&).SUBCHIt.SUJTRAtE [NJ0002O
C EN) CE..... INTOOO~O

C X = X ccx.oINAT£ OF INTERSECTION !NTOOOltO
C V = 1/ COORDINATE OF INTERSECTION IHTOOOSO
C Xl ::: K COOIilOINATE OF LDE 1 IHTOClO60
C VI ::: 1/ COORDINATE OF LIJE 1 INT00070
C Sl = SlOPE (JIf LItE 1 [NTO0080
C >CZ ::: )( COORCINATE OF LIIE 2 INTOQOQO
C V2 = V COORDINATE OF LDE 2 1NTOOl00
C 52 : SLOPE: OF LINE 2 INTOO110

INTOOI20
SUBROUTIN: INTSCTOC.I/.Xl.Vl.SJ..X2.V2.SV INTOO1SQ
I~ICIT REAL,A-H.o-Z) INTOOlltO
IMPlICIT INTECiER<L-N) INTOOl50
LOGICAl 8TEST INTOO160
IF (Sl.IE.52) TlEN IHTOOl10

81= VI - SI"Kl INTOO180
82= V2 - S2"K2 INTOOI90
><=<81-82)/(S2-51) INTOO200
v::<:81*S2-BZ-Sl)/<S2-$l> INroo21o

ELse INTOO22O
I«lTE <6.10> xl.Vl.Sl.X2.V2.S2 INTOO2SQ
FORMAT </P

...... ER' .'~ IN IHTSCT •••• • .1K. INTOO2ltO
·Sl::::52. NO SOl.N. THUS SET X=V:O.· .1 INTO0250

)(1=' .LP.GlS.5.' Vl=' .GlS.S.· 51:' .GlS.SI INTOO2&O
)(2=' .lP.ClS.5.' "12:' .GlS.S.· 52=' ,GIS.S/) INTOO210

x=o mTOO280
1/=0 IN TOO290
CAU., ERRTRA INTOOSOQ

EtlJIF IHTOO31a
RETlRN INTOO510
EtIJ INTOQS80

C====:::==--=====--=====::::==:;:=:::::===================:===========:===:;IQUOOOIO
INTEGER Ft.N:TIOIlI lQUICK<TARGET .IO.N> IQI..O:)(}ltO
INTEGER TARGET .UXN) lQUOOOSO
LOGICAl BlEST lQlJOOO6O

IQUOOO70
lQ000080
lQOOlO'OO
lQOOO100
lQUOOllO
lQUOO120
lQUOO1SO
lQUOO140
lQOOO1SO
lQOOOl60

GO TO 1000

A :::: AB$(PD.GE.A8SC.PS)
B : PI"'" .GE.O
C = PI.EQ.O
o = VSlHJI.~.a

NA::; .NOT. A
NB= .NOT. 8
He:::: .NOT. C
tIJ: .NOT. 0

DIfENSION OISPI: frI)QF) .1JEl< NJOF) ,ACt:( JO:lF) .At.6) ,FClRCE<KXJF)
OI!'ENSION IOCIUKNOO). JTFlliOWCNOO), IDOF<MAXNOO,6)
CHARAtTER-SO FQRMT(2)
CHARACTER"(·) TITlE(2)
CHARACTER"20 oPTION
LOGICAL BUG.HEAD. TEST ,FLAG
LOllICAL BTEST

LOGICAl ......B....C.I£.O.Nl.E
LOGICAL BlEST

C
c-- LOAD AT OR BELOW NEGATIVE VEIL.D, ON BACKBON: ct.WVE

220 IF (OIR.GE.O) GO TO 2SO
K=KIE
RlIl.E=2.2O
FC=-PVEQ+OC"KIE
B: FC
A= FC.tO
CALl STRENG <ESE.PSE.PSEOlD,FC.Fl.OC.Cl..JC,S )
KEV=2
IF <DVEl.LT.O > TlEN

K:S
8= FC
A: Fe

ENOIF
GO TO 1000

c
C•••••••• CAlC 0 • E' S BASal ON PEAl( STR'IN ElEIlGV

IF <KEV.EQ.1> CALL CN:<l.I.POS.EXCR. OV,Cl..ESE(2).PSE.PSEOlD.CSE)
IF <1CEV.EQ.2) CALL 1:JrE<l.LNEG.EXCR.-DV.Cl..£SE<S).PS£.PSEOlO.CSE)

cc---- LOAD IN LINEAR RANGE BETNEEN 8ACKlIOIE C\JMS
2SO K:S

Rll.E=2.~
FC=S·<OC-oL) + FL
A= Fe + PVEQ - PEQ
8: Fc - PVEQ - PEQ
IF <Fe.CT.A) TlEN

OA::::QC-o< A-FC )/$
CALl STRENG <ESE,PSE.PSEOlD. A.Fl.DA.Cl..lt,S )
OL=OA
FL::::A
GO TO 210

ELSE IF (Fe.LT .8) THEN
08::::OC...::8-fC)/S
CALL STRENG <ESE.PSE.PSEOl.D. 8.FL.D8.Cl..IC.S )
OL;Q8
FL=8
co TO 220

ENilIF

c
c CAlC PUeTIC STR'IN EIEIlGV AT 2ERO CIlOSSIlG •••
c

HVSllI050
HVSllI060
HVSOI0ro
HVSOI080
HVSOI090
HVSOllOO
HVSOlllO
HVSll1l2O
HVSllIHO
H'(SOll~

HVSllllSO
HVSOllbO
HVSlll170
HVSllll80
HVSllll90
HVSllI200
HVSlll2l0
HVSDl220
HVSOl23O
HVSOl~

HVS01250
HVSOl26O
HVSlll270
HVSll1280
HVSlll290
HVSllISOO
HVSOlSIO
HVSOB20
HVSOlS30
HVSOUttO
HVSllISSO
HVSOlS60
HVSOlS70
HVSOlSSO
HVSllB90
HVSOl~

HVSOHIO
HVSOh20
HVSOl~SO

HVSOl~

HVSOl~

HVSOloteO
HVSOl",lO
HVSOl",qo
HVSOl500
HVSOlSlO
HVS01570

KEV=S HVSllI580
C H¥S01590
c HYSOl600

1000 IF (PRINT> ~ITE (f..IOU) Fe.l.A.S HVS01610
1011 FORMAT HVSOlb20

&c' EL-€N)-FC:',FB.S.' (;:' .Fe.3.' 4:' ,F8.S,' 8:' .Fa.S> HYSOlbSO C
IF <PRINT) '-ITE (6.1010> FC.OC.FL.a...It.Rt&.£.VI.VL.S.PV.KIE. HVSOlbfM) C-- LOOP TO READ AlXlITIClNIL VAl!.ES

8. ....8.u:V.ESE.PSE.PSEOUl.l.POS.IMEG.£XCR HVS01650 GO TO ID
RETUlN HVSllI600
Etom HVS01610

c==--==-- - __=IIJlOIXQO
c IllROOO5O

SLIIRCUTIN:: UllECT (ItR. IORV •IDRVO.PI.PS.VI.vs ) UIl'OOO&O
lMOOO1O
WlOOO8O
IIlOOOO9O
IllflOO100
IllflOO1'oO
IllflOO15O
IllllOOl70
IllflOOl80
oo190סס1

1000020O
IlJlOO210
IOROll22O
!OOOO2SO

IF ( A .AICl. 8 .IWJ. NC .AhO. D) nII:l IDItOIJ2i;O
IF ( hB .AtrI). Nt •.w:J. JCI ) IIJt:l IDR00250 C
IF (NA •.u.m. 8 .AAO. NC .ANJ. JC ) Ult=l I~

IF ( C .»11. 0) UIt:O ItROO21O
IF ( NIl .AIlOt NC .AIrIJ. D) ItIb:O IDROO2IO
IF ( A .AtCJ:. 8 .AN). Nt •.urG. JCI ) ItIl=-l ICItOD29O
IF ( C .»G. PrIJ ) IDR=-l ItROOSOQ
IF <NA .MG. B .AND. He .AIG. 0) IDR=-l ICflOOSlO

E :: PI •G£. PS Ir:ItOIB2O
IORV=l IDmO'S50
IORVO--2 It:ROI)SltO
IF eE) I[IN=2 IJ::lRClMSO
IF eE> IORV0::.1 I~%O

RETURN I.teX1S1O
E~ ~

c===========::::;:==============:;:=====================--===:;=======--===LNTOOO10
SIJBROUTlhE IHTOVA<SUC.JrIXlF •MAXNOO. tNIOE. TITLE. INTQOOoloO

• IOOF .IO.JTf1.G.oISI'.II£I..ACC.FOllQ; ) INTOOO5O
INT"""""
INTOD070
INTOOO8O
INTOOO9O
INTOOlOO
INTOOllO
INTOOI2Q
INTOO1SO
INTOOloWJ
INTOOI5D
INTOO1bO
1NTool70
INTOOI80
INTOOl90
INfOO2OO
IHT002l0
[NTOO22O
INfOO2SO
rNT~

INTOO2SO
INTOO2W
INTOO2JO C
INf00280
INTOO29O
DHOOSOO
INTOOSI0
INToo=
INTOOSSO
INTOOS<O
INTOQ9.;O .
0000=

C
C::::::::::::::::===::==::::::::==::::=:::==:;=======::::=====
C: INPUT INITIAL OISl'I.. VELOC All) ACCEL =
C====:;==:;====::::===--=======:;:====::::=::::=::::::::=~--==

C

c
c. . .. .... CAlC STRAIN ENERGY FOR THIS STEP••

CALL sTREJrG (ESE.PSE.PSEOlO.FC.Fl.OC.CL.IC.S )

HEAO=.TR\.E.
c--- INPUL NOOE.lGEN.IIIC.OPTION.OX.OV.02.RX.RY.RZ

10 READ (5.·) NODE.ICEN,INC.OPTION.<At.I).I=1,6)
IF <NODE.LE.Q) GO TO 500
IF <lEAD) TlEN

""AO:.FALSE.
I«ITE <Eo.5) TITLE<l>.TITLE<2>

ENlIF
I«ITE (6.7> NOOE.lGEN.INC.OPTlON.<ACI>,1:::l.6>

S FORMAT <'1 STRUCTl.R£•••• ; , .A,I
& ' SOLUTION••••• :' .A.II
• • INITIAL ACCELER.TIONS. VELOCITIES OISl'LAl:EIEIITS '.
& 'AND LOADS ' I
& '::=::::====~=======,=-=---==',
& ' ========' II
& 4X,'NQOE' .2X,'IGEN' ,$X.'INC' .lX.'CQIIJONENT'"
& T41o.·TX" .1OX.'TV' .1OX,'TZ'.
& lOX,'RX'.lOX.'RY'.lOX.'RZ')
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IF (I£AO.AM:J. t-CSPlS.GiT .20) WRITE (6,S10) ,rmE<1>. Tt'TLE(2)
IF (IOPT.I£.Z) ><RITE (6.S16) NAlE.L.STEPID.EQUAl,(l:N..£N)
IF <IOPT .EQ.2) ~ITE <6.ott6) NAtE. EQUAL.<l:N...EN)
00 200 I=l.tNa

.J:IQUXCX(JOINT.m.~)
Sl.PT=' ,

C
C•••••••••••• TRANSFeR GlO8Al OISPL TO LOCAL VECTOR •••••••••••••

00 219 J=l ••
I.J:IDOF<I~J)

Dc J >:DISP< IJ,l)

C= __=====~~
C::. PRINT JOINT OISPLACE!'ENTS =
C==~=====~~
C NOTE: DISI' "'"V CtlNTAlN DlSI'\..ACEIENTS. VELOCITIES. ACtELERATIONS OR
C EIGENVALl.liS•••
C ALl. OF WHICH ARE PRINTED OUT AT EACH NOlE••••
C

210

C
c..... ••• •••• IoRITE OISPL

00 2SO J=1••
IoRITE (CDCJ>.9> DCJ>
IJ=lDllF(I.J)
IF <IJ.GT.PE> CO<JxlS:1S>::'-'

l«ITE <6.221> IIXI>.(COCK>,IC=l.6>.JTCOSCD
200 CONTIN..E

IoRITe <6.S20)

219
C
c All) ROTATIONS TO 01SPl. FOR CONSTRAINTS
c•••••••••••• IF IN:ONSTRAlNEO. CQNST<I,J>=O

DCI) '::: De1> + 0(5)-t:ONSTCI.S> + D<6>*CQNST(I.5>
0<2> =D<2> + OC ... )*CONST<I.l> + lX6)~f(I.6>

[)(S> =0<5> • OC~)-eONST<I.2> + O<S)-<:QNST<I ....>

JOI00770
JOIOO7SO
JOIoom
JOI008oo
JOlooa1a
JOl00820
JOI00850
JOIOO8~0

Jlll00850
JOIOO86O
JOl00870
JOI00880
..10100890
JOIOO900
JOI00910
.JOlOO920
JOlOO9g)
JOlOO9'oO
JOlOO95O
JOIOO%O
.10100970
JOIOO980
JOIOO9'lO
JOI01ooo
JOI01010
..)0101020
.JOI01a:s:0
.10101040
JOI01050
JOI01060
JOIOI010
.10101080
J0101090
JOI01100
JOI0111a
JOIOU20

10 FORMAT <lP,G.15.1) Joroll~

220 FORMAT (5)(.15.1)4> JOI01hO
221 FORMAT <S)(,IS.oA.IlO> JOIOllS0
no FORMAT <' 1 STROCTI..RE •••• : ' ,A. I JOI0116O

& 'SOLuTION••••• : ' .A> ..10101170
SlS FORMAT <II .JOI0l180

& 2)(, 'CCS ',A.'. LOADING I' ,I5,5X,A, I JOI01190
& IX.' ==' ,All ..10101200
& 6X.'N(J(E' ,nc,'OX' .1SX,'OY· ,1SX.'OZ' .lSk.'R)(' ,1SX,'R¥' ,1SX,'RZ' />..J0101210

516 FORMAT (II JOI01220
& 2)(, '..a ' .A,', LOAODG I' ,I5.5X,"', I JOI01250
& 1X.'=',A/I .JOl012.;.Q
& 6X,'NlU"' ,nc.'OW ,lS)C,'OV' ,1SX,'OZ' .1SX,'R.X' ,l~,'RY' ,1SX,'RZ', J0101250
8. 6X.' COSIIE .'1) JOIOl2bO

...15 FORMAT </I ..JOI01270
& 2)(. 'CCS ',AI .10101280
& IX.' ==' ,AI JOIOlzqQ
& 25)(,'N01E: MAXDI.It VAlLES MAY NOT OCD.R SIM.A.TAt£OI.r.iLY·/1 JOIagOO
&. t))(,'NQCE' ,lX.'OX' ,lSX, 'OY' ,13)(. 'OZ' ,J3X. 'h' .J..5X•• ltV· ,lSX. 'RZ'/)JOI01:SIO

...16 FORMAT </I JOI01520
& 2)(. '..I:S '.AI ...101015:;0
• 1)(.'=',AI JOIOLS~
.. 2S)C,'NOTE: MAXIJIU' VALUES MAV NOT occur SIJQ.TAlEOUSLv' /I JOIOBSO
.. 6X.'NCI(E' ,nc.'OX' .lSX,·DV' ,13X,'OZ' .l5X.'RJC· ,lSX.'RV· .ISX.'RZ', JOIOl:S:60
.. 6)(.' coSDE ,'I) JOI0!570

:s:2O FORMAT (~)(.'NOTE: - DENOTES A RESTRADED ~QEE OF FREEDOM') .10101530
C ..IOI01:$Q()

EN) JOlOhOO
C========--========:=:===============:==:===============...10100010

SU8flOOrDE JOIlON BUG.IWCNOO.1O)f .tM:X¥.M..OIIO,JE .!D. I:DOF•CONS T, .10100050
.. FORCE.DsPFLG.JTFLG.TITLE.HEAO) JOIOClObO

ODENSION IDOF<MAXNOO.I».CONST<MAJCNOO,6>.FQRCE<tI)Qf ,~OAO> JOIOOO70
ODENSION IOCfWCNOO>,JTFlGOWCNQO> JOIooa80
CHARACTfRlt(.) rITU(2) J01CJOOQ(J
OWlACT~ OIR JOIooloo
OWtACTEfr'l 0(6> J01oo110
CHARACTER-2S stPT J0100l20
O'iARACTER-18 OOF .10100130
CHARACTER-I... f(6) JOIOOhO
LOGICAl OSPFlC.F1RST ,•• !£AD ..10100150
LOGICAL BTEST JOIOOlbO
lOAO::l J01OO110
FIRST =. TRlE. ..10100180
OSPFlG:.fAl.SE. JOIOOIQ(J

; FORMAT <'1 STRUC1UiE•••• : • •••1 ..10100200
" ' SOLUTION••• ,.;· .A./) ..10100210

6 FORMAT (' APPl,IEO JOINT LOADS·./ J0100220
& • ================' ,I) .JOIOO2~0

JOI002,,0
JOI00250
JOI0021>0
..10100210
JOIOO280
JOI00290
JOIOOSOO
..IOIIX):s;lO
JOIOO~20

JOIOO:S:SO
J01OOS"O
JOIOOSSO
JOlOOSbO
JotooS70
JOIOO:S:SO
JOIOOSQ()
JOlro.oo
JOIOO<t10
..10100<020
JOIOO'PSQ
JOI~ ..o
J01()()/JSO

--------------JOI-'O
J01OO<o70
JOI()Ql,80
JOIOO~Q()

JOlOO5OO
JOIQOl)10
JOlOOS20
JOlOO550
JOIOO5<tO
JOlOOS5O
JOlOO56O
..10100570
J01OO'iSO
JOlOOC;QQ
JOlOObOO
JOIOObl0
JOI0062O
JDI00650

C
C-- OECK FOR " VALID JOINT M.MIER •••

IF <..JOINT .LT .ID< 1> .OR. JOINT .GT.IO<IrNXJE> ) TI£N
IoIl'ITE (6,21) L(W)
GO TO 10

EIollIF

C
C:======::========--=
C: INJUT LOADING DATA =
C.=====================

10 READ (5.") LOAD. JOINT .JTGEN.JTD«:,OIR.VALLE
IF CINJE)«OIR,'EJrIJ' ).NE.O) GO TO 100

15 OllF=' •
IF (FIRST) TI€N

IF <lEAD> ..ITE <6,5) TI'nE<1>,TITl.E<2>
~1TE (6.1»
FIRST:.fALSE.

EIollIF

C
Cc---- PUT A LOAD ON A JOINT
C NOTES; - IX. IV, IZ. MM. NY AICJ Z ARE l1£ OOF THAf HE LOADS ARE
C ......IEO TO •
C - 'OE MCJENTS RESI.I..T1NG FROM fX. FV ANJ FZ ARE OlE TO
C CONSTRAINTS. IF A NODE IS NOT CONSTRADEO. HEN THE VAlUE
C OF CONST IS ZERO•••
C - LOADS APPt.IED TO REsrrrAllEO· [)OF ARE INTERPERATED AS
c stFPORT OISPlACeENTS. IE: SlJIIPORT SETTEUENT OR
C OISPUCEJENT CONTROlL.....C:-----------------

IF <DI)E)(OIR.·Fl(' ).NE.O) TJ£N
IX:1DCJF<J.l>
FORCE( IX.LOAD >::FORCE< IX .LOAD >+VAlLE
IF < BTEST(JTFlGeJ),12) ) TtEM

MV=1DDF<J.5)
FORCE<MV .LOAD >::fORCE<JIff ,LOAD )+VAlJ,EtlCDNST< J. S)
NZ=IDOF(J.6)

IF < .NOT .O£OS.EQ.l .ANI. COSDE<1.1.1).EQ.l .AN).
COSINE<2.2.1).EQ.1 .AN). COSIHE<:s:.S.1>.EQ.1 )

.AtC). IOPT .EQ.2 ) GO TO 210

IF (t£AD> ~IT£ (6.510> TITIE(1).TIT1,.E<2>
IF <IOPT.NE.2> WRITE <6.515> NANE.L.STEPm.EQUAL<l:M..EN)
IF <IOPT .EQ.2) !oRITE (6.HS) NAME. EQUAL(1;tl..EN>
00 100 1=1,/ftJOE

IF (IQUIlX.GT .N) IQUIlX=N
IF CIQ(IQUICJ::>.EQ. TARGET) RETtRN
IF (IlXIQUIlX).GT.TARGET .»Il. J.I£.O) T!£H

lQUICX:lQUIlX-J
GO TO 10

ELSE IF ClO<IQUIlX).LT.TARGET .»Il. J.I£.O) Tl£N
IQUIO::=IQUICK+J
GO TO 10

ENDIF

00 ~ L=l,N..OAO
NOsPLs..-o

IF <NCOS.EQ.1 .MG. COSINE<1,l.1).EO.l .AtrO. C'OSDE(2.2.1).EO.1
& .AN). COSD£<S,S.1>.EQ.l > GO TO 500

I=MA)(IQUIlX-Z.l)
J=MINCI....N)
00 20 lQUICK=I.J,l

IF (IlXIQUIlX).EQ. TARGET)
20 CONTINUE

00 so IQUICX:l.N
IF (lD<IQUIlX).EQ.TARGET) RETUlN

:SO CONTDLE

SU6R'<lUTDE ISORT<ID,N>EX.N)
INTEGER IO<N)
INTEGER IhDEX< N>
LOGICAL FLAG
LOGICAL BTEST
00 10 1=1.N

INDEX<I)=I
10 CONTINJE

20

2S

'"9

C
100 WRITE <6.110) TARGET .IQOICK.IDClQUICK>
110 FORMAT C' TARGET:',I8.' NOT FOl.JI). LAST roc' ,16.. '):'.18>

1QUICK..-o
RET_
END

c==------_ -
C

IQUOOl70
IQUOOl80
IQUOOl90
IQWl200
IQ\Jl10210
IQW0220
IQ\Jl102SO
IQ\Jl102'iO
IQU00250
IQ\Jl1026O
IQ\Jl10270
IQ\Jl1028O
IQ\Jl1029O
IQIJOOSOO
IQUOOSI0
IQU00S20
IQUOOSSO
IQUOO5'iO
IQU00550
IQUOO560
IQUOOS70
IQU00S80
IQUOOS90
IQUOO'iOO
IQOOO<lO

===ISOOOOIO
ISOOOO'iO
ISOOOO5/l
IS00J060
IS000070
IS000080
IS000090 C
ISOOOl00 soc CONTIMJE
15000110 C
ISOOOlSO
ISOOOl~ C

00 ~ I;;H.2.-1 lSODJlSO
FLAG=. TRUE. ISOOOl60
00 20 J--2.1 ISOOO1lO

IF ( IOCINJE)(eJ».LT.IDCIhIEC<J-l» ) 1l£N !SOOJl80
K=I~)c(J) tSOOOl9Cl
I~( J ):Dl)EX< J-1) lS000200
DUX< J-l>=tC. lS00021D
I'l.AG>.FALSE. IS000220

ENDIF I50002SO
20 CONTINJE lSOCJ02otO

IF (FLAG) RETUl'N lS000250
SO CONTtN..E lS000260

RETLRN lSOOO21O
E~ I~

C:======================= -============.10100010
SUBR<lUTn.£ JOIOSP< lOPT ,M&XNOD.IOJF .tMOOE.N..OAO.NCIN.toF.ID.IOOF. JOIOClOo'tO

& CONST .01$1'. rmE.NAME.STEPtD.I:EAD.NCOS.COSINE.JTCOS.JTFLG) JOICJOOSO
DIIEHSION IDOF'cNIJCNDO,&) ,CClGT<fWCNOO.6>.JTFLGC.MAXNOO) JOt(X)l)bO
eXtENSION DISPCt«XIF.N..OAD) JOlOOOl'O
OIME'NSIOM lD<_) JOIOOO8O
OIMENSION CK6 ).CC6>.CO$INE( !:.S.NCOS>.JTCO$(MA)OrIQO) ..10100090
CHAllACTEfl"(*) TITlE(Z).STEPm._ JlllOOl00
CHARACTER-IS CDC'> JOIClD1l0
CHARACTERt'60 E4;UIl JOlOO12O
LOGICAl IEAD.FlAG.BTEST JOlOOlSO
INTEGER OOF JOlCOl..a
OATA EQUAL .JOloo15O

& /' ~ f IJOIOOl&O
JOICD1lO
JOIClOl80
JOIOOlqQ
JOIlllXlOO
J0100210
JOll1022O
JOlOO2SO
JOll102'OO
JOIOll2SO
..10100260
JOIOO270
.10100210
JOlOO29O
JOIOOSOO
JOl00510
JOlOO52O
JOIOO!i30
JOlOO3oW1
JOlOO55O
JOlOO56O
JOlCOSlO
JOIOW..AO
JOlOO!i9Cl
JOI"""""
JOtCJOrtlO
JOICJOft20
JOlOOttW
JOlOOftItO
JOlOOO'5O
JOIOll'o6O
J0100ft1O
JOICl>ft80
JOIDJoftQO
JOlooo;oo
.JOI00510
JOlOO52O
JOlOO55O
JOlOOS'iO
..10100550 C
JOIOO56O
JOlooo;70
JOlOO58O
JOlooo;90
JOlllll6OO
JOlllOO10
JOll1062O
..JOlOO6SD
JOI_
JOl0065O
JOIOll66O
JOI0Q610
JOll1068O
JlllOO690
JOIOQ7DO
..10100110
JOlOO720
JOl0013O
JOlOO1~

JOll107'5O
..10100760

C
C•••••••••••• AOO ROTATIONS TO DISPI. FOR CClGTRAINTS
C. • • • • • • •• ... IF IN:ONSTRAlHED, CONST< I. J >:0

OCl> = [Xl) + 0<5)ttCONST<I,:S> .0<6)-eoNST<I,5)
0<2> :: OCZ> + oc:~)ttCONSTCI.1> • ()(6>"CONST<I.6)
0<5> = OC:S> • OC~)-eONST(I,2> • lX5)-eONST<I,~>

C
C•••••••••••• TRANSFER DISPL TO LOCAL "IEtTOR .

DO 20 J=I.6
U::lOOF(I.J)
l)(J>::OIsPcIJ.L)

C
c=========--====--====--==
c: PR:INT GL08AL OISPLACEMENTS =
C===========================
C NOTE: OISP JlCAV CONTAIN DISPLACEJrEHTS. VELOCITIES. ACCELERATIONS OR
C EIGENVAlLES•••
C AlL OF loHICH ARE PRINTED OUT AT EACH NOOE ....
C

c
C•••••••••••• TRANSFER TO Gl/JIBAL DISPLACEMENTS •••••

..cOS=.JTCOSCI)
00 2S Il=1.5

12=11·5
G<Il>=O
G<!2>::O
00 2S Jl=1.5

J2=J1+S
GC 11 >::G( 11 >+COS1NE< Jl,I1.XOS>1t()( J1)
G< U >=G< U>+COSII£( Jl.n. JCOS)*O< J2)

C
C•••••••••••• IoIRITE DISPl

00 :SO J:::1.6
WRITE (CDeJ>.9) GeJ>

FORMAT (1P .Gl....6.' ')
IoIRITE (6.220> IOCI>.<COCIO,K:1.6>
NOSPLS::NJSPLS+l

100 CQNTINI£
C

C
c:========================--=
c::: LOOP FOR EACH LOAD CASE =
c=--=============c:=
C

157



DETERMDE l1£ FACTOR FOR ICG
IF ClGLOAD.EQ.1> Tl£lI

220 CONTDlJE J0101870
C JOIOl880

200 FORMAT (' APPLIED JOINT LOADS, LOADING.· .I5.10)(. 10101890
& ' NOTE: * DENOTES SLFPORT OISPlACEIENT' 1 JOI01900
& ========'/1 JO!01910
& 6)(.'~' .7X.'F>c' .l5X.'F'Y' .15K,'FZ' .13X.'MK' .15)(. 'MV' .13)(. ')4Z·/)...IOI0192O

230 FORMAT (SlC.I5.l2A ) J0101930
2~ FORMAT (lP,GH.6) JO!OI940

C JOI0195O
JOIOl960
..10101970

- lOON - C.Il.C\LlTES STIFFtESS BASED ON ox AND OV KMlOOO10
KMIN ItMIOOO~

00 = CIfANGE IN OISPUC>£NT KMlOOOSO
(II : CiANGE IN LOAD ItMIOOO6O
S1 = IW<DUI AND OEFI.., STIFFIESS KMlOOO70
REAL. FlICTION QUH(OO.[JlI.SI) KMLCOOsa
LOGICAL BlEST ItMIOOO9Q

IF «OO*(P).GT. a.oc» TlEN KM1OO100
OfIN=MIH«CPIOO),$I) KMloo110

ELSE KM1oo12O
IOUN:SI KMlOO15O

BIlIf' KM1001ft.O
RETlJRN ItM1OO15O
B«I KMlOOl60

SUIIROU'=T=DE"'="=LlHACC==:=("'IOP~T .=IlUG=."'OT=.'TO.rF~T:rHETA~:~~:=====--=t~~
& Ll.L2.lS.L....L5.L6.DI:NS.OO.IMOS.lItXC.M:lOF.NfREE. L1N00050
& ICQ,OAD.ICGFORM. LlNOOObO
& A •V .0 .p • LINOOO70
& OA .W ,DO .19 .NOfllC LIND0080
8. MASS .1OIASS.1WP .STtFF.PI) LINOCJ()q(J
& K(; .)I)I(G.N:r. .GRAU • LINOO1OO
" S .ltJS.Q .R .PUR. L1NOO110
8. FO.....FM&SS.CO.Cl.C2.CS.C~.C5.CO,ALPHA.BETA.ClO.Cl1.A8ORT) LlNOO120

IIITEGER FIJAN' .FIWiS LlNOOlSO
REAL. /ICASS.ICG lINOOHO
LOGICAL BU:i.1El«DY.BTEST .A8CRT LINO01SO
OIMENSION A<~).V(NXIF>.OC~).OACMlOF).OV(~).CXXp,()Qf') LINOOl60
01IENSION Pf:tc:JDF).OPChOQf ).0I.MfV( 1 ).I(X"M(V( 1 ).WORIC( 2·P«:IOF) lINOOl70
OIIENSION P8AR(lS:L~ ).Ql;:L5: L.. ) .R<LS: lot) LINOOI80
DIMENSION I'IMASS< NXF.1).MASS< IKlMAS) LINOO19O
DllENSION ~GCNXIF.l> .1CGC:no::G) LlNOO2OO
OIIENS!OH I«XhDOF.U .STIFF< lMO) LlN00210
OIMEHSION IC)$(JO;JF.U .S(IJClS) .OAMP<S) UN00220

LINOO230
GO TO <lOO.ZOO.SOIl) tOPT I..INOO2<,Q

C LINOO250
C======= lINOO260
c= INITIAl.IZE IJAUJES = LIMJ0270
C==:::=:=:===--- LINOO280

100 CONTIM,E LINOO290
ALPHA.:O.UF( 1) lIMJOSOQ
BETA =OiJP(2) LINOOSID
CO=5. 1tAL.PMAIDT • 6./(OT~) LINOOS2D
C1:1.0ICl+S.-aETWOT) lINOOS3Q
C2:CO*Cl LINOOSl,Q
CS=.AlPttA-a-&ET... LlNOOSSO
C"=O./OT lINOO~

CS::;QT12. LINOOS70
C6--Q. LINOOS60
C10:S ./OT LINOOS9O
CU=tt./(OT*-2) UNOO<oOO
IF dUD ..rITE <6.101) Al.PHA.BETA.CO.C1.C2.C3.C~.CS.C6.CIO.Cll lINOO'tID

101 FORMAT <lP. LINCIO't20
&' l1NACC: ALPHA::' .1:12.5.' BETA.:' .G1%.5.· CO=' .G12.S.· Cl=' .G12.5/LlNOO'oSO
&. LlNACC: <;2=' .~12.5.· <;~' .GIZ.5.· C":' .G12.S.· CS:' .(i12.S/LINOO",,"O
&' lINACC: C6=·.l:l2.5.· CIC:' .CI2.5.' Cll=' .G12.5) lINOO..;o

C ll~

C--- DEVELOP SlYLIlE OF lMWIIC STIFFNESS (S) LINOO'olO
C. • • • • •• ICJS< 1> : AlI>RESS OF OVNlMIC STIFF. ruIN DIAGONAl TERM ROW r LIOOO480
C••••••• JIll( 1) : AOl:WfESS OF STIFFIESS !UIN OIAGONAL TERM ROW I lINOO'tQQ
C••••••• MDMIS< I> : ADDRESS OF MASS MAIN DIAGONAl. TERM ROW I LINOO500
c..•.• u JOtG<I> : ADORESS OF GEOMETRIC STIFF. MAIN DIAGONAl. TERM iroN ILINOOSIO
C LINQOI;20
C••••••• LSTIFF 0$ • C:6 STlFFJESS TERfICS IN COL...... J LINOOS:SO
C••••••• UtASS ~. C'1F MASS TERMS IN COLI.tW J llNOQS40
C••••••• LlG '$. aF ICG TERNS IN COl.!J'" J UNOOSSO
C••••••• l '$ • OF S TERMS IN COLt.NI J lINlJOS6O
C LIN00570
C UNlJl>670
C-- CHEOC FOR PROPORTIONAL [)"tWING •••• llNlJl>680

IF (F£WI».tr.E.U THEN LIN006Q(J
"-IYE (6.·) •••_ •••••_................................... lINOO1OO
loIRlTE (6.·) '. PROPORTIONAl OAfFtNG IotAS NOT SPEcIFIeD·' UNOO110
loIRITE (6. 1t ).1t SOLUTION IS A81JRTED... .' l!NOO120
WRITE (6.·) ' - , lINOO7S0
3TOP LINOO140

E~IF lINOOi'SO
RETlRN lINOO160

C LlNOO170
c======:======:====--=====::=:::=:==::::=:==::::==:::: lINOO1SQ
C= SOlVE FOR IHCRD£NTAL. DISPLACElEHTS. VELOCITIES Ate) ACCELERATIONS == LINOO790
c=--======-----=-_-=======:=::=======::======:====== lINOO800

200 CQNTn..E l!NOO810
IF (BUG> llEN LlN00820

CALL ERRTRA l!NOO830
00 20S I::l3.L" LlNOO8~

205 IoRITE (6.206) I.OCI>.V<I>.A<I>.P<l).OP<I) LINOO850
206 FORMAT<' OQF:'.I6.· OISP:·.1P.G12.... • VEL:'.G12.". llN00860

& '/IX:' .G12.~.;.' LOAD:'. Gl2.~.' OP:' .GI2 ... ) L1NOO870
EtClIF LINODSSO

C LINOO890
C--- FORM OVNAMIC STIFAoESS LlN00900
c SOME LOCAL VAIlIASlES LIN009!O
C J :. COLlJIiIlI N.MIER FOR MASS AND STIFf lIN00920
C I : ROW IlUIIER FOR IICASS AN) STIFF l!NO:)l'J"5Q
C Jl : COLlJtItf .....R FOR S UNOoq,t,()
C Ii : RON M.MIER FOR S lINC.I09SO
C I.lSTIF : ~ss Of EL£IENT I. J IN MIl TRIX STIFF LIN0QQ60
C I..II&SS : ADDRESS OF RElENT I.J IN MATRIX MASS LINOQCJ70
C IJlCG = AOORESS OF ElEMENT I.J IN GEOfllETRIC 3TIFF'ESS MATRIX LINO()QSO
C I.JS : AOORE.SS OF ELEtell tl.JL IN. MATRIX S lI~

C l.STIFF : RON • CONTAINING THE FIRST NONZERO TERM IN COLlJtItf J OF STIFF lINOIOCXl
C U<ASS ,_. CONTAINING TIE FIRST NONZERO TERM IN COU.... J OF MASS LIN01010
C ute : RON • CQNT.INING TIE FIRST NONZERO TERM IN COLlMI J Of ItG LIN01020
C LS : ROW • CONTAOOIrG THE FIRST NONZERO TERM IN COLLJ4N J OF S UNClOSO
C UN010't0
C--- FORM _IC STIFF...SS IF ...I«OV IS TIlI.E ----------------LIN01Q<;0

IF <JEJ«DV) TlEH lINOIlJ6O
LINOl.070
lIN01080
LINOI09O

JOlOO64O
JOlOO6SO
JOlOO6OO
JOlOO670
JOIllll68O
JOlOO690
..10100700
JOlD07l0
..10100720
JOlDO~
JOlOO7;o
JOIQQ7S0
JOlOO760
..IOIOOno
..10100780
JOloom
JOlooaoo
..10100810
JOlOO82O
..101008.50
JOIOO8ltO
JOlOOllSO
JOlOO86O
JOlOO870
J01OO88O
JOlOO89O
..10100900 C
JOlOO'J10
JOlOO92O
JOlOO9SO
JOI_
JOlOO95O
JOlOO96O
..10100910
JOlOO'lllO
JOlOOOOO
JOI01OOO
JOIOI0I0
..10101020
..I01010SO
J010100.0
J01010s0
..10101060
JOIOI070
..10101080
..10101090
JOIOllOO C
JOI01110
..10101120
JOI0115O
JOIOll;o
,JOIOllSO
JOIOllt>O
JOIOl110
JQIOllSO
JQIOU90
JOI01.2ClJ
JOIOUI0
J010l22O
JOI012SO
JOI012<O
..10101250
JOI012&O
JOI01270
..10101280
..10101290
..k)101500
.)0101310
JOIO!S2O
JOIOl3~

JOIOl3o,o
JOIOB50
JOI013t>O
JQI0B70
.JQI01SSO
JOI01$90
JQtOl'itOO
..101010910
JQIOlo920
JOIOlo9~

..10101'"0
JOIOl'SO
...10101'960
JQ101..10
JOIOl~80

JOl0H~

..10101500

..JOI01510

.10101520

.10101550
JQI015of.O
JQI01SSO
JOIOl560
JOI0151O
JOI01<;s(J
.10101590
JOI01600
.10101610
JO:[Olb2Q
JOI016SO
JOtOl~

JOlo1650
JOIOI6bO
..10%01610
JOIOl6&J
JOI01690
JOIOl700
JQI01710
JOI01no
JOI017SO
JQt0170WJ
.IOI017'SO
JOJ01760
JOI0177D
JOIOl=
JOI0179O
J()101800
JOI01810
JOIOI820
JOJ018SO
JOIOls;o
JOJOl8S0
JOIOl860

FORCE<MZ.LOAOF.:FORCEeMZ9LO.t.D)fo~AltJ:*C0NST<J.5>

WRITE (W.55) IX,...HZ
ELSE

WRITE (W.55) IX
OOIF
IF (Ix.GT.IF) TI£N

DSPFLG=. TRUE.
SlJIT=' ••• JOINT DISPlACEMENT.,.'

OOl!'
ELSE IF (DIJE)(OIll,'FV' >.1£.0> nEN

IV=!OOF<J.2)
FORCEc IV .LOAD>=fORCE<IV .LOAO)fo~ALl.E
IF eSTESTeJTFlGCJ>.!3» Tl£N

MK=IOOF( J.">
FORCE( MK .LOAD>:FORCE(IG(,LOAD)foYALLE*CONST( J 9 1)
MZ::!OOF<J 9 6>
FORCE( HZ .LOAO,.::fORCE<Ml.LOAD )+VAll.E*CONS'T< J.6)
IolRITE COOF.S5) IV.fIO(.MZ

ELSE
WRITE (W,55) IV

ENIlIF
IF (IV.Gr.tE) nEM

D$PFLG:. TRUE.
SlJIT::' ••• JOINT DISPl..ACSENT••• '

ENIlIF
ELSE IF (DCJE)((OIR,'F2' ) .....0> TI£N

JZ::1DOF<J.3>
FORCE( JZ .LOAO>:::FORCE'< JZ,LOAD)folJAlLE
IF eBTESTuTFLGCJ>,H» TlEN

MK::1OOF( J ... )
FORCE( JlO(,LOAO>=FORCE(MIC.L.OAD )foYALlE*CONSTC J.2)
MV=LQOF<J.S)
FORCEe tfI.LOAO>=FORCE(NV,LOAD)+VAlLE*CONST( J,")
WRITE COOF.55) Jl,MK.MV

ELSE
IoIRITE cOOF .S5) JZ

ENIlIF
IF <JI.GT .tE) n£N

DSPF1.G:. TIlI.E.
SUPT=' ••• JOINT DISPl..AC:BENT.,.'

ENIlIF
asr: IF CDI)E)(COIR.·IOC' >.tE.O) TI£N

MK=!OOF< J." >
FQRCE<MX,LOAO>JORCE(MK.LOAD)+VALt.E
WRITE (00F.55) JIO(

IF OOC.GT.hF) Tl£N
DSPFLG=. TJl\E.
::ll'T::' ••• JOINT OISPlACEIENT••• '

E~IF

ELSE IF <1tIJE)(OIR.·MY' >.HE.O> TlEN
MV:IDOF<J.S)
FORCE<"'" .LOAD >:fORCE< NY ,LOAD)+vALUE
WRITE eOOF' .55) tIN
IF <MV.GT.hF) TlEN

OSPfLG:. TIlI.E.
StJ)T::' ••• JOINT OISPtACElENT ••• '

ENIlIF
ElSE IF (DIJE)((DIR,'KZ' ).NE.O) 1lEN

JeZ:IDOF(J.6>
FORCECHZ .lOAO>::FORCE<MZ.LOAO >+VALl.£
IoIIlITE (DOF.S5) NZ
IF (Ml.GT .PE) nEll

OSPFLG=. TR\.E.
SlPT=' ••• JOINT DISPI..ACEIENT••• '

ENIlIF
ELSE

WRITE (6,20) JOINT,OIR,VM.1£
""1F
WRITE (6.~) LOAO.JOINT.OIR.DOF.VALl.E.Sl.PT
IF (JTGEH.GT.O> THEN

JTGEN=JTGEN-1
JOINT::=.JOINT+JTDI:
GO TO 15

ENIlIF
co TO LO

20 FORMAT (' INVALm JOINT lOAO••• ·.1E..2JC•••,2)(.1P.Glo9.6.
&: • - LOAD IS SKIPPeD' )

21 FORMT (' DNALm LOAD CASE '" '.16.
& '- LO£D IS SKIPPED')

50 FORMAT C' LOAD CASE:·.I3.· JOINT:·.I6.· oIRECTION: ••••
S. ' DOF(S)' .A.' MAGNITUJE:' •.1P.'lo9.6.2K,A)

35 FORMAl <I5.:.'.·.IS.:.·.·.I5)
Cc----- IlE1tJIlH IF NO JOINT LOADS lERE III'UT

100 IF <FIRST) REl'lRN

IF <.NOT .8t.IG) RETlRN
C--- PffINT JOINT lOIDS ON EADf DOF

N!i.NIllIF-'5
DO 120 L=l.~OAD

IF (tEAO) I«IYE (6.5 ) TITlE(1).TITlE<Z)
wRITE (6.1SO) L
00 120 I=l.N5.S
I5::MINC(It-'t).N)Of)
00 110 J:1.15

K=J-hl
e)lCI():' •

110 IF (J.CT .IE) Q(IO=···
IofRITE (6.1'90) (J.FQRCE<J.L).CXC.J-I+!),J::I.IS)

12C COMTIt&JE

lSO FORMT (' APPlIED JOINT Lo.tDS. LOADING.' .IS.lwe.
& ' NOTE: - DENOTES SlPPORT DIsPlACEMENT' I
IS. ' ====:===-- , II
& 5X.5<' DOF' .nc.'lOAD ')/)

hO FORMAl <SX.$(lP.I5.1P.(;lo9.6." )

00 220 L:1.M..OAD
IF (1'E1.O) WRITE (6.5 ) TITlE<l).TITLE(Z)
WRITE (6.200) L
00 220 I:l.frNXE
00 no J:l.6

CXCJ>::' ,
IF <STEST<JTFlGCI> •.J40U» THEN

F(J)::' ,
ELSE

It:IOOFCI.J)
IoIlITE (F<J).2~) FORCEU,L)
IF O(.CT.'*) CX<J)::'··

ENIlIF
210 CONTINlE

!oRITE (6.250) IDcI>.CF(J).CX<J).J:l.6)
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OOF' ,6K.'OO' ,12K,'OY' ,12K.'CA' .1ZX.: .'OP' ,
12)(.' 0' .l2X,' II' .12)(.' A' .12)(.' P')

FORMAT (l)(.Ib.lP,8Gl~.6)

IF (BUG) na
HRITE <6.·) 'INCRlMENTAL REst.l.TS FROM LINACC•••• '
!'RITE e6.52O)

ENlIF
DO Z70 I:l.3.L<

CO<1)=Cl*< PBARCI) • BETA-RCI) )
OV( 1)=C1O'*OO<1) - R<: 1)
OA<Il:Cll"OO<I> - Q(1)
IF <BUG) WRITE e6.330) !.OOCI),OVCI).OACI>
CONTIN.E

LOGICAl SUG ..ICONJ
INTEGER FMASS
CHARACTERtl(·) NAtE. TITLE<Z>
OII'1ENSION l<MAKZ) .HZ< fIWCl >.oze ftWU)l).M)( 7>
LOClCAL BTEST
OOlIIlE PIlECISIOIl 02
OATA 'C)/1.2.~.7.11.16.221

15
20
50

RET\JllI
all

C- ",,_==='==='====='=========SUBROUTDI:: UUTRKc:A,IO.IC.OO,NNE)
DDENSIClN MDCIC.U. ACIMD>
LOOICAL BTEST
CHARACTER*<·) HAlE
CHARACTER*20 tI.I8.RCNC(6)
LOGICAL PT._
IJIeI.J>=fC)(J}+J-I

CC- _ _

C= CALC TOTAL DISPLACEMENTS, vaOCITtES AN) ACCELERATIONS =
C g)Q CONT':'IIA.E~==============

520 FORMAT ('•SSll
C

LINOZS60
LIN02570
LIN02580
LINOZS90
LlN02<tOO
LlN02410
LlN02420
LIN024~

LIN02440
LIN02450
LIN02460
LIN02410
LIN024S0
LIN02't90
LIN02SOO
LIN02510
LINOZ520
LIN02b20
LINOZ630
LIN026'tO
LIN02650
LIN02660
LIN02670

==lMAOOOIO
LHAOlIO'iO
LHAOOOSO
LHA00060
LMAOOO10
LMAOOOSO
LHA00090
LMAOO1OO
LMAOOlla

CALL GETINTOWlE.701.1P:' .IIJlMI'.O•• TRI.£••• FALse.) LMAOO120
IF <ICXJMP.t£.O) HEN LMAOOl50

OMP=:. TR\.E. LMAOO140
ElSE LMAOO1SO

OMP:::.fALSE. LMAOO160
E~IF LMAoo170

00 1 1:;1.6 LMAOOl80
~QW( I):::' • LMAOOl90

IR:;IC LMA00200
WRITE <6. 1I) • LMA00210
WRITE <6.") 'PRINTIH!:i MATstIX: ·.NAME LMAOO220
00 SO ICG=1.Ic.6 LJIlA002SO

IF (ICC.CT.!) ~ITE <6.·) • lMAOO240
K:MD«< ICG+5).IC) lMAOO2S0
HRITE <6.10) (J,J=.ICG.K) LMA00260
00 20 t.:l.IR lJllAOO270

l=O lMAOO2S0
Ph.FALSE. LMAOO290
00 15 J=:IC'G.K LMAOOSOO

IJ=IJI< I. J) LHAOO~lO

rF (IJ.GE.~J+l) .OR. I.cr .J) n£H LMAOOS2O
PrI,If8::' , lMAOOSs.o

elSE LMAOOS"O
PT:::. TRt.E. lMAOOSSO
1lRrn: 0 ....16l &(1J> LHAOOS60
IF (0fP .MG. '-<14).1£.0) LMAOOS70
WltITE <1[lI"M).1I) I .. J.A<IJ).N&ME utAOOS80

EfrI)IF LfIlAOOS90
L4.1 LM~OO

ROt«\.);/UII Ll'tAOlJoolO
IF (PO IIItITE (6.50) I .. (RONc::L).L=1.b) L"'~20

CONTIJIJE UtACJOi+ '50
RETlIRN LMAClIYt..O

10 FORMAf<TIO.o<·I',:," CClL......'.IS..·--·).·j') LMA.OO'o50
16 FORMAT<F20.b) LM~

SO FORtUT(' RON' .15... ) UilAQ()(tlO
EM) LMAOOltBO

c=:=======:::==-_-======;========--=============:===::======;===MASOOOlo
St.IIROOTINE MASSINC IINSS.FMASS.. MCON:J.BUC.IBUC. TITlE.MAXl.MAXOl. MASOOOloJO

& MXNOO.NCOS.NNOOE.IZ.IW .. IZtO.l,NZ.OZ. MASOOOSO
& IZJOiIS.IZMASS.IZLM.IZKE .. IZKlAT. MASOOObO
& t()OF .1rII&SS.IZCOS.IZIDOF .IZCNST .. IZ..FlC.IZJCOS.NAME, MASOOQ70
& NCOMJ.J*REE. IZJII) IIIA500080

MASOOOOO
MASOO1OO
IIIA5OO110
MASOOl20
"'ASOO1SO
IIIA~l40

MASOO1SO
MASOOlbO
MA500170

IF cFMASS.EQ.l> TlEN MA:;OOl80
C------- INITIAlIZE HE DIAGONAl MASS MATRIX IIIASOOIQQ
C MCONO::. TRl.E. MASOO200

!DfOHS=Il MASOO210
IZ=IZ • JrO)f. L MA500220
CAll SKVL.IHcl •.o:JF.IBUG.TInE.NZ(IZK»lS).. NASOO2SO

6.HZ( lZlM).l<mE).KJ.NAIE) MAS002ltO
C MA~

C--- I,...,T Tl£ MASS DATA HASOO2bD
tZMbAT=IZ MASOO270
U.:IZ + UI4&SS-12 MASOO280
IMD:MZe IZMICS+hIJOF) MASOOzqro
!ZMASS=IZ MASOOSOO

CALL /'FORM< 1.DNSS.. IrMSS.Z( IlMASS).NZ< IZlOtS).JCJ.t..ooF ,II«). TITLE.MASOO:nO
& NNOOE.fWCNOO.NCOS.BW.IBUG. IIIA500520
& ~c IZID).Zc IzeoS ),NZeUIDOF>.Z<IZCNST ).NZ< lZSlC), MASOOS:SO
& NZe IZJCOS).l<IZKlAT ).Z<U),NZ< lZ+21) ,Z< 11.2:7). MASOOS40
& zeU+ 6oS).zeIZ+ 9'9») MASOOSSO

MASlJOS60
IIIASOOS70
MASOOSSO
fIIASOOS90
HAS<X>oOO
IIIASQOlo.IO
MA:iOO't20
MAS<XJ0030
"A5lJO<ooo()

MASOO'tSO
MASllll'o6O
MASOQltlO
MAS<XJ0080
MASJ:Xl4>9Q
MA:300500
MASOOSIO
MASOOS20
MASOCISSO
MASOIlS,",

"Asooo;;Q

C
C
c--- OETEFo'MIh£ HE MASS MA TRIK S1CVlXtE

CALL SI:'Il.IN<S.NOOl'.IIlUG.TITL£.NZ<IZIOISl.

C
C====:::~====:;====:;:===:;::===========:::!;===
C:: MODIFV MASS MATRIX FOR CCltIlENSATION ===
C=:======::======::=======:;=========;:::===
C nE C~TtON PROCESS MAV EXPAhQ TIoE MASS MATRIX'S
C ~VLINE. TtE IU)(II«M SKYlINE OF 80TH HE MASS 4NJ
C 1lE STIFFtESS *TRDC IS USEO.

IF (HCONJ .oW). NCON;J.GT .O)TJEII
00 SiO I:o,hOOF

IoIihNZ< Ivo.I+1 )-NleIZMD+I>
h1STIFF=I.1-hHT.1

SID N.!eIZKICS+I>:MlN( Nl(tzJr«lMS.X).NSTIFF)
aIlIF

IF (~GFC>lM.EQ.Z) TI£H

IF. <LS.LT .LSTIFF) n£N
DO 215 1::L-1.LS.-1

IJS=(JIIDS(Jl>+Jl>-ll
SC1JS):{l

aIlIF

CKG=<l+ACC)
ase IF <KGlOAD.EQ.2> HEN

aG: 1.00
ENOIF

IF <F[WP.EQ.l) llEN

IF (BUG) THEN
00 241 I=LS.l~

WRITE <6,2"2) I.Q<I>.JKI>.P8AR(1)
FORMAT <' [)Of:' .16.' Q:' .lP.Cl2.~.'

, P8AR:' .W.4)

LIHOlloo
LINOUIO
LIH01l2O
LIHOll30
LIHOll'iO
LIHOllSO
LINlU60
LIH01170
LIHOllSO
LINOll90 210
LIHOl2OO C
LIN0121D
LIHOl22O
LIH01250
LIH012'iO
LIHOl25O
LIlIll260
LIHOl27O
LIHOl28O
LIlIll290
LIlIll300
LIN01310
LIHOl32O
LIH013SO
LIH013'iO
LINOl3S0
LIN01S60
LIHOl37ll
LIlIll380
LIH01390
L.INOl'tOO
LINDH-IO C
L001.,,20
LINJlio50
LINJl~

LINOl4S0
LINOl~

L!1rI)!lt70
NOTE: TlE GEOMETRIC STIFFJrESS MAS t:l:RIVED WITH COMPRESSION LIN01'tSO
BEING POSITIVE. KG HAS POSITIVE TERMS ON TI-E MAIN OIAGIONAL LINOHqQ
REPRESENTIYi CO!IPRESStON. f}tJS kG IS SlIITRACTED FROM S LINJlSOO
eKG IS AN INCREASE FOR VERT ACCEL 1..1M)1510

LOO152O
LlNOlS~

LIlIllS'iO
LOO155O
lINOl560
LINUS70
LlM)lS80
LlNOlS90
LINOl600
LIN01610
LIt.lJ1620
LIN01630
UNl16ltoO
LINOl6S0
LIMJl600
LIN01670
LINOl680
LIN01690
LOO17OO
LOO1710
LINOl72tl
LOO17SO
LIN01740
LOOl7SO
1..001760
LlND!ne
LlNOlSOO
LlNl1810
LINOl820
LOOtSSO
LlNJ18ftO
LINOl8S0
LlNJl860
LIN01810 C
LDlJl880
LlNOl890
LINOl900
LIND1910
LIN01920
LlNOl9S0
LIMJI9ftO
LIJ«)l9S0
LIhOl960 C
lIN01970
LIN01980
LINOl990
LIMl2000
LIN02010
LIN02020
LDlO2OSO
LIH02O'iO
LINll205ll
LIN02060
LlN0207Q
LIN02OllO
LIN02090
LlMJ2100
LIN02ll0

IF <NE'I«:DY) r.-EN LIN02120
CALL MSOU.<l.BUG.NFR£E.DClS.NFR£E.l.l.NFR£E.IClS.S.P8AR.IdIt. LlH02130

.FAlSE ••[UIIIY,II:lUJiIW.l. LIl«J21,.O

.FALSE••"'-""".IlUIlY.1._1> LIN02150
EL:oE LIN021bO C

CALl HSOU.CZ.BUG.tEREE.DCJS.JEREE.l.l.lrE'REE.tcJS.S.P8AR.NORK. L002170 c---- RElEASE LNJSED MASS DATA STORAGE
.FALSE••"'-""".IlUIlY.1. LlN021SO IZ,rz - (I-SS..-s:i)'lZ
.FALSE••!UICV.IDLIIW.I.ABORT> LIN:J2190

LIN02200
L.IND2210
LIH0ZZ20
LINOZZSO
LINOZZ'iO
LlHD22S0
LIN02260
LIN02270
LIN02280
LIN0ZZ90
LINllZ300
LIN02S10
LIN02S20
LIN02S30
LIHJ2540
LIN02S50

••ENJIF
IF <ABORT) RETURN

ZlS

ZZ2

Z50

Z<l
2<2

•ENOIF

C
c- IC<BAR) = STIFFt£SS

00 225 J:L5.L4
J1=J-lS+l
/l()JP'=flI)(J+l)
J4)J ::K)(J)
LsnFF=J-<ICXJ+IHl)(J>-l>
I4JSJ1P:MtIS<Jl+1>
fllJSJl ::I«)$(J1)
LS :;J1-(IC)S(Jl+l)-fl)$(Jl)-1>+U
L::MA)«LS.LSTIFF)
DO Z10 I:J.L.-1

I1=I-l3+1
IJS:<lC)$( Jl)+J1>-Il
IJSTIF=< ICX J}+J)-I
s< IJS>=STIFFcIJSTIF)210

C

C
c--- IC<BAR) =K<BAR) • C2*MASS

LMA$S::J-( I«lMASS< J+1 >-fIC:MASS( J )-1>
l:MAX<LS.LMAS$)
00 220 I=J.L.-1

Il=I-LS.1
IJS:<)f)S( J1 ).J1 )-Il
IJMASS.;:.(I'IlMA$S(J).J>-I
S<!JS)=HASSU.,NSS)!tC2 • S<IJS)2ZO

C

C
225 CQNTIN,E

ENOIF
C
C------ CALCLLATE Q AIrI) R vECTORS

00 2SO I;U.L"
Q<I>= C4·V(I). SitAe!)
R<I>= SlIV(I). CS*A<I)

C
C.
C.
C.
C.
C
c- I(e BAR >=!CeSAR) - CXGItGEOfIETRIC STIFAESS

LICC::J.-o:fG(GCJ+1~GCJ>-1)

L:fWCeLS.UG)
DO 222 I:J.L.-1

Il:I-lS+1
IJS=..: K)S( J1 )+J1)-I1
IJKG...-<MOICG< J)+J>-I
s<IJS):S<IJS) - ICCCI..KG>-CKG

E!oIJIF

C
c•••.••• PSAR:P8AR +Ma$S1tC QCI> + C$-.tcI> )

00 250 L-LS,L4
i'OJ:KlMASS< J).J
"=J-< fIOiIASS()+l >-tOVoSSC J»+1
M=MAXCM.LS>
00 250 I;M.J

P8AR<I):P8AI«I). MASSOtJJ-I)lt( QCJ>+CS"RCJ) )
CONTINA:

00 255 I::LS.1.L"
MOI,HOHASS< 1)+1
"'=I -< MOMASS<: 1.1 >-MOMASSC I ) )+1
"=lW«M.LS>
00 255 J:::M.I-l

P8AR(1):P8MCI)+ MASSOOI-J)*( Q<J>+CS"R<J) )
255 CONTIN..E

ENOIF

c
C
C----- OETERHINE ACCELERATION. VELOCIlV AlII OISPl.ACElENT AT TIME OT
C OA =IN:RIfENTAL ACCEL£RATION BET"EEN TIMES T AN) T+OT
C ov : INClllJEHTAL VELOCTIV BETlEEIl TIMES T AIIl hOT
C 00 =D«:RtlENTAL DISPl..AOENT BEnEEH TIMES T AhO hOT
C

2SO
C
c-- FORM DVNAMIC LOAD
C
c••.•••• INITIlIZE P8M= CPtnETA
c THETA::1 FOR LINEAR ACCELERATION
C Tt£TA=2~ l...INACC IS CAU.ED 8V AVERAGE ACCELERATION

00 240 I:L5,L't
2~ PBAR<I>= ~I"T1o£TA

C
C----- SOLVE FOR INCllIMENTAL DISPl.ACEJEIlT OIlER mE INTERIIAL OT
c. .. . . .. NOTE: - WORlC IS USED FOR TEMPORARY WORK SPACE
C ~ IF NEl«DV=.FALSE. 1lE DvtWQ:C STIFRESSHAS ALREADV
C BEEN REDUCED TO \FPER TR:LUG..l..M FcaM
C

C
C••••••• NOTE: - PUR CONTAINS THE INCRIMENTAL OISPlAOENT BETWEEN
C HIES T AN) T+OT AFTER TIE SECON) CALL TO MSOLL

CALL MSOLL< S.8Uli.JI=REE. DClS.'*REE.l.l.NFREE ,1GS.S.P8AR•WORK.
• .FALSE..",-""" •.m-.l.
• .FALSE.."'-""".IlUIlY.1._Tl
IF <ABORT) RETLIlH
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IF (FIRST .OR. ElIJG) ..rn (6.191>
"ITE (6.192}"" ,eSMo\l<K).K=l. 8)

READ (5.*) TYPE .( SMATCI>.I:.1. 8)
L£LfJI ; 12
LMAT= 1...

DfIlIcn R'EM.(A4I.O-Z)
LCGIC.&l... ERR .FIRST .PRINT.8IJG
LOGlCAL BTEST
OIIENSION SE< loo).SNAH2S>.OUCT( 5).EKCR(6)
OWlACTER*80 TVP£

SEC1>=£-U:
SE(Z};(lj*AY
SE(S):GItAZ
SE<lt>=C"ttDC
SE< 5 >=£-WIV
SE(6)=£''ttU
SE( 7>::RttIIZ
SE( 8>:III:.JJZ'
SE< 9)::mcIJZ
SE<10>-RICIIV
SE<U>:ilXJJf
SE( 12 >=b:I.N
SE(1S>::fESE
SEC 14 >=£PSE

C
100 CONTDIJE

C
C-- m>uT OATA
C E = SMAT< 1)
C Ci :: SMAle 2)
CAM:: SMAT< S)
C AV =SNATe ~>
CAl.:: SMAI( 5>
C DC =SNATe b)
C IV = SMilT( 7>
C IZ = SHAY< S)
C UIZ:: SMAl< 9>
C I(JJZ = SMATelQ>
C I(1JZ::t SMATeu>
c I(JJV::t SMAl( 12>
C KIIV:: SMAI( 15>
C OJY = SMlHU>
C

C
C--- TRANSF£lI EIlOIUES FOR BOTH IClPT;S ......

ltOO EESE::$E<U>
EPSE=SE<l'" )

C
C--- fRANSFER 0 , E FOR BOTH IOPT=S oUrIJ ...

DO 410 1:.1.5
oucr(I>:D
EXCR<.I>=O

"10 EXeR< 1.1>=0
C

C ------MAT00220
C--- GLOBAl VARIABLES MATOOZ30
C~IOPT :; 1. IHITIAllZE MATERIAL HATOO2~
C ; 2. G£T STIFF!£SS MATOO25O
C SMAT =- INTERIrUL STORAGE MATOO260
C SE ; OUTPUT STIFFlESS ""00270
C------------------------I"'AT00280
C "A100290

MATOO300
MA1OO510
",AT00320
"'A1oo35O
MA1D05~O

MATOOSSO
MATOO~60

MATOO~70

MATOOsao
"'AToo:59O
MATOO<OO
"'4100410
MATOO't20
MA1ClO'tSO
MA1~

...T()IW;O
MATOO'i6O
/l4AT~70

MATOO460
HA100490
JIIAT00510
MAT00520
JltATO05SO
JIIATOO5oW
""T0055O
MAT00570
MATOOS80
MATOOS90
...TOO6OO
JIIAT00610
"'6100620
""TOO670
"'6T007oo
"'AToo710
"'AT0072O

"-=200=",=,c",,'=-'n"'\A.E==-==== GET STIFFJESS TERMS =====::=--=====::~~~~
E =SMITe 1> MAT007'SO
Gi =SMATe 2> MAloo7bO
A)C :; SMAT( 5> MAT00770
AV = SMATe ... ) MAT00730
Al = SMAT< 5) MAT00790

R'D( =SMAH 6) MATOO8OO
R'IV :; SMATe 7) MAT00810
R'U = SNAre 8) MATOO820
R'KII2 = SMAT( 9) MATOOSSO
1lKJJ2 :. SMAT<10> MA TooS6JO
IlK1R =SMAT< 11> MATOOSSO
1lKJ..N = SM.U( 12> MATOO86O
R1tID :: SNAT(!3) ""TOOS70
R'UoN ::t SMT(l...> MAT00880

MATOOSqQ
"'ATOO'KlO
MATOOqLO
MA1Q0920
MAT(l(JQ'SO
MATOlJ9"O
MAlOO'/';()
...100%0
MATOOCJ70
MATooqao
MAT()JQQO
MAT01000
"'UOt010
MAT01020
MAT010SO
MAT0100t0
MATOlasa
MATOIObO
MATOI070
MATOIOSO
MAT010'il0
JIIATOl100
M'TOlllO
MAT01120
"'ATOl150
!ttATOlhO
M,roll50
MAT0l160
MAT01170

RETtMN MATaIlSO
~ MAroll~

C============--===----=====:::.::==::::=~==::===================="'A'f~
Sl8ROUTINE NT02 ""TOOOSO

& (loPT ,m.NO ,ERR .fIRST ,PRINT .Bl.IG. MATOOOtoO
& NAT ,SE ,P,Pl.O.Il...V.VL.LELEM.LMAT. "'AT00070
& SMAT.EESE.EPSE .OUCT .EXCR ,DAMAGE > MA T00080

"'i\TlJQO\lO
""r001OO
MAroollo
I"'IAr00120
/IIATool50
""'fOChO
MAroolSO

C "'ATool00
C---__ LENGTH OF ELEMENT DAU REQUIRED... "'AToo170

LaE~SS MATOOl80
IF <IOPT.EQ.O) R'El1.MN "'ATool90

C 111'100200
C--- ------------------------------""T00210
C VARIASlES; MAT00220
C------ ------------------------------------MAloo2SO
C--- Q..08AL VARlABLES MATOO2'tO
C IOPT = 1. INITIALIZE MA TERIAl MA T00250
C :: 2. leT STIFHESS MAloo260
c Rn~lJT = JNlUT OATA MAT00270
C SKI.T :: INTERNAL STORAGE I4ATOO280
C SE = OUTPUT STIFFJrESS MATOO29O
C --------------MATOOSOO
C - A)Clt«JO DATA - MATOOSI0
C SMAT<l)= $C. COflRtESSION STIFFJ£SS M'Too520
C SMAT<2>= ST!. INITIAl TENSILE STIFFlESS ".,ooSSO
c SMARSh S12. POST VEllO TENSILE SllFF)ESS MA 'f005..0
C SMAT(~>= py. 'Y'En.O POINT MATOOSse
c SMAT<S>= AL..Pt4A. A)ClMOO PARAMETER MAtooS60
C SNH6>= aETA. A,)QJIQ) PAR»lETER MATOOS1O

INCLUOE {.zCOMN >

Ie :; N2cIZMAT+fiUoT
IOPT :; roPY
IF (IOPT .NE.I> T1£N

MAfTVP = NZeIC>

IF (BUG) THEN
lMO=NZ( IZMOHS+NJOF)
CALI. LMATR)«(Z(IZMASS).NZ(I2M:I4S>,~.IMD.NAME)

EIIlIF
EIIlIF

NZ<IC> :; MATTVP
ENIlIF
IF (LSTTVP.EQ.MATTVP> nEN

FIJrST=.FAlSE.
RSE

FIIlST;. TRl.E.
IF (JoEAO> \oRITE (6.S05) TITU(l). TITLE<2>
FORMAT ('1 STRUCTlRE.... ; • ,1..1

• SOLUTION••••• :' ,A.J)

IfII'LICIT REAlCA-H.o-Z)
LOGICAl ERR .FIRST .PRINT .BU:Ii
LOGICAl BTEST
DIMENSION SE( l00>.SMl.T(l\ ).eucre S).EXCR<6>
CHARACTER-SO lVPE

IF ClOPT .EQ.D) THEN
LELE"'=!'t
RET"""

ENDlF

C
C----o£CK FOR AN DNAlID HATERIAl~ •••

IF (MAT.L.E.O .OR. MAT.GiT.NUT> HEN
HRITE (b.189) HAT

189 FORMAf (5)(,20('.').' ER' ,'ROR. INYALIO MATERIAl PROP ••·.ISI
& SX.·CORRECT I~T. ••••••••• ')

CAU. ERRTRA
RETUIlN

ENDIF

RETUIlN
END

C=======--=======---
SlAlRWTINE ...TLIB

8. (IoPT ,L.STTVP .PRINT .IREL..I£AO.NAIE.EESE.EPSE.OUCT.EXCR.
& P .PI.. .0 .DL .V .VI.. .LElEM .LMAT
& MAT .MATTVP.SE.IElNO.DAMAGE)

OIMEHSIOH P( lZ>.Pl.( lZ>.lX 12>.[l.< 12>.Y<lZ>.'A.(12)
LOGICAl KSAJE.ERR.FIRST .PRINT .HEAD.BUG2
LOGICAL 81EST
DIMENSION SE<lOO).CU:T(S>.EXCR(S)
CHARACTER"80 NAME

6.HZe IZ1.M) ,ze IZICE). frC).HAM:) JIIASOO56O
c ~~

c--- GENERATE THE MASS MATRIll HASOO58O
IZMASS=IZ ~90

IZ:IZ + N2eIZI«IMS+IO:)F) MASOO6OO
00 'iOO I;IZMASS.rz HASOO610

ze 1)::0. MASOO62O
Iw-rz HASOO63O
IZXE=IW fI4ASOO640
IZlM=II<+Zl HASOO650

CALL !'FORM< 2. DfifASS.t.MASS.Z( IZHASS ).HZ( IZ:MOtIS) .KJ.hOOF .IfIO. TITLE,MAS00660
& "-NOOE.MAXHOO.NCOS,BUG.IBUG. MASOD670
& NZ( IUD) .Z( rzcos) .HZ( IZIDOF).Z< IZCNST ).NZ( IZAG), JItASOO68O
& NZ{IZJCOS).Z(IZMDAT).Z(DO.NZ<IW+21).Z(IW+Z7J. MASDCl690
" Z(n.. &3).Z(114+ 99)) NSOO7OO

MASOO710
MASIlO7ZO
NAS00730
NAS007<O
NAS007';lJ
MASOO76O
NAS00770
IfASII0780
MASOO790

- ===---==:MATOOO10
MATOOO5O
MATOOO6O
MATooo70
MATOOO8Il
...TIlIlIl'OO
MAT00100
MATOOUO C
MATOOl2O
MAT00150
MATtXUlrO C
MAT00150 191 FORMAT(/' $-0 ELASTIC BEAM REMENT'I
*T00170 & ======================' II
""T0018O & "x. 'MATL.', n<t, 'E' • T20.·GAfIItA·. rss.· AX'. T~S. ·AV·. T5S.· AZ',
JUTOOl90 & T63. ·IX·. T75.· IV' •T8S.· U' f)

MATOO2OO 192 FORMAT Utx.I.... IP.8C.lO.SI>
,....T00210 C
",TOO22O C
MAfOO2SO
...TOO2SO
MAlOO26O
...1002l0
...TOO28O
...TOO29O
IUTOOSOJ
",fCOSIO
...100=
MAT0Q5SO
J(IrorB~

""f0055O
"'100560
...TOOSl1l
...TOOSIlO
,14&'00590
...lllDOOO
KATOOftlO C
Ji'ATOM20
"",r~so

OAMAGE::O MATOO!t<WJ
BUG2=8fEST(IBUG.I0) MATQ0f,5Q
IF OtATl'VP.EQ.l> TI£N MATOOtt6Q

CAU. MATOI ",r~lO

& (IoPT .IEL.HO ,ERR .FIRST ,PRINt .su:az. MATOOttBO
I. NAT .SE .P,PL.O.tI...V.VL.L£LEM.LMAT. MTCJOft90
& Z(rc.l).EESE.EPSE.OUCT.EXCR) ""'100500

ELSE IF (MATTVP.EQ.2) TtEN *T00510
CALL MAT02 *r0052O

& (IOPT ,IELNO .DR .FIRST ,PRINT ,8UG2. MATOO5'50
& Jlt41 ,SE .P.Pl.D.Ol.V.VL.LELEM,LMAli MATOO5<W
& Z<IC.1).EESE.EPSE.cu:r .EKCR.OAMAGE) ""'100550

ELSE IF (MAfTVP.EQ.S) THEN .TOO56O C
CALL MATOS MIoTOQIi70 :sao SE( lS>:d)

& (loPT .mHO .ERR ,FIRST ,PRINT .SUG2. ""TOOS8O SE(l"'>: (p~)lz * (D-OL>
& NAT .SE .p.Pl.O.OL.V.VL.LELEM,LMAT. IifATOO590
& Z<IC>I>.EESE.EI'SE.OUCT.ElCCII.DANGE> ...100f000

ElSE IF (MATTVP.EQ.'t> THEN .."T00610
CALL MAT~ NATODb20

& <lOOT .IElNO .ERR .FIRST .Pl!OO .llI.GZ. O4TOllb5Q
& NAT .SE .p.PL.O.OL.v.IJl..I.ELEM.LMAT. ""TOO6+O
& Z<IC.U.£ESE.EPSE.ClJCT .E>CCR.OAMAGE> MATOO6;Q
aSE IF (MATTVP.EQ.6> 11£N MAT~

CALL NAT06 NA100670
S (IOPT .IElHO .ERR .Fn"l::T .PRINT ,8UG2. MATOO68O
& MAT .~ .P.Pl.O.Ol.V.Vl.LELEM.lJ'U,T. ",TOO&9O
&. Z(IC.l ).EESE.EPSE.OUCT .EHCR.DAMAGE) MAToo700

ELSE IF dIATTVP.EQ.J) THEN MAT00710
CAlL HATOI ""Toono

& (rOPT .IElNO .ERR .FlItST .PRINT .8IJG2. MATOO~

& MAT ,SE .P.Pl.O.Il..lJ.Vl.LElEM.LNT. MATOO7~
& Z(IC.l).EESE.EPSE.OUCT .£XCR.DNWiE> ""T001'5O

ELSE O4T0076O
IoRlTE (6.10) IELNO MATOO71O C
ERR=.rRt..E. ""T0078O

10 FORMATC' ELEfENT '.16.' IS NOT AV.lILA8LE' ) MAToo790
E~IF *100800
LSTTVP:MATlVP MAT00810

C ""TOO82O
110 FORMAT (OP,' ZMAl'RHc .16.' );' .Il5•.1P.G20.1D> MATOO8+O

MAT ; HAr MATOO8SO
RETURN NAT00870
END MA ro0880

c==========================================--================:MAToooI0
~OUT1NE MATDI ""TOCJOr,Q

& (rOPT .ISTOP .ERR .FIRST ,PRINT .BOO. MAllXXJ5Q
& MAT ,SE .P.Pl.O.CI..V.Vl.L£lEM.U4AT. MATOOO6O
& SMAT .E£SE.EPSE.DU:r .EXCR') ",,100070

...10008Il

...TOOO9O
",,100100
MATOO110
MA1OO12O
NATool5O
MATool+O
*Too15O
NAToo16O
..TOOI70
MATOO1SO

C *Too19O
C ---------------------......TOO2OO
C VARIABLES: *100210
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: _ OF Il.tClC8ONE SEGEIEIITS

=N..IIIER CF SMILL LOOP POINTS

IF (IOPT.NE.1> L£lEM::S.r,.S*SMAT(2J+2
IF (IOPT .e4.0> REl'l.Rf

GO TO (lOO.200.SOO.'W)O.SOO>.IOPT

IMPlICIT R'EAL<A-t4.~2>

LOGICAl ERR.FIRST .PRINT.""
LOGICAl BTEST
DIMENSION SE(1CO>.SMAT<SO >,OUCT< S>.EXaK6>
CHARACTER-tKJ TVPE

100 CON1'DI£

NSEG
, NI

C
C-- SAve IWCIMUM PEAK POSITIVE OISPL

IF <D.GT .SE(52» TlEN
SE($.2>=D
SE(SS>:P

ElIllF

V::Vl MAT01620
C-- IS P GREATER THAN LIMITS ? MAT016~

ELSE IF <((PI..1£.A .AIIl•••1£.P1 .011. <PL.GE.A .AlCl. A.GE.P)).AIIl .....T016..,
& <STIFF.HE.O.OD» no I'IAT0165O

01:1l..><A-PLl/STIFF ....T0166O
Pl:A MAT01670
CALl. STREIG <SE<271.SE<SOl.SE<Sl>.P1.PL,Ol,lX..SE<l1.SE<!')) HAT01680
lX.:D1 HAT01690
Pl=P1 MAT01700
IF (ASSCP-PL).GT. O.OOS*A8SCP+PL» nEN HA101710

PI:Pl.cP-PL>" .01 "'AT0172O
OI::D..+<D-O.. >* .01 MATOll5:0

ELSE ....T017..,
PI:P MATOllSO
01;0 o'tAT01760

ENIlIF HATOlna
IF (BUG) no MAT017SO

WRITE (6.*) 'c-- IS P ~TER THAN LIMITS? ' *101190
WRITE (6.*> 'Pl..Il.=' .Pl..a. MA101800
WRITE (6.*> 'PI,Db' .PI.DI MAT01810

ENlIF HAT01820
CALl. HYST02<PI,OI.PL.lX..1•• 1 ••SE<11.SE<Zl. MAT018SO
$MAT< 1 >.SMATe 2 >.SMAT< S).SMAT< ~ >.SMAT<5 >.SNATC6 >. "'AT018~
SlUT(7),SMAT(S).SM&Tc9).SECS).SEelf>.SECS).SEcb>.SE{7),SE(S>.MAT01SSO
SEc9 >.SEC lO).SEC 11>,SE( 12).SE< 1$> .BUG. MAT01860
SECllj.).SEc2]>.SEcSO>,SE<.Sl>.SE(LS).SE<18>.SE<21>.P ) MlTOIS70
V::Vl MAT01880
GO TO !a0 MATOlS90

C-- IS P LESS THAN LIMITS ? MATOIQOQ
aSE IF «P.LT.Pl .AlI). PLLE.A) .OR. ep.Gl.Pl .»1). Pl.GE.A)H~T01910

IF (A8$(P-Pl>.GT. O.OOS*A8S<.P..Pl» TlEN MAT01920
PI:PL.(P-p\'>".Ol MAT019W
OI::DL..cD-O..>••Ol MAT01~0

B..SE: NATOIQ50
PI:P MATOIQ60
01:::0 MATOIQ70

etllIF MATOi980
IF (BlAi> TIEN MATOIQQ()

WRITE (6.· > •C-- IS P LESS THAN UMITS ? ' ""T02OOO
WRITE (&•• ) 'PI,oI=' .PI.OI MAT02DIO

EMJIF MAT02020
CALl. HYST02<PI.OI.PL.lX..1..1 ..SE<l1.SE<21. HATD20SO
SMAT<l),S*TCZ),SMT< S >.SMAT<lj. >.SMAres ).~T<6). MATO'2O'W)
SMAT( 7>. SMAle 8 >.SMAr< In.SE< S>.SE( ~ >. SEe5 >. SE( 6) .SE< 7) ,SE< 8 >,HAT02050
$£( 9>.SE<lO>.S£( 11 >.SEC 1Z>.SEc13>.BUG. MAT02060
SEC1ft>,SEC2n.SECSO).SE(31).SE(15>.SE<18>,SEC21>,~ ) HAT02070
v::1Jl MAT02080
GO TO SlD M'T02090

EhO!F MAT0210D
"'AT02110
MAT02120
HAT02150
MAT02hO
MAT02l5O
MAT021&O
MAT02170

IF (BUG:> t«ITE e'.•' 'STIFF=' .STIFF.· A::' ,SCU5:> IUT02180
C MAT02190
C-- TRANSFER EfrERGIES FOR 80TH ICPT=3 AfrIJ it. MAT0220Q

"'CO EESE=SE<Z7> MAT02210
~~C~) ~ron~

C "AT0225O
C-- TRANSFER llUCTlLITIES AIrCJ EXCRUSIQN RATIOS FOR BOTH IOPT::;5 All) 1o.MAT022~

00 1010 1=1.5 ""'T0225O
DUCT< I>::MAM< SE<.1".I>.SE< 17.1» MAT022&O
EXCRCI>=:SEC2Q+1) I1AT02270

lola E)(CR<X.S>:SE(20+I+:5> MAT02280
C MAT~

RETURN HA102;00
C "',T02UO
C=======-===z:= DAMAGE IlIJEX ==== .:================"AT02:;2O

c;oo CONTDIJ£ I1AT025~
EESE=SE< 21 > "'AT025"0
EPSE=SE<.so> HA T02SSO
BDAM:SMA1'< U) "'A T02S60
o :::SE(32) MAT02S70
P =SE<5:S) I4AT02::;SO
OAMGE=A8SCO>fSIU,TCIO> .. 80M J( SMAT<ot)*SMl'C10» • EPSE HATOZ!;90

MAT02<tOO
",AT02410
IUTOZ't2D

RETURN MA T02450
8G MAT024~

c=========== ==========--===:============;HATOOOIO
SlJBROUTINE MATOS "'ATOOOSO

&. (IOPT .IEl..JI) .ERR ,FIRST ,PRINT .8W. "'AT()()()60
&. MAT .SE ,P.Pl.O.lJ...V.VI...L£LEM.lMAT. MATOOO70
&. SHAT.EESE.EPSE.OOCT ,EXCR.(JMA(OE) MAT00080

HATD0090
MATOO1OO
MAfoo110
MUOO120
iUoTOOl5:0
MAT'ool40
MAToo15O
...ATool&O
MATOO170

C IoIAToo18O
C --I4ATOOl90
C VARIABLES; "'AfOO2OO
C -----------M.T00210
C---- 1108M. YARIASLES MAT00220
C IOPT :: 1. INITIAlI.ZE MATERIAL lUTOO250
C :: Z. GET STIFFN:SS MATOO240
C SMAT = INfERNM. STORAGE MATOO250
C SE = OUTPUT STIFFNESS !ItAT00260C---- ---------------------><'TOO270
C ---- BENJl DATA - MATOO28O
C SMATC1>: NSEGS. JrUeER aF BotcK.8OtiE SEGMENTS lUTOO290
C :;MATez>: NI. !OIlER OF SMAlL .AMIlITUOE LOOPS IllATOO~

C SMAK5>: CSE. CONSTANT STRUN ENEflGV... ~TOOUO

c SMAT<~>= av. VEn.O POINT FOR tu:TILITIES MATOO~20

C SMlT(5 >= BDAM SETA FOR DAMGE IIr«JEK MAloo:55:0
C $MAreS.I >= P9. BAClBONE fIOENT FOR POINT I MATOO:!i'tO
C SMAT(S.I+NSEGS>.: CP. BACUOtE ROTATION FOR POINT I KATOOSSO
C ~TOO~

MATOOS70
MATOO~

MATOOS90
HATlJOooOO

------ JIIlUT OAT. FOR _1 HYSTERESIS IOlOEl -----CHAT"""IO
CMATOO'tZO
CMAl()()'t:5Q

CMATCIQot"oO

AJU4QO PARAOET8l
Al<LMOO PARA>ET8l
cONSTANT STRAIN a.ERGV
....TIMATE OISPLACElENT
IlETA FOIl _ INlElC

=SllIlPllESSION STIFFhESS
: INITI.... TENSIlE STIFFNESS
: POST VED.lI TENSn.E STIFFNESS
: VEnD LOAD
': HOIJEf.. COIEFlCIENTS
: IOlOEl COIEFICIEHTS

SMlT<7>.: OVT,
SI1AT(B>= OVC.
SMATC9l: CSE.
SMAT( lO)--OfIW(,
SMATCll>:::BOAM.

READ <5.*) TYPE .c SMAT(I).I:l.6),rl.JCMAX,8QAIf
LMAT : 11
SMlTC7>:: SMAT(it)/SfU,Tc2)
SMATe8>: -SMATC~)/SMAT<1>

SMAT<9l:: SMATClj.)**2J(2*SM&T<2"
SMAT( 10>=Ol.OWC*SMAT(7)
SNATe1.l>=BDM

C
100 CONTIlI£

C

C
C
C
C
C
C
C
C
C
C sc
C STl
C 3T2
C PV
C ALPHA
C IlETA
C
C-
C
C

....TOMSO

....TDDS90

....T~
MATOCJttlO
....TOOi20
MATCIl)ItSO

TIE FOllOWING ~I~~~f~~IOlOEl----~i=
CMATOOi6O
CMAT0l:K>70
CMATOOi8O
QlATCJOlt90
CMATDD500
CMT00510
CMATOO5lO
CMATOO5SO- -<JCMA..TDD5<O

....TOO55O

....TOO5OO
",100570
....TOO58O
....TOO590
....TOD6OO
MA100610
....TOO62O
....TOO6S1l
....TD06'O
....TOO65O
....TOO66O
..TOO6lO
....TOO68O

IF (FIRST •OR. BUG) I«ITE (6.192) MAT00690
WRITE (6,191> NAT.(SMo\T(lO.K=1.6).CJLOUJ(.8OoUf *100700

c MA1OO710
191 FORMAT (lX.I5.8G15.61> MAloone
192 FORMAT (/11' A)(UI(I() HYSTERESIS MOtEL- Felt lNIT LEh'GTH IEMBER'/MATOO1SO

& ' =====--=--==--==--========' IIMAlOO7..o
&' MAT.' .~.' SC' ,lOX.' $11' .IOX,' $12' .1OX,' PV·. MATOO1'iO
& lOX,'AlPHA'.lOX,· BETA', 6X.'MA)( DUtT.',lX,'BETA-OI') "'1007&0

MATOO770
GO TO 9999 IU,TOOl80

c===========--== GET STIFAESS TERMS ==--=-==MTOO7'QO
200 CONTDA.E MAToaeao

C - A)Q.,MQQ MODEL DATA STORAGE FOR lEJIIER - MA100810
C SEc 1)= S MATOO82O
C SE< 2>= ... MAJOO8SO
C SEC S>= FlUJC MATDOI.o
c SEC ~ >= [MAX MATODISO
C SEc S): F)( MATCI08bO
C SEC 6>= OK MATOOI1D
C SEc 7>: FP MATOO88O
C SEC 8)= CP MAT~

C SE< 9>::: KR MATOO9OO
C SE<lO>: (S MA100910
C SEel!>: U ",100920
C SEc 12>= w. MATOO95D C
C ~<lS>= ... MATOO9'tO
C SEn. >= S_EQ......OAIl - EQUIVAL£NT ...._ STIFFIESS ....IOQ'J';O
c SE<lS>=: \.POSCl> MATCI09&O
C SE<l6>= l.POSC2> MA100970
C 5£n1>:: LPOSCS) NArOO9SO
C SE<lS>:: lIE(i(l) IUTOQ9liM)
C ~<19>= !.HEG(2) _1'01000
C SE<20>:: lHEGCS) NAT01010
C SE<21>: EXCR(1) ",T01020
C SE<22>= EXCJK2) NAT01O$O
C SE<2S>: EKCR<S) MAT01~

C SEe2lt>= £)(CR(it> lUTOIOSO
C $Ee2S>=: EXCR<S> *101060
c SE<26>: EXCRC6> MATOI01O
C SEe27>: ESE<1> ..TOI080
C SE<28>= ESE<2> MATOIQQO
C 5£(29):: ESEcS> *T011oo
c SEe~ >= PSE MTOll10
C SEC~l)= PSE OLO *T01120
C SE':32>= POS:tJrWC MATOU50
C SE<SS>= POS PM&K MATOlhO
C - MA1'0115O

00 210 I=l.lfLEJI ....101100 c
210 SE<I>:<l *T0111O 9999 CONTINUE

CALL HVSTQ2CP ,0 .PL,I1..V .1Jl.SECl.>,SE<2>. *T0118O C
& SMAl<l >.SMATC 2).5*T( S>.SMAT< it) .SMAT(S >.SMT(6).SMAT< 7) .SMAT< 8>.,...T0119O
& SMAT<9>. NAT01200
& SE< S'.SE<".SE<51.SE<61. SE< 71.SE< Sl.SE< 9>.SE< 10>.SE<1l1.SE< 1Z). ....101210
& SE<!S>.8UG. SE<1"t>.SE(27),SECSQ>.SE(S!>.SE(lS>.SEC1S>.SEC21>, MATOl22O
& rat> _1012$0

IF <BUG> hRtTE <f•• -> 'STIFF::,' .STIFF.' ~',A MA101~
GO TO ~ MATOl2SO

c ""T012&O C
C:S;;;;~:;;:~NE::=:::=:::= GET STIFFI£SS TERIIS =====~-----==:::::~~

SEC 1>= A "'TOl29O
5C'C1S>: A "'0t300
ICvc:o MA101.510
IF (800) THEN NAI01520 C

WRITE <60.·) :====~IJl~""~:T~02~=:':Ia.HO~~::.IEJ.ND. ::~~t~:
WRITE <6.*) '1:' ,SE<l$) NAT01350
WRITE <6,·>' p.D=' .p,D " V='.V MAT01.S6O
WRITE <6,·) '1'\..lL=' .PL.ll..· Vl::'.VI.. MAT01SlO

EIlIJIF NATOlSllO
IDR=999 ..T01$9O

S10 STIFF=SE<l> MATOl1tOO
P=PL+<o-tl.>·STIFF NTOlitl0
4=$«1$> MATOltt20
IF <A •.EQ.O .NIJ. SE(2).EQ.0> A=P MA10HSO
!CVC:ICVC..1 *TO!<HoO
IF <BUG> 11EN ICAT01~

WRITE <6.*) 'STIFF=' ,STIFF.' 4=' ,A.' !Pt=·.IDR MA10llt4)O
WRITE (6.*) , P:' ,P , 'ICYC=' ,ICYC MAT01~70

EN:)IF II'lTOllt8O
C MATOl~90

c---- IS P wITHIN LIMITS ? MATOl500
IF <tCVC.GT .5) Tf£N MA10151D

WRITE (6.·> 'MORE THAN 5 cva.£S IN *T02. IBJID:'.IEl.NO NATOl520
ELSE IF «PI..1£.P .AlCl. P.LT.A> .OR. <Pl..GE.P .AIII, P.GT.A> .DR.....T015S1l

.. ([l..EQ.D» T1£N MAT01SltO
CALL STRENG <SE(Z1>.SE<SO).SE<Sl).P.Pl.D.Cl..SE(U.SECU» MAT01SSO
IF <BUG> 1«11£ (6.·) 'C-- IS P WITH IN UMITS ? • MATOl560
CALL HVST02CP ,0 .Pl..Il..V .VL..SE<l).SECZ). MAT01S70
SNOHl>.SllAH21.SMAHS1.SItATC",SllAT<51.SllAH61. ....T015SO
S*.T(1).SMAT(S>.SMATC9).SE(S).SEC.>.SECS).SE<6).SE(1>.SECS).N.TOLS9O
SE(9).SE(10>.SECU>.SE<12>.SE<!S>•.au.. MAT01600
SECl~).SE<'U).SE(SO),SE<Sl>,SE<lS>.SEC1S).SE<21).IDR ) MAT01610
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LELEM = S....S*NI .2
LMAT = S.Z*nSE.G
SMAT< 1 )::NSEG
SMAT(2)=NI
SMATCft):OV'
SMAT( 5)=8DAM

C-------- C-'l.C CONSTANT STRAIN ENERGY••••
Ol=O
PL:O
DO 10 I:1.NSEG

P=SMAT<s.n
O:::SMAT<S.I+NSEG>
IF CO.LE.OVJ THEN

cSE=CSE .. O.S*CP<tPL>*<D-tl.>
PL:P
Cl.'"

ELSE IF CO.EQ.l1.> TlEN
GO TO 20

ELSE
PV=PL+ <OV-Q..)-CP-p\')/<O-(1)
CSE=CSE .. O.S*<PV+Pl,)*(DV-oL>
GO TO 20

E'ilIF
10 CONTINI..E
20 SMAT(3):::CSE

C EI ELASTIC STIF'FfESS CMAT~ "RITE C6.*) '- IN MATOS JltATOl720
C G MOMENT GRADD£T CMATOOlt6O WJlITE (6.*) ·P.D" ,P.D MAT017~

C PP BACKBONE LOAD CMATOlJlt70 WRITE C6,,*) ·PL.D..=· .Pl.[l. MAT017'tO
C I:P llAClC80NE OISPl.ACElENT ClOATOO480 E'ilIF MAT01751l
c CMATOlJlt90 SID STIFF::SE(1) MAT01760C-,----- ----__-----------.....CMATOO5OO p=p\'+(D-!l.)*STIFF ".TOl770

REAO (5.*) TVPE .NSEG.NI.OV.BDAM MAT00510 A:SE(ft) MA101780
REAlXS,*) ( SMATeS.I ).I=l,NSEG) MA100520 IF (A.£Q.O .~. SE(2).EQ.O) 1lEN HAT01790
READeS•• ) < SMATCS.hNSEG).I=1,NSEG) MAT00550 A:SlGiNC$MAT(6).P) "A101800

MATOO5400 IF <P.LT.Pt.. .AN). Pl..GT.O •.u«:t. P.GT.0) A..-o MAT01810
MAT00550 IF <P.GT.Pl .AM). Pl.LT.O .ANJ. P.Ll.O).4=O HAT01820
MATOO56O OOIF HAT01850
JllATOOSlO ICVC=ICVC+l HAT018<tO
MTOOS8O IF C!ll.GJ Tl£H ".T0185O
MA100600 "ITE (6.*> 'STIFF=" .STIFF" ,&:'.A I'IA101860
MAT00610 IoRITE (6,·)· p:".p ,·ICVC=·.ICVC MA101870
MATOO62O E~IF NA101880
Nt.TCJQ&SO C MAT01890
",T~ C-- IS P WITHIN LOOTS ? HATOl900
MATOll65O IF CICVC.GT.I0> TlEN MA101910
MATlJ0660 \oRne (6.·) 'MORE THAN 10 cva.ES IN MATM. mNO:' .IElHO "A10192O
MATOO67O elSE IF «PL.LE.P .AN). P.ll ••> .OR. <Pl..CiiE.P .AN). P.CiT .A> .OR. HAT019SO
MATOO68O & <tl..E4.D» 1l£N MA101940
MA100690 IF (BUG> I«ITE (6.·) 'C-- IS P wITH IN LIMITS ? • HAT01950
MlT00700 CALl S1R£HG <SECSO>.SE<SS>.SECS.. ).P.PL.D.Cl..SE(1).SE<17» MATOI960
MAT00710 CALl H't'STOSCP.O.PL.a..OVEL .NSEG.NI. MAT01970
MATOO720 SMAT< 6>.SMAT<Jl>.SMAT< 6).SMAT<Jl),SI.SMAT<S), "'AT01980
MlT00750 SEC D,SEC Z>,SE< S>.SE< 'f).SE< S).SEC 6). HAT019QQ
MAT007.a ~< 7>,SE< a>.SE< 9). MAT020lX1
MATOO]SO SEcI0>.SE(11).SE<12>.SE<!S>•.$E<1").SE<lS). MAT02010
MAT00760 SE(16).SE<5S>.SE(J3). MAT02020
""TOO170 SE(Jlt).8UG. MAT020SC
MATOO780 SE< V).SMlT(~).SEC SO> .SE< SS).SECS~ ).SE< 1S),SE(ZI ),SEc 2,,) MAT020'!-O
MAToo790 0VEL=1 MA T02050
MATOO8OO c-- IS P GREATER THAN I.IMITS ? MA T020b0
MAT00810 ElSE IF «(Pl.LE.A .AN). A.Le.P> .OR. (PL..GE.A .AtCl. A.CE.P) ).AfrI).HAT02070

IF <FIRST .OR. 8I.G) I4lITE <6.55) MAT00820 & (:iTIFF.NE.O.OO)) n£N /IIAT02080
~ITE <6.5]) MAT ,NI.OV.8DAM.<SMAT<S+I.).SMAT<5-.«:+HSEG).J(=1.NSEG) ftATOO8SQ Ol=Il...<A-PL)/STIFF MAT020Q()
rRITE <6•• ) • J MATOO8~ P1=A HAT02100

C MATO08SQ CALl STREtG <SE<SO),SE<S3).SE<S~).Pl.PL.01.a..SE<1).SE<17) ,",TOZliO
55 FORMATU· 891)1 HYSTERESIS MOOEL OATA - lMIT LENGTH MEMBER' MotoTOO86O Ot.:Dl MAT02120

& I ' ====:::====================================:::='. MATOO870 Pl:Pl lilA T02l5O
&. I' BACK80NE ct.RVE POINTS - MATL NI' ,SX, 'OV' ,9X. MATOO88O IF <A8SC:P-PU.GT. O.OOOS*A8SC.P-tPl,» THEN ""T0216O
& 'BETA ',3)(.' IIIOIENT· .SX.'ROTATtON') MA1l>089O PI:PL.<P-Pl)*.ao1 /IIA102170

S7 FORMAT ( C28X.2Ift.2X,cas.b.5G.l5.6)/C68)(.2GlS.6» MATOO9OO 014.-< lH.'l. >·.001 MAT02180
C MA100910 ElSE IUTOZl90

RETURN MAToocno PI:P MAT02200
C========:;=====- GET STIFF"::SS fERNS =====--===::::;===MTOlJ'9SQ OI:D MATOZ210

200 CONTItAJE MotoT~ ENJIF MA102220
C ---- Bal)1 IC'IOEL. DAU STORAGE FOR IEItIER - MATOlJ9F;O IF (BUG) Tl£H MAT02250
C :iE< 1):; I( MATOl:)%O l«ITE <6.·) 'C-- IS P ~TER THAllI l..nUTS ? ' I'IAT022'fO
C SE< 2>= RLl.E ""T0091O "ITE (6.") 'PL.,Ct.:;' ,PL..a. MAT02250
c SE( 5>= OIR MATOOCJ8O WRITE <6•• ) 'PI,OI:::' .PI.OI' MAT02ZbO
C SE< .. >:: A ""TlJ09'lKJ E/tIJIF MA T02270
C SEC 5>= PM; ""T01ooo CJU. HYSTOSCPI.OI.PL..ll...1.00 .NSEG.NI. I'IAT02280
C SEC 6>:: PMH MATOI010 SMATC b).SMAT<Jl),SMT< 6).SMATeJl>,SI.SMAT<S), MAT02290
c SE< 7>:: ~ MATOI02O SE( 1).SE< 2>.SE( S).SE.c ~).SE< S>.SE( b), MAT02300
C SE< a>:: (»It MA101030 SE< 7>,SE< 8>,SE< 9>, I'IATOZSI0
C SE< 9>= BACK8 M4TOl~ SE(10).$E<U).SE(12).SE(U>.SE<1~).SEC15). JUrQ2520
c SE(10)= -'LPHA1 MAT01Ql;Q SE(16).SE<5S).SE<JS). JltAT02S~

C 5E<U>= AlPHA2 MAT01060 SE<)(t).BUG. MAT02S'tQ
C SE(12):: IR MATOI010 SiE(17).SM&T<~).SE<SO) .SE<SS).SECYt).SE<.L8).SEI.2V.5E1.2"'» MAro2SSO
c SE( 15>= SRi MAT01080 GO TO ~10 lolA T02SbO
C SE<1">= SR2 ""T01090 c-- IS P LESS THAN LIMITS? MAT02S7a
C $E<lS>:: SRS MAT01100 ELSE IF «P.LT.PL .AN). PL..LE.A) .OR. <P.GT.PI.. .AtCJ. Pl.CE.A»THEHlUTOZS80
C SE<l6>= SRM MATOll10 IF (ASSCP-+'\.).GT. O.OOO5*I8S<P~)) TI-£N MAT02...10
C :iECl"= E_EQ...L.N..OAD MATOll20 PI=P\..<P-PL )*.001 fUTOZ.;.2Q
c SE<l8)::: lPOS<l> MATOUSO DI:£l.+<G-a.)*.ool IIIAT02/tSQ
C SE< 19>= lPOS(2) MATOll~ ELSE MAT02....0
C SE(20)= lPOSCS) MAT01150 PI:P MAT02"5O
C SE<21>:: lMEG(l) MAT01.16O OI:D MATOZ-..oD
C 5«22>= UNEGCZ> *T0l170 ENJ1F MAT02470
C SEC2S>= !.JEG(S) KUOll80 IF 'BUG) no JltAT02480
C SEC~)o: EXCR(l) MAT0l190 ~ITE (6. 11 ) 'C-- IS P LESS THAN LIMITS? MATOZ'tQ()
C SE<25>= EXCR«2) MATOl2'OO "ITE <'"II> ·91.01::' .PI.DI MAT02500
C SE<26>:: EXCIt<S> MAT01210 aoIF fltAT02S10
C SEnT>= EXCRCft) *T0122O e:.t.U. HVST05CPI.OI.PL.Cl..l.00 .HSEG.NI. ...AT02520
C SE<28>: EXCR<S) MAT01230 SMAT< l»,SlU.T<JI).3MAT< 6).SMAT(JU.SI.5MATCS). MAT02S50
C SE<29>: EXCR(6) KUOI2'90 SEC D.SE< Z>.SE< S).SE< ~).SE( S).SE( 6>. MAT025..0
C SECSO>: EESE<l) MAT01250 SEC n.SE< 8>,SEc 9). MAT025S0
C SE<S1>:: EESE<Z) JlU.T012EoO $E<10>.SECl1).SE<IV.SE<!S>.SEC1").SEC15). MAT02560
C SE<S2>= EESEcS) MATOl270 5I:Cl6).SE(SS>,SE<JS). MA102570
C SE<S3>= EPSE IUT01280 SE<)(t)~8UG. MAT02S80
C SE<5t,);: PSE_OlD MATOl290 SE<l]).SMAT<~).SE(SO) ,SE<SS).SE<S4).SE<l8).SE\2l).~(24) MAT02SQQ
C SE<S....1 >=PR< 1) MATOl$OO GO TO 510 ~Aro2bOO

C SEn..... NI>-..PR<NI> MATOLSIO ENOIF MAr02bl0
C SECS~.. l+ NI)=OR< 1> MAT01320 C MAT02620
C SECS.... 2 I1NI):atCNI> NATOiSSO c----- SAllE M&KDtIt OISPl AN) IT'S Lo.t.O *T0265O
C SE<S~ ..1+2"'I>=FR( 1) fltA1OlSftO IF (A8S(O).CiT .ABScSiEcS6.S*NI») nEN IUT026..o
C SE< S~. SlONI>::FR(NI> MA10135O:iE< 55.. 5'"Wl>=P MAT02650
C $ECSS.. S·NI>=P_MAK MATOlS6Q SE(S6+ SItNI>=O MAT02bbO
C SE<~+ S*NZ>=ltMAX MlT01SlO al)IF ""T02670
C MlT01380 C MAT02680

NSEG=SMAT<l) MlTOlS90 IF (8l.G) loRITE (6.·) 'STIFF=' ,SE<l).· A::' ,SE(ft) MAT02690
NI ;:$MAT<2> MATOl~ C MAT02100
Jl.;:; NSEGi'b MATOHI0 C--- TRANSFER BEReIES FOR BOTH IOPT=5 AN) ~. MAT02710
JS= Nh~ MAT01ft2O ;.00 EESE:;SE:(SO) MA102720
A~2otNI .. SS MATOlttSO EPSE;:.SE<S3> JllAT02750
,J5:;S"NI"S5-1 ,,2 MlT01lt'tO C MATOZ7"0
SI=SMAT(6)/s;MATC6....sEG> ICAT01ftSO c-- TRANSFER CU:TIUTIES AN) E>calUSIC* RATIOS FOR 80TH 1OPT=5 AHO 'f.HAT027S0
00 210 1=l,..J5 MlT01~70 00 ~10 I=1.5 MA102760

210 ~<I)::O MlT01ftBO CU;T(I):;M&K(SE(17..0.SE<2Oi>I» MAT02770
CAlL HVSTOSCP.D.PL.Ol.V .NSEG.NI. MATOH90 El<CR(hS>-..5Ec2S..!+S) ""102780

8. SMATC 6).SM&T<J1>,SMAT< 6).SM&TCJl>.SI.SMTCS>. MAT01500 HD EJ<CR(I>::SE<zs.. n MATOz7QQ
8. SE< D,SE( 2).5("< S>,SE< 4).SE< 5).SE( b),SEC l),SEc 8).SEC 9). ""T01510 C MA102900
8. SEc 10).SEC11).SE<12).SE<LS>.SE<1"'),SE(lS).SE<16).SE(~5).~(J5). MATOlS20 RETl.RN MATOZ810
& :iC:<~),8tJG. MAT01SJO C MAT02820
& SE(17).SMlT<">.SE<$O> .SE<S3>.SE(S").SE<la).SE<21).SEC2~)) MATOlS...a C::======::=:;::=---= OAMACE IJilEX =--==:=====:;=:;================ MAT028~

RETURN MAT01S50 SOIl EESE =5£(50) MAT028"O
C MATOI560 EPSE' :;SE( SS) MAT02SSO
c========:;=========--===== GET STIfFNESS TERMS :::==:;===:;=:::=======::==*T01570 NSEGS.=SMATC1> JltAT02860

SOD CONTINLE ",TOl580 Nt :SMATe2> *T02870
:;E< ~>= • MATOLS90 (JiW( =SMAT<S.Z*NSEGS> ""T0288O

NSEG=SlCAT<D *T016OO OV =SMolTC~) IUT02890
NI :.SM&TCZ) HAT01610 8DAM =SiMAT<S) ruf0290D
J1= NSEGi'b MAT01620 P::SE< 55. S"NI> MA102910
JS::: NI+~5 "",T016.50 0 ::SECS6+ SttN!> MAT02920
J't=ZtoNI+SS MArOl~ MAT029~
SI=SMAT(6)/SMA1(6....sEG) MAT01650 01 =SMAT<6+MSEGS) !'IAT029'tO
SET VELOCITY FlAG TO 1 TO IlEIIOVE DEL OF "IGH FREQ VElOC MAT01(,70 IF (OY.I.£.Ol> Tl£N "'T02"'0
DVEl=V*VL MAT01680 PV=SM!lT(')*OVtOl MAT02%O
OVEL = 1 MA101690 ELSE MAT02970
ICYC.::O MlTOllOO 00 510 I::2.NSEcas ""102980
IF (Bt.Ii> nEN MAT01710 P1::.9M1<t,+I> Jr4AT02~
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SEC~>: EXl:R<S>
SEC25): £)(tR(~>
SEC26>= EXl:R<5>
SEC27>= EXl:R<6>
SEC28>: ESE
SEC2')>: ESE
SECSO>: ESE
SE(~): PSE
SECS2>: PSE OLD
SEc52.1 -):;PR( 1)
SE(32+ NI>=PR<HI)
SEcS2+1+ NI~ 1)
SE<S2. 2"'NI>=MCNI)
SE<S2.1.2....n::FR< 1)
SE<S2+ SItNI>=FR<NI)
SE($3. S"MI>=P_MAX
SEC~ S"NIl=O__

fIIAT0l150
HATOllbO
MATOll]O
IUTOllSO
MIT0l190
HAT01200
MATOl210
MATOl220
MATD12S0
M4T012't{1
M4TOl250
M4T0126O
MAro1270
MAT01280
MATOl290
IUTOl300
MATOBI0
IUTOl320

NSEG:SM&T<1> MAT01350
HI ::SMATC2> HATOl!l40
SI =SMAT<S>lSMAT<5+HSEG> foIAT01550
Jl::NSEG+5 J14ATOl360
JS=NI.~ MATDl370
J'o.:2*N!.SS MATOl380
"S=5ttNI.SS-l .2 MATOlS90
00 210 I=l•.J5 MATOHOO

210 SEU>::O MATOH10
CAU. HYSTCK< P. O.PL.DL. V .NSEG,NI,BUG. MAT014Z0

&. SMAT< S).SMATCJl).SMAT( 5).SMA.T<J1).SI.SMATCS).SMATC ... ), IUTOH-50
I. SE< 1> ,SEC 2> ,SEC S> ,SE< ot) ,SE< 5) ,SE< 6), MAT011f't()
I. SE< l) .SEC 8> .SE( 9> ,SE<lD> .S£<ll) .SEUZ). MATOHSO
&. 5£(13) ,SE<H·) ,SE(15) ,SE(16) .SECI9> .SE(22), MATOl't60
& SE<2I> .SE<Sl> .SECS2> ,SE(S3:> .SE<JS)- ,SE(J"') MATOh70

REll.RN MATOh80
C MATOHQ()
c============= GET STtFFJrESS TERMS =--=--==============MATOlSOO

sao CONTIM,E MAT01510
NSEC=:iM&f( 1> MA101550
NI :;$MArez) M4T01S..0
sr = SHAT<S)lSMAT<s.t&SEG) MAT01550
Jl:::NSEG+-5 MAT01560
J5=NI.S3 MAT01570
.....=l-MI.ss MA101580
OVEl.:v.vt.. MAT01S90
SET IlELOCnv FlAG TO 1 TO REMOVE DEl. OF HIGH FREQ moe MATOl600
OVEL = 1 /1116T01610
ICVC=O ""101620
IF <BlG) no M4T010:')0

WRITE <6.*) , IN MATOot -------------, MAT016..0
loRITE (6,·) 'p.o' .P.D MAT01toSO
WRITE «to-) 'PL.rL::::' .Pt.,a.. MATOl660

e~IF MAT01670
no STIFF=SE<l> MAT01b30

P::PL+<D-«..)'tS'fIfF MAr01690
A::SE<ot) MAT01700
IF CA.EQ.O .AtrIJ. SE(2).eQ.O> no MATOllI0

A::SICI«SMAT(5),P) MAlOlna
IF (P.LT.Pl .MrIJ. PI..GT.O .AN). P.GT.D) I.--{) MATOllSO
IF <P.GT.Pl .MI). PL.LT.O •.uIJ. P.LT.O) oL-o ""'T017'oO

OOtF' MATOl7S0
ICV~ICYC.l MA r01760
IF CBUG) TtEN M4rOIllO
"'ITE (6.·) 'ST}1:F:' ,STIFF.' Aa',A MAT01l80
WRITE (6,-> ' P=' ,P ,'IC'Y'C=' .ICVC MAT01700

EMlIF • ""T01800
C .... r01S10
C-- IS P WITHIN UMITS '? f'U T01820

IF <Icve.c.r .10> TIEN ItATOlSSQ
"-IYE (ft.·) 'MORE THAN 10 CVQ.ES IN MTlJo't.. IElNO:' ,IEU«J """T01810>0

ELSE IF «Pl.L£.P .AN). P.LT .A) .OR. <.PL.GE.P .AN). P.CoT .A) .OR. MAfOl8S0
& <ct..EO.D» nEN ""'TOl8bO

IF CBUGi> ...tITE <6.·) 'C-- IS P MtrH IN LIMITS'? ' MATOlS70
CALL STRENG <SE(28).SE<Sl>.SEcS2).P.Pl,O.OL.5€<l).SE'<lS) ) IIlAT01880
CALL HVSTO"< P.·D.PL.Cl..Ova.HSCCo.NI.SUG. MATOlSqo

SMArc 5),SMATcJl>.SMAT< S>.SMAT(Jl),SI.SMAT<S).SMAT<'t), IUTOl900
SEc 1> .SE< 2) .SE< n ,SE( 4) ,SE< S) ,SE< 6>, MA10lno
SEc 7> ,$« 8) ,SEc 9) .5£(10) ,5£(11) ,$£(12), MAT01920
SE<1S) ,SE.<!.) .SE<15> ,5£(16) .$«19) .5E(22). MATOlqSO

& SE(21) .SE(n) ,SEc $2> ,SE(SS) .SE<JS) .SE<.".) > PUTOlq..o
C--'- IS P GREATER THAN LlMITS '! MATOlqso

eL~ IF «<Pt.L£.A .AIII). A.LE.P> .e-. <Pl.IC.A .AtM). A.GE.P).ANJ.MATOl960
& <STIFf.fE.O.OD» T1£N MAT01970

01::Cl.+<A-PL>lSTIFF MAT01980
~d ~TOl~

CALL STREf«i; <S[< 28 ),SE<Sl >,SE<52 ),Pl,Pl,Dl.Cl..SE( 1) ,SE( 15) ,MAT02ooo
t1=Ol MA102010
PL:Pl M4T02020
IF (A8$(P-Pl).GT. O.CJOOli-A8S<P+Pl» THEN IIIAT02050

PI::Pl+<P-Pt.,)-.ool MA1020bQ
OI::O..+<D-Q..)*.ool MAT02010

ELSE MA ra2080
PI::P MAT020QQ
01=0 M..T021oo

EPrilIF MAT02110
IF (BUGi> TI£N MAT02120

I«m <6,·) 'C--- IS P GREATER THAN LIMITS"? MAT021SO
t«ITE <6.·) 'PL.OL.=' ,Pl.Cl. MAT02l't{l
..m <6.-) 'PI,OI=' ,PI,D! MAT021SO

ENDIF MAT02100
CAU. HY$T~PI.OI,Pt..OL..1.OO.NSEC.NI,8UC. IIIAT02170

SMAT< 5>.SMAT<Jl>.SMAT< 5),SMAT(Jl).SI.SMAT<S).SMAT</f), MAT02l80
SE< 1> ,SEc 2> .SE( S> .:;E< ott> .SE< 5) .SEC 6), 1U102190
SE< 7> .SE< 8) .SE< 9) ,$E<lO) .SE<l1> .SE(12). /ltAT02200
SE<lS) ,SE<!'t> ,SEnS) ,SECl6) .SE(l4) .SE(22). "'AT02210
SE< 21 > .SE<Sl) ,SE<S2) ,SiE<SS) .SECJ3:) ,5E(.)<9») "'''02220

GO ro no MAT022SO
c-- IS PLESS T1WII LIMITS ? MA J022'tO

ELSE IF «P.Ll.Pt. .AID. Pl..LE.'> .OR. <p.eT.Pt.. .AN), Pl.CE.A) Ht'ENHAT022SO
IF (A8$(P-A,.).GT. Q.lXJ05-A8$(P~» THEN IIIAT02280

PI:::Pl+<P-PL)* .001 MAT022QO
Ol::ll.+<D-Q..)*.()(U MAr02~

ELSE "'TOZS10
PI::::P "",JD2S20
01=0 fltIT02S~

BIlIF I4Ar02S~

IF <81.,1;) TJEN IUT02S50
"ITE (6,*> 'C-- IS P LESS TKAH LIMITS"? • MAT02S60
..m <6~·) ·PI.DI=' ,PI.or MAT02S70

EMlIf MAT02~SO

CAU. HY$Tl>k'PI.DI,PL.OL.,1.DO,NSEG.NI.8UG. MAT02SQQ
SMAT< S).SMT<J1>.SMAf< 5),SMAT<J1).SI,SMAT<S),SMAT<<t). MAT02.,oo
SE( 1) ,SE< 2) .SEC n ,SE< <t) ,SE< S) .SEC 6), MAT02~lO

SEc 7> ,SE( 8;) ,SE< 9) ,$«10) ,SEU!) .SE<1Z), ""'102te2O
SE<1S> ,SE<l.) ,SE<lS> ,SE(16) .SE<l9> ,$£(22). JltAT02te~

PZ=SMATCS.I>
01=$MAH ....I.NSEGS)
D2=SMATC5.I+NSEGS)
IF COV.GE.01 .ANIl. OV.LE.02> Tl£H

P'I::Pl+< 0'I-Dl)*(P2-P1 )!< 02-01>
GO TO 520

EMlIF
CONTIN..E

GO TO ClOO.200,SCIO,'tOO,500),IOPT

Ipt:)lICIT REALCA-H,O-Z>
LOGICAL ERR,FIRST,PRINT,BUG
LOGICAl BrEST
OIIEHSION SE(100).SMAT<20>.OUCT<S),EXCR(6>
CHARACTER*SO TYPE

IF <IOPT .NE.l) LELEM::52.;S"SMAT<2> +2
IF <IOPT .EQ.O> RETIMN

510
ENOIF

S20 OAMAGE=A8SCO>!OMA)( + BDAN ! (PYtt{)MAX> it EPSE
C

RETURN
EMl

C=============
SUBROUTDE IUT~

&. <IoPT ,IELNO .ERR ,FIRST .PRINT .8UG.
I. MAT ,SE .P.Pl.,O,Ol.V,Vl.l£LEM.lMAr.
& SMAT.EESE.EPSE.OOCT,EllCR.DAMAGE>

MATOSOOO C
MAfOSOlo C
MATCB020 C
MATOSOSO C
MATOSOtO C
MATOS05Q C
MA103060 C
MATOS070 C
MATOS08Q C
*103090 C
MA105100 C
",10S110 C
MATOSl2Q C

=======''1A'AlT~ C
..TOOO5O C
"'100060 C
MA100010 C
",100080 C
..TOOO9O
..TOO100
",TOO110
"TOO12O
MATOOlSO
",TOO1~

",100150
",100160
MA1OO170

C ..TOOl80C------- _l<...lTOOl90

C VARIABLES: "'100200C------- ........'T00210

c------- GLOBAl VARIA8LES "..YOO22O
C IOPY :; 1. INITIAl!ZE JrUfERIAL I'tAT0D2SO
C ::: 2. GET STIFFNESS MAT~

C RINPUT :; INPUT DATA MATOO2SO
C SHAT ::: INTERNAL. STORACE ....100260
C 5E :; OUTPUT STIFFNESS ",100270
c--- MATOO28O
C - stEARl OATA _ ru100290
C SMATC!:>=: NSEGS. frrIMIER OF BACKBOtE SEGMENTS MrOOSOO
C SMlTc2:r.: NI. tl..lJ&R OF SMAll AMPlITLU: LOOPS MAToona
C SMATc S): CSE. CONSTAINT STRAIN EIERCY... MATCXH20
c SMATC,,>: OV. VEILD OISPLACEflENT NATOOSSO
C SMATc'r+th PP, BACKBONE SHEAR FOR POINT I "ATOOS~
C SMAT(~...I.HSEG)= cp. 8ACKBOfE OISPLACEIENT FOR POINT I .MTOOSSO C
C SMATcS.2*NSEG): BOAM BETA FOR 0ANIiE DUX MATCXB6Q
C IiCATOOS70

MAYOOsao
MAJQ(B90

100 CONTDIJE MTaot.OQ
C MATCJOo!IllOc------ I~T DATA FOR stEMl HYSTERESIS MODEL -eMATlJOot20
c ou.T()()oi>SO
C NSEG :: tUI3ER OF s.t.CQOtE SECiEMENTS au.TCJOft<9Q
C NI :; ~R OF SMAlL LOOP POINTS CMTt'JOlIo5O
C pp :; B6C~ LOAD ou.TC»tt60
COP::: BACKBONE OISPUCEJENT CMATCXK7D
C CMTCIOft8O

READ (5.·) TVPE .NSEG.Nl.DV.8DM JltAr~90
READ (5~") < SMAT<".I )~I=l.NSEG) MATCJOIiOO
READ <s~ .. ) ( SMAT</f...I+HSEG)~I:l.NSEG) "",rDOSla
LELEM :: ~.5ItNI +2 MATOOS20
LMAT :: S.2*tISEG MAT00550
SHAT<l):N$EG MAr00540
SMAT<Z)::HI MATCJOIi;Q
:>MAT</f>=OY M,UCIOS6O
SMAT<S.Z-NSEG)=BDAM ruTOO570

C·--------- 'CALC CONSTANT STRAIN ENERGV.... IUTCJ058Q
Cl.::O ,...T0059O
PL=o MATCObOO
00 10 I=l.NSCG ..TOOO10

P~SMAT<4+!) ""TOO62O
O:SMAT< ....I+NSEG) ,..TCI0650
IF <D.LE.DV) THEN ....1006..0

CSE=CSE • O.S-<P+Pl)-<:D-OL) MT00650
PL~ ""T~
DL::D *T00610

ELSE IF <D.EQ.(1) THEN ""TOO68O
GO TO 20 "TOOb90

ELSE !'tATOO700
PY::PL+ (DY-DL)It(P~)f(D-ll..) MATOO1l0
CSE:ese + O.S-(PY+PL)It(DY-tl.) MAT00120
GO TO 20 MATOO7SQ

E~IF MA1oo74O
La CONTINLE ""T007'5O
20 SMAlCS)::CSE MA1oo76O

MToo770
MT00780

IF <FIRSr .OR. Bl.G) I«ITE (6,6;> MAToo~
WRITE (E).61) ....T,NI.OV ,SDAM.< SMAT< ott+«; >,SMAT<ott+«;+HSEG>.K=l.NSEG> MTOO8OO
WRITE (b,") , , ""TooelO

6S FORMAT(/II' stEARl HYSTERESIS MODEl OATA - lMIT L£NGTH MEMBER'MATOOI2O
&! ' -========================-====--==--=======' ,""T0085O
& J' BACKBONE CURVE POINTS - MAT. HI 0'1'. ",T~
&; SX.'BET., ,6)(, SX,' ST~SS' .ax.' STRAIN') MATOOI5O

67 FORMAT < <28X,2I'o.2X,ltGlS.6)/<68X,2GlS.6» MATOO86O
C M~70

RETlRN IUTOO88O
C::================== GET STIFFNESS TERMS =================::MTOO89Q

200 CONTINl£ ",rCJ09OQ
c ---- SlEARl fI40DEl DATA STORAGE FOR MEMBER --- MATOlJ"flD
C SE< l>= K fUoTOO92O
C ::E< 2)= R\.I.E MAT()()CJ30
C SE< 5)= OIR MAT()()9(,O
C 5£< 4)= A MATOQ95O
C SEc 5>= Pte MATOO96O
C :iE( b)= PMH MATCI0970
C SE( 7>= C»4G MATOO'9SO
C ~( 8)= OMH MATOO99O
C SEC 9>: 8ACIC8 ..T01000
C SE<lO)= SRl *T01010
C SEC 11)= SR2 ..T01020
C SE1l2>= SRS MAT010sa
C SE<lS)= SRM *T01~

C ~(14)= IR NAT01050
C SE<l5>= S_EQ..l....OAO ..101060
C SE<l6):: LPOSCl> IUT01010
C SE(17)= I.POSCZ> MAT010s0
C $E( 18>= LPOS<5> "'T01090
C SE<l9)= \MiGel> ""T011OO
C 5£(20):: LNEG£Z) ""TOU10
C $E(Zl>= UNEGe$> MAT01120
C SE(22)= EXCR<1> *T0115O
C SE<2S>= E>CCRC2> HATOUltO
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RETtJRN MAro0840
C=___ -~ GET STIFFNESS TERMS :------========="ATOO8SO

200 CONTDUE MAT00860
C - TAlEDA I«lllEL DATA STORAGE FOR MEMBeR - MAr00870
C SE< 1>:: S MAT00880
C SE< 2>= I«N "'AT0089O
C SE( 5>= A MAToo900
C SE< 4>:: B I1AT00910
C SE( 5>:: Il:RO "'ATOO920
C SE< 6):: RF /OlATOO9$O
C SE< 1>:: RNa. MAT{)lJ9l,O
C SEC 8>: \JItl MAT~O

C SE< Q>:: LIf2 MATOO%O
C SE<10>::: UM:S "ATOO9;O
C SE(ll>::: LM f'IIATOO980
C SE(lZ>:: S1 MATO0990
C ~lS>=~ f'IIAro~
C SE( H >:: KOl.If MATOIOIO
C SE< 15 >:: 'IIlJV MAT01020
C SE< 16 >:: uoo "'ATOlOS0
C SE<l]>:: 00 MATOlOlt{)
C SE< 18 >::: xl'-" /IIA T01050
C SE< 19>:: Ul /ItA T01060
C SE( 20 >:: UlD /ItATOI070
C SE(ll:>:::- )(2\lI) MAT01080
C SE( 22 >= U2 MA TOI09O
C SE( 23 >:: X$Ul MA rolloo
C SE<2~>:: us "'ATalllO
C 5£(25)::: QV "'4T01120
C SE(26):: IWCFlG MAr01150
C SE<V>= AQNi MATOllltO
C SE<28>= S_EQ..lH.OoIO M4T0115O
C SE(2'9>::: EESE HATOU60
C SE< 30 >= EESE "'ATOU70
C SE<3l)= EESE MAT011S0
C SE<S2>:: EPSE !'lAr0l190
C SE(53):: PSE OLD MAT01200
C $EO:,,>:: !POS<1) MAT01210
C !:C<:SSh LPOS<2) MAT01220
C SE<~)= t.POS<S> MAT01230
C SE<S7>= lMEG(1) "'AT012ltO
C SE(SS>= l.NEG(2) MAT01Z50
C SE< 39 >= l.NEGl: S) MA T01260
C SE(40)= EXCRt!> MAT0127a
C SE(~1>= EKCR(Z> I'IAT01280
C SE(.,2)= Exc:R< S> MATOl290
C SE<"S>:: El(CR(.) MArol~OO

C SE(""'>:: EXCR<S) MATOB10
C SE<";>:: E>«:I(6) MArol~2o

C SE(ft6>:: P_MAX MAT01~~O

C SE("I>.:: O_1iW( MAT015...o
C MAT01!:,0

EI=SMAT< 1 > I'IA TOl:',;oO
GRID--SMAT< 12> MATOB7a

00 Z10 I=l,it7 MATOB80
210 SE<I>::o ",AT0159O

CAL.l HYSTO&<P.O,Pl,a...v .VI... MAT01-tOO
& SE( 1>,SE< Z),SEC n.SE< ~).SE< 5),SE< b), filA T01-o1O
& SMAT< V.SMAT( S>.$MATc ">,$MATC S>,SMAT< b),SMAT< l) • .'iMAT< 8>. MArOl.,20
& SMAT< 9).SMAT<lO),SMAT< ll>,SMAI( 12), JoIATOh50
& SE< 7>.SE< B>,SE< 9>,SE(10).SE(1l>.SE(12>.~nS).:if(H).sE<lS). ",AT01"'4-0
& SE< l€lo),SE< ll>.SE( IB).SE<19).SE<20 >.SE( 2.1 >,~( ZZ),:>E~ Z5 >.:iE< 2.. >. !'IA TOl...so
, SE<2S).SE(2b).SE<21>.8UA. JoIAT01'tCO
& SE<ZS>.SE(29)9SE<S2>,SE< SS).SE<S. >,SE<~ >,SE<.,g}) MATOH70

"'ATOh80
RETlRN HATOh90

C MAT01S00
C==:::;:======== GifT STIFFNESS TERNS ===================:::;:==MAT01510
~ CONTIM,E MAT015Z0

ICVC.:-O ,...T015oo
IF (BUG) 1lEH filA T01570

"ITE <€lo,.> '- IN MAT06 ---------------------. MATOIS80
ioRlTE <6,·)' p.O:' ,P,D .' II='.V ",AT01S90
WRITE <6,·) ·PL.lI.;' ,PL.I1,' 'JL='.VI.. NATOlbOO

OOIF MAT01blD
no STtr:F~U> MATOlb20

P::::Pl+(~)·STIFF MATOb~O

'=SE(2]) HA rOlb...o
IF CA.EQ.O .oUIJ. :iE<7>.EQ.O> A.:::SMAT<Z) I'IAT01b50
ICVC::ICVC.1 ",ATOlbt)O
IF (8UC> TI£N MATOl070
IoRIlE <& ... , 'STIFF=' ,ST1FI= " ~' ,A MATOlbSO
IoIlITE (6,") , P::' ,P .'ICVC=' .!CVC MAT01&90

EhCIF "'AT017oo
C MATOl71a
C--- IS P "lIllfIN LIMITS ? MATOl720

IF cICYC.CiT.5> HEN MAT017~0

WRITE <6.+) 'MORe THAN S CVQ.ES IN MAT06. IElNO:' .IELNO "'ArOl7S0
aSE IF (Pl.LE.P ..uIJ. P.lE.•.., .OR. <Pl.GE.P .AN). P.GE.A) .OR. *T01770

& (llL.EQ.D» Tl£N HAr01180
IF <BUG> ~ITE (6,'> 'c-- IS P WITH IN LIMITS? ' MAT01790
CAlL 'STREHG< SE(29) ,SE< S2),SE< SS),P.Pl,D,tl..,SEU >.SE<2S» "'AT01SOO
cAU. HVST06< P,D .Pl...Cl..V .VI... ",AT01810
SE< D.$( Z),$£< 3>.51::< ~).SE< 5>.SE< b), ",AT01820
SMITe 2>.SMT< 5),.SMAT< ,,>.:;MAT< 5>.5HAf( 0>. ,..AT018'50
SlUT< 7),SMAT< S),SMAT( Q),SMAT< 10),SMAT< 1l),$MAT<l2). HAT018~0

SE( 7).SE< B).SE< 9),S£<10>.SE(1l).SEd2),SE<lS), "'ATOl850
SE(1't >.SE( IS ).SE( 16 >.5[< 17) ,SE< 18 ).~(19> ,SE< 20 >, MA1'0186O
$E<21 ).;jE<22) ,SE<Z3> ,SE< Zit ).SE<2S ).:;[\ 2& ).SE< 27 ).BUG. MA TOlalO
SE( 28 ).SE< 29}. SE( 52), SE( 55). SE< S~ >.SE< 57> ,SE< ~O») M4T01880

c--- IS P ~TtR 1HIN LIMITS? MATOIQQQ
ELSE IF «(Pl..LE.A ./N}. A.LT .P) .OR. (PL.GE.A .ANJ. A.GE.P».AN:J.MAT01910

& <STIFF.PE.O.OO» HEN MAT01920
DL=Cl. +( A-PI.. )lsTIFF MAT019~
PL:A ,..ATOl940
cAU. STREHG<SE<29>,SE< 52 >,SE( S:5).P1,PL ,Ol,Cl..SE< 1 >.sE< 28» MAT01950
IF <aw> nEN M4TOl960

WRITE <€lo."> ·C---- IS P GREATER THAN LIMITS? MAT01970
I<RITE <6.") 'Pl..a.=' .Pl,Cl. MAr01980
"RITE (€lo,.) 'PI,:DI=" ,PI.DI MATOlqQQ

E~IF MA f02000
CAll HYST06<P1.Dl.PL,Cl. 9 1••1., MA1'020LO
SE< l>.~< Z).SE< 5>.5£< .. ).SE< S>.SE( t». MAT02020
SHAH 2>,SMAT( S).SMAH ~).SMAT( 5).:iMAT< b), MAT020';0
SKU< l>,:iMAT< 8>.SHAT< 9).~MAT(lO).:;HAT<1l).~Af(L2). MArozo~o

SE( 1>.SE( B>.SE< 9),SEClD),SE(1!),SE<12>.SEeB), JlllAT02050
SEC l~),SE< 15),SE<16),SE<1l>,SE<lS>,SE< 19 >,SE(2Q), "'AT0206O
$£(21 >.SE(22),SE(2S',SE<2" >.SE<25>,SE<26 >,$E(27),8UG, ",.T02070
5£(28) ,SE(29) ,::lC:<~),SE(SS).SE(S~),SE< Y) ,$Ceo,o » "'ATOZ080
[1=01 HAro2090
PL:Pl MAroZ!DO

MAro21l0
,..A1'02290
MAT02SOO

<SMAT< I>, 1=2.7>.SO.ut

SE(2a) ,SE<Sl) ,SiE<SZ) ,SEeSS) ,SEeJS) ,SE(~) )
GO TO S10

ENOIF

IK'\.ICIT REAl( A-H ,o-Z)
LOGICAl ERR,FIRST ,PRINT,8I..G
LOGICAL BTEST
OIMENSlON SE(lOO).SMAT< lSJ,ClJCT<:S),EXCR<S>

IF <FIRST .OR. BUG) ioRITE <6.5)
WRITE (6,b) MAT .8OM.

&
5 FORMAT<t/!'

& •
& 'HAT. BETA
& lX.·CRACK' .1OX.'VEllO', nc,'ll.TIMATE')

• FORMAr <llX.IS.GIS••• lX. 15)( .2X.SG1S••• /S9lI.SG1S.6/l

SlO
ENOIF

,20 OAMACiEd8S<O>/[JW( + BDAM I (PV"OMAX) * EPSE

RET......
ENO

C=====~;~;E~=:~~======- ==========,
& <IOPT ,IELNO ,ERR .FIRST ,PRDlT ,Sl.G9

& ..T .SE .P .....o.a..V.III..lELEM.UlAT.
&. SMAT ,EESE.EPSE,OUCT .EXtR,DMIGE)

C
100 CONTINlE

READ <5,·) TVPE ,

"'T02~
NAT02'iSO
MAT02~

...T02470
IF cBlC> WRITE (6.*> 'STIFF:' .STIFF.' 1:' .SE(~) MAT02.,8O

C MAT02490
c-- SAVE HAXII1lJN DISPl ..., LOAD ...rD2S00

IF (A8S(O).GT.A8S<SE<S".S*N!») TJ-£N ""T02510
$£( 33+ ~*NI):P MAT02520
SEC S4+ 3*HI)=O fIlAT02530

Et.(JIF MAT02S"O
c ...T0255O
C----- TRANSFER a£RG!ES FOR BOTH IoPT=S AMJ of. MAT02560

<tOO EESE=SE<28> ",102570
EPSE=SE(Sl) fl4AT02S8O

C HAT02S90
c------ rRAHSFER DUCTILITIES..., EXCRUSION RATIOS FOR BOTH IOPT=S ..., 4.I.ATlJ2bOO

DO 'tl0 1=1.5 MA102610
OOCTc I)::JIW(cSE,< lS.I>.SE<18+I» "A10262O
EXCRcI):::SE<21+I> "lAT026SO

410 EXCRchS)=SE<21.I+S) MA1026..0
RETlRN "'102650

C MA102660
C===--==--=====--= 0AMACiE vax ==-======= ",102670sao EESE =SE<Z8> Ma.T02~

EPSE ::5£( 31) ,IU102690
NSEGS:::SMAT<l> MAT02700
NI =SMA1(2 > IUT02710
DMAX =SMA,TC ....Z..NSEG$) MAT02no
OV =SMATCo,) MA102730
80AM ::SMA T< 5.2~NSEG) MA102740
P=SE<3;a. S·NI> NAT02750
D:SEcS". S+NI> MAT02760
IF CQv.LE.:iMAT<S.NSECS» H£N tu102770

PY:::SMAT(S)"OV/SMAr(s~GS) Ni,T02180
ELSE IU f027QQ

00 S10 I::2.NSEGS MA102800
P1;SMATc$.1) ""'102810
P2::SMAT('t+I) "'102820
Ol::SIUT<3+I+NSEGS) ",ATo28SO
02;:SM&T(it+ltoNSEGS) fUT028ltO
IF (DY.GE.Ol .AN). OV.LE.02) Tt-EN ~ra28S0

PY;:?!+(OV-Ql>'"(P2-Pl )/<02-01) pura2860
GO TO 520 MIlT02870

EhC!F pu t02880
CONTDI,£ MA T02S90

"",T02900
""T02910
IUT02Q20
IUT029SO
.... ra30SO

:::===MATOCJ()lH)
..rOOO5O
... rOOO6O
ruTOOO10
...rDl108O
...rooooo
ruTaolOO
NlToo110
"""Tool20
JUTOOlSO
MATOOllopQ

LELEM=<t7 ""Too15O
IF (IOPT .EQ.O) RETt.IlN MATOO1&O

C MTOOLla c
c NATOO18O
C VARIA8l£S; """TOO1'i1O
c--- --MATOO2OQc---- GlOBAL VARIABLES ruT0021a
c IOPT = 1, INITIALIZE MATERIAL *TOO22O
C = 2. GET STIFFNESS *rOO250
C RtlI'UT = IfrAJT DATA JUTOO2<tQ
C SMAT = !NTERNAL STORAGE ""rCJ0250
c Sf = OUTPUT STIFFNESS ""TOO260c------ ---..-T0021O
c -- T~ OATA - IUTOO28O
C SMAT( 1>= EI. ElASTIC STIFFNESS ""'T~

C SMAl< Z>::: pc. CRACKING LOAD MAroasoo
C SMAl( S>:: oc:. CRACK!NG DISPlACEMENT IUfoona
C SMAT( 4): PV, VElLa LOAD HAloo~O

C 5NAl< S>: 0'1', VElLO OISPLACEIENT MAfOO1SQ
c SMA{( I); pu. I..l.TIMATE LOAD ""'TOO3~

C SlUT< 1)-:. DU, lA.TIMATE DISPlACEMENT HATOOSSQ
c SMAl( a,= OC, rNITIAl STIFFNESS ",Alooseo
C $NAT( 9>:: CV, CRACltED STIFFNESS """T00310
C SMAT<lO)= VU, ll.TIMATE STIFFNESS ""T0038O
C $MAr(ll)= c·y. RELOADI'" STIFFNEs:i JUrOOS90
C SMAT02>= cSE CONSTANT STRAIN Et.£RGV AT VEILD HArOOltOO
c SMAT(15):: 80AM SETA F"~ DAMAGE INOEK """TOOHO
C ~~~

c---------------- It.PUT DATA FOR TAltEOA HYSTeRESIS MODEL ---------CMAT(.'C)(,30
C THE F"OLlOWING OATA IS ItfJUT ONCE FOR EACH MOOEL CMATCJOtt<tO
C • CMATOCJ4SO
C EI = MOMENT OF UERTIA CMAT()C)W)()
C G = MOfENT GRADIENT CMAT~i'O

C PC.DC = CRACKING LOAD All) DISPlACEMENT CHATOO<t80
C PV.O'l = vEIlO LOAD AND OISPl.ACE~Nl' CMATlXJo990
c PtJ.DU = ULTII'1ATe LOAD AN) OISPlACEI'ENT CI'1ATOOSOO
C CMATOOSI0c CMATOOS20

GO TO <l00.200.500.'POO.5Ol:n.IOPT HATOO5SO
"'ATOO54O
HATOOSSO
",ArClOS70
MATO0580

lHAT = 13 HATOO590
SNATe 8>:: SMAre2> 1 SlUT(3) lifATCIO&OO
5MAT< Q)~SHAf<~)_SHAT<2>)/<SMAT<S)-SMAT(S» ItATOO6l0
SMAT( lO)=< SMAT<6 )_SMAT<,.) )/( SMAT(7)-SMoU(5» HATOO620
:iMAHll);:( SMAT<2>+SMAT<it »/<SMAT<~)+SMAT<5» . ""T0065O
SMAT< 1):1 MATOOWtO
5MAH 12 )=5MAT<Z)·SMAT< 5)/2 +.5.< SMAT<Z)+gu,T<,. »·<SMAT<5>-SHAT< 5> )MATOObSO
$MAT<!S):8OAM MATlJ0660

""T00610
...rOO68O

SMAT<2',SMATCIf)9SMAT<6), HATOO690
SMAT<S),SMATCS),SMA1(]) MAT/XJ1OD

TAKEDA KVSTERESIS MOOEL- fOR UNIT LENGTH fIIIEMBER'J MA1'OO11.0
-=======' liMATOO720

HATOO750
MAT/XJ7ltO C
MAToo7S0 GO TO S10
MATOOSSO C--- IS P USS T1iAH LIMITS "!
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INC' )IGOl

DIITIU2E Il\.l.£ .1 - ELASTIC !lEHAVIOIl

SE( 9l=£PSE 
SEClO>:::KEV.
SECll):::LPOSC1)
SE( 12>=lJ'OS(2'
SE<l$>.:::l..POSCS)
SE(l'o)=<J!EGCl)
SE(lS)=<J!EGC2)
SE< 16 >=UNEG< 5)
SE<l7>=£llCR< 1)
SE(18)=EXCRCZ)
SE<l9>=£l(Cl!<S)
SE(20),£XCIlt')
SECZ1)=xcR<S)
SEC 22 >=£KCR( 6>
SECZS):::P_MAX
SEC2'i->=:I_fIW(

00 100 IM&SS=1.NUSS
NODE:::OATA< 1.lMASS>
P)( :::DATA( 2.IMA,SS)
Py ::DATA< S.IMASS)
PZ :::OATA( ~,IMASS)

OOIF

CALl HVST01c O. ,0••0. ,a••SEC 1> .SE<2 ).SEC S) .SE< 'i-) ,SE<S),v, VL,
8, SMAT<1>.SMAT(2),SMAT(S>.SMATC~>,SMAf(S),800,

& se(6:>,SE<9>.S£<10),SECll),SE<U),SEC17»

00 210 1=1.22
210 SEeI>::O

C
C--- CAll HYST07 TO CAlC ~ STIFFfrrESS· AM) GET LOAD P

CAlL HVST01<P.O.PL.Cl..~< 1 ).5£.;:2 ).SE<5 ).SEC ~ ).$E(5).V. VL.
& SMAT( 1 ).SMAf(2).SMAT< 5 >.SMAT<~ >.~T(5),8lG.

& SE(6).SE(9),S£<10).SE<1l ).SE(H ).SEC 17»

C

C:SOOEESE=:$E="=6'====
EPSE:::SE(9)
PV =SMATC 2)
DY = SMAl< .. >
[)WC = SMAT< 6)
80AM :: SMAT< 7)
p., SE(2S)
0= SE(2~>

OMAQE:::A8SCO)!tIWC • 80M I CPVtt(JW() - EPSE

>NSS=1
C n*,UT' HCU. PX,,PY•.P2, RX.RV.R2. RXY.RXZ',RVZ. lGEH. INC

£, READ <5.-) (OATACI.!rNSS).1:1,12)
NODE = DATA< 1,NMASS)
IGEN ::: DAlA<ll,~)
INC = OATA<12,NM.\SS)
IF <NOCE.CT .0> TtEN

IoffITE (6.7> NODE.(DATA<I.NU.SS).I=2,lO),IGEN.INC
IF o.u.SS.LT. IYIASS) llEN
~+l

GO TO 6
EIilIF

ELSE
~-1

EIilIF
7 FORMAT <ZX,I6.l.P.9G12'''.ZI6>

ELSE IF <IOPT .EQ.Z) HEN

C
C---- PRINT I£AOER jM) INPUT MASS OATA

IF (IoPT .EQ.1) TlEH
!oRnE (6.S> TITU<l>. TITLE(2)

5 FORMAT (' 1 STRUCTIJIli , '.A.I
8, , SOlUTION :· .A,II
& ' UliFED NODE MASSES • I
8, , =============="1/
I. otK,'NOOE' .5X.'MK' .1OX."MV' .1DX,'Ml·.
& 9K, 'RXK'. 91C. 'RVV', 9K. 'RZZ·.
& 9)(, 'RX¥'. 9lC,'RXZ'. 9K.'RVZ· .5)(."

MATODlSO
~T007'oO

MAToo750
MA1OO76O
MATO0770
MATOO78O
"4T0079O
MATOOSOO
MA100810
~TOO82O

~T008SO

MATOO8~

MATOO85Q
MA1OO860
~T00870

MAT00880
~TOO89O

~TOO9OO

"'AT00910
MAT00920
MATOO9SQ
"'AT~
MATOO95O
~TOO'l6O

M4TD0970
MAToo980

RETlRN MA TOQ9<N)
C MAT01000
C=--=-_-=--==: GET sTIFAESS TERMS M6J ACTUAL FORCE =========:::=MAT01010

SOD awTINLE lolA TOI02O
C ",Ta105O
C--- QEO:: TO SEE IF 00 :: a ? MAT01040

P:P HAT010s0
0:::0 MAT01060
IF <O.EQ.tl.> RETlIilN H,T0107a

HATOlOSO
HATOlOqQ
MATOHOO
MArOH10
MATOll20
MATOll30

SEl:SE<l) NAla1HO
c HAT01150
c-- T1tINSFER 9DGIE'S FOR 80TH IOP'T=3 AM) ~. .'fATOllbO

IF <A8S<O).GT.A8S(SE<2"'r»>THEN MAT01l70
SE( 2S l:I' MA rOllSO
SEc~>=o MAfOll90

ENJIF MA f01200
C 111'101210
c-- TRANSFER ENERGIES FOR BOTH IOPT=S AhtI '0. MAT01220

.t,OI) EESE:::SE(6) !'tATa12SO
EPSE:::SE(9) MATOI2"'"

C IIIAT01250
c-- TRANSFER CUC1'IUTIES AN) EXCRUSION RATIOS FOR BOTH IOPT:::5 AP«:I ... ""T0126O

DO '010 I=l,S IUT01270
CU::TC I)=*X( SE<1Q4.n,$EC 13d» ""TOl2SO
E)(CRU.S:>=SE<16+I+$) MATOI290

~10 EXCR'< I>--SE<l6+I> ""r01500
RETURN IUT01510

HATOB2D
DAMAGE DCJEX ==:::=::===::::::::::::::::::::=::::::::=::= "'AT01:;:~

MAT013..a
MAT01550
fiUT01SbO
",T013:7a
""T0158O
"",T0139O
NATa1~

MATOh10
"'AT01"2O
14AToh5O

RETURN MAT01~~

EtC) MAT01...5O
C=--=--====================::===:::::=================::===:::====:::::MF'()(X)()o,O

SUIROUTIHE MFORMc: IOPT •INiIASS,NMASS.MASS.JOII.ItJ.~.00. TITLE. '*000050
&. NNODE.NAXNOO.NCOS.8t.G.IBUG. 14F'Q()()()6.Q
&. IO.COSDE.lOOF.COHST.JTFLC. flIFOOOO70
& JTCOS.OATA,~.L".A.S.54r) f1FOOOOSO

OIIENSION ID<IWCNOO>. JTFLGl:IWCHOO>. JTCOs<MAXNOI». MFOOOOQQ
I. IOOF'CMA)(NO().b> .caSIhE< 3.5.NCOS).CON$TOWCNOO.ll,) MfOOO100

ODEN$ION AC6.6).S<6,6),SAT<6.6>,ICJtOI)OF+U,JC)(7) /llFOOOUO
REAL /USS(lJC) MFOOO12O
LOGICAL. BTEST MFOOO1SO
OIIENSION D&TAC12.I*&$S) .SM&SSCZ1> ,LM<:6) MFOOO1"'"
CHdACTER-1SO EUIO MFOOO150
CHARIoCT€Rft(-) TITLE<2> MFOOOl60
LOGICAl sue; MFOOO170

Mf000130
IIF'OOO190
"'000200
JIlFOOO210
MFOOO220
MfOOO2SQ
Mf000240
",000250
",000260
",000270
MFOOO280
"'000290
",OOOSOO
MFOODSIO
MFOOOS20
MFOOOS50
fltFOOO3:40
",ooo,;so
/JIFOOOS6Q
MFOOOSla
",000=
MFOOO590

"'''''''''00
MF()O()li.10
",""""20

"'''''''''so
"'''''''''''''""""""SO",,""""60
MF()()QlO,70

""""""80"'''''''''..,
"'OOOSOO
MFOOOSlO
""OOOS20
""OOOSSO
""OOOS'oO

lMPLICIT JlEAl.(A.....o-Z)
LOGICAL ERR, FIRST,PRINT.sua
LOGICAL BTEST
OIMENSION SEC100>,SMAT<7>,ClI:TCS>,EXCR<6>
CHARACTER*80 .TVP£

LMAT = 7
SMAT<" )::SMAT( Z)/'SMATc 1>
SHATC 5 )=SMATC 't )IOSMAleZ)/2
SMATC&)::$MAT( ~ )"'O.DW!
SH4TC 7)::BDM

IF (FIRST .OR. SW) WRITE (6.191>
WRITE (6.192> MAT .(SMATCK>,lC=:l,S),CIJCIWC,BOAM

C
100 CONTDI.E

C
C-- INTERPERTATE Df»UT'DATA
C KE ::: SMATc 1)
C PV ::: SlUT< 2)
C KIE = SHiUC S)
C OV = SMAT< ~)

C CSE:: SMAT< S)
C OMAX = SHAT( 6)
C BOAM =SMAle ])
C

C
191 FORMAT (/". BIlDEAI HYSTERESIS MODEL PARAMETERS·'

8, • - - --::=::====='/1
& I MAT.',6X,' KE'.lOX,' PV',1OK,' KIE·, lX.'MAX DUCT',
& 10)(,' BETA' >

192 FORMAT (1)(,15,7G1S.6I)
c

c
c--- RESERVE STORAGE FOIl EL.EIEIiT

LELE"=2~
IF (IOPT .EQ.O) RETlJRN

ELSE IF «P.LT.Pl. .AN). PLLE.A) .0Il. (P.GT.Pl. .AN). P1..GE.A»~T02S10 C
IF CA8S(P-PU.GT. O.llXISlfA8SCP+PL» TtEN MA102520 C

PI::PL+<p-PL,1t.all MA1023:50 C
DI=D..+<D-Cl.)*.OOl ""T0231tO C

ELSE ~r~ C
PI:P MAT02S60 C
01:0 ~r=o C

ENOIF MA102380 C
IF (1llJG) nEN ~rQ2';10 c

WRITE <6,*) 'c-- IS P LESS THAN LIMITS '! • MATQ2<t20 C
WRITE <6.*) 'PI.DI=' ,PI.or IU,TQ2ltSO C

EIilIF ~r02_ c
CALL HVST06CPI.DI.PL.tt..l ... l.. MAT02<f5O C
SEc D.SEC 2).SE< S>,sec .>.SE< S).SE< 6>, ""T02lt6O C
SMAle Z).SMATC $>.SNAT( "'.SMATe S>.Wl( 6>, MTQ2ltlO C
SMAT< n.SMAT< S),SHAT< 9).SMATClO>,SMATCU),SMATC12), MAT02lt8O c
SEc 7).SE< 8>,SE< 9).SEClO),SECll>.SE<12>,SE<!S). NAT02't90 C
SECH>,SE(15).SEC16).seC17).SEC18).SEC19).SE<20>. MA102500 C
SE<21>.SEC22>,SE<2's>.SE<2't'.SE<2S).SE(26),SE<21).BUG. *102510 C
SE(28),SE(29).SE<S2),SE(SS).SE(S4),SE(~).SE<'oO» ~r02S20

GO TO no MAT02SSO
OOIF ~T02S'oO

~T02S50

IF <BUG> l«ITE <6.*' '$TIFF::' .STIFF,' A.8=' .s:ECS),SEC't'.SEC27> JllA102560
C *1D2S70
c-- IW<D«JM OISPl.ACElEHT ~T02S8O C

IF cA8S(O>.GT.ABSCSE<'t7>)) TJ£N MA102590
SE(~): p MAT02600
SEH7)= 0 MT02610

EOO!F 14&102620
C ~TcmSO

c----- TRANSFER ENERGIES FOR BOTH IOPT=S At«t It.. KATOZ6ftO
'tOO EESE=SEc2'9> "'102650

EPSE=SE(5,2) "'4T0266O
C ",T02670
C------ TRANSFER oucrn.nIEs AN) E>ccRuSION RATIOS FOR 80~ IoPT=S AN) tt.MAT0268O

00 HO 1::1.5 "'T02690
OUCTC!):::MA)(CSE<SS+I>,SE(36+I» MT02700
EXCR( I ):SE< 39+1) IU.T02110

410 EXCRCI.S>:SE(4z.n IU.T02720
RETURN IUT027W C

C KAT027~

c::=======--=== DAMAGE IN:£)( --===== -- --===-.-====*T027'5Osao EESE=SE(29) ~T02760

EPSE:::SE<S2> MATOZ77O
PV: SMATe it) ""T0278O
PU= SMATe 6> "'T02790
00= SMATe 7) "'T028OO
P::: $E<'tO) IUT02810
0::: 5£e ...1) MAT02820
BDAM=SMATC1S) NT028SO
OAJIIAGE='SS<O>IOO • BDAM/cPV"W> • EPSE ""T02S~

MAT028S0
RETt.IlN NT0286Q
EN) MAT02870

c=~T=DE-==~==TO::7O================="'~~=
&: <tOPT .IELHO ,ERR.FIRST .PRINT .81,,1;, IUTD0060
& MAT ,SE .P,PL.D.DL.V.V\..L.aEM,LMT. *Tooo70
& SMU .EESE.EPSE.OUCT •ElCCl!. DAMAGE , ~rOOO8O

~rOOO9O

NTDOlOO
*1OOUO
MAT00120
MATOO1SO
MATaohQ
*100150
MAT00160
""TOO17a
ICATOO1BO

c *T00190 C
c--- ----------------------~..rOO2OO
C VARIABLES: IUT00210
c------ MA100220
C----- GLOBAL VARIABLES ""100250
C rOPT ::: 1, INITIAlIZE 14&TERIAL. ru,TOO2<tQ
C 2. GET 5TIF"FNESS MATOO25Q
C RINPUT = IfrPUT DATA ",TOO2600
C :;MA T ::: INTERNAL STORAGE ""r0027a
C SE = OUTPUT STIFFNESS ""TOO28O
C-- -MTOO29O

MToo.$OO
"'4T0051a
HAToo52O
""'T0035O
""TOO3~

""T0055O
MAToo560
~TOOS7O

MATOOSSO
"'4100390
~TOO'oOO

",TCIOua
I"ATfX)<t20
~TOO<SO

~T~

~TOO<>O

~TOll'o6O

"'Toort70 C
MArCJl:M>BO
*n:o,.90
~1OO5OO

*T00510
~llXI52O

MATOQlIiSO
MATOO5..a
*T0055O
~TOO56O

*100570
~TlJQ!;8O

MAT00590
~Tllll6OO

C MAT00610
C:::=======--==---=== INImm STIFAESS =====_=::====:MATOO620

200 CONTD&E Hot.TOO&SO
C -- ELASTll-PI.ASTIC oma. OATA STORAGE FOIl _ -- ~TOOWl

C SEC 1 >= I( MATOO65Q
C SEC Z>= RU..E ""TOD66O
C SE< S)= EPSE OlD ""TOO670 c
C SEc 4):: A, I.FPeR LIMIT. BEFClR£ RU.E CHANGE ""TOO68D
C SE< 5)= B. LeIER UNIT BEFORE N.E 0WI:iE MAT00690
C SEC 6>:EESECl) "'100700
C SE( 7>=EESE<2> "&T00110
C SE< S>::::EESE< S) MATOO72O
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CCNTIN.£
OOIF

IJIcI,J>=IIlCJ>+.J...I
I..I4(I.J):IIOtAS$( J)+J-I
UtGCI.J>=IIlKGCJ>+.J...I

U=MIXCU.l)
L2:lfIIl<L2.N)

00 100 L=U.L2
IF (l.EQ.N) GO fa 100

GO TO <l0.llO.2.10.Sl0>,IOPT

&
65

55
<G

C
C-_ TEST FOR ZERO PIVOT •••••••••••••••••

IF (ACIC)(L».Lf.Q) THEN
I«IrE (6.Z0xn L.I'OCL).A(lO:L»
AIlGRT•• TRI.f:.
RETURH

ENGIF
C
C-- CAla.l.AT£ TI-E FacTORS EAa4 ROW IS IU.TIPLIED BY

00 so I=(L,.1).H
U.=IJI(L .. I>
IF ( lI.lT.llIX 1+1.> ) TlEM

FACTOR( I):II(U> IA( IO:U )
ElSE

FACTOI'C I >:0
ENGlF
CONTINJE

C
C-- R'EDUCE P II'Y COlLIIG (J) EADI RON <I) •••

DO 50 J:l.t&.C
IF (P(l.J).EQ.O) GO TO 50
00 ..,~ I=<l ..U.H

"5 P(I.J>=P<I.J>-fACTClR(I)~L.J)

50 C1lNTIIU:

MS00021G
MSOO<l22G
MSGllll23G

C ~G

C MATRIll STGROGE SCHEME, MSOOO25G
C -TIE MATRIX A IS _ AICl S'IIIETRIC. TlIJS ~V TI£ SK'lLINE AllGVE MSOOG26G
C AN) THE HAIN DIAGONAL~ TO BE STORED. MS000270
C TIE HATRIll • IS STCIIlED III • LINEAR ARR.V BV CGLlMS. TIE VAlI£ llN MSOOO28G
C TJ£ MAItrI OIAGONAL IS STORED IN 1I-E LltEAR ARRAV FIRST. HSOOO290
C AOORESSEi Of TIE LINEAR ARR'V ELEIENTS CllNTAINING THE MAIN OIAGllNAL MSOO<l=
C TERIO> ARE STGREIl III Ill. MSOOO~lG
C EXAlf'lE, LET 8 BE TI£ 5l(5 FW. S'IIETRIC HATRIll saow... MSOOO~2G

C 111~1 I 1121 MSOOO~,G
C I I Z I 5 I I 11 I NGTE, 8<l.~).8(1.") AICl 8<2." ARE ZERG. MSOOG~""
C 8=1 1"1711GI MSOOG~5G
C I SVIIl. , 6 I 9 I Ill: 1. 2. ". 6. 8. l~ MSOOO~
C I I 8 I MSOOG~7G
C nus, BcS,SJ:AC KKS) ): 4(,,) MSOOOS80
C BcI.J):.A( ICKJ)+.J-I ) IF J>I AN) (MI)(J>+J-I><f!O::.Jt.l) MSOOOS90
C =0 IF J>I AN) Ot)eJ>+J-I>>M()(J+l) I'ISOOOitOO
C -MATRIX P IS NOT SVIIETRIC, AN) IS STORED AS A Fll..L IlfATRD< MSOOO~10
C -1'1$000"'20
C VARIAIlI..E TA8l.E, MSOOO'oSO
C IOPT = OPTION IrUIIER MSIJOOotltO
C N = IUtIER ct=~ aF FREEDOM OF A MATRIX "'S~
C I\l.C = tUI3ER OF LOAD CASES FOR Tl£ P NATRIX HSOlJOl,6O
C II =FIRST ROW TO BE WORKED WITH MSOOO'iolO
C L2 :: LAST ROM TO BE WORKED WITH MSOOO't-80
C II) :: ADDRESS OF TIE MAIN OIAGONoIL TERMS OF A MS()()()4Q(J
C P =LAOD MATRIX ON ty;ItJT. SQlH (X) rJFAX=P ON COflFLEATION OF MSOOOSOO
C IOPTri MS000510
C FACTOR= fEIIOftMY STORAGE MATRIX MS000520
C QJVMI = QllMI ~TIDN Fl..&G FOR MASS MATRtx MS0005SO
C MASS : MASS MATRIX NSOOO50t0
c trIJMASS= MASS MATRIX AOORESSES OF MAlH DIAGONAL ELEJENTS M$00055O
C {GCOtIl;; flAG FOR CONJENSDIi CUT KG "'S00056O
C ICC :: CEOMET1tIC STIFFtESS IUTRIX MSOOQ570
C JCXG :: KG MATRIX AOORESSES Of MAIN DIAGONAL EL£JIIENTS Msooo5ao
C L ::: ROW "'-IllER FOR ELIMINATION M:)ooo5QQ
C I = RON WMBER MSOOO6OO
C J =COl...... frUI4BER "'S000610
C -------4'!S00062O
C ~~~

MSOOll&""
MS00065G
I1S~

HsoooolO
MSOOO680

10 CONTDI.E HSOOOt;,90
C--- lCPT=l. REtlJCE • AND P --------------------MSOOO700
C GAUSSIAN ELIMINUfION IS USED TO R'£OU:E TlE A ANI) P MATRICIESMSOOQJlO
C FRQM ROW Ll TO !lOW L2. IF U IS NOT 1. IT IS ASSlIEO THAT HSOQOno
C .. AN) P &IE IUREAO't REDuCED FROM 1 ro U... MSOQ07SQ
C ---------/IISOOO7lt-O

IF (AUNT) nEN MSooolSO
~ITt (b.501» 'IOPT=l. R£DUCE STIFFtESS AM) l0AD$9.Ll.12.N I'IS000760
CALL. LMATIn(A.NJ.N.DCJ .' N:'UT STIFFNESS') "'$000770
CAlL *AfRXcP.N ,Jrl..C.' IJrIIIllT LOAD') MSOOO780
IF <WVAN ) CALL uu,nncoU,SS.I'OCASS.N.VOUS.·IhPUT JlUSS9) MSOOO790
IF (GiCOtCI> CAU. lMAfRX(ItG ,JCIKG ,H•.IMJKG, • INPUT KG ') HSOOO8OO

00If MSoooe70
MSOOO8SO
MSOOG8""
MS000900
MSOOG'llG
MSGOO92G
MS()0()9~

"SOllll"'oO
MSOOO'l70
MSOOO'l80
M$()O()QqQ

I'IS001ooo
I'ISooL010
HSOOI02O
MSOOI0SO
MSOO10..o
MSOOLOSQ
MSOOLObO
M$OO1070
MSOO10SO
MSOOL09O
M5OO11OO
HSOO1110
HSOOU20
MSOO1HO
foISOOU'tO
MSOOUSO
MSOOLlbO
JllSOOUSO
NSOOll90
HSOOL200
"'SOO1210
H$OOL220
JIlSOO12SO
MSOO12~

/IIsoo125O
HSOOl260
MSOOL270
HSOO1280
Hso01290
HSOO1S'OO
Msoo1510
JIlS001:'20
HSOO1SSQ
"SOOl~-tO
MSOO1SSO
/IISool560
JIl$0015'70
MSOO1580
HSOOl5'90
HSOOL"OO
MSOOl'tto
MSOOl'io20
HSOOhSO
MSOOLtrfO
MSOO1"SO
MS001~

MSOOl"70
"'SOOl,,80
MSOO1"qo
MSOO1SOO
MS001510
M$OO152O
HS0015SO

C
C fC2'2::M22 .. J:21n:.U * Nll • llUl • (12

IM:MASS< POCASSCL»
IF (RM.NE.O) nEN

DO tlO J:t...l.N
IF <FACTQR(J).EQ.O) GO TO 60
Il=MAX<l+l.J-(fIlMASS( J+l )-KJMASS( J» )
00 55 1=11.J

IJ::I.-I.J)
MASSe IJ):MAS$( IJ>+FACT~1 )-RMt'FACTOR< J)

C
C-- R£DUCE" BY COL1.MCS (J) EAOf ROM <I) •••

00 '90 J::<l ..D.N
LJ:lJI(l,J)
IF (LJ.CE.M)(J+Ln GO TO ~
00 55 I=<l+U.J

1J::IJI<1.J)
II< IJ):IJ. IJ~ACTOR(I)-A<.LJ)

S5 CONTtJ&.E
'to ec:tiTttU:

C
c. . ..... .•. M'Z2dCZ2 ~ 1C211KU • M12

00 60 ..J:::l+1 .. H
LJ:::I...J«:L,J>
[F <LJ.CiE.JIOUSSCJ+1» GO TO 66
[f OUSS<LJ).EQ.Q) GO TO 66
00 65 I:l+l.J

IJ:I...MC1.J)
IF CIJ.LT•Ji04ASS(J+l»
MASS( IJ >=MASS( IJ>-fACTOR< I)*MASS< LJ)
CllNTINUE

RX =OATO( 5. IMASS)
RY :DATA< 6.IMA$S)
RZ =OATA< 7.!MASS)
Rl(V =OATA< 8.IJoIASS)
RXZ ::OATAc 9,IMA$S>
RYZ :OATA<I0.IfItASS)
lGEN:::OATA<.1l9!MASS)
INC =OATA< 12.!MASS)

ICOS ::JTCOS< JOINT)

IF (IOPT .EQ.l) TIEN

SCl.1k PX
SC2.2:>= Py
SC$.3):: PZ5<".,,): RK
S<5.5)= RV
SC6.6>': RZ
SC" ,5 >::-RK\'
$(".6 >.:-RXZ
S<5.6)=-RVZ

00 60 1=1.6
00 60 J:l.6

S<I.J>=O
00 60 1(=1.6

S<I.J>=S<I.J) .. A(I.X)*SAT<IC.J)

ELSE IF (lOPT .EQ.2> THEN
IF <BUG) THEN

I«rTE (ELNO.915) NOOE.<LMCI>.1=1 9 6)
FORMAT ('MASS AT NOOE .'.I6.' Ul:'.bI6>
CA.ll. lMATRK< SMSS ,1'1).6 .21,E1.MO>

ENGIF

IF <ICEN.GLO) THEN
lGEtrI=lGEN-l
~=NOOE+INC
GO TO 9

ENGIF

IF <JOINT.L.E.D) Tl£N
~ITE <6 9 .) 'NODE .' ,NODE,

& 'WAS NGT FlllJNIl. Cl£C1C lNPI1T. MASS IS ClIlITTED •
GO TO 9Q

ENGIF

9 JOINT=IQUICK(N!lOE,IG.!HlllE)

00 <foO 1:1.6
00 .;.0 J:I..1.6

~ seJ.I)=S(I,J)

an

ENGIF
qo CONTINJE

50

LOO CONTINJE

915

C
C--> SET t.P NODE MASS MATRIX IN XYZ COOROlNATE SYSTEM
C-- SET l.F TRAHSFORMAfION MATRIX, A :: <CONST)

DO La I=1.6
00 10 J:l.6

10 ACI.J):Q
00 2G I=1.6

20 ACI.Ik!
A< 'io ,2):CONST( .JOINT .1)
A(4.S):CQNST(JOINT .2)
A( 5.1 ):CONST< JOINT, $)
A<5.5)::CONST( JOINT ,,,)
A<6.1)=CONST<.JOINT.5)
-,<o.2hCQt6l(..IOINT ,6)

C
C-- SET loP NODE MASS MATRIX

00 5ll 1=1••
00 ~ J=I ..1,6

~ SCI.J)=O

C
C----- TRANSFORM MASS MATRIX TO ACCOl.JriIT FOR CClNSTRAINTS

00 50 1=1,6
00 so J:l.6

SAT(I,J>:O
DO so K=1.6

SAT<I.J):SAT<I,J) .. SCI.K)-A<J,I)

C
c. . ..... CALL SltYltN TO RESER\IE SPACE FOR THIS NOlE'S MASS

IF (BOO) THEN
WRln: (ELNO.915) NODE.(LMCIJ.I=I.6)
CAU. UCATRKCSMAS$.1CJ 9 6.21.ELHO>

ENGIF
CALL SKVL.IN<2.tOJF ,moo. TITLE.fIIlM,6.

LM,::iMASS.1Cl9 'Q.08AL MASS')

C
c...... TRANSFER MASS NATRIX TO IW..F STORAGE I«IDE

IJ:O
00 70 J=I.6
00 70 I=J.1.-1

1J:1J+l
70 3MASS< IJ)=S( I. J)

c...... IllITIAlIZE TI£ OIAOONAL MASS MATRIll
00 80 1=1.6

LMCI>::IJ)OF(JOINT ,I)

1f'000550
1f'00Il5l00
1f'000570
lFOOO58O
1f'0005""
1f'000600
!'F(J(J)&!O
1f'000620
1f'0000SO
If'~

1IF000650
1f'00lI600
1IFOOO67O
1IFOOO68O
1IF0006""
1IF0001ll0
IIFClOO71G
1IF000l2G
1IF000l30
1f'0007..,
If'ClOO15G
IIFClOO7<G
IIFClOO17G
IIFClOO1IlO
IO'0007'l0
IO'00080l
IO'00081G
IIFGClllIl2G
IO'GGllIlSIl
10'
IIF""""",,
10'
1IFOOO87O
If'OOIl88O
IO'0llllI'lQ
10'
JllF'ootl9IO
IIFllOO92G
1IFCllJG9SG
IIFI>GllOOGIF_IF_
1F000970
1F00lI900IF_
)ilf'OOlaao c
JlFooI010
JlFODlO2O C
,*0011$)
IIFOOIDllO
1F00lD5Q
1F001llbO
NF'OOI01O
'*001080
IilFOOI09O
MfOOUDO
","001110
1F00ll2O
1F00llSll
NFOOIHO
10'001150
Iilf'OOl.160 c
10'001170
Mf'OOusa
MfOO119O
1F00l2<ll
1F00121G
1F00l22G
1F00l2!:G
1F00lNl
1F00125O
1F00l2<G
flFOO1270
1F00l28G
1F00l2'lO
MF'QQlSDO
".:'oolSlO
,*,OOlS20
JlIFOOlS50
NfOOlS~

",,001S50
1F001S6ll
10'001370
""001$80
IfFOOlS90
NFOOhOO.
MFOD!ftlO
MFOOl~20

~OOl~SO

10'001_
11'001_
JlFOOl~

MFOOhlO
NFoal~

IiFOOllpfjlQ
1F001Slll
MFOQ1510
MFOOl520
lIFOOl530 C
MFOOl540 c-- REou:E MASS NATRIX BV GIN.,. REIU:TION
MFOOl5SQ IF (GUVAN> TlEN
JlFOO156O
JllFOO1570
MFOOlSSO
liFoolS90
IFOOl6QJ

RETURN IiFOO1610
E~ '*001620

c:==================:::=:::======-====--=====--=====;===~
C NAfRO( SOLUTION OF EQUATION AX:::P. IoHE:RE TIoE l.FPER TRIANGI.l.AR HATRIX NSOOD06O
C OF HE S\lMJrETRIC MATRIX. IS STORED BV S1tVUNES. P IS STORED AS IC$OlXIOlO
C A FlI..l MATRIX. TtE MATRIX P IS REPlACED 8Y )( AFTER BACK MSOOOC8)
C :ol8STITUTION IS cOfIIIlure. BOTH A AN) P ARE ALTERED..... MSOOOO9O
C GlJVAH llPTIllN' If GlJVAH IS • TRI.f:. MASS MATRIll IS ALSO CllNlENSED MSGOG100
c.::====:::==================--====::==========---=-----~===:;=====MSDOClUO

SUIlRGUTINE MSCllL( IllPT .PRINT .N.IIIl.LRGN.....C.Ll.L2.IIl•••P.FACTGR. MSGOGl2G
& GlNAH ,MASS,IIlIOASS.DIJlfAS. MSGOGUG
& KGCONJ.KG ,I«*.G .DOCC .ABORT) MSOOOl<WJ

DIMENSION A( IK}).FACTOR<N).P<LROW9 N.C),ICkH+l) MSOIJJlSO
DIMENSION MOMASS<N+1).fO(CC...l> JrGOODl60
LOGICAL BTEST .ABORT MSQIXJ1lD
IlEAl MASSCIIOIAS).KGCIIIlKC) MSGOG1""
LOGICAL QJVAN 9PRDlT 9KGCOND JrGOODl90

0ISlllllJ2llll
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&
69
70 CONTINUE

OOIF

CONTINUE

CONTINUE
Et.lJIF

CONTIU

CONTINUE

IF <AOIXL».LE.O) THEN
WRITE (6.2000) L,JIO<L),AOIKl»
ABORT::. TR\.E.
RETURN

Et.lJIF

CAlctA.AGE )( FOR EACH LOAD CASE. STORE IN P
00 2SO J:L2,Ll,-l
IF (A(tOCJ»).L£.O) T1£N

WRITE <6.200D) J,MXJ"AOIXJ»
CALL ERRfRA
48QR'T::. fRlE.
RETURN

ENOIF
00 215 LC=1,....C

P( J.lC>=PC J,LC)/ACMXJ»

E..,IF

IF (PRINT) TlEN
WRITE (6.500) -IOPT=2. REI:lJCE LOAQS CN.'t" .U.L2.N
CALl lMArR'KCA,fIO,H.JIO<"'U, 'REDl.CED STIFFNESS·)
cALJ. WMATRXCP.N _NLC.'NEW LOAD ",TRIX .)

OOIF

66

7S
80

&
as
86

&
8'1
90

LOOP FOR EACH COlLMl (Jl
00 1SO J=1.N..C

IF (P(L,J).EQ.O) GO TO ISO
00 120 I=(L..V.N

U::IJI(L.I>
IF <LI.LT .DI.l» PCI,J:>::PC:I,J>-ACU)"PCL,J)/AUlkL»

l20 CONTIU
ISO CONTINUE
l60 CONTINUE

RETl.IRN

100 CONTINUE
IF (PRINT> nEN

CAll lMAfR)((A.I4),N.D4D.'REDJCED STIFFl€$S')
CALL HMATRXCP.N _N.C.'REIU:EQ LOAD-)
IF <Gl,JVAN) CALL LMATRJ(CMA$S.KNSS.N.nau.s, 'ReDU:ED MASS' >
IF <KGCOfrG> CALL LMATRX<KG ,JGta _N,DClKG.·REDUCEJ) K.G· >

ENOIF
RET......

215

C
C••• , • , ••• KG22::KG22 - (21/1(11 it KGl2

DO 86 J;L+l.N
L.J=!.J(G<l,J)
IF (LJ.GE.to:G< J+l» GO TO 86
IF (KGCLJ).£Q.O) GO TO S6
00 85 I=l+l,J

IJ=I.xG( I.J)
IF <IJ.L.T.)I()I(GCJ+l»
KG< IJ ):KGCIJ >-fACTCIR(I )*«:GCLJ)
CONTN.E

C
C------ REDUCE OEOIETRIC STIFI'I£SS MATllDC

IF (KCCOM) ll£H

C
c••••..••• M22::M22 - M2l • l/Kll It W

00 70 J::L.+l,N
IF (FACTOR<J).EQ.O) GO TO 70
00 69 I;L+l.J

LWJMCl,I>
IF (LI.OE.KlIIASS<I+l» GO TO 69
IJ=I.JM<I.J)
IF (IJ.LT.1OUSS<J+l»
MASS< IJ l:l<ASS< IJ>-l'ACTOll<Jl"llASS<Ul
CONTIM.£

C
cu •...•.. KG22:KG22 - 1c;G2! • lJU1 .. U2

00 90 .J::l.+l.N
IF (FACTOfKJ).EQ.O) GO TO 90
00 89 I=t....l.J

L.I::IJKG<L.I)
IF (lI.GE.MJKGCI+1» GO TO 89
IJ::I..J(C(I.J)
IF <IJ.LT.KJlGCJ+l)
KG< IJ):;KGC IJ >-fACTOR( J~U)
CONTDIJE

C
c........• 1CG22::KG22 + 1C2l/1Ul * I(GJ.1 * lJKl1 * KG12

RKG.:KG< MOICG< l ) )
IF <RKG.~.O) 1l£H

00 80 J:L+l.N
.IF <FACTDR<J).EQ.O) GO TO 80
ll:MAK<L+l,J-OOc'GCJ+l)--IIIXGCJ» )
00 15 I:Il,J

IJ:I.JItll(I,Jl
KCiCIJJ:I(CiCIJl+f4lCTOll<Il__"l'ACTOll<J)

C
C-- LOOP FOR EACH RON (ll TO 1lEIlUCE....

00 160 L:U,12

C
C---- LOOP FOR EACH RON L
C
C

MSOOlS~ MSOO2SSO
MSOOlS5O IF (J.GT.lJ Tl£N MSOO289O
MSOOlS60 !J;fI)(J.!) MSOO29OO
MSOOl570 NI:J-OOeJ+l>-MkJn .1 MS002910
MSOOlS80 DO 220 I:HI.J-I.+l HS002930
MSOO159O IJ:IJ-I "5002_
MS001600 00 220 U:;J, .....c MSOO2950
MSOO1610 P<I.lC):P<I.lC)-P(J,lC>*ACIJ) "5002990
MSOOl620 22Il CONTINUE "500S010
MSOO16SO E~IF HSOO3020
MSl1016'O 2SO CONTINUE «SOOSOSO
1CSOO1650 C ,",500$040
1CSOO1660 C M$005070
MSQOl670 IF (PR.tHTJ CALl WMATRXCP.N .ht.C.'OISPlACEIENT') MSOOSlSO
MSQOl680 C I'ISOOSl60
MSOO1690 RETIIlN MS005170
MSOOl700 C JIlSOO51SO
MSOO1110 SlOCONTIME "'$005190
MSOOl72ll C--- IOPT", REIlUCSJ MULTIPLICATION MS005200
MSOOl73O C SOLVE FOR V IN S!tO=P ..etE S HAS BEEN REDlCED BY GAUSSIAN MSOOS210
MSOOllttO C B.IMlNATION. MSOOS22Q
ICSQO),]';O C TIE RESll.TING LOAD IS STllIlED IH P. MS002SO
MSOOl760 c THE DISPLACEJEHTS ARE JMlUT I" O. MSOOS2~

MSOOl770 C IU.TIPlACATION CNLY TAlCfS PUCE BETIEEIl ROIlS Ll "'" 12, MSl1052S0
MSOOl780 C --MS005260
MSOOl79O IF (Pl!IHT> THEH MS00270
JICSCOI800 "ITE (6.500> 'IOPT:'t. REDUCED JlU..TIPLACATIOW,ll.L2.N MSOOS280
1CSOO1810 CALL. LMATR)(CA.JiO.N.KKN+l).'REOUCED STIFFNESS') MSOOS290
MSDOl820 tAU. ~TRX(F&CTOR.N .1. 'OISPLAtElENl') 1"$003$00
MSOOlISD OOIF MSOOSSIO
MSOO18~ C MSOOSS2!J
HSOOlSSD c-- OM.V ONE LOAD: CI.S'E.... MSOOSS30
MS001860 lC=l MSOO'SS40
MS001810 C - ZERO p - MSOOS3SO
MSDOl880 DO S20 J:Ll.L2 MSOOSS60
MSOOl890 IF (A( MO( J». LE. a) TlEN MSOOSS70
I'ISOOl'900 HRITE (6.2OlXI) J.Kl<:J).AO()(J» M$003380
NSOO1910 ABORT:. TR\.E. M$oo$"oo
MS001920 RETl.RN M5OO5"10
MSOOlHO EN)IF IoISOOS<t20
MS0019'90 S20 P<J,lC>=O MSOOS4SQ
MSOOl950 C MSOOS""'Q
MSOOl960 c---- IU..TI'PLV S REO .. DISP =p MSOOS~
~1970 00 S40 J::ll.H - 1"ISOO3:~
NSClOl980 ICl=J-(lIOc ....u-fC)(J» +1 MSOOS<t70
MS001990 IC2=/IW( tCl.ll) MSOOS480
MSOO2OOO 00 St,() I:.J.IC2.-1 "'500:5...90
1CSOO2010 IJ=IJI( I,J) MSOOS500
ICSOO202O S~ P<I.lC)=P(I.LC)+ACIJ>~ACTOR<J> MS005510
MSOO2OSO If <PRINT> CALl ~TRX(P,N .1,'REOIJCED LOAD' > MSOOSS20
M$IXJ2Of9O C MSOOSS:sD
/ItSOO205O C---- lMlEt:U:E Tl£ LOAD MATR1)( ••• MSOO$-tO
MSOO206O 00 S60 L::l2.U,-l MSOOS550
MS002070 MSOOS560
MSOO208O lOOP FOR EACH COL..... (J) MSOOSS70
ICSOO209O 00 S50 J:l.N.C MSOOSS80
MSOO2lOQ IF (P(L.lC).EQ.O) GO TO ~ /lISOO'SS90
MSQ02UO DO 5;.5 I:<L.+l),N MSOOSOOQ
MSOO2l2O l..I=IJI<l.I> HSOOSblO
MSOO21SO IF (LI.LT.lCkI+l» PCI.lC>=P<I.lC>....(l1)-P'<l.LC>!A(M()(U) MSOOSb20
MSOO2l~ v..5 CONT'DI.E MSOOSb50
1CSOO21SO S50 CONTIMJE MSOOSb.;,o
MSOO2160 S60 CONTIN.E JltSOOS650
1OSOO2170 C MSOO%60
MSOO2180 t,OCJ CONTtIrUE MS005670

C 1OSOO219O C MSOOo;,;SO
110 CONTINlE MSOO22OO IF (PRINT> CALl ~TR'X(P.N .1.'LOAD') MSOOSb90

g---- ~~AN~IN~~ ::IS:-USEll=:-TO-REtU:E==--T!E=P-MA--T::RIX=--~ C RETl.RN :=~;~
c FROM ROM L1 TO ROloI1.2. IF Ll IS HOT 1, IT IS ASSl.JEO fHAT MSOO2'2SO 500 FORMAT (12)C.A.2H.·L1;',IS.' L2;',IS,' N:' ,15> "'5005720
C A AN) P ARE Al..lREADV R£DUCED FRe* 1 TO u... ~ 200D FORMAT <1I11)(.SOC···)/ M5OO5730
C- ~ Il. ,. ER".·ROR IN SlIIROUTDE JOISOlL', Tli1.···1 JIt$<XlS7ltO

NSOO2260 Il. PIVOT IS LE a ------- RON:' ,IS, TSI.' .. '/ JIISOOS750
MSOO227O & STORAGE LeN:' .15, TSI.· .. '/ MS005760
MSOO228O & PIVOT:' .lP,G15.o, TSI.· .. '/ )115005770
MSOO229O & SOlUTION IS ABORTED -. TSI,' •• / Msoo~780

JrCSOO2.500 & lX.SOC -.' )/) JllSOOS790
fiCSOO2S10 EtI) MS005800
1lISOO2S20 C=--===--====__=A_=--============::=====::====:::;:::;;==========HOOOOOIO
MSOO2SSO SUBROUTINE NOODOF(~.NCONJ.JrFREE.hfiST .MAXNOD.NNOOE.ocOS. NO()()Ol)IoO
MSOO2540 & SCAlE .NSUPT .NCONST, NOOOOO5O
foISQ02S50 10 IO,IOOF .Dl)EK.COORO.COSDE,CONST, NOOOOO6O
1CSOO2S60 Ii JTFLl;.JTCOS,BW.MSTRJT> 00000070
MSOO2S80 C 00000080
MSOO2590 DIMENSION COOROC.PUKNOO. S).I()( MAKNOO). IN)€X( MAXNOO), IFJokb ).JFMl: b), NO()()()()9Q
1IIS002~ Il. IDQF(MAKNOO,6> ,COSINE<S.3.NCOS>.CONST(JIIAXNOO.b). ~100

flCSOO2'tlO & JTFlG<flW<NOO>.JTCOS<MAKNDO>.MSTRJT<MA)(N()().b) NOOOOIIO
1'ISOO2't20 DIMENSION IJ1«S),VV(~D,VZ(S) N0000120
~so LOGICAl FLAG,Pl .8lC,TEST .BTEST NOOOO130
JIISOO2~.a CHARACTER*15 TYPE NOOOOl"tO
~ CHARACTER*2 0((6) NOOOOlSO
1OSOO2«>O C----- ----NOo<xn"o
~70 C VARIA8LE TA8LE... N0000170
MSOO2ft8O C COORD ::.JOINT COORDINATES X,v.Z NOOOO180
~90 C II) = JOINT If.JI4BER NOOOOl90
NSOO2SOO C IDOf = GLOBAL DEGREES aF FREEDOM ASSOC. wITH JOINT FX,FV.FZ.MX.M'I.MZNOOOO200
MSOO2520 C JTCOS :: ROW IN COSINE MATRIX ASSOC WITH .JOINT NOOD0210
IIISOO25SO C COSlh£ :: COSINE HiTRD< N0000220

210 CONTIMJE MSOO25"O C CONST :: GL08Al CONSTRAINT MATRIX FOR EADf NOOE N0000230
C-------- lOPT=S. BACK SUBSTVTION -------------~ C JTFlG :: CONTAINS JOINT FLAG'S- IlIJST BE ~ BIT'S L<N:i........... NOOQ02.r,Q
c flACK Sl.8STUTIOH IS USED TO SOLVE FOR x IN $)(=v. HRE s IS MSOO256O C an·s 0 TO 5 RESTRAIN OOF FlC.FV.FZ,MK.MV,MZ N0000250
C TJ.E REOOCE l.WER TRIANGLl.AR FACTOR OF THE A MATRI>C, AN) V MSOO2'570 C BIT'S 6 TO 11 CONJENSE OOF FlC,FV.FZ.MX.MY,MZ N0000260
C IS THE REDUCED FORRM OF nE P MATRIX. T1E RESiU..rS 00 ARE tcSCXJ2580 C BIT'S 12 TO 17 CONSTRAIN OOF F"K.FV.FZ.MX.MV,Ml N0000270
C STORED IN P. MSOQ2Sqro C BIT·S 18 TO 25 elIMINATE OOF F"K.FV.FZ,MX.MV.J14Z N0000280
C 8ACK St.8STUTIOH <H.V TAlES PlACE BETWEEN ROlCS L1 ANJ L2. MSOO26OO C ICSTRJT :: INTERNAL MASTER JT • OF CQNSTRAU£O JOINTS........ N0000290c------- ---c5OO2610 c----- ----------------NOOOOSOO

IF (PRINT> THEN MSOO262O C NOOOO5.l0
IoRlTE (6,500) 'XClPT=S, 8MX SlIlSTUTION' .Ll.L2.N NSOO26SO C-- INPUT NODES NOOOOS20
CAL.L LMArR)C(A,KJ.N,tOCN+U.-REWCED ST1FFfrrESS') MSCXJ26ttO IF <BUG) l«ITE <6.1lX1O) 'IhPUT NDa::s' NOOOOS50
CAll 1oNAfR)C(P.N ,fl.C.·REIU:£D LOAD') MSOO2650 1=0 NOOOO~~

£If)IF NSOO266O 20 1=1+1 NOOOOSSO
MSOO261O READ (S, *) IIXI),(COORDCI,J),.J=l.S>.JlCOSCn,IGEH NOOOO%O
MSOO268O If <IIXI).L£.O) TIEN NOOOOYO
1OSOO2770 _=1-1 N0000580
MSOO2780 GO TO 26 NOOOOS90
1OSOO2790 ENllIF ~

MSOO2SOO IF (SUi) "ITE(6.30> I,IDCI),(COUROCI,J),J:l,5>,JTCOSCI> NOOOCJltlO
MSOO2IIO IF <IGEN.GT .0) THEN NOOQClol,20
MSOO282O REAO <5... ) IDINC,COOR01.COOR02.C00R05 NO[)OQooSO
_SO 00 2S K:!.IGEN NOOllO'o""
1CSOO28ftD I:I+l ~50

1OSOO28S0 IIX I >:Ill< I-I l+mIHC NOIlOO'6O
NSOO'286O IF <IDcI).L£.O) Tt£N NlJ()QQo,lO
MSOO2870 _:1-1 NOllOO'oSO
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l«ITE(b."JQ> NODE.1e
ElIlIF

It:2
IF <.NOT .BTEST<JTFLG<.J).I(-1» TI€N

JTFlGC J):I8SET< JTFLG< J ).J(.ll)
MSTRJT( J.IC >::IQlJICC( MASTER, IO.NNOOE)

ELse
..11(6...50) NUDE.IC

ElIlIF

"=->IF <.NOT .8TEST<JTFlG<J).1(-1» Tl£N
JTFlGC J>=IBSET( JTFLGC J),I(+U)
MSTR.JT< J.1t >=lQUICK< MaSTER .IO.*OIJE)

ELse

~ITE<6.'t50> ~.l

ElIlIF
CONTDI,E

Rse IF (ITVPE.£Q.l) Tl£N
TYPE:='l(V~'
"=1

IF eNOT .BTEST< JTFLG< J).K-l» THEN
JTFLGc. J>::!BSET( JTFLG< J ).';:.11)
N$TRJT< J.K >=IQUltX< MASTER, IO.NHODE)

ELse

IF (BUG) WRITE <6.1000) , JOINT RESTRAINT CODfS ••• •
IF (sua> e.au. P8IT<"JlIDOE.JTFLc.m)

101

_10

_15

WRITE<6,.,SO> NCGE.K
EIClIF

ELse
I«ITE <6.~) IT"iPE.MASTER,NODE

ENOIF
WRITE (6.<t50) nPE.MASTER.NOOE
ENOIF
IF (ICEN.CT.0) Tl£N

1«lDE=NOOE...aoDl:
IGEM::lGE....l
GO TO "lQ

ENOrF
GO TO 'tOO

ENIlrF
"20 FORMAT <' NODE:' ,16.' IS I«IT FOlIIJ. CONSTRAINT IS IGNORED')
"SO F"ORMAT <' NODE:' .Ib.' IS A'£STRAlPED. CONSTRAIHT' .12.

& • IS IGl«)RED••• ')
<rtO FORMAT (' INVALID CONSTRAINT TVPE' .13.

8, • MASTER:' ,16.' SlAVE:' .16)
'tSO FORMAT <sx••• ·CQNSTR...INT.·.

& ' MSTER:' ,16.' SL\\IE:' ,16)

ELSE N00017""
J :IQUICIt(NOQ;.m.lNXlE) N0001750
IF (I.EQ.O) lIEN NOOO1760

IF (BUG) WRITE (6.110> MXE NOOO1770
RSE NOOO1780

00 101 II:1.6 NOOOl79O
IF (IFMCn>.PE.o.AN:l••NOT.BT£ST(JTFLG4:J>.U-1)>T1£NNOOO1800

JTFLG< Jl:IBSETUTFLGCJ ).II.s) NOOO1alO
..FMCII '=IFMCn) NOOOl820

ELse NOOO1SSO
..FMCU>=o NOOO18~

ElIlIF NOOO1ll5O
CONTINUE NOOOIS60

IF (PT .M«J.BUG) HRITE (6.80> IO<J) •...FM NOOOlS70
aDIF NOOO1SSO
IF (IGEN.CiT.0> llEH ~1S90

NODE:::NOtE+NDOIM:: N0001900
IGEN:1GEN-1 N0001910
GO TO 95 NOOOl920

E~IF NOOO1930
OOIF N0001940
GO TO 90 N0001950

ENOIF N0001960
110 FORMAT (. NODE.' .IS.' NOT FOlNJ. OOF ASlE NOT CONlENSED••• ') NOOO1970

C NOOOl990
C N0002000
C-- DflUT CONSTRAINTS... N0002010

I~ ~

FLAG:. TIltIO. N00020SO
..ao 1=1.1 NOOO~

IF <I.lE.NCONST> TI€N NOOO205O
IF <FLAG) "ITE (6.1000> ' NODE CONSTRAINTS' 0000206O
FLAG:.FAlSE. N0002070
READ <5••) ITVPE.N&STER.NOO:.Ia.NOOtHC NOOO2080

J =IQUICK(NOOE.m.YfOOE> N0002090
IF (J.EQ.O) HEN NOOO2100

WRITE (0••20) frIlDE N0002110
ELSE 00002120

IF <ITVPE.EQ.O) T.e. 00002130
TVPE='~IGID SOOY' N00021'to
00 ..15 l(=l.b N00021SO

IF < .HOT .8TEST<JTFLGCJ),{-1» HEN N0002160
JTFLG( J>=IBSET< JTFLG< J ).1(.11) NOOO2170
IGTRJT( J.K >=IQUICl(MASTER.m.~) ..aoo2180

B.SE NOOO2190
N0002200
NOOO2210
N0002220
NOOO22SO
N00022'oO
NOOO22SO
NOOO2260
N000227a
NOOO228O
N0002290
><0002SOO
NCJ002Sla
N0002520
,l,Q)(}2530
N0002~"O
NOOD2::SO
N0002SbO
N000257a
><0002=
N0002~90

N0002'oOO
NOOO2"10
NOOO2'20
J«<>002...30
><0002_
NOOO2'50
NOOO2'060
"«>002,,70
N0002..S0
~OOO2..Q(}

N0002500
N0002'ilO
N0002520
N0002530
><00025""
N0002550
NOIlO2560
N0002S70
N0002580
N0002590
N0002bllO
N0002blO
N000262a
N00026SO
N0002&~

N0002650
N0002b60
toKXXl2&70
N0002b80
N0002b90
N0002700
N0002710
N0002720
NOOO2730
N00027~

N00027S0
N0002760
N000277a
N00027S0
N00027qQ
N0002800
NOOO2S10
N0002820
N0002SSO
N0002S'oO
N0002SSO
000028bO
00002870
~2S80

N0002S90
NOOO29OO
NOOO2'>10
NCll10202O
N0002030
N00020<00
N0002'l';I)

N<ll102'l6O
NOOO2'>70
NOOO2980

C
C••••••••DEGREES OF FREEDOM TO BE CINlENSED OUT

00 500 I=l.J>.HJOE
00 500 J=I.6

JT=JTFLGCI)
IF (BrEST< JT .J...s) .NC)••I«»T .8TESr(JT.J.U» HEN

NOOF"::NlOF".l
looF< I. J)=lOJF

EloDrF
500 CONTIN.,E

NCONl--NOOF

c
C============= ======
C== DETERMINE THE DEGREES rs FREEDOM•••
c ==================::====
C•••••••• ZERO CONSTRAINT MATRIX 1ilfI0t WILL HOlD THE MQIIEHT
c TRANSFORMATION FOR CONSTRA.D£D OOF

00 ...99 I=l.N«IOE
00 ,,99 J:l.6

..99 CClNSTCI.J>=O
NOClF~

C
C••••••••LN:ONSTIlAINEQ AhIl LNI£STTlAINED DEGREES OF FIlEEOOIl

DO 510 I=1.hNXE
00 ,10 J=1 ••

NQOE=IDOF< I ,J)
IF (.NOT.<BTEST(JTFLGCI).~l).OR. 8TEST(JTFlGCI>,J';) .OR.

eTEST<JTFlGU).~ll» ) no
IF <IOOF(I.J>.EQ. Q) llEN

~=hOOF+l

IIlOF( I.J l:lIlOF

010 COllE

MOVE NOQ; NO. TO TEII'CRARV STORGAe
00 "" I:1.tHlOE

J=!t,I)E)(I)
IOOF(1.1>:IO<J)
rOOF< 1.2 ):JTCOS< J >
rOOF< 1.2 )=JTcos< I >
00 ...0 1(=1.5

CONST< I.K )::COORD< J.K >*SCALE

25
ENOIF
IF (I.Lf .IH)[£) GO TO 20

26 CONTIMJE

MOVE NOQ;S NO IlAQ( TO ..IN STORAGE. DELETE OUPLICATE INFO.
><NOlO=NNOOE
I~
J~

"3 1=1+1
J=J+l

ICKI)=IDOF<J.l)
IF a.GE.2) T~N

IF (IO<I).EQ.IDc:I-1> ) llEN
1=1-1
tHlOE=',"",OIH

ENDIF
ENIlrF
JTCOS< 1 )=IOOF<J.2>
00 ..... 1(=1.5

'" COORO(I.K>::CONST(J,IO
IF <I.Lf ."IIOOE> GO TO ~J

65

70

50

71

""100

C
C-- SORT NOQ;S

CAlL ISORT( m,DIEC.hNDCI!>

GO TO 26 NOOQOIt9D
ElIlIF NOOOO5OO
COOl<O(1.1>=COOllll< 1-1.1 l+COCRD1 HOOOO510
COOI<O( I .2>=COO1l1l< I -1.2l+C000lll2 HOOOO52O
COOI<O( 1.S>=COOIlIl<I-1.Sl+COCRDS HOOOO5SO
JTCOSCIl=JTCOS<1-lJ NOOOO54O
IF <BUG> t«IT'E<6.30> I.ID<I>.(COOROCI.J>.J=l.$>.JTCOSCI>N0000550

HOOOO56O
HOOOO570
NOllOO5aO
HOOOO590
NlOOO6Oll
NClOOO610
NClOOO62O
NClOOO6SO
NOllOll6'O
NClOOO6SO
NOOOO66O
NClOOO67O
N<lOOO6SO
NClOOO690
N0000700
N0000710
NOOOOno
NOOOO7SO
NOOOQ7.o
N00007';O
N0000760
N0000770
NOllOO78O
NOOOO79O
NOOOO8OO
NOOOll810
NOOOO82O
NOOOll8SO
NOOOlllI.o
NOOOll8SO
NOOOO86O
NOOOll870
NOOOO88O
NOllOO8'lO

SO FORMAT<' NOtE<· ,IS.'):' ,I~.· )(:' ,FIO.~,· v:' .FIO.~,· Z:' ,FIO.~.H0C0D900
& : .' COSI: ••I3) NOO:X)910

C HOOOO92O
C-- Q.OUI. JOINT COSINE ...TRIl< NllIlOll'XO

IF <Bt.C) I«ITE <b.llXX) 'OIRECTION COSD£S ••• ' NClOOrJ9l'O
00 55 ICOS:=l.NCOS NOClOIJllIISO

REID (5.·) I/'X.W MXJOO'9tIO
cAlL. CROSS<VZ.VJC.VV.O) NOOJ091O
CAlL CROS$(VY,VZ.\I)(.l> NIXXXJ980
00 50 J=1.3 NO()OQ9lN]

COSDE(l.J.lCOS):V)«J) NOD01OOO
COS!hE<2.J.ICOS>=VV<J) NOOOIOI0
COSDE(S.J.ICOS>=VZ(J) NOOOI02O

IF (BUQ> I«ITE ('.5'> leos.' I/'X:','IX.' W:'.VY.' Vl:·.Vl NCOO1OSO
55 COWTINJE NOOO10lr0
56 FORMAT<' CD$(' .IS.· > " NOOJ1OSO

& ~A.SS.F'.S.' I' .SP.F9.5.· J' .F9.S.· K ').SS> NOD0106O
C J«)()OlD1O
C-- INPUT RESTRAINTS NODOIQl!lO
C ZERO IJlQF ...TRDC 1flI0l Illl..L HOl.O RESTRAINT. CONSTIlAOO AhIl NOOO10'l0
C l.l.TIMATLV OOF IWORMAnON NOODUOO

00 59 I=l.NrIXJE NC011110
,9 JTFLG< I l=O N0001120

1:0 NQDOUSO
FLAG:. TIltIO. NOOOU.o

60 1=1+1 NOOOllSO
IF <I.LE.NSlPT) nEN NOOOUbO

IF <FLACi.AhO.BUG> I«ITE <6.1000) , NODE RESTRAINTS' N0001l70
FLAG=.FALSE. NODOUSO
READ <5•• ) NODE.IFM.IGEN.HDDDC NDDOll90
IF <NODE.eQ.O) THEJI NOOOl2DO

00 7tI J:1,tH:JDE NOD01210
00 68 11=1,6 N0D01220

IF <IFMCII).NE.O) JTF1.GCJ>=IBSET<JTFLGCJ),II-l> NODOl250
IF (IFMCU).EQ.2> JTFLGeJ>:I8SETCJTFlG<J),II.l7> NOOO12ltO
CONTINUE N00012Sll

IF (BI.G) ItUTE <6.80> IDcJ>.UM NOOOl26O
CONT~ NDDOl2lO

ELSE N0D01280
J =IQUICl:CNDOE.m.rHO::) N0001zq(J
IF <J.£Q.O) rtEN NODOl5OO

IF <llUG) I«ITE <6. }'5) NODE N0D01$lO
ELse NOOO1S20

00 71 n=1.6 NOOO1SSO
IF (1FM(II)./rE.O) JTFlGeJ>::1BSETc;TFLG<J).II-l) NOOOBotO
IF (IFMCII).EQ.2) JTFLG<J>::ISSET(JTFLGCJ),II+17) NOOOU50
CQNTINl£ NOOO1S60

IF (BUG) .-m «..SO> IDcJ>,IFM NOOOlS70
EIJl1F NOOOISSO
IF (ICEN.GT .0) Tt£N NOOO1390 C

NOOE::HOOE....,INC NDOO1~

IGEN=IGEN-l NDOOIUO
GO TO 6S NOODl~20

OOIF NOODllt~

E~IF NDOOl~

GO TO 60 NOOOH50
EtlJIF NOOOl't4:iD

7t; F00tAf (. NODE.' ,IS.' NOT FotNJ. RESTRAINT IGNORED••• ·) NOOO1lt70
80 FORMAT (. NOOE(' .Iit.' > FIC:' .12,' FY:' .u.· FZ;' .I2. NDOD1~ao

& • 1GC:'.12.' "':'.12,' MZ:'.I2) NOOOlltqo
C NOOOlSlO
C----- Itfl\JT NODE DOF'S TO BE CotIJENSEI) CUT... NOOOlS20

1=0 NOOO15S')
FLAG.:. TR\.E. NOOO150t0

Q() 1=1.1 NOOOlSSO
IF <I.LE.NCQtI» T1£N N0001560

IF (FLAG.AN:l.BUG> NOD01S70
HRITE (6.1000) • NODE OOF"S TO BE cOfrIJENSED OUT' NOOOl580
FLAG.:.FAlSE. NQOO1590
READ (5, .) NOOE.IFM. lCEN.NOODI: NOODl600
IF (NOOE.EQ.O) Tt£N NOOO1610

00 100 J::l.tH:IOE NOOD1620
PT=.FAlSE. N00016~

DO 99 II=1.6 N00016..o
IF (IfMCU >.PE .O.AtCJ. .NOT.BTEST( JTFLGCJ>.II-1) >THEtHXlO1650

JTflGCJ>=1BSET< JTFLG(J),II~> NDOOl660
.FMC IIJ:IFM( II) N0001670
PT=. TIltIO. N0001681l

ELSE N0001690
..FMC. 0 >=0 NOOOl1OO

ElIlIF N0001710 C
CONTIIU N0001720

IF (PT~ANJ.8lIi>'-ITE(6.80) IDcJ)•..FM NOOO17'SO
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Ftl.l STORAGE
EQUIVALENT

IF (PRINT)

WRITE (6,1000) 'OIRECTION COSINES ••••
00 560 ICOS:;1.NCOS

I«ITE (6.50) ICOS.' VK:' .(COSDE:(1.J,ICOS).J=1.3).
, W:' .(COSD£(2.J.ICOS>.J=1.3),
,. VZ:' .(COSDE(S.J.ICOS),J=l,~)

IF (IOPT.EQ.I> Tl£N

ELSE IF (IDPT.EQ.2> Tl£N

00 20 lC::L5.L~
JO(.::fiI)(K+L>

00 20 J:l.tl.OAD
00 La I=l2.I...l.-l

I(.::fiI)(()+(·I
IF <IIt.CE.IO:) GO TO 20
FtJ::FORCE(I.J)
A.U.::.«.IIC.>
(J(J:OISPL<lC.J)
FORCE( I.J >=FORCE( I.J rio( lit )"'OISPt.< lC.J >

CONTINJE
IF (PRINT)

, CAU.. "'TRX<FORCE.II:IOF.M.OAD,"MOOIFtED LOADS')

TIo£ MODIFIED fRE£ LOAD IS <PI-K12*X2) :: 1(11")(1
-c

C
o
C
C
o

THE REACTIONS ARE P2 = P2 + ( 1(21")(1 • ll;22"X2 > - FACTOR
NOTE: BOTH PL AN) P2 CONTAIN FI><EO END FORCES FROM MEHBER LOADS •••

TIfJS. K2l-Hl + K22-)(2 IS AOOED TO P2 TO GET HiE REACTIONS.-----0
00 120 I=l.S.l~ C
00 120 .J=1 .....0A0 C

FORCE(I,J):() • P2 CONTAINS F£F.!!! C
00 110 <=Ll.L2 C
FQRCE(I.J>=fQRCE(I.J>+-K(I.lC)*OISPl.(K.J) C

00 120 K::l.S.L~ C
FORCE( I.J >=fORCE( I.J)+I;.( I.K )"OISPl.(K.J) C

---------e

00 10 bll,L2
00 10 J:l~If..OAO

00 10 I(;:lS.Lt,
10 FORCE( I.J>=FORCE( I,J>-I( I.()*OISPL<lC,J)

10
20

••560 OONTmJE
C

NClOO<2SO
NClOO<2<O
NClOO<250
NClOO<260
NOllll'o270
N{)(){)<;2SO
NClOO<290

RETURN NClOO<SOO
lCtJO FORMAT CIISX.A/) ~310

EhO ~320

c==========--==--======--===-_-=--===--=========PBlOOOlO
SUBROUTDE PBITCtN:O:.JTFLC.IO> PBlOOOftO
DIMENSION JTFLG<NN!XE>.IO<fHXJE> PSIOOOSQ
LOGICAl FUGCO:Sl> PBlOOO6O
LOGICAL BTEST PB!OOO70
WRITE (6.<,0) PBlOOOSO

40 FORMAT (109)(,' RESTRAINT'.' CCMlENSE'.' CONSTRAIN't' ELIMINATE',/ PBIQ()()9Q
& l<tK.~<tK.·FFF""· )./l~j(.'9<'tj(.·XVZXVZ'» P6IOO100

00 20 I=l.1Nll£ PSIOOllO
00 10 J:Q.2'S PBlOOl20

10 FlAG<J>=STEST(JTFlGCI).J) PBlOO1SO
20 WRITE <6.'Sa) ID<n,(Fl,AG(K).lC=o.2~j;).JTFLG(I> PBlOO1~

SO FORMAT (' NQOEC ,n.' > • ,'K'tX.6U).IlO) PBlOO1SO
RETURN PilIool60
EIIl PSIOOllO

C=_ _ _ _ --==REAOOOIO

SUIIIlOUTIIE IlEACTNCIOPT .Pl/IHT .1Nll£.U.L2.LS.L'.FORtE.OIsPI.. REAOOOSO
& P4).A.KM.II>OF .....OAO.FACTOR. REAOOO60
& NAXNOO.IOOF.COORO.m.TffiE.STEPIO./-EAD. REAOOO]O
& NCOS.COSINE.JTCOS.JTFLG.SUl) REAOOOSO

DIMENSION ACKlU.fII)(N)QF'+l) REA00090
DIMENSION FORCE(fO)F ,1I.0AQ).OISPL(hOOF'.N..OAQ) REAOO1OO
DIMENSION I.DQF(IWCHOD.b) REAOOllD
OIJENSIOH IIXMAXNOO>,CQORO(/IWCNOO.S) REAOOl20
OIIENSION F(6).c.<6 ).SU«"'>.COSD£< S.3.NCOS).JTCOS<JlW(NOQ) REAOOl30
OIMENSION JTFLGOlAXNOO) REAOOl40
CHARACTERIt(*) TtTl£(2).STEPIO REAoo15O
CHARACTER-1S CO<b) REA00160
LOGICAL PRINT .1£AO.A...&G.8TEST REA00170

REAOOl80
REAOOl90
RE400200
REA00210
R€4OO22U
REAOO2~

REAOO2ltO
REAOO250
REA00260
;;:EA00270
REA00230
REAOO290
REAOOSOO
REAOO~lO

REAOOS20
REAOOSSO
REAOOS'tO
REAOQSSO
REAOOS6Q
REAOOS70
REAOOSSO
REAoo:';90
R€AOl>oOO
REAOOHO
REA~20

RE4Ol>oSD
RE""""""
R€400<050
RE""""'"
REA00470
REAOQc,80
REAOO",qo
RE4OO<OO
REAOCJlil0
REA00520
RE4005SD
REA00540
R€AOOS50
REAt:I05OO
REA00570
RE400580
RE400590
REAOO6OO
REA00610
REA00620
REAOO6~

RfAOOb"O
REAOOt>50

R..l.l STORAGE RE.AOO6bO
I4()(M:: EQUIVAlENT REA()()&70

R€""""""
REA00690
REAOO700
REAOO71.0
REAOOno
REAOO7'SQ
REA00740
REAOO750
REA00760
REAOO770
REAOO780
REAOO790
REAOOSOO
REAOOSI0
REA00820
REAOQ8SO
REAOOB'tO
REA00850
REA00860
REAOO810
REA00880
RE400890
RE4lJOQ(JQ

. REA009LO
REA00'920
REAOOOSO
REAOOIIJ;ot.O
R€AOO'I5O
REAOO%O
R€AOQQ10
REAOOQ80
R€A00990
/?EAOlOOO
REAOLOI0
REAOL020

CC- _ __

C.: NOOIFV LOADS FOR RESTRAINT DISPlACEMENTS =
C==============::=================
C CONSIDER 11E PAiTITIONED STIFFfESS~ X2 ARE TIoE RESTRAINT OI$PL.
C
C lOll I <11 I <12 I 1"11
o I-I = 1------1 I-I
C 1021 I <.21 I <22 I 1"21
C
C
C
C
C
C
C
o

00 120 1::LS.l~

00 120 J:::l.N.OAO
00 110 K=l2.Ll.-1

KI:::M)(I>+I..(
IF (KI,GE.flJCI+l» GO TO 120
AKI=A<KI)

110 FORCE( I.J >=fORCE( I.J)+A( KI )"OISPl( lC.J )·FACTOR
120 CONTIM.E

C

C
C===========--==--==
C= SOLVE FOR REACTIONS =
C=================='=.:
C CONSUER 11£ PARTITIONED STIFFNESS ItERE Xl ARE 11£ RESTRAINT DISPL.
o
C lOll I lUi I K12 I IXll
C 1--1 = 1__1 I-I - FACTOR
C 1021 I K2l I K22 I 11121
C
C
o
C
C-
C
C
cc
C
C 110
C
C 120
C --------
C 00 100 J:::l.Jrl..OAO
C 00 100 I:::lS.lt,
C 100 FORCE(I,J>=O
C

NOOOSOOO
N0003010
NOOO=
NOOOSD50
NOOOSll'O
NOl10305O

4NOT.BTEST(JTFlG(I)~J.l7> N(l[JM()6(J
./IIOT.8TESTeJTFLG<D.J+ll) THEN NOQOS07a

NOOOSOSO
N0003090
NClOOS1OO
NOOOS110
NOOOSl2O
NOOOSl5O
NOOOSl'oO
NOOOSl50

.NOT.8TESTeJTfLGCD.J...U» TlEN NOOOSl60
NOOOSl7O
NOOOS1SO
NOOOSl90
NOOOS2OO
NOOOS210
NOOOS22O
NOOOS2SO
NOOOS2<O
NOOOS250
NClOOS260
NOOOS270
NClOOS2SO
NOOOS29O
NOOOSSDO
NOOOSSlO
NOOOSS2O
NOOOSS50
NOOOS~~

NOOOSSSO
NClOOSS60
NOOOSilO
NOOOS380 C
NOOOSSQO
NOOOs.oo
NOD03HO
NOOOS'2O
NOOOS<SO
NOOOS_
NOOOS<50
NOOOS~

NOOOS..70
NClOOS..ao
NOOOS.""
NOOOSSOO
NOOOS510
NOOOS52O
NOOOS5SO
NCIllIIS5«l
NllOIlS55O
IlllllOS560
NOOOS570
NllOlIS58O
NOOOS590
NOOOS600
NClOOS010
NOOOS620
NClOOSOSONClOOS050
NOOOS660
NODO%70
NOOOS6lIO
N0D03b'iO
NOOOS700 C
NClOOSlla
NOOOS72O
NClOOS7SO
NOOOS71tO
NClOOS750
NOOOS760
NOOOS770
NOOOS7SO
NOOOS790
NOOOSSOO
NOOOJ81a
NOOOS820
NOOOSSSO
NOOOS8ltO
NOOOS850
NOOOS860
NOOOSS70
NOOOS8S0
NOOOS890
NOOOS900
NOOOS910
NOOOS920
NOOOS9S0
NOOOS...,
NClOOS950
NOOOS960
NClOOS970
NOOOS9S0
NClOOS990
NOllll<OOO
_10
NOIJO<o02O
_50
NClllll'oO<O
NOIJO<o05O
NOOO<06O
NQ[)()t,(J70 00 lotO I=lS.llt
~ 00 it,() I(::lS.l'"
_ IF 'I.Lf." II£N
NOIJOltlOO IIt=/lIO(l)+(-!
NO()()ltllO ....::fIXK.l>
NClOO<l2O B.S£
~lSO IX:MXn.I-K
NOOO'H~ 1t.:W;=MX hi>
NClOO<l50 EIIlIF
~160 IF eIK.CE."') GO TO 1"0
NClOO<110 411C:A<Il)
NOOOH80 DO ISO J::1 ....0AO
NOIJOltL90 130 FORCE(I,J>=fORCECI.J)+A(IK>*OISPLCK.J)<tfACTOR
NClOO<2llO l'oO CONTlMoE
NClOO<210 C
NClOO<220

• ... (ETERMIh£ MASTER NODE AN) OOF • • ...
II=I
NOOE=IO< II)
II;MSTRJT(II.J)
IF (II.EQ.O) HEN

~ITE (6.525) NODE.IOCI>,J
I!lOF'I.Jl=O
GO TO 520

E"'lIF
IF (StEST<JTFLGCU>.J+l1» GO TO 515
IDOF'( t.Jn:IDQF< n.J)

•••ClECK FOR OIFFEREHT JOINT COORDINATE SYSTEMS•••
IF <JTcascI>./rE.JTCOS<II» llEN

IoIR'ITE (6.HI) 10<1>,10<11)
F~T(' COI*LICTING COSINE m trIJMIERS. lUSTER:'.
16.' SLAVE:' ,16.' CORRECT IhPUT & RERt..N •••• )

EIIlIF

.. ... OECX OOF FOR CONSTRAINT ... ,
IF (BTEST(JTFLGCI).J+U» HEN

Et.QIF
510 CONTINJE

NFREE=IOlF-HCONl

515

..11

•

PRINT OUT ORDERED NOllE INFO. 411) DEGREES OF FREE"""
WRITE <',1000) '*'DE COORDINAfES »I) OEGREES OF FREEDOM'
"!HE (6.600) IIlOF.NCONl.NFREE.NlEST

600 FORMAT
& ('oK,'TOTAL frU&R {JF DEGREES OF FREEDOM • ,It•• 1
& 'oK,'NlHER OF DEGREES OF FREEDOM CONJENSED OUT • .16.1
8. <t)C, 'NlM8ER OF FREE DEGREES OF FREEDOM••••••••••••••• ,16.1
& 'tK •• WMBER OF RESTRAII£O DEGREES Of FREEDOM •••••••• ', Ib.1 J
8. 'tK.' NOVE COSI' ,t,)C.'l<-COORO' .8X.'V-COORO' .sx,,·Z-COORO· ,'oK.
& "X."FX· ,6X.·FV· ,OX.'FZ' .6X,'MK' .6X.'IlIY' .EJX.·NZ')
00 610 I=l.1Nll£

00 605 J=I.6
IF (8TEST( JTFlG<D.J-l» Tt£N
CX(J>='~R'

ELSE IF (8TEST(JTFLGCI>.<J.U»> llEN
CX(J>:'...c'

ELS£
CX(J)::' •

EOOIF
60S CONTD&JE
bl0 WRlTE<6.620) ID<I).JTCOSCI>.<COORD< I.J>,J:l.S).

&- dDOF<I.X),OC<K>.(:1.6)
620 FORMATCl,X.I6,LP.I5.SGl.5.5.OP,6<I6.A2) )

WRITE(6.625)
625 FORMAfOOX. 'NOfE; R • IlESTRAlt£D DEGREE OF FREEDOM' ,I

& lox.' C - CONSTRAINED DEGREE OF FREEDOM' >

•••CALCLUTE TIE CDNSTlI4INT NATlID<•••
IF (J.GE.4) Tl£N

lCG..cOOIlD<I.1>-c-.xII.1)
VG--tOOROC 1.2 KOORO< II .2>
ZG=C00RlJ( I.S >-c-.x II. S)
N :=-JTCOS<I)
XMS..-COSDE( 1.I.N>*xc..cOSIh£( l.2.N )-VG+COSINE< 1. 3.N )-ZC
¥MS=COSINE< 2 .I,N )*xc+COSlNE( 2.2 .N)·VG+COSlNE( 2. S.N )·ZG
ZMS=£OSINE< S.l,N )*KG+COSINE< 5.2.N >·YC+COSD£< S. S.N )·ZG

Et.QIF
IF <J.£0.4) THEN

CONST(I.l>=-~

CONST< 1.2>= VMS
B.S£ IF (J.EQ,s) TIEN

CQNST<I.S>: ZMS
CONST< I .. ,. >:-XMS

ELSE IF (J.EQ.6) Tl£N
CQNST(I.S>:-VMS
CONST(I.6>= XMS

EIIlIF
Et.QIF

520 CONTINl.E
525 FORMAT <' NODE_' .16.' NOT FOlIrI) I+tILE: ASSIGlriDG CONSTRADEO".

& • OOF TO NIXIE." ,16.' OOF.' .I2,' --DOF IS DElETED')

C
C....... •RESTR4DEO DEGREES OF FREEDOM

00 5SD I=l.NNOOE
00 550 J=1.6

IF (STESTCJTFLG<I).J-l) .At«:!.
.Wl.

tfJOF:te>OF+1
!OOF(I.J)=fO)F

Et.QIF
S50 CONTtNlE

C
CoO RESTRAII£D DEGREES OF FREEDOM

00 555 I=l.NNOOE
DO 535 .J::l.6

IF (BTEST(JTFLGCI).;'17) .AtCl.
tIlOF=N)()f+1
!OOF( I, J >=NJOF

OOIF
535 CONTINlE

NlEST=IOlF-lEllEE-NCOIO
C
C CONSTRADEI) DEGREES OfF FREEDOM
C I • NOllE m OF SLAVE NOllE
C II= NOllE lD OF ""STEll NOllE

00 520 I::l.NNOOE
00 520 J=1.6

CC--------- PRINT OUT CONSTRAINT MATRDC
IF (BUG) Tl£N

FLAG=. TRUE.
DO S40 I=I,1rtGJE

TEST=.FALSE.
DO S% J:l.6

S% TEST::: TEST .OR. BTEST(JffiGCI),<J+ll»
IF (TEST) OEN

IF (FLAG) WRITE (6,1000> 'NOOE CONSTRAINT MATRI>C '
FLAG=.F.....SE.
WRITE(6.SSO) ID< I),<CQNSTC I.J).J=1.6)

EIIlIF
50,.0 CONTIM.E
SE;Q FORMAT(<,K.I6.1P,

& • H2:' ."12.5.' HS:' .W.5.
& T21;' .Gl2.5.· T2S:' ,G12.5.
8. 'HI:' ,W.S,' TS2:' ,Gl2.S)
Et.QIF

C
0---- PRINT OUT OIRECTION COSINES
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00 25 I=l.S
00 25 J~l,S

CTXVZeI.J>=O

1S

C
C -- DECK MG.£ BETWEEN VX MrG 'IV

C1=VCO$(VX.W)
If <A8SCCl.>.l;T .999) liItM <~•• ) 'w ts PARAEU. lQ VK. RElI<PUT 'V'V'

C
C -- CHECK VY. IF IVVI.EQ.O , stT VY IN GlOBAL VZ PLUE •••

AoV\'=YAlUE< W< 1), VV(2). w( S»
IF (AoIIV.EQ.O) HEN

VZC 1)=1.0
VZ<2>= .0
VZ< ~>= .0

ELSC
C -- CAlCLUTE lIZ. IF \IV MAS cOl'RECTLv Ifrf'UT

VZ( 1):CROSSI(V)«1).V)(2).VX(S).'JVc 1).VV<2),WC S»
vZ< 2 ):CROSSJ( \l)(e 1>.11)(2>. V)« 5). IIVC 1). vve 2 ).w< S»
VI( 5 >:CROSSIC.(\I)(l).VXC 2) .V'X< S> .W( l) ,VV(2 >.w< S»_IF

C
C --- RECALcu.ATE IN TO INSUlE VX.VV MI) vI ARE ORTHOGONAL •••

VY< lr.:cROSSlevZc 1 >.VIC 2 ).VZ( S). VX< 1 >.v)(c2>. YJC<S»
W( 2 )=CRQSSJ< VZ< 1).VIc 2). VZ( S). YJCC 1 >. VX< 2 >. \1)« 5) >
W< S ):CRoSSKeVZc 1 >.VZ< 2 >. VZ< S >. VX< 1 >. VXC 2>. V)( S»

& ' ==~~-=~~======' II REA02280
& 6X.'NOOE' .7X.'FX' .1SX, 'FY' .l3X.·FZ· .1SX. 'MX' .1SX. 'MY' .1SX.'MZ' 1)REA02290

"22 FORMAT C/1' MAXDI.JIt.JCS RESTRAINT REACTIONS '. REA02300
&. 5>C. ' NOTE: MAKDUI VALUES MAV NOT 0CC1.R SDU..TAN:OUSt.V'1 REA02S10
&' =, II REA02~20

8. 6X.'NIXE' .7X,'FX' .15X,'FV' ,l3JC,"FZ' .1SX,'M)(' .1SX,'MV' ,1SX. ·MZ'. REA02SSO
& 6)(.' COSItE a'/) REA02SltO

REA02SSO
ElSE REA02560

~ITE <6.*)'INVALm OPTION IN St.8ROUTINE REA CTN. IOPT=' ,lOPT REA02370
EtlJIF - REA02S80
RETtJRN REA02S9O
EhO REA02400

C---=== _ __ =. ====================:ROTOOOIO
SUBROUTDE ROTXVZ<VX.VY.COSDE.CT .EX.Ev.eZ.cTXVZ.liLOXVl.NROH) ROTooa~

LOGICAL BTEST ROTOOO5O
DDENSION VK(S>.VV<S), vzeS).COSDE<S.S>,CTc S.S). ROTOOO6O

8. )(~Z<S.S>.CTXVZ<5.S>.CECS,S>,Q.OXVZCNROH.6> ROT0Q070
C --ROT00080
C ROTOOO9O
C THIS SI.UCUTtNE ~ORMS SEVERAL FUNCTIONS: ROTOOlOO
C I> CALct.l.ATE LOCAL COORDINATE SVS COSThE MATRI>c. ROTOOllO
C 2) CALCU,.ATE ROTATION MATRIX SEMEN LOCAl ,UrI) JOINT COORD (CT) ROTOOlZO
C $> CAlctLATE TRANSFORMATION FOR GlOBAL CONSTRAINTS AND MEMBER ROTOOlSO
C EN:) DEPTH- SlOE: IN <CT>lVZ) ROTOOl40
C ROTOOlSO
c- DPUT VARlA8l.ES ----ROTOOlbO
C COSn.E = IN:IUT JOINT COORDINATe DIRECTION COSINE ROT00170
C VX = I'*UT )(-DIRECTION OF ELEMENT COOROlNATE SVS ROTO0180
C VY =ltAJT ~CTOR IN HE ELEMENT COORDINATE SVS KV PlANE. ROTOOl90
C r.&..CKVZ =Gto&AL. CONSTRAINT TRAHSFORMTICH CaIEFFIC!ENTS ROTOO2OO
C EX = MEMBER EJrG ECceNTRICIT~ IN TlE LOCAL )( AXIS. ROTOO210
C EY = IEMBER EN) ECCENTRICIty IN TlE LOCAL v AXIS. ROTOO220
C EZ = IEM8ER EhO ECCENTRIC11'V IN TIE LOCAL Z AXIS. ROTOO2Sa
C ROTOO2t,.o
C- OUTPUT VARIA8lES----------------------------ROTOO250
C V)( = LNIT VECTOR. X-DIRECTION OF ElEMENT COOROINATE :iYS R'OTOO2bO
C VY =UNIT VECTOR. K-QIRECTION Of ELEflENT COORDINATE :;YS ROTOOZlO
C VZ =IAIIT VECTOR. X-DIReCTION OF ELE!'ENT COORDINATE ::iYS ROTO0280
C CT = ROTATED COORDINATE TR,u,lSFORMATION ROTOO290
C CTXVZ = CONSTRAINT AN) JEJlllER EhD CEPTH TRANSFORMATION RorOO500
C ROTOOSlO
C I FX I I FX I ROTOO:S20
C I FV I I FV I ilOTOOSSQ
C I FZ I I CT I 0 I I FZ I ROTOOSftO
C I --I I I I-I ROTQOS50
C r .IC)( I I CTXVZ I CT I I IG( I ROTOOS&O
C I IItZ I I NY I ROTOOS70
C I ICZ I I IltZ I ROTOO:iSO
C Q.08AL EleENT COORO. ROTOOSQQ
C ROTOO'KX>
C --------------------ROT~lO

C ROT000020
CROSSI(Al.Bl.Cl.A2.S2.C2>:Bl"C2-B2-e1 ROT()()r,.5Q
CROS5JC 41.81.C1.42.82. C2 >=cI-A2-C2-Al ROTOO'o"tO
CRO$SIt(Al.81.Cl.112.82.C2):Al-s2-AZ-B1 ROTOO<oSO
V.6lLE <Al.A2.AS>:SQRT<Al-Z+A2-2 ..AS*-2) ROT~

DOT (A!.81.Cl,A2,82.C2>=A.1*A2..a1*82..clttC2 ROTOO...;O
RoToo...ao
ROToo...QQ
ROTOOSOO
ROfOOS10
ROTOOS20
ROrOoc;'3:0
ROTOO;...o
ROTOO550
ROTClClSt)O
ROTQ0570
ROTOQI5ao
ROTOO;OO
ROTOObOD
ROTOQblD
ROTOQb20
RQT()()l:);O
R'OTOQb..O
ROTOQbSO
ROTOObOO
IroTQOblO
ROTOObBO
ROTOO6QQ
ROToolOO
ROTOOllO
ROTOO120
ROTOena
ROToo7"0
ROToo150
ROTQOlbO
ROf(lQ770
ROTOO780
ROTOO7'90
ROTOOSOO
ROT00810
ROTOOS20
ROTOO8~

ROTOQS"O
ROTOO850
ROT00860
ROTOO870
ROT00880
ROTOO890
ROTOOQQQ
ROTOO'HO
ROTOQQ20
ROTOOq~O

RQTQ()qoI.Q
ROTOO95O
ROTOCI%O
ROTOQQ70
RQTOoq80
ROTOOQQQ
ROTOlOOO
ROTOIOlO
ROT01020
ROTOlO~

ROTOI0't0
ROTOIOSO
ROTOI0&0
ROTOI070
ROTOl080
ROTOIOQQ
ROTOllOO
ROTOlllO
ROT01l2e
ROTOll~

C
C-- c.u..C TIE DlRECTICIN COSINE MATlUX

00 15 1:1.5
00 15 ..1:1.5

CT<I.J>=O
DO 15 '=1.5

eTc I.J >:eTc I. J >+COSIhE< I.( )·CE< J.(>

C
C-- SET l.P TlE Q.08Al.. eONSTIlAINT NATRIX

XVZCl.l>: .0
XVZ<1.2>:GlO>CVZ( 1.1)
XVZ<1.S):;:;GLOXVZC1.2>
XVZ( 2.1 >:Q.OXVZ( 1.5>
XVZ(2.2>= .0
XVZ<2.S>=Q,.OXVZ<1.~)

xvZeS.1 >:GLOXVZ( 1.5)
XVZ<S.2~OXVZCl.6>

XYZ<S.S>: .a

C
C ---- NCIlMALIZE VK.VV.Vl

AYJC=VAL!.ECV)« 1 >. VX(2). \l)(C S»
AYV:VAllJE( vv< 1).W(2). we 5»
AvZ=YALJ,E( VZ< 1),VZ<2 >. vZC S >>
00 10 I~l.S

VX( I)=IIX( I )lAW
WCI>=VY<I)/AVV
VZ( I )=112< D/AVZ
C£(l.1>=VX(I>
CE(2,I>=vvc!>

10 CECS.I>=VICI>

C
C --- REMOVE HE FUZZ FROM THE coSIIE MA TRIK

00 20 I:J...5
00 20 J:l.S

20 IF (A8S(C1U.J».1..T. 0.0001) CT<I.J)=O.

C
C -- O£CX. .AJrQ.£~ YK MCI V"I

ebVCOSCvx.vy)
IF cA8$CCl>.GT .99'f) "-lYE C6.·) 'VY IS PARAELL TO VI(. REINPUT VV'

IF (PRINT> TtEN
IF <HEAD) WRITE (6.S2Q> TITlE<l>. TITLE<Z>

>REACT=O
IF (IOPT.hE.~) WRITE (6.521) L.STEPID
IF (IOPT.EQ.") !CITE (6.,,21)

ELSC IF <IOPT.EQ.S .OR, IOPT .EQ." TI£H
""=1.2

ENOIF
IF (rOPT .EQ.S) THEN

00 190 I=l,6
SlM: I >=0

E>«lIF

IF ( .NOT .(NCOS.EQ.l .AM). COSlNE<l.1.D.EQ.1 .AN)..
& COSINE<2.2,ll.EQ.l .AND. COSINEU.S,lJ.EQ.IJ
& •..,.,. IOPT .EQ.~ ) GO TO 279

IF C.NOT. PRINT) GO TO ~
IF <NCOS.EQ,l .AND. COSlNE<l,l,1J.EQ.l .AND. COSINE<2,2,lJ.EQ.1

& .AN). COSINE<S.S.l).EQ.l ) GO TO 500

190

219

280

C
C••••••••••••• TRANSFER REACTNS TO Q..OBAL COCIROINATe SYSTEM

00 229 Il:.l.S
12=11+5
G<U>:O
G<12>=O
00 219 Jl=l.S

J2=.J1+5
G<Il)::G(Il) .. CoSIPEcJl.Il.JTCOSCI»lff(J1)
G(12)=G(I2> , COSDE<J1.tl.JTCQ$(I»ttF'(J2)

IF CPRINT> Tl£N
WRITE <COCIl).210> CiCU>
I«ITE (COCI2).210) GCI2>

E>«lIF
CONTINJE

C==--
C= LOOP FOR EACH LOAD CASE __
C======~~~~~=

00 500 L=1.tt..OAD
C
C====--====---===
C= Pl!INT GL08Al. REACTIONS
C=========-=====
C

00 200 I=l,NNOOE
C
C. • •••• .. ... •• GET REACT>IS IN JOINT cooI!oIHATE svsmo

Fl.AG=.FAl.SC.
DO 209 J=1.6

IJ=IOOF<I.J>
IF (IJ.LE.hF .OR. BTEST<JTFlGCI>.J+U» THEN

FcJ>=O
ELSE

F(J>=FORCE<lJ,1.}
Fl..AG:.. TRUE.

E>«lIF
COHTIMJE
IF (.NOT •FLAG > c.a TO 2DO

229
C
c••••••••••••• SlJII REACnONS • .o ••••••••

IF CIOPT.EQ.S> THEN
00 20;,0 Xl=l.'

Sl.IICll>=Sl.ltCU) + GCIl>
SlJIK"'>= SlJIKIf,) - G<2>"COOROCI.S> + G<S~I.2>
Sl.kS>= Sl.lk"5> + G(1)*COOROCI.S) - Gc5>-tOOROCI.l)
Sl.K6>= SlM(6) - G(1)'tCOORDCI.2) + GC.2)-etXII)(I.l>

E>«lIF

279
C
c================= ===
C= PRINT LOCAL JOINT COOROINATl SYSTEMS REACTIONS ;==
C -=-==--==--=========--====
C

C
C Pl!INT GL08Al. REACTIONS .

NREACT=NREACT+1
IF (PRINT> I«ne <6,220) IDcI>.CCOC:K>.l:.l,6)

200 CONTINLE
IF CIOPT.EQ.S .At.CJ. FlttINT ) "'11£ <6.2SD> SLIiI
IF (IOPT.EQ.~ .AN). PRINT) "ITE C6.lS1) SlM

REA01lHO
REAOIOftO
REA01OSO
REAOI06O
REA010lO
REA01080
REA01090
REAOlloo C
REAOllla
REA01l2O
REA01l3O
REA01l'oO
REA01l5O
REAOll60
REAOll7O
REAOll80
REA01l9O
REAOl2OO
REA0121a
REAOl220
REA012SO
REAOl2<O
REAOl2SO
REA01260
REA01270
REA01280
REAOl29O
REA01SOO
RUeHlo
REAOU20
REA015SO
REA013"'O
REA01$O
REAOl56O
REloOlS70
REAOlSSO
REAOH90
REAOl'"Xl
REJ\OhlO
REAOh20
REAOhSO
REAOl'oOO
REAOl'o50
REA01"'"
REAOl~i'O

REAOh80
REAOlit90
REAOlSOO
REA01S10
REAOlS20
REAOlS3D
REA01SOO
REAOl5'50
REAOlSbO
REAOlSlO
REAOl580
REAOlS9O
REAOl600
REA01610
REA01f>20
READ16SO
ROOl!J"'I
1ilEJ,01b5Q
REiOl660
REA01610
REAOl...,
REA01690
REAOllOO
REAOl1l0
REAOll2O
REA017SO
ReA017lt(]
REAOl7S0
RUOll60
REAlJ1770
REA01780
REAOl79O
REAOlBOD
REAOlSlO
REAOl82Q
REA018SO
REAOl_
REAOl8S0

IF O€AO.ANl .. ~ACT .CT.20) "ITE (6.S20> fITlEcl>. TITlE<2> REloOl860
IF (IOPT.~.") WRITE <6.322) l.STEPID REA01870
IF (lOPT .EQ.'t) )MITE Uhft22> REAOl880
00 290 bl,NNOOE REA01890

c REAOl900
C GET REACTNS IN JOINT COORDINATE SYSTEM REA01910

FLAG:.FAl.SC. REA01910
00 280: J:l.6 REA019SO

IJ=:IDOFCI.J) REAOl~

IF (IJ.LE.":- .OR. BTESTeJ'TR.CiCI>•.Jdl» Tl£N REAOl950
ClXJ)::' • REAOl960

ELSE REA01970
WRITE <CQ(J).210) FClR'CE(IJ.L> REAOl980
FLAG;:. TRUE. REAOl9c;l()

E>«lIF REA02000
CONrINUE REA02010
IF (.NOT •FlAG> GO TO 290 REA02020

C RE.I0205O
C PRINT REACTNS IN LOCAL COORDINATE SYSTEM RE~

WRITE (6.221) IDc.I>.cCD:K)."=J..6).JTCOSCI> REA02050
2qQ CONTIM,E REA02060
SOO CQNTIMJE REA02080

C REA02090
210 FORMAT <lP,G15.J) REA021DO
220 FORMAT (5K.IS,bA) REA02110
22l FORMAT (5X.I5~6A~tlO) REA02120
2g) FORMAT (. ',90('-'),1 REA02130

8. ' SlIItATION' ,6G15.7> REA02l~

2SI FORNAT (' JIW( OF ALl' .89C' -' ).1 REA02l5O
8. ' GCS SUMM.' .6GlS.7 ) REA02160

~ FORMAT (. 1 STRUCT1JrE•••• ; '.A,I REA02170
8. 'SOlUTION..... : ',j,) REAOZ180

521 FORfII&T (II' CiCS RESTRAINT REACTIONS, LOADDG a' .I5.SX,A.1 R£AOZ190
8. ' :===--==='11 REA02200
81 6JC •• NODE' ,lX. 'FK' .13X. 'FV' .1SX.'FZ' .1!X.·MK' ,UX.'MIt' .1SX, 'MZ'/>REA02210

522 FORMAT (I r JCS RESTRAINT REACTIONS, LOADING a' .IS~5X,A./ REA02220
& ' ==_ _ 'II REA022~

8. 6JC,'NODE' ,lX.'AC' ,lSX.'fV· ,lSX.·FZ' ,l3JC,'MX' .1SX,·MY' .1SJC.·MZ'. REA022iO C
8. 6)(. ' COSINE.' I) REA022S0

~2l FORMAT (I,. MAHDUI GCS RESTRA1NT REACTIONS', REA02260
8. ;X.'HQTE: MAXDI.M VAll.ES MAY NOT oca.It SDU.TNEOUSLY'I REA022JO

170



EHllIF

ELSE

IoRITE (6.1) T!TLECl).TITlE(2).IrI.OAD
1 FORMAT ('1 STRU:1UfE•••• ; • •A.I

.. 'SOlUTION••••• ; , .A.II
&1X.' SOlUTICIlI _1. ~TATIC - ElASTIC ANALYSIS 'I
"1)(.'- '11

& SKYLDE OF TlE '.A.' MATllIX '.1
... T1£ MATRIX REQUIRES' ~I6.' STORI.Q: LOCAnDNS',
8. 12)(.l2(Ift.'I.~ ••• ·»

295 FORMAT eI6.l52Al)
C

CC== _
C= OETERMItE SOLUTIOH NO.
C.:=====================

CALL GETINT(oPTION.'SOL' .NSOlH.O•• TR\£ •••FALSE.)

SKV01020
Sl(VOlO3Q
SKVOl~

. SKVOI0s0
SKVOI060
5KVOI070
Sl(VOlOSO

RETtIN SKVOI090
EM) S1(VOllOO

SLllROUTINE SlVLN2<hOOF.L5.L~.lIlS."jj._.ss.UG.KGFOR") -~~=
ODENSION flINSS<NJOF+l) .MDCNJOF.l ).tI)S(NXlF.l ).KJKG< NOOF+l) SKVOOOSQ

C SKVOOO6O
C SKVOOO70
C-- DEVELOP SKYLIhE (If DYNAMIC STIFFNESS ($) SKVOOOSQ
C >I/lS(I) =_SS OF o_C STIFF. ""IN DIAGONAl TERN RON I SltvOOO9O
c 10:1) =ADDRESS ~ STIFFN:SS MAIN DIAGONAL TERM ROW I SKVOOlOO
C••••••• -..scI> =AlDlESS OF IOASS "'1M DIAGONAl TERM ROW I SKVOOllO
C UGeI> =AllIIlESS OF GEOIETIlIC STIFF. MAIN OIAGONAl TERM ROM ISltVOOl20
C S<V001SO
c LSTIFF =• (If STIFFNESS TERMS IN lXl.\.ItN J S1(VOOHO
C LMASS =. (If MASS TERMS IN all J SKVOOlSO
c. •••• •• LXG = • OF KG TERMS IN CI1J J SKYOOlbO
C••••••• L = • OF S TERMS IN CClLutN J SKVOO170
C SKYOOlro

o.FR£E=L-.s+l SlVOOl90
>I/lS( l>=l SKV00200
UG=O SKVOO210
00 110 Jl=2.fEREE.l :iKYOO220

J=.Jl+L5-1 SKVOO230
LSTIFJ==fCXJ:>-JIJ<J-l> SKVOO2ltO
LIUSS :fOtASS(J>-KlMASSCJ-l> $KVOO250
IF <KGfORM.EQ.2> LlG = ItXG<J>-fCJlGCJ-1> SKVOO260
L=MDKJl-l.NAK(LSTIFF.L.MASS.L'G» SKVOO270

110 I'I)S<J1)::fC)S(Jl-1)+l. SKVOO2S0
C SKV~

~ SKVOO~

EN:> :iKVOO~lD

C==--============----=====:::====--===:::======:;:========~M400020
C-- SLBROUTUE SMAlC. FIN)S HE MlJCDI.N AN) MINIMlN VAlI..ES SMAOOOSO
C (~~l~) ~

SI..8ROUTDE SM&K <N.DT.A. VMK. Villi. n. f2.M.fN.A\IE.STDEV .RMS) SMAOOOlO
ODENSION N.frI.£N) ~A00080

LOGIC.&L BTEST SIWlOO9O
REAl"S T .Sl.IIC.SUCSQ.ADBL SMAOJ1OO

AVE::D :iM400110
STDEV:O SMAOO120
RMS--o SMAOOl~O

VMK:AC 1 > :iMAOOhO
~l) ~1~

T:OT SMAODl60
Tl:OT SMAOO170
T2:OT ~/lW)Ql80

IF <N.L£.l> RE'llIaI ::;MAOQl90
stJOC:.A( 1) $MA00200
AD8L.=A< 1 > 5MA00210
SlMCSQ--tllL""2 OMAOO220

DO -.0 I=2.N SMAQ02SO
AD8L=A<I> SMA002ltO
SI.JOC =SUI( • ADa. 5MA00250
SlJIOCSQ =~ ......-2 5MAOO260

IF <VMK.Lf •.t(I» Tl£M SMA00270
VlIO(:A( I) :iHA00280
Tl=T SMAOO2QQ

as£ IF <Y*.GT•.t(IJ> 1lBl SMAOO>;OO
YJIIrt:ACl> SMAOOSIO
T2=T :>MA0020

EIrCJIF :iMAOOS~

T=T+OT SMAODS40
..a cOJ.ITItlJE ~sso

AvE=SUfIOC/N :;MAOOS60
IF (o."SUOCSQ-SLMC-1> .GT.O ) SMAOO~70

.. ST[)EV=$QRf( (N-$lIOCSQ-SlJO(-2)/<..-<N-1H ) ~MAOO~80

RMS=SQRT(SI.JIDCSQ/lI) SMAOOS90
RETlMN $MAO()<tOQ
EN) SMAQl)i,lO

c=======--=======--==========================SOlOOOlO
SUlRClUTDE SCIlJI(OPTION) 5OLCKlO<.a
LOGICAl. BTEST SOLOOOSQ
CHARACTER'Sll _.OPTION SOLllIJ()(,Q
INClLOE <ZCOMri) SOLOOOlO
STEPID=' • SOLOOOSO

SOLOOO9Q
SOlOOlOO
SOLOOllO
501..00120
5OLOOHO
SOlOOho
501...00150
501..00160
SOlOO170
SOLOO180
SOLOOIQ(J
5OLOO200
501..00210
SOLOO220
SOI...oa2~

SOLOO240
SOLOO250
SDLOO260
501..00270
5OLOO280
501..00290
SOLOOSOO
3OLOOsto
SOlOO~20

SOLOO:SSO
SOlOOS~

SOlOO~50

SotOQ%Q
-----===================SDlOOO2Q

SOlOOO6O
SOLOOOIO
SOLOOO8O
SOLOOO9O
SOLOO1OO
SOLOOllO
SDlOOl20
:;QL00150
3OLOOhD
SOLOOlSO
301..00160
501..00170
5OLOO1BO

C
C================
C= CHOOSE TIE SOlUTION =
C===============--=

IF (NSOlN.EQ.l> T1£N
CALl. SOL01

ase IF (NSOLN.EQ.2) no
1l.0All=1
IWCE1.ll=O
CALl. SOL02

Else IF (NSOlN.EQ.S> 1l£N
trLOAO=1
IWlELD=O
CALl. seLlIS

elSE IF <NSII..N.EQ.ft) Tt£N
1l.0All=1
CALl. SOL'"

IoRITE (6,·) "DNALID SDl..NII'.NSCl..H
STOP' INVALID SOlUTION N..MIER.

Et4>IF
SO RETlMN

Ell)
C=========~~=_

SUWOUTltE sa....Ol
LOGICAL PRINT .DSPFlG.HEAO.AXUL.8TEST
Cl<ARACTE!I"IO NAIE
OIflENSION RDR!r<IOD)
INCl..l.DE <ZaMI)

DO 25 K=1.3
cncYZCI.J:>:::CTXVZ(I,J) • XYZCI.IO*CT(K.J)

IF (IDPT.EQ.!> nEN
00 10 I=l.~.l

MOIAG< I >:1
IF < BTEST< lBUG.12) ) TiEN

WRITE (6.") "INITIAL VALW'
WRITE (6.520> <I••CUAGCI>•.I:l.N)OF)

EHllIF

10

C
C -- C.&LC TIE MEMBER 00 ECCENTRIcm MATRIX

XVZCl.l>:;: .0
)(VZel.2>=-EZ
XYZCl.S>= EV
XV2C2.1l= EZ
XYZe2,2>= .0
XVZC2.S>:-EX
xvZe~.I>=-ev

XYZ( S.2>= ex
XVZCS.5>: .0

25
C
C-- SlIP TIE MEMBER 00 ECCENTRIcm "'TRIX IF EX=EV:E2=O

IF <EX.EQ.O ,A>fl. EV.EQ.O .AIII. EZ.EQ.O) RETIJlH

SO
C

C
C --- C.&LC TIE MEMBER 00 ECCENTRxcm MAT1lDl

DO SO 1=1.3
00 SO .J=1.3

00 :!>O bl.S
cTxyzeI.J>=CTKVZ(I.J) • CT(I,It>*XVZO:;.J)

ROTOll""
ROTOllSO
ROTOll60
ROTOll70
ROTOllSll
R010ll90
ROTOl2OO C
ROT0l210
ROTOl22O
ROTOl23O C
ROTOl2""
ROTOl250
ROTOl260
ROT0l270
ROTOl28O
ROTOl29O
ROTOlSOO
ROTornO
R010l32O
ROTOlSSO
ROT013ltO
ROTOl35O
ROT01S60

RETURN ROT01S7O
EM) RQT01SSO

c=== -_ -_=SlVQOJI0
SlSROUTItE SltYLINe IOPT ,hOOF.IIIUG. TITl.E.IIlLlG.IELDDF.LM.SE.IIl.NAIE)Sl{VlJllO'oO
DIMENSION fI01AGCNXlF+1) SXVOOOSO
DIMENSION ro:: IELOOF.-l >.L.MC IELDOF >.SEc m.DQF1l( IaDOF+l )/2) SKV00060
LOGICAL BlEST SXVOOO1'O
CHARACTER"(") NAME.Ttn.E(2) SltVOOOlO
CHARACTER-l CXClOO> SXVOOO9O
LOGICAL PT.BlG SK.VOOlOO

SKVOOUO
SK.YOOl2O
S1CVOOUO
sx:VOOlltO
Sltvool5O
Sl(VOOlbO
SXVOOl70
SlCvoolBO
SXVOOl90

ELSE IF clOPY.EQ ..2) THEN SXV00200
C---- CETERIUIE TIE SltYlIlE OF THIS EUIEIlT. AlII MODIfY TIE SlV00210
C GLOBAL SKVlIME..... SXV0D220
C I =TIE ROW OF THE IEMIER STIFRESS MATRIX SXV!XJ2SO
c. . . . .. J :: TIE COLI..... (6 HE JEtI8ER STIFFNESS MATIDe SKV002ltO
C••••••• IJ = TIE AOORESS OF TIE MENBER STIFFNESS TERM I,J SKV00250
c. ... ... ... U4I =TIE ROW OF TlE GLOBAL sTIFFNESS M TIDe CORRESPONlDG SlCV00260
C TO ROW I OF lIE MEMBER STIFAIESS MATRIX SXV00270
C L"'J = TIE COli OF 1lE GlOBAL ST'UFlESS MATRIX CORRESPOtIlIt«; SKV00280
C TO cau J OF THE !EMBER STIFFNESS MTRDC SXVQ02CKJ
C••••••• Jl()1AG(JJ) ::; TIE .J.J'TH ElEMENT OF Tl£ GlOBAL SKVlI~ MATRIX. :>xvoo$OO
C AT THIS PoINT THE GLOBAL. SKVlDE ....TRDC CONTAINS THE SlC.VOOSlO
C LOtEST ROW tI.M8ER THAT CONTAINS It NOIfooZERO STIFFNESS SXYOO520
C TERM. SXvtOnQ
C SlYllIlS'O

00 2SO I=.l.IELOOF Sl(VOOSSO
LMI=lMCI> :;K.~

II' <LMI.LE.O) GO TO 2SO SlV00570
DO ~ J:I.IB.OCF SilYDO'S8O

LMJ=l.MC J) SXVOOSlJO
IF <UU.I.i.O) GO TO 2'NJ SXVDl)WJO

IJ=M)(J:>+,J..I SIt~lO

IF <se<IJ>.[Q.O) GO TO ~ SXYtJ(K20
IF <L"I.LE.LMJl flO SlYOOOSO

!ll)IAIi(LMJ>=MDKJllJIAGCUlJ>.ua:) SX't'Ol)(ro,Q
ase SX~

IIlIAGCUlIl=IWI<IIlIAGCUlIl.UUl SlVOll"oO
EhOIF SltY'OOft70

2"" COHTINl.€ Slvoo.8Q
250 CQNTDM! SltYOl)CpQQ

C--------------------------SlV00500
C SlVODSI0

SlV00'i20
SlYOOSSO
Sl_
SlYOll'i5O
S<VOO'i6O
SIt'lOO570
SlVOOSllO
S1tV0D5lJO
SlV00600
SltV00610
SIMlO62O
SlV006'll
SlVOll6'oO
SlV00650
SlVOll66O
SlVOO67O
Sl'lOO68O
SlV00600
SlCVOO7OO
sxvoo710
SlV00720
SXVOO~

SKYODl40
SltVOO7';O
5KYOOl60
Sltvoono
SXVOIl18O
SlVOO700
SltV00800
SKVOOIUO
SlV00820
Sltvoaaso
SlVl108'oO
SlvOIlIlSO
SltV00860
S<VOOS70
SlV00880
SlV00800
SlVOO'lOll
SlY00910
SlV00920
SlVOOOSO
SIt""""'" C
SltV00950
SltV00960 C
SlV00970
Sl'lOll98O
s<_
SlV01COJ
SKYOIOIO

IF ( .NOT .(BTEST<ISUG.12) .OR. BTESTCIBUG.'» ) RET\.IfN
C---- PRINT A MAP ()I: HE STIFFlESS Il1!R.Av

tI..= Jlf)L\G(NXJF.lHtJIACiCl> .1
NP=fO)F/lOO
NR=MOCKNOOF .100)
IF (NR.GT .0) NP=frIt.l.

• 00 270 IP=l.hP
JCl::<IP-l)*lOO
JC2=MINC IP*lOO.NlOF)
12=100
IF <IP.EQ.NP> J2=H1
IoRITE <6.290) TITL£(1).TI'n.E(2).NAME...... (I.I=..£1.JC2.10>
DO 270 I=l. NIlOF

PT=.FALSE.
00 260 JJ=l •.Jl

J=JJ+( IP-l )*100
IJ::IIIJI.tG<'J)....J-I
II' <1J,LT.MOIAG<J+1> .AIII. I.LT.Jl Tl£II

c)(eJJh:'x'
PT=. TR\,E.

ELSE II' <I.EQ.J) Tl£II
CX(JJ>:'O"
PT:. TR\JE.

ELSE

ElSE IF <IoPT .EQ.~) THENc---------- CALCUlATE T"': OOICIES OF TtE MAINOIAGQN&L TERMS•••
IF < BTESTCIBUG.12) ) THEN

ilRITE a,.-) .AFTER COLl.MI tEIGHTS'
"ITE <6.S20) <I.KJL\G(I>.I=l.JO:)f)

ENIlIl'
f«)IAGCl>:=1
ICOLHT=l
00 ~lO lRON=2.(toJF'...l>

ILDCN::ICOlHT • "IlIAGCIROW-ol)
ICCLHT=IROH - O(JIAGCIROM>-U

SiD MOlAe( IRON >=ILOCN
IF < BTESTcIBUG.12) ) THEN

WRITE <6.~) 'ADDRESS OF MAIN DIAGONAL ELEtENTS'
ilRITE <6.520> (l.IC)IAG<I>.I=l.frI)OF)

S20 FORMAT <. fll)IAte .IS.·):' .IS)
ENIlIF

S21 FORMAT <216>
C

CX(JJh:' •
ENIlIF

260 CONTINUE
270 IF cPT> "ITE (6.295) I.(CX(J>•.kl.J2>

C
290 FORMAT <' 1 STROCTlRe •••• : ••A.l

8. ' SOLUTION••••• :' ,1..11
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SOl.OO66O
SDLD0670
SOlOO68O
SOlOO690
SOlOO700
SOLOO710
SCl.OO720
SOL0073Q
SOlOO740
SOI.OO750
SOL0076O
SOLOO77D
S0L00780
$01..00790
SOLOO800
SOLOO8I0
SOlOO820
SOLOO8SO
SOLOO8.;Q
$01..00850
SOLOO86O
$01..00870
SOLOOSSO
SOlOO890
SOLOO9OO
SOI..OO9l0
SOLOO92Q
SOL/J0930
SOLOO94O
$OLoo9S0
SOLOO%O
SOl009lO
SOLOO98O
SOLOQ9<lQ
SOLOlOOO
SOLOlOlO
5OLOI020
50\..01030
SOL01o<rO
SQL01050
~Ol01060

501..01070
50l.01080
SOL.01090
301..01100
301..01110
SOLOll20
SOL01130
50l01hO
SOL011SO
501..01160
5OL01170
SOLo11SO
3OL0.1190
:iOLOl200
:iOL01210
SOLOl220
501..01230
3OL012...0
501..01250
SOl.012bO
:iOL01270
'SCll,Ol2S0
50l.01290
5OL01:;OO
301..01510
3OL0152O
SOLOBSO
$01..01::40
SOL01~50

301..01560
3OL01!i70
$OLOBSO
3OLOB90
SOLOhOO
$OL01.. 10
501..01'020
SOlO1'OSO
SOL01'o<tO
SOL01~SO

SOI..Oh60
$01..01'070
SOL01..00
:;QL014Q1O
501..01500
50l015l0
SOl01520
30\..01.5'50
$0l015ota
:=>OL0155O
SOL01560
:;01..01570
SOL01580
301..01590
5OL01600
~QL01blO

5OL01620
5OL01650
30l.016'tO
SOlo1650
:iOLOlb60
SOl01670
SOlOJ,b80
SOl01690
SOl01700
sot..01710
SOL01720
:iOL01730
SOl.017'tO
501...01750
SOl,01760
SOI...Ol770
501...01780
501...01790
50l,01800
SDL01810
SOL01820
SOL018SQ
~01840

501.01850
$01..01860
SOI..01870
:iOl..01S80
501..01890

CALL FORMeI)

IF <llSPl'LG) TI£N
IOPT=l
CALL IlEACTN<IOPT .1lUll.INllI;.U.L2.L5.L'.DISP.DISP.

& Jr«).STIF .OO.L.... N..OAD.l.O.
& NAXNOO.IDClF .COORD.ro. TITLE .STEPIIl ..FALSE..
" NCOS.COSD£.JTCOS.JTFLG.SUtRCT>

ENOIF

IF (BTEST(lBUG.5» ll£H
CALl U4ATRX<STIF.ICl.L.... DIJ.·Q.08AL STIFAESS 0l..IMP:7·)
CALl. INTRXCDISP.L....N.JJAO.·LOAD MATRIX lJ..IP--7')

ENOIF

IOPT:;l
CALl. NSOU.CIOPT .8TEST<IBl.Iii.6>.l2.DIJ.L".N..OAO.U.L.2.

& ICl.STIF.DISP.WORIC.
& .FALSE••WORK.MCJll.L~.
& .FAUC••ioIORIC..NClRK.Llp.A8ORT>

IF <ASGRT) R£TURN

IOPT::5
CALL JGOU.(IDPT .BTESTCtaIG.6>.L2.DIJ.Llp.N..OAD.Ll.L2.

& )IJ.STIF.OISP.WORl.
& •FAL.SE•• HORI(. WORK.L".
& .FALSI: •• WORIC.WORK.L".A8ORT>

IF (ABORT) RETlRN

IF (BTESTCI8I.C.5»
'" CAU. l4U.tn<.llISP.L., .....oao.·OIsPUCEtEMT CU4P~7')

IOPT:5
lSTTVP:O
PRINT=.FAlSE.
HEAD =.FAlSE.
00 SIO lEl.HO:I.1ELMT

no CALL a.a.ra
& cIOPT .lSTTVP .PRINT .rREl.t£AO. NAIE .EESE.EPSE.OAIUGE.
& IB.Mt •.m.DDF.JCGDOF .PCE<Jfl.RD*UT.AXIAl.lZOISP.IZlOAO.MSTOR)

00 1010 I:l.LIt
WORl<I >=DISP<I.l)
00 1010 ;-'-2.frrl.CW)
IF (A8S<DISPCI.J».GT •.&8S<WDRIt<I») WORII;(I)::;{)ISP<I.J)

1010 CONTIIU
CALL JOIDSP<2 .MA)QQ).L~.frI«IOE.l.0.L2.m.

& IDOF .CONST.-':.
l TITlE.·MAXDUf D1SPL.ACEKNTS· .STEPm••FAlSE ••
& NCOS.COSDE.JTCOS.JrFlG)

cC _

c: MOllIFY LOADS FOR llESTRAIHT DISPUCaEHTS =
C=

C
C =_=_=_===
C: SOLliE FOR FREE DISPI. =
C

C
C=--===:=====
c= SOl.VE FOR REACTIONS ==
C:-i iiP'='T=2=--==

CAlL REACTt« IOPT ,8UC.HNO(£.U.L2.U.L".LDAD.DISP.
& flIJ,STtF .IfII).L~.N..OAO.1.0.

I. JlW(NOO .100F .COORD, ID. TlTlE.ST£PW••FALSE...
& NCOS.COSUE.JTCOS.JTFLG.SUIlCT)
IF (8TEST<IBIJG.5»

I. CILL toIiIATRX<lOAD.L~.N..OAO.·FINAL LOADS AN) REACTIONS' )
C
C===-========
C.:; PRINT GLOBAL DISPlACEMENTS ==
C=~================

CALL JOIOSP<I.NAlOOlD.L'.INllI;.ILOAO.O.L2.m.
& IOOF.CONST .OISP.
& TITlf.·OISPlACaEIITS· .SlB'm.. TRUE••
& NCOS.CDSDE.JTCOS.JTFLG)

C
C: ====
C: PRINT GLOBAL REAtTIONS =
C:=~.=======

IOPT=S
CILl litEACTN( lOP" TRUE ••~.U.L.2.13.l<t.LQAD.DISP.

& IlO.STIF.OO.L N..OAD.1.0.
& NAlOOlD.IDClF.COORD.10. TITLE.STEPm.. TRUE••
" NCOS.COSlNE.JTCOS.JTFLG.SJ.MCT>

C
C
c;;==--====:::=========

WRITE (6.1000) fITlEC 1>. TITl.E(2)
1000 FORMAT ('1 snu:Tt.RE..... ; ••1..1

8. ':iOI..UfION••••• ; • •".11
AlX.' fllAXI..... VALLES FOR AlL LOAD CASES • 1
.&1)(,' ===-- - _')

C
C~-====== _ _ _ _
C= CAlca.Are AICI PRINT IEteER fORCES ==
C::==::=:::=:=:::::---=

IoPT=",
LSTTVP:O
PRINT::;. TRt£.
tEAD =. TRUE.
00 SOO IELHOcl.IELMT

50D CAU. ELaIB
& (IOPT .LST'MI .PRIHT .IREl.IEAO. NAME .EESE.£PSE.DAfUGE.
& IEl.NO.IELDaF ,..waF .PGEOM.RlNPUT .AXUL.IZDISP.IZlOAO.MSTOR)

C

c=========--====;--=
C; eET AN) PRINT JlWCIJUi' OISA. ==
~ - =====

CC _

c.= AOO LAST LOAD CASE TO TOTAl IEJIIIER LOADS __=
c.==--==.===-==--=========
C THIS SETS THE TOTAL LOAD IN THE EUtENT Sl8ROUTIfE EQUAL TO HE
C SLtI Of TlE' TOTAl LOAD AN> THE LAST LOlaD CASE.
C TWO ",JIOR BENIFITS ARE .~I\IBJ fROM THIS:
C 1> TOTAl EL£JENT LOADS ARE USED AS INITIAl V4LUES FOR SUCKLING AND
C DYNAMIC LQAOI*S.
C 2> TOTAL E:LElEtU LOADS AraE USED III NOILDEAR ""'l.'iSIS
C

.••AlXI ElEIENT LOADS ON FREE JOINTS TO T1E JOINT LOADS ON FREE
••• .JOINTS. STORE IN THE DISPl.u:aENT MATRDI
•••SAVE ELEMENT LOADS ON AlL JOINTS IN LOAD MTRDt. USED UTER
••• FOR C4Lcu..ATING THE REACTIONS.

00 10 I=ll.L2
00 10 J:;l.M..OAD

OISP< I.J >:OISP( I. J>tlOAIX I.J>

....SWAP TIE SIGN OF T1£ FEF AT R£ACTIDNS
00 15 I~.Ltp

00 15 J:I.ILOAC
LOAO<I.J): -Lo&O(I.J>

- INITIALIZE STORAllE FOR STIFFlESS. LOAD AIoO OISPI.... -
Z<IZSTIF) = LOCATION Of TI£ STIFRESS MATRIX
ZeIZLOAD> : LOCATION OF TIE LOAD MATRIX
ZeIZLOAD) : LOCATION OF TIE DISPLACaENT MATllIX

IF <IZLOAD.Eq.O) llEN
IZLOAD = IZ
IZ = IZ+IIlOF....OAO
ENOIF

IF <IZOISP.EQ.O) TI£N
IZOISP = IZ
IZ ': IZ+tOJF*trLOAD
ENOIF

IF <IZVEL .EQ.O> 1lEN
IZ'IE1. = IZ
IZ = IZ+IIlOF
ENOIF
00 5 I:l.NOOF
Ze I.uva -u :::0

IF <IZDVEL.EQ.O) THEN
IZOVEL = IZ
IZ = IZ+IIlOF
ENOIF
00 ~ I=l.1r«lOF
Z<I+lZOVEl-l) :0

IF <IZFLlI .EQ.O) TI£N
IZFUB :: IZ
IZ = IZ+IIlOF
00 5 I=I.NOOF
ZeI+UFl.8 -1> =0
EIilIF

- INITIALIZE STORAllE FOR STIFFllESS. LOAD AIoO OISPl... -
ELSTIC:. TRUE.

----- r,.our ELEMENT LOADS -----
ELEMENT LOADS ARE STORED IN TIE L.OAD MATRIX

IF (MAKELD.GT.G> THEN
CAlL ElELOA< BUCS.LS.IElMT .1WIELD.I£U).l~ .N.OAO.

LOAD.IELO.ELO.IZOISP.IZl.OAO._. TITLE••FALSE.)

----- ZERO LOAD .ue:a OISPlACEMENT MATRIX --------
DO Ii l:l.L~

00 t. Jd .N.OAO
LOAD( 1.J>=O
OISP( I. J):Q

&1>1.' NJM8ER OF LOAD CASES •••••••••••• ' .IS)

-- IN'IJT JOINT LOADS -------
JOINT LOADS oUI) SlAlORf DISPl.ACEJEN1'S ARE $TORED IN TIE
DISPLACEMENT MATRIX

CAlL JOlLO.< 8UC5 .MA)INXJ.Llt .1NJDE.M.0M).L2.
& ID. IOOF. CaNST .DISP.
& OSPFlG.JTFLG. TI1'LE••FALSE. >

SOlOOI90
SOlOO2OO
SOL00210
SOI.OO22O
SOlOO2SO
SOlOO2'oO
SOlOO25O
SOlOO260SCl.00270
SCl.OO2eo
SOI.OO29O
SCl.OOSOO
SOlOOSlO
SOlOOSZO
SCl.OOSSO
SOLOOSftO
SOlOOS50
SOlOOS6O
SCl.OOS70
SOI.Q0S80
SCl.OOS90
SCl.0ll'000 C
SCl.OOHO
SOl_20
SCl._SO
SCl.aa.'oO
SCl."""'"
SOlOO<OO
SOLlJO't70 C
SOl_eo
SOl_90
SCl.OOSOO
SCl.OOSIO
SOlOOS2O
SCl.OOSSO
SCl.OOS'oO C
SCl.OOSSO
SCl.OOS6O
SCl.OO'>70
SCl.OOS8O
SCl.OOS90
SCl.Qll6OO
SOl""'IO
SCl.OO'2O
SCl.""'SO
SCl."""'"
SCl.""'SO
SCl.OO66O
SOlOO'7O
SCl.OO68O
SCl.""'90
SCl.OO700
5Oloo710
SCl.oono
SCl.OO7SO
SCl.007'"
SCl.OO7SO
SCl.00760
SCl.OO77O
SCl.OO780
SCl.00l90
SCl.OO8OO
SCl.00810

SUIlROUTDE"":"'=SCl.:==ou==============='===oSk":":::
" (1.l.L2.13.L~.IJC).""0A0.MAXELD.HELO.frMJOE.JCOS.IELMT .A8OItT. SOLOOO6O
& lZOISP.IZLoaD. MSTQR .I8UG.MAXNDO. TITU.STEPID. SOl.OOOlO
& STIF. LOAD • OISP • va . ova .' SOl..OOO8O
& Ft8. mo • ELD • wc.I • MO • SQl(XX)9Q
& m • IDClF • CONST. JrFlG. COOIID. SCl.OOlOO
& COSINE. JTCOS.SUlK:T> SOLOOllO

CHARACTER*(") TITlE(2).STEPID SOlDOl20
LOGICAl.. PRIPrfT .OSPFLG•.-EAO.AXIAL.BTEST .8lIi.A8ORl.8U13 SOlOOUO
CHARACTER"SD NME SOlOOhO
OIMENSION R~TClOO>.SU<<CT(6) SOlOOlSO
REAL LOAD SOLOO1&O
DIMENSION SlIF( IICI >.lO-'OCl~ .N..OAD >.OIspn.. ,IC.OM) >. VEl< L" >.ova( L.; >SOI.OOl70
DIMENSION FlJ8(L~) .1ELO<fIWCELD.5) ,ELDUWIEL,D.12>.NORI( 1).11KL~1> SOLOOl80
ODENSION CQOROCtweNQO.S>.IDCfWCNOO>. SOLOOl90

& lDOFcMAlCHOO.6) .COSDE:(S.3.NCOS).CONST(MAXNOO.6>. SOLOO2OO
& JTFlGCMA)(NQQ>.JTCOSCfWCNQO) sot.00210
8UG=BTEST<IBUG.5> SOLOO22O
IlUIi5.sTEST< IIIUlO.S) SCl.OO2SO

SCl.002'oO
SCl.OO25O
SCl.OO26O
SOl00270
SCl.00280
SCl.OO29O
SOLOOSOO
SCl.OOSIO
SCl.OOSZO
SOLOOSSO
SCl.OOS..,
SCl.OOS5O
SOlOO560
SOLOOS70
SCl.Q0S80
SOLOOS90
SOloo.oo
SOLOO'HO
SOl_20
SOl_SO
SCl._'"
SCl.ocw;(I
SOlaa.60
SCl._70
'SOl~80
SCl._90
SCl.OOSOO
aCOSlO
SCl.Q0';20
SCl.OOSSO
SCl.oos.a
SCl.OOS5O
SCl.OOS6O
SOlOOS70
SCl.OO58O
SCl.OOS90
SOl""'IO
SOlOO62O
SOlOO6SO
SOlOO6'oO C
SOlOO65O C-

- SET ... CONSTANTS -----
Ll=1
l2:NCONJ ...NFREE
LS=HCOtCJ +M=REE+l
L",=hI)OF
IF OW(B.o.GT.O) l1EN

IZIEUl:IZ
IZ:IZ+~

Izall:IZ
IZ=1Z ... M.UCEJ.[)it12

EfoIJIF
tW=IZ·1
IICl::NZ<I2l..M+l..>
CALL SQlOU

& (lJ..12.U.L....OO.,."OAO.IUMELD:.IElD.NrIlX1E.N:OS.NElMT .ABORT.
& lZOISP.IZLOAO.I'tSTOR.lBUG.MAXNOO. TITlE.SfEPm.
& Z(IZSTIF). Z(IZLOAO>. Z<UDISP>. zeIZVEl >, Z<IZDIJ£L>.
& Z<IZR.B ).NZeIZIaO). Z(I.ZElD ). Z(IN >.NZ(IZJC).
" NZ(UID ).NZ(IZIDOF'>. ZClZ'CNST>.NZCIZ..FLG). ZCIZCORD).
& Z< IZCOS ) .Nle J.ZJCOS).SLIItCT>

R£TURN

IF <NZ(IZKGOT+~).EQ.2)NRm (6.2)
2 FORMAT (1X.' GEOMETRIC ST!FFtESS IS NOT INCLlaD. '.
& ' USE KGQATAC-S>=l TO INClllJE GECIETRIC STIFFtESS.')

to

15

c _

C
C============--==--==
c; I~T LOADOO DATA =
c================
C
C

EIIlIF
c.===============--==
Co: FORMUlATE STIFFNESS =
C::==:=::--====
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SOl00930
SOlOO9'oO
SOlQ09Sa
Sjll.OO%O
SOl00970
SOLOO980
SOLOO990
501..01000
SOLOIOla
SOI..OI02O
SOl010~

SOlOllYtO
SOlOl050
SOlOlO6O
SOLOI070
SOLOIOao
SOl01090
SOlOllOO
SOLOl110
SOlOll20
SOLOIBO
SOLOllltO
SOlO1l5O
SOLOll60
SOLOll70
SOlOU80
SOLoll90
SOl01200
SOl01210
SQlOl22Q
SOl0123Q
501..01240
SOLOl2S0
SOL01260
SOl01270
501..01280
501..01290
SOL01~OO

:;OL01:::I0
SQLOLS20
SOl01530
SOl015~

SOLOH50
SOLOl360
SOLOl!:70
SOL01SSO
SOlOl!i90
$0I..0hoo
SOLOhLO
SOLOh20
SOLOIHO
SQL01,,,a
SOLOhSO
SOlOllt6O
SOLOl'ttlO
SOLOH80
SOlOH~

501..01500
:;QL01510
SCIl01520
SOL015'SO
501..015..0
SOL015SO
SOl0156Q
SOlOlS70
SOlol580
~01590

SOlOl600
SQL01610
SOl01620
SOlOlb50 .
SOL01c...O
501..01650
SOL01660
SOI..Ol670
501..01680
SOL01690
501..01700
SOl01710
SOL01720
SOl017?>O
SQl01740
SOlOl750
SOl01760
SOlorllo
501..01780
SQL01790
SOL01800
SOL01810
SOI..0182O
SOl018SO
SOl018<,o
SOl018SO
501..01860
SOL01870
501..01880
SOlOlS'M
SOLOl900
SOL01910
SOl01920
SOL01950
SOl019'tO
SOL01ClSO
501..01960
SOl01970
SOl01980
SOI.OI990
501...02000
SOL02010
SOl02020
SOl02030
50<.020'0
SOL02050
SOL0206O
SOL02070
SOl.02080
SOL02090
SOL02100
SOl021l0
501..02120
SOL021SO
SOLa21<tO
501...02150

LOCATION OF THE TOTAL VELOCITY MATRIX
LOCATION aF TI£ TOTAl ACCELERATION MATRIX
LoeAlION OF HE IN:RIHENTAI.. LOAD MATRIX
LOCATION OF THE INCRDlENTAI.. DISPLACEMENT MATRIX
LOCATION OF M INCRIIENTAL vELOCITY MATRIX
LOCATION OF TlE I.NcRlMENTAL ACcaERATION MATRIX

IF (mOAD.EQ.O) Tl£N
mOAD = 12
12 = 12_
CALL ClCSTl)R(O.O)
00 1 W.NXlI'
Z<I+I2L0A0-1) ::::0
EN>IF

IF (I2DISP.EQ.O) Tl£N
IZOISP = 12
12 =12_
CAll Cl<STOR<O.O)
00 2 I=l.NXlI'
Z<I+IZDISP-l> ::::0
EN>IF

IF <I2VB.. .EQ.D> 1l£N
l2'JB. = IZ
12 =12_
CJL.L. IXSlQR(O.O)
00 S l=l.NXlI'
Z<I+I2VEl -1) :::0
ENlIF

IF' <IZACC .EQ.O> n£N= .IZ
IZ =IZ..maF
CALL ClCSTOR'<.O.O)

00 " I:1.NXJF
ZCl+IZACC-1) :0
ENOIF

z<~)

Z(I2ACC )
leIZDLOA)
Z<IZOOSP>
Z(IZI)IIE\.)
l<IZOACC>

IF <IZDLOA.EQ.O) TlEN
UIl.OA = 12
12 .12_

CAU. CXSTQR(O.O)
00 5 I=l.NXlI'
Z< I+I2D..OA-l.> :::0
ENOIF

IF <I:oosP.EQ.O) ll£N
120llSP =12
12 .IZ_

CAU. CXS1CJR(O.O>
00 b I:l.NXJF
Ie I+IZOOSP-1) .:::0
ENOIF

IF (I2IMl.£Q.0) Tl£N
l2IMl = 12
12 = 12_

CALL CKSTClKO,O>
00 7 I=l.NXlI'
Z<I+IZD\IO.-l> ::::0
ENOIF

IF <IZD&CC.EQ.O) TtEN
I2DACC = 12
12 =IZ_

CALL CXSTlJt(O.O>
00 8 I=l.NllIlF
IeI+I2DAIX-l) ::0
ENOIF

IF <IZFI.B .£0.0) 1l£N
I2Fl8 • 12
12 = 12_
CAll Cl<STOR<O.O)

00 ~ hl.JIXlF
ZcI+IZRII-l) =0
ENOIF

DbU+J.

IF (SL.MASS> TJEN
READ <5.*) INIISS.IFM&SS
IfrNSS=INtASS+1
CAlL MASSDl<I-.s.IFMASS ••FAlSE ••8UG.IBUG. TITLE.MAXZ.MAl<D2.
IWCNQIJ.t£OS.tNXlE. IZ .IN.U10. Z.HZ .02.
IZSUCI.IZSUIS. 12tH.IM.I2MlT2.
NXlF .1rNSS.I1COS.I1IDOF .1ZCNST .IZ..FLG.IZ..JCOS. "GLOBAL JItA~ ••
t<C0tIl.II'R££.I2IC»
1JOCSL=NZ( IZ:S.JO+frO]f )

ElS£
IZSl.HS:O
IZSl.1Cl=O
IIOlSI.=l

E>(JIF
I~ =NZ(IZICICS..aJOF)

CAU. MF0IMC.2.DItASS.MU.SS.Z< IZMASS ).HZ< IZHOMS )./II).~, IHOMS,
&: TITLE.M«X:£ .11AXNOO.NCOS.8TEST( IBUG. S). 18UG.
&. NZ< IZID).Z< IZCOS ).Nl< IZIOOF') .Z( IZCNST) ,NZ( IZJFlG),
I. NZe IZ.cOS).Z..:. IZMOAT ).Z( IN ).NZ< IM+21) ,l< IW+27),
&. Z<IM+ 6S>.Z<IW+ ~»

_ =HZ( l2lOIWIlOF)

00 ..00 I.=1.IIOCS
'000 ZeI.I2JlASS-1>=O.

C
C- O£TERMINE TIE ADIIlESS aF TI£ DV_IC STIFFNESS MATUX

US ::: IZ
12 =12>NZ(1ZIClS>NFREE)

C
C--- CJ:\IELOP SXYLDE OF DYNAMIC STIFFNESS (S)

CALl SKVlN'ZOrIJOF .L5.1,,~.

& Nl( 1ZIClS).N2(1211I ).Nl( I2IOlS ).N2( I21UG) ,KCFORH)

c
C---- SET tp STQbGE FOR MAIN OIAGONAl AOCRESS OF DYNAMIC 5TIFFNE~

mlos= 12
u = u + JEREE +1
CALL CltSTCJR(O•.IW)

RETURN

RETURN
EOOIF

WRITE (6.H) TO.OT. TF.GRAV.IPRNT
IF' (ELSttC) WRITE (6,1")

---- INITIALIZE STORACE FOR LOAD. OISPl. VELOC. ACCa
Ze I2tOAD) • LOCATtON aF TI£ TOTAl LOAD MATRIX
ze IZDISP) =LOCATtON aF ltE TOTAl OISPlACEtENT MATRIX

---- SET LP CONSTANTS --------
Ll=l
L2.NCOtIl
L5.L.2+1
L't::NCONl +WREE
L5=1"..+1
Lb:::hllOF

IF (TESTe INTEG, 'L!NEM' ,.FALSE.» THEN
INTEGO=l
IoIRITE (6.U> 'lINEAR ACCEl..ER'ATICIN fET'HOO',

& '=======--=---=='
ELSE IF <TEST(INTEG,'AVERAGe' ,.FALSE.» THEN

INTEGO=2
WRITE <6.ll) 'AVERAGE ACCELERArICIN METHOD'.

&: '===- ---=='
ELSE IF <l(ST<INT£G.'WILSON' ,.FALSE.» nEN

INTEGO=3
!illITE <6,11) 'WILSON THETA IETHOO',

'=-- ='
MRITE <6.U) THETA

ELSE IF <TEST<INTEG.'WILSON' ••FALSE.» THEN
WRITE <6,") • INVALID INTEGRA1'ION fETHQO'
WRITE <6.11> INTEG,'======'
RETURN

ENDIF

11 FORMAT (
UX.' SOlUTION .2•••A.' OF NlJIERICAL. INTEGRATION' 1
&1)(.' ==============' .A.· ===--===========--=' I>

12 FORJUT (
&lX.· TIoETA•••••••••••••••••••••••••••••• lP.G1S.6)

1S FORMAT (
&1X.· INITIAl. TIME ••••••••••••••••••••• • lP.G.l5.61
&lX.' TIlE STEP ••••••••••••••••• ;.••••••• IP.GIS.61
&1X.· FINAL TIME •••••••••••••••••••••••• lP,GIS.61
&1x.' ACCELERATION DUE TO GRAVITV ••••••• lP.GIS.6/
&lX.' STEP INTERVAl FOR PRINTING •••••• ' .oP.IS)

1" FORMAT <
UX.' HE STRlCTl.RE IS ASSUMED TO BEHAVE EUSTlCALLV' )

WRITE <6.1000> TtTLECl), TITLE(2)
00 1020 I=1.L4

WORKcI >=LOADeI.I)
00 1020 J=2.tLOAO
IF <A8S(LOAO<I.J».GT • ASS< HORKcI») WORK<I>=l.OAOCI.J)

1020 CQNTVU;
00 10?>O 1=1.6

lO~ SUMRCT<!);Q
CAlL REACT"" •• TIll£ ••NNOllE.L1.L2.L3.L'.I«lflI(.OISP.

ll. MO,STIF.IMD.Llio.l ,1.0.
& MAXNOO •.IOOF.COORO.m. TITLE.STEPID••FALSE••
8. NCOS.COSINE.JTCOS.JTFLG.Sl.MRCT)

WRITE <6.1(00) TITLECl>. TITlE<Z)
LSTTVP=O
PRINT=. TIll£.
I-EAO =.FAlSE.
00 l.SlO IELNO=l.NEL.MT

1310 CAlL ElElIB
& <12 .LSTTVP .PRINT .IREL..t£AO. NAME .EESE.EPSE.OAMAGE.
& moo.IElDOF.KGIlOF.PGEIlII.RN'UT .Al<IAl.IZOISP.mOAD.MSTOln

C= GlOT All) PRINT MAXIMM REACTIONS =
C=-~===~~_~~~~
C

C
C====::=:;;=======--:=============
C= PRINT MAXDlUN ElEMENT FORCES ==
C=======--- __=--=
C

SOlOl900
SOl01910
SOL01920
SOL019SO
SOt.O!9'tO
SOLOl950
SOLOl~

SQL01970
SOL01980
SOL0199O
SOlO2OOO
SOL020!O
SOlO202O
SOlO2OSO
SOlO2O<O C
SOL0205O
SOL0206O
SOlO2070
SOL0208O
SOL0209O
SOL02100
SOL02110
SOL02l2O C
SOL02130
SOL02l'oO
SOL0215O
SOL,02160
SOL02170
SOL02l80
SOL02190

C SOL02200 C
220 FORMAT <5X.IS.IP.bGl5.6) SOL02210
200 FORMAT ('1 GlOBAL' ,A.'. LOADING.' .ISII SOL02220

& ltK,' NO(l=;' ,lX. 'OX' ,13)(. 'OV' ,l.sx. 'OZ' ,ISH. 'R)(' • IS)(. 'RV' .13)(. 'R2', )SQ..0225O
EhIl sa..OZZltO

C===========================================SOl.lXICI'W)
SUBROUTIfE SQt.D2 SOLOOOSO
LOGICAL PRINT .OSPFLG.t£AD.REPEAr .Sl.IUSS.AKIAL. TEST .~HKOV .8TEST SOLOOO6O
LOGICAL. lJfrIW.. $OlOOOlO C
DIMENSION RIfrlJUT< 1(0) SOlOOOSO
CHARACTER"1 NAME SOLOOCl'9O
CHARACTER"ZO INTEG SCUXUOO
INCLWE (ICOMN) SOLOOUO

SOL0lll2O
SOLOO130
SOL0ll1'oO
:lOl.Oll15O
SOlOOl60
SOLOOl70
SOLOOl80
SOLOOl90
SOLOll2OO
SOL00210
SOLoo220
SOLOO23O
SOLOO2'oO
SOLOO2SO
SOLOO26O
5OL.00270
SOLOO280
SOLOO29O
SOLOllSOll
SOLOll$10
SOLOO=
SOLOOSSO
SOLOO5~

SOLOOSSO
SOLooSbO
Sa..OOS70
SOLOllSSO
SCl..OO~90

SOLOO'oOO
SOLOOotlO
SOLOC>o20
SOL_SO
SOL....." C
SOl~ c---- FORtI MISS MTRIJ( --
SOL""""" C
:lOl.OC>o70
SOL~80

SOLOC>o90
SOLOll5OO
SOL00510
SOLOll520
SOLOll5?>O
SOLOll5'oO
SOL0ll55O
SOLOll56O
SOLOll57O C
SOLOO58O c·---- FORM SPECIAL MASS MAoTR'IX ----
SOLOO'i90 C
SOLOll6OO
SOL00610
SOlOll62O C
SOLOllI>?>O
SOLOO60t0
:lOl.Oll65O
5OL.0l1b60
SOLQOt,70
SOLOllI>8O
SOLOllI>90
SOLOll700
SOLOll710
SOLOOno
SOLOO~

:lOl.0ll7'oO
SOLOO15O
SOL0ll760
SOLOO17D
SOLOll780
SOL0ll790
SQlOO8OO
501..00810
SOLOO82O
SOLOO8~

SOLOll8'oO
SOLOll85O C
sa..OO86O C-- DETERMINE TIE lENGTH OfF 11-£ DYNAMIC STIFFNESS MATRIX
$CX..00870 DI)S.;NZ(:IZJI)S.M=REE) - NZclZM:1S> .1
SOLOll88O
SOLOll89O
SOLOO9Oll
SOL00910
SOLOll92O C

C
C
c;;;============
C;: PRINT HEADER ==
c:::===============

IoIRITE (6.10) TITLE<l). TITL£<2>
10 FORMAT (" 1 STItUCTl.RE •••• : • ,1.,1

& 'SOLUTION••••• : • ,1.,1)
C
c==::================
c::: IN'UT LOAODIliOAU ==
C':==--========--======c

READ <5.·' INTEG. THETA. ELSTIc.l.IeAL.
READ (5.·' IPRNT. IWRITE .1WUCC.SLMlSS
REAO <5.·) TO.DT,TF.GilAV
IPRNT::MA)«IPRNT.l)

C
c----- CHECK F'OR INVAlID INTECRATION WITH I'ttOPORTIONAL DAMPING

IF «INTEGO.EQ.1 .OR. INTEGO.EQ.2) .AII). F~.NE.1) THEN
WRITE <6.19)

19 FORMAT <5X,'INTEGRATION IETWOO IS OhLY vAlID FOR '.
& 'PROPORTIONAL OMPI),G'IJ,SX.'SOLN IS ABORTED')

c==============;============--=-
KGlOAD=Nl( IZl:GDT-1)
I(GTVPE =NZ< IZJ(GDT+<)
I(GfORJll:::Nl< IZKGDT+$)
NEI«~.TRt.E.

IF (I(Cil,OAO.EQ.O .OR. I(GTVPE.EQ.O .OR. I(c;FORM.EQ.O) NEt«G.:.FAlSE.

C
c=================================
c:; ~T GEOMETRIC STIFFNESS FLAGS ==
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SOLOOO6O
501..000]0
SOLOOOSO
SOlOOO9O
SOLOOlOO
SOLOOllO
SOLOOl2O
SOlOO15O
SOLOO140
SOLOO1SO
SOl.ool60
SOLoo170
SO!..oo180
SOI..00190
SOloo200
SOl00210
SOlOO22O
SOlOO25O
SOlOO2'tO
SOLoo2S0
SOI..0026O
SOlOO270
SOLOO280
SOLoo290
SOL005OO
501.00310
SOLOO5ZO
SOLOOS50
SOLOOSW
SOI.0055O
SOLOO560
SOI..OOS70
SQLooSSO
SOLOOS90
SOlOO....OO
SOL00410
SOLOO.;20
30LOO.;50
3OLOO.....a
SOloo..SO
~OLOO.;.,o

SOI.OO....70
5OL()C}t80
5OLOOOt90
SOlOO5OO
301..00510
5OLOOS20
SOI.QOS30
3OLOO'i..0
SOLQQSSO
301..00560
SOLOOS70
:iOLOOS80
SOLOIJliQ()
SOLClO&OO
SOLOO6lO
SOUlOt.20
SOL~50

SOLOOb...a
SOLOClb50
:iOlOObSO
3OLOOb90
SOLoo700
SOI..OO]10
SOI.oono
~OO7~

SQLOOl40
5OLOO]lSO
SOLOO7bQ
SOLoo770
301..00]80
SOI..OO]cao
SOLOOSOO
'3QLOO810
501..00820
SOLOO8~O

SOL008..0
SOLOO8SO
SOLQOSbO
SOlOO870
SOLOO880
:iOLOOSQQ
SOlOO9OO
SOLOO910
5OLOO920
SOLOOQSQ
SOLC,X,}QotQ
SOLCJ0Q'50
SOI..OO%O
::iOL00970
SOLOO980
SOL"""""
SQlOlOOO
$OLOlOlO
501..01020
3OLOI050
5OLOIO'tO
501..01050
3OLOI0&0
5OL01070
SOLOIOSO
SOL01QQO
SQLOllOO
501..01110
SOLOll20
SOL0l150
'3OL01hO
SQL0l150
:;01..01100
3QL01110
:;01..01180
SQLQll90
501..01200
SOL01210
5OLOl220
5OL012SO
501.012\0
SOLOl250
3OL012bO
3OLOl270
SOL01Z130
SOL01290
SOLOl$OO
SOL01S10

: GAT
• GVT
• GOT •
• OSPMAX.
• VELMAX.
• ACOiAX.
• RCTMAX.

DlOA02.
.SUMRC.
• TF()AM:).: '""'"• COORD

.OR. KGFORM.EQ.O> NEI«.G::.FAlSE.

& Cll.L2.l5.L'.l5.l6.IIIl.IKIIS.NXG.IIIlS.DIlMSl..A8011T .ITLCPU.
& ~OAO • JlW<ELD • IrNXE • OCOS I NEUlT
& lZOISI' • IZlOAO • ><STOll • IBLC • PW<NOO
& TITLE • STEPID • NAITf> • NlOF • ""REE
I. KGFORM • KGlOAO • KGTVPE • NCONJ • INTEGO
• NEHlCG • NEI« • HCONl • KGCOICl • <NlAL
& INTEG • nETA • ELSTIC • IPRNT • MITE
& HAXACC • SlHASS • 10 • DT • IF
• CRAV •~ • FHASS • IZOOSP .Im.OA
& OXSF' • va. . ACe • LOAD • AN
& DOISI' • ova • DACe • DLOAD • BH
& STIFF • HASS • NASSSI. • KG • SSAIl
I. JIfJ .JOIlS .JiOISSl. ,KXG ,11>$
& DAMP • P8M • MCO$ • AGTX
& AGTV • AGTZ • A!If) • FlIJ
& ID • IDOF • CNST • JTFLG
& COSINE • JTcas • tFCWfI
& EIE.ESE.PSE.EKE.EOO.
• ZERO • FG • OFG

-- DflUT INITIAL VAlUES FOR OISPl. l/ELOC. ACCEl
CAll INTOVACBUGS.IOJF.MAXNOO.tHXJE. TITLE.IDOF.

& ID.JTFLG.OlSP .I/El. .AJX .LO.IO )

92

C
C- INITUIZE TDE TO CALC INITIAl GROt.JI) ACCELERATI~

T=10
'fl..;r-GT

C
c;:==============::=====-_~
C= INITIAlIZE GROlICt ACCELERArtON CONSTANTS ===
c==:::===:::==========::==========--===========

00 91 1=1.3
GDCI>:O
cv< 1>=0
""'1>:0
CiDT<l>=O
GVT(I>=O

91 GAT(I>=O
ACl:0lO:O
)(GACC=O
VGACC.-D
Z~

OOUIL£ PllECISIOH EIE.ESE.PSE.ElIO.EICE
CHARACTERtt(·> TITlE(2),STEPID
LOGICAL PRINT.osPFLG.J-£AO.REPEAT .SI.J4ASS.AXIAl. TEST .NEWKOV .BTEST
LOGICAL IEI«G.NEWK.£LSTIC.MCOMJ.KGCONl.UNIAL.MCNl2.KGCNl2.HRlTE
LOGICAl. ,ASQRT .8UGS.8I.G4•.BUD.8UG6.8UGll
CHARACTERttSO NoUE
CHARACTER-20 INlEG
REAL LOAD .MASS.MASSS1..XG.MCOS.lE
INTEGSR FOAtf» .FMASS
INIEGER ITLCl'IJ.Cl'IJREIt.DltEl.A
DIMENSION ZER'OCL6>. 0l0lD2<L6>. FGCL6'. DFGCL6)
DIMENSION SlJItC{.; >.D.SI.I«C< 6 >. Sl.IFDC 6 >.DSLlFO<6 >.StJ«JB< 6)
DIMENSION fFOAM3(L6>.~L6)

DIMENSION OSAW«.L6).VEUW«L~>.ACOWC:eL6>.RCTMAKeLo+6>

DIMENSION 00<5>. GV<$>. GA<S)
DIMENSION GOTC$>.GVTeS>,CATeS). TSl.M<6>
DIMENSION RIt.PV1'c 100>
DIMENSION STIFHI/lO> .MASSCIJOIS>. ICG(DIJ(G>.S8AR<IHOS).

& MASSSl< l!04SL >
OIMENSION PO:l6.U,fOItS(l6.1 >,MOKG<L6.1 ), MOS<L6.l),

& ~'l6+1)

DIMENSION I.OoIO(L6>. 01SP<Lo), VEL.eL6>. ACCeLo>. 4H<L6>
DIMENSION Cl.0A(l(L6),OOIsPCLo>.DVEl(Lb J.OACC(L6 >. 8N(L&>
DDENS10N FtJB(Lb>. PB&I«Lo>.HCOS<L6.3).0AMP<$)
DIMENSION WQRI:e2"'l6)
DIMENSION AGnC<MAXACC>.AGTV(MAXACC>.Al:HzeMAXACC).A.IhP<NAr~)

ODIENSION COQROC MAXtClD.S>. IO< MA)CN(I() >.
& IDOF'OWCNOO.6> .COSDEe3.S.M:OS>.CNSTeJlW<NOO.6>.
& JTFLGCfIWOIOD> •..JTCOS<MAXNQO>

SlM.BCl>=O
stMJB<2>=O
SlMJ8( $>=0
SlJICJ8C't)=O
SlMaS>:O
s:t..MJ8<(,>:o
SlIFOR:O
~

"-0:0
~

C;:===- _ ---
8UG~ ~'fEST('IBJ£. S>
8UG4 =8TEST( IBUG• ., >
8UG5 =BTESTeIBUG. 5>
BUG6 :8TEST<IBUG. 6 >
6UGlbBTESTe IBLG.ll)

C:.=--============-==o.::=----=
IF eBlJ(l;) TI€N

CALL LMfR)«MASS.ICICS.IlI>OF.DCJIS.·MASS NolTRDc 0lW=]')
ENlIF

C
C====================--===
C= INITIALIZE ENERGY CONSTANTS ==
C============

EIE:o
ESE=o
PSE=O
EKE=O
EllO:O
EIEM :0
e$EM ::0
PSEM ::0
EKEN =0
EOCIt :0
00 92 1=1.6

SlMRC<I:>::o
Sl.IFl)(I>:O

C
c====::=================
C= SET STIFFtESS FlAGS ==
c===============

NEt« :: •TRl.E.
I<SAIE= 0

C
C=======================
C= :>ET GEOMETRIC STIFFfE"SS FlAGS ==
C:======================

~G=.TRLE.

IF CKGLOAD.EQ.O .011. KGTVPe.EQ.O

IZDMAX=IZ
12 =UflCXlF
IZVMAl<=IZ
IZ =IZ"IlOF
lZA*K=IZ
IZ =IZ_
~IZ
IZ =IZ_ ..
00 2S I::O.JOF

Z<IztlNJC+I>=O
z< lZVMAx+I):Q
I< 1ZAI'WC.I>::O

28 leIZRKIX+I>:O
00 29 1=1.6

29 IC[ZRfW(-l+trIXIF.I:>:o
00 SO 1=1.6

M Sl.I4RCT<I>=O

C
C-- SAve STOR.AGE FOIl OVNAMIC GROUlII ACCaERATIONS

UAGTX:IZ
U =IZ.-.a:
IZACTV=IZ
U =u.-.a:
IZAGTZ=U
IZ =IZ.-.cc
rZAnP=I2
NAINP =*Xc JD)F.MAXACC)
U =U_
IZlCOS=IZ
IZ =1Z+frIXIF-S

C
C----- ClECK STORACE REQUlRMENTS •••

CALL CKSTOR<frOJF .no

C
C- SAve STOIIAGE FOIl ENERGV CAl.CI.UTIONS

IZ2ERO:IZ
IZ =IZ"IlOF
IZIlOI =IZ
U =IZ"IlOF
IZVM =IZ
12 =IZ+~

IZll8Alt=IZ
IZ =IZ"IlOF
IZ =IZ+~

IZlI.02=IZ
IZ =IZ"IlOF
IZTFO =IZ
IZ =IZ.~
IZOFO =IZ
IZ =IZ"IlOF
IZFG =IZ
12 =IZ+HIXlF
IZIlFG ~IZ

12 =IZ.~

00 25 I=O.tOJF-l
Z<IZFG .1>=0
ZelztFG .1>=0
Z< lZZERO+l >=0
Z<L."DM .1>=0
ze IZVM .1>=0
z< IttlBAR. I >=0
Z< IZDLo2.1 >=0
z< IZTFO ..1>=0

25 zeI...'7OFO .1>:0

SOL02160
SOL02170
SOL021SO
SOL02190
SOL02200
SOLo2210
SOL0222O
SOL0225O
SOL022'oO
SOL0225O
SOL02260
SOL02270
SOL02280
SOL0229O
SOL02500
SOL02510
SOL02520
SOL0255O
SOL025'oO
SOL02550 C
SOL02560
SOL02570
SOL025S0
SOL02S90
SOL02'oOO
SOL02"10
SOL02.2O
SQl.02ftSO
SOL02~~

SOL02'SO
SOL02'6O
SOL02otao
SOlD2ot9Q
SOL025OO
SOL02S10
SOlO2S20
SOl025~

SOl02S'oO
501.02550
$01.02560
SQlO2$70
SOlO2S8O
SOl02S90
SOL02600
$01.02610
SOL02620
SOl02650
SOL0260f0
SOL02650
SOl02670
$01.02680
SOL02690
SOl02700
$01.02710
$01.02720
$01.02750
SCll027~

SOlO27'iO
501.02160
SOL0211O
SQLo21SO
$01.02790
SOL02!OO
SOl02810
SOL0282O
SOL0285O
SOL028""
SOL028S0
SOL02860
SOL0287O
SOL0288O
$01.02890
SOL029OO
SOl02910
SOL02'I2O
SOlo29SD
SOL029'oO
SOL0295O
SOL02%O
SOL02970
SOLO~80

SOL0299O
SOLOSOOO
SOl0501o
SOL0502O
SOLOS050
SOL.O~

SOLO""""
SOL05060
SOlOS070
SOl05080
SOLOS090
SOtOSlOO

ElSE SOL05110
~G =1 SOL05l2O

ENlIF SOL0515O
c SOlOn~

c----- cALl 5Ol2A TO CALC OArA •••• SOlOS!50
CALL SOl02' a051bO

,. (Ll.L2.l5.li> ,L5 .L6 .no. lNOIS•.IJIIKG. DIlS.DOtSl..A8ORT .ITLCPU. SOLOSllO
&: ,..".0-'0 • IWCELD ..... • NCOS • M:LMT SOLO$lBO
& lZOISP • !ZLOAD • MSTOR • IllUG • MAXNOD SOl0$190
& TITLE • :iTEPID • NAI~ • YJOF • ~REE SOlDS200
& I(CFORM • l:Q.oAQ • KG TYPE • NCON) • INTECO SOtoS210
Po NEWKG • NEI« • tcQl) • (GCON) • l.J&tL. SOlOS220
& INTEG • Tl-EU • ELSTIC • IPRNT • DRITE ,CROlIIXl>.SOl.0S2SO
& MAXACC • SLMASS • TO • Of • TF .GROUIX'" >.SOlOS2olrO
I. GRAV • FOAMI • FMASS • uoosP .I2tl.OA .GROlNX7>.SOlO~

& Z<IZOISP). zeIZVEL >. ZCUACC >. ZCIZ1.OAD>. Z(IZAH >.zeIZOMAK>.SOl0S260
& Z<IZOOSP>. Z<IZOVEU. zeIZOACC>. zeIZrLOA). leIZBN J.ZCIZVIWC>.SOlonm
!o Z(IZ5TIf>. Z(!2MSS>. Zt1ZSlIllS). ZU%kG >. znZ'$ >,2<lZ»WD.SOLOS28O
& Nl<IZlt) ),NlCIZMJMS>.NZ<IZSl.IC)).NZUZJlIlKG>.NZ<IZlG$ ),Z<IZRMAx>.SOlOS290
& ZeI.zDAIIF'>. zeIZPBAR>. Z<IZMCOS>. Z£IZAGT)(>. zelZOL02>.SOlOS300
80 ZelZAGTV>, Z<IZAGTZ>. ZeIIAlhP>. ZlIZF't.8 >, IlIW ). stJitRCT ,SOlOS~10

80 NZ<IZIO >,Nl<InDOF). Z<lZCNST>.HZ<IZ..FlC>. Z<IZCQRO>,I<IZCFO >.SOlOS320
& I<XZCOS >.MZ<IZ.x:OS>. leIZTFD >. SOLOSSM
• EIE.ESE.PSE.EKE.ElIO. SOLOS5'oO
& Z<IZZERO>. Z<I2fG> • I<IZtFG> > SOLM3S0

SOLOS56O
SOlOS570
SOLOS5llll
SOl05590 C====--::::: C---~Sl':ss~IT~ZEO_IC GROUlII ACCELERATIONS

C
C::======_____ -===========
C=INPUT FILE OUTPUT COHTRalL OAr.. =
C=========--==========

IF dWRnE.CT.0> T~N

IoPT=l
t~ (JIpQAT(tCPt.Dltl~.TO.Dt>

OOIF

Cc _

C
C--- OETEmiINE ll£ LEPGTH OF THE STIFF1rESS MATRIX

IKl::NZeIZJCJ+~> - N2eIZKI> +1
C--- OETEmlINE TIE LEt.CTH OF THE MASS MATRIX

ltOtS..-NZeIZt06.JO)F> - NZ<IZIOCS> .1
C- OETEIl>IINE lIE LEMlTH OF THE GEOIETRIC STIm£SS "'T1lIX

IF (NZeIZKGDT+5>.EQ.2) THEH
DOCG :MZ<IZJIO:GotfrO:JF) - N%etzlOCG) +1

C
C---- SET LP WOIIIC STOIIAGE AREA .. ,

IW =IZ.1

EIO
C==:========= .~__==========

SIJIlllOUlIIo£ SOlO2A

C------- 1JEFIJ£ STOIIAGE REQO FOIl OUERICAI. INTEGRATION
. C ANI INITILIZE VALUES

IZAN = IZ
IZ =IZ<lEREE
IZIlH =IZ
IZ = IZ+IFREE
IZPSAR = IZ
IZ = IZ<lEREE
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FORIUATE SEPERATE CiEOIETRIC STlFFNESS MATRIX
IF <KGFORM.EQ.2) TlEH

FZ :0
12:2
CAlL FORMCI2>
1tGCNl2::KGCOtf)
IF <BUGS) THEN

CALL LI'I4TR)(CICGi.MIG.JOF.DCllG, 'ICG JUTROC (UIF=l')
ENIIF

ELSE
KGCN:l2::.FALSE.

ooIF

REPEAT=. T1l\Ii. SOL02670
I(SAME=O SOL02680

100 IF (NB« > 1l£N SOL0269O
Il=l SOL02700
CALL FORMCIl) SOL02710

C-- CAlL lMATRM(ST'IFF .K:I,L~,OO. 'GLOBAL STIFFIESS MATRIM' > SOL02no
IF <8005) TIo£N SOl027~

CAlL LMATR)«STlFF,fII),t()Of,OO,'GlOBAL STIFFNESS 0lIP=7' > SOL02740
OOIF SOL027S0

ENlIF SOL02760
c SOl02770
c:--===_ SOl02l8O
C= FORM GEOtETRIC STIFFNESS = SOI..0279O
C==---=- -==== SOL02800
C FORMLLATE 1lE CEOIETRIC STIFFNESS IF THE FLAG Nett IS TRUE. THIS SOL02810
C FLAG nanALlZED ABOVE. SOI..0282O
C IF KllOATAUl=l. Tl£ GEMTI!IC STIfFNESS IS FORMED ONCE. AIoIJ SOL028S0
C MU..TIPlIED BY A SCALER TO ACCOUNT FOR CHANGES SOL028'W
C IN TIE TOT&L VERTICAL LOAO. TI«JS TI-£ GEOMETRIC SOL02850
C SlIFI'IESS 011.v OEEDS TO BE FORMEO ONCE. SOL0281>O
C IF KGDATAC1>=2. nE GEOMETRIC STIf"AESS IS BASED ON THE AXIAL SOL02870
C FOIlCf: IN Tl£ EL£IENTS. All) IS RECAlClLATEO EACli SOL02880
C TIME TlE AlWI. FOIlCf: CHAHGES. SOL028'lO
C IF I(GDATACS>=l. 1lE GEOtETRIC STIFFNESS IS FORMED wnH THE SOL02900
C stIFFNESS. 1lfJS A SEPERATE CALL TO FORM IS SOL02910
C NOT t££DEO SOl02920
C IF (llOATA<Sl=2. A SEP£RATE iCOIETRIC STIff1ESS ,..TRD< IS FORMED SOL029SO

IF CtEHKG) llEH S01.02940
SOLo29S0
SOlO296Q
5Ol02970
SOl02980
Sot02990
SOLOSOOO
SOLOS010
SOLOS020
SOL050~

SOLO~"O

SOLO:;OSO
SOLO:S06Q
SOLO$070
SOlOSOSO

ENlIF 5Ol05090
C SOLOllOO
C=========:=----=== SOLOSllO
C= CON:IENSE OUT FREE OISPl= SOlOSlZO
C===========:::=:;===== SQLOS1SO
C••• IF IIICCNl IS TN TlE russ MATRIX IS ALSO REDJCEO BV CiUVAN REOUCTIONSOL05lttO
c•.• IF JC~ IS TR\£ HEN KC IS ALSO R£tU:ED SOL051SO

IF (NCOhO.GT.o .AM). NEt« ) HEN SOL05160
CALL MSClU.<l.BUG5.L... IMO./lO)F.1,U.L2. SOlOS170

I'IJ .STIFF .ll..OA02.I«lRlt. SOlOSIao
K:tCJ'2,NASS .fOIIS ,nocs. SOLO:a90

ItGQl)2,KG ;UG .IJIIXC.A8ORT> SOlOS200
IF <ASOItT) GO TO SOOO $OL05210
MCNJ2 =.FALSE. SOLOS22Q
ICGCfrrIl2=.FALSE. SOLO~~

ELSE IF (JCON).GiT.O> TlEN SOlO$2ltO
REIJJCE THE O\'NAMIC LOAD tuTRIX IF QU) STIFR£SS IS USED... ~05250

C.ILL MSQU.(2.BUGS.L... DO.J03F.l.Ll.L2. SOLOS2bO
ICI .STIFF .ll..lWJ2.WDRK. SOL0i270
11IO.02 ,MASS ,1OC5 .IMlMS. SOl05280

1C.Q;1f)2.KG .IIOlG .DIJ(G:.A8ORT> :;Ql05290
IF <ABORT) GiG TO SOOO SOL05'SOO

EtC)IF SOlos:no
C SOlOS~20

C================z==========::--:::-_-=== SOLOS5SO
C:: DETERMINE IF A h9f OVNoUlIC STIFFJESS tEEDS TO BE CAlC == SOLOSSofO
C====::="======--=:::::================--=:==:==:===:== $OLOS~50

IF (NEI« .0It. ~G .OR. CKQ.OAO.EQ.l .AN). ACCElZ.EQ.ACCOLO»THE~OL05S60

J£i«Dv=. TR\E. SOlOS510
ACCOl.O:ACCELZ SOlO!)~aO

as( SOLO!)~90 '
NEI«DV=.FALSE. $OlOS..aO

EfrIJIF SOLOS"10
SOLO$420
SOL05"SO
5OL05'iocO
501..0S"70
SOI..OS..SO
SOl05490
5OLOSSOO
5OL055l0
5QL05520
$OL05550
5QL05S0t0
:iOLO';S50
501..05560
501.05570
SOLoS580
SOI..0559O
SOlOS6QO
SOLOS610
SOI..O:,;C;.20
~OLQ~Ji,50

:iOLO~..o

SOLO!;bSO
5OL056toQ
5OL05610
SOI..0568O
SOL05t)90
SOL05800
SOLOSSlo
SOL0S820
5OLOSSSO
5OL0S840
50l0S850
SOloS860
SOL05870
SOlOssaO
$0l0S890
50105900
501..05910
5OL05CJ20
SOL059SQ
SOLOS9'90
501.059'50
SOLOS%O
501..05970
50l.0SQ80
501..0:';QQ()
SOLO....02O
SOlO't050
SOL"""""

C
C:;:::::.======;:::=::::::==--=========:=::::====::====::==:=
C= 8AlX SlBSTtUTION TO SOlVE FOR NON-OvNAMIC OOF ===
C===========:==~========a:====--=
C DISPC::T·OIspF
C OISP:C = INV(1(~CC) • (-K_CF)*OISP<F)
C SUlRTN REA CTN (IOPT::!>:
C PREFORMS TIE ....... TIPICAlION DISP_C=<-«_~>-oISP_F
C SIJIIIlIN MSOI.L (IOPT=S):
C PREFORMS TlE BAa. SL8STITUTtON TO E~D..IVENT TO
C OISP_C:IlNU_CC)*DISP_C
C

C
C
~======--===============:--=
C= SOlve OVIWfIC EQUATIOII FOIl INCRIMENT... OISPl ..
C====u~~=~~==========

IF (INTEGO.EQ.l> T1£N
CALL. lINACCcI2,8tJGlt.DT. TO. IF. T.l.OO.NEJ«OV.

I. Ll.L2.LS.L'; ,l5.L6. DOtS. 00. II'IJS.IOC.MX>F ,..=REE.
&. ICGilOAD.J:.CfORM.
& ACe. VEl. • OISP • LOAQ ,
I. DACe. ova • OOISP • OLOA02.tOl'I:.
I. JUSS ,JOlIS ,OoUflI ,STIFF ,K)
I. KG .....G • FZ .GRA",
.. SBAR.MJS ,AN • 8M • PBAR ,
I; FOAMP .Fl4ASS.Cl.C2.CS .C40.C5.C6.Cl ,AI...PHA.BETA..ClO.Cll.ABORT)

ElSE IF (INTECO.EQ.2> TIEN
CAlL AIJEACC(I2.~.DT. TO. TF, T. TlETA.NEl«OV. .

I; ll.L2.L$.L~.L5.L6.VOIS.OO.DI)S.I!'GtG.1rI1Of.M='REE.
.. IC.GLOAO.J:.GfORJlfl.
.. ACe. va. • OISP • LOAD •
& OACC. 0vEl. • OOlSP • Cl.OA02.HOflI(.
.. MASS.lOG • OIW • STIFF .KI
I K:G ,!'GtG • FZ .GRAV.
I S8AR.JGS • AN • 8M • P8AR ,
.. FQ.UIP,FMASS,Cl.C2.CS.C~.C5.C6,Cl.~.8ETA.C10.Cl1.A8ORT)

ElAlIF
IF <ABORT) QO TO 5000

FUfI(I)=O.o

CALl OYlOA< 1.BUGS,MAXACC,tolF.NADf', T, TL,
ACCELZ. TOACC.DTACe,GRAII.
MAKNOO.NNOOE.COSINE .IOOF, JmGi. JTCOS,NCOS,
ACT)( ,AeTV ,AGTZ ,MASSSL.,JIOtCSSL.DOGL,

8. A:It*' ,MCOS ,0I..06O,GA ,GAT >
ase

CALL OVlOA<l.BUGS.HAXACC.JfJOF,NADP, T. TL.
8. ACCELZ. TOACt.DrACe.GRAV,
& MAllNOO.ONlOE.COSIOE.IOOF.JTR.G.JTCOS.NCOS.
8. AGTX ,AGTV ,AGTZ .MASS .~ •DOtS,
& AVW ,MCOS ,OLOAD ,GA ,GAT >
Et.IlIF

197
Et.IlIF

c
c--- GET INITI... OVNAllIC LOAO

IF (Sl.MASS) TtEH
CALL OVLOA<2.8UGiS.MAXACC,II)OF,NADP, T, TL,

8, ACCELZ. roACt.OrACe.GRAII,
8, HAXNOO,NNOOE.COSINE.lOOf.JTFLG.JTCOS.NCOS,
8. AGTX ,AGTV ,AGTZ ,MASSSL.,tOtSSL.lJCJMSl.
8, AINP ,MCOS ,LOAD ,GA ,l;AT >
as£

CALL OVLOA< 2.1IUGS.MAXACC.IOlf.NAIHP.T. TL.
& ACCELZ. TOACC.DTACC.GRAV,
8. MAXNOO,NNOOE.COSINE,IOOF,JTFLG.JTCOS,NCOS,
& AGT. .AGTV .AGT2 .MASS .IOIS .DOlS.
&. AINP .!COS ,LOAD ,GA .GAT >
ENllIF

C
c--- INITILIZE INTEGRATION ROUTDES
C

c
C---- AOOlMILAN:£O LOAD'S TO TIE LOAD VECTOR. -> STORE AS 110A02
C STORE OLD IMBALANCED LOADS AT REACTIONS IN OLOAD

IF (UN8AL) HEN
00 195 I=U.l"

CLOA02c I )::OLOADCI).t.f1JJ(!>
Fl8<I>=o.O

00 196 I=l5.l6
CLOA02<: I >=-AJI(I)

C
c::=::=~=======:======
C: CAlC IM:RlMENTAL LOADS =
C===~===========-==

12=2
CALL DVl0A<2.BUGS.MIJCACC.M)DF,N.lIW, T, Tt,

&. ACCELZ.TOACC.OTACC.GRAV.
& MAllNOO.NNOOE .COSIOE .100F .JTR.G. JTCOS.NCOS.
&. AGT>e .AGTV .AGTZ .MASS .QS • DOCS..
& AItf) ,flCOS ,DlOAO ,GA ,GAT )

FZ ::4CCELZ

SOlOlS2O
SOlOl53O
SOlOlS'tO
SOlolS50
SOLOlS60
SOlOISlO
SQlOl:s80
SOl01590
SOLOlitOO
SOLOU}O
SOLOl~20

SOlOI.SO
SOlOl~

SOlOI'050
SOlO!_
SQlOl,,70
SOlOloillO
SCLOl...90
SOLalSOO
SOl01510
SQlQl520
SOl0153O
SOlOlS'oO
SOlOl550
SOlol5&O
SQL01S70
SOlolSBO
SOl01590
SOlOl600
SQL01610

IF <INTEGO.EQ.l) TI-EN SOL0162O
CALL LINACCCl.8UG....OT. TO.IF. T.l.ao.~. SOL016SO

Ll.l2 .1..5.1.." ,1..5 .l6.IMOMS. 00. DOS.DOC.G. trOJF. WREE. SCl..OI6'tO
KQ.OAD.KGfORM. SOLOl650

ACe. VEL • DISP • LOAD • SQLOl660
DACe • OVEL • OOISP • Cl.OA02.WORK. SOL01670
MASS .-S • 0AIlP • STIFF .1Cl SOlOI""
KG ,MOItG • FZ ,GRAV. SCl.01690
SBAR.!'OS • AN • 8N • PeAR • SOlol700

8. FOAMP.FMASS.Cl.C2.CS.C....CS.C6.C7 ,AlA4A.SETA.CIO.Cll.A8OR1) :iOlOl710
ELSE IF CINTEGO.EQ.2) ll£N SlX.Oll'2O

CALL AVEACC( 1.8UG.... DT. TO. TF. T. Tl-ETA.~I«Dv. :>oL011SO C
Ll.l2.LS.L".L5.L6.IMOMS.DO.OOS.IJ«)K(;,.IO)f,M=REE. SOLOllftO
(Gl.OAO.Kr.fORM. SOlOV-;O

ACe. VEL • DIsP • LOAD • SOLo1760
DACe • ova • OOISP • Cl.0AD2.WORK. SOl017lO
MASS ,MOMS • CWF' • STIFF .~ $OlOlnD
KG .IOt.G • FZ .GRAII. SQl.011'9O
SBAR .!'OS • AN • BN • PUR • SOLOlSOO

& FDAfIP.FHASS.Cl.C2.CS.Clt.CS.C6.Cl.M.PH&.BETA.ClO.Cll.A8ORT) $01..01810
E~IF SOLOl920
IF (A8ORT) GO TO saoo $OlOl'XO

C SOl019otO
c====:::..-========--====== SOLOl9i50
C::WRITE INITIAL OATA TO OUTPUT Fn.£ = SOl,019bO
C::==:=:;;::::::::::::::;::=====- SCllOl'1'D

IF (IWRITE.GT.-O) TI-EN SOL019l11O
IOPT=2 sa...019ll1O
CALl. OMPOAI(IOPT.IlIlm.To.OTl SOlO2OOO C

ENDIF SOl02010
C SOlaztr20
C==========--==-==__ __ _==SOlO2'OSO
C= LOOP FOR EAOI TIME STEP , ISTEP:QJRRENT STEP • = __=__===SOl.o:lOW
C=============--=-==--==== =-=====t=SOlO205O
C... ..sTEP = IU4IER OF TIME STEPS SOlO206O
C••• lSTEP = lIME STEP ..- SOlO207O
C. •• T : ~NT TIlE SQL02'08O
C••• Tl =TIlE AT PREVtClUS TDE STEP SCIl.02'09O
C••• To = INITIAL TIME SCL02100
c... OT = TIME IM:IlIlENT SOlO2110
C... TL = FDIIL TIME SCIl.0212O
c SOl0213O

MCMl2 = ICOIIJ SOlO2l'00
NSTEP =elF-TO)IOT SOL0215O
T = TO SOL02160
00 soo rSTEP::l.NSTEP SOL02l.7O

T =TO.IST£P*QT SOL0218O
TL=T - OT sot02190
"'Il'£ (STEPm.90 l ISTEP. T SOlO22OO

90 FORMAT ('STEP:' ,16.'. TDE:' .lP.G13.S) $OlO222O
SOl022SO
SOlO22'oO
SOlO225O
SOl0221>O
SOl02270
SOlO228O
SOlO229Q
SOl02SOO
SOl02510
SOL02S20
SOl02SSO
SOlO2$'oO
SOlO2S5O
SOlO256O
SOl02S70
SOlO2580
SOl02S90
SOlO2'oOO
:;0(.02'010
SOl_20
SOl_SO

OMIT lHIALANCEO LOAD FROM -REACnONS... SOllJ:2ttltO
UNBALANCED LOADS ADDEO TO n£ FRAIE ARE R£SISTED BY SOl~liO

l) INERTIAL FORCES SOL02%O
2) QAlll)ING FORCES SOL~1O

5) MEMBER FORCES SOL~80

SlllIRACTING lHlAlANCal FOIlCf:S FIlOIl REACTIONS OlE: TO MEIllER FOIlCf:SSOl.02"90
NEGlECTS THE REACTIOIrIS WE TO DERTtAL AMI OWING FORCES. sa...025OO

OlOAOCI>:: -RJI(I) SCL02510
SOlO2S2O
S<lt.02!i30
SOlQ2';'oO
S<lt.02S50
SOlO256O
5OL02570
SOlO2S8O 0IE=1.00
sa...02S90 IF oaIO.GT .0) TtEN
SOlO26OO IS:S
SOl_lO Il:.!.
SOlO2b2O C------- OISPlACEMENTS ---------------------
SQ.026SO IF <BUGS> I«ITE<6,·)··-- CAlC DI5P\..'
SOlOWoO CAlL RaCTNC Il.BUG5.tNllE .Ll.L2.LS.L•• 00ISP.OOISP.
SCt.026S0 ~ .STIFF .)I()(hDOF).MXlF.l.ONE.
SOlO2""" _.IllOF.COORO .m.IIlL£.STEPm••F"'S£ ..

C
C=:::::=:::========::=======
c= FOR!U.ATE STIFFOESS ===
C:::=:==========:::=========
C FOfllU.ATE TIE STIFFOESS IF Tl£ FlAG NEIIC IS nuE. THIS R.AG IS
C INITIALIZED ABOVE. UrI) SET lifEN Tl£ ELEMENT FORC£S ARE CAlC.
C TIE STIFFOESS IS ALSO FOfllU.ATEO IF (G IS TO BE C...ClA.ATEO
C AtQ CONJENSATION IS TO BE PREFORMED. (11£ STIFFNESS IS tEEOED
C FOIl lIE COlIlENSAIIOII PllOCEOLIlE ... l

C·C·C···c-C···C···c·..•
c..••c·_..
c..••
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ELS£

00 197 I=U.L6
OLOA02< I )=O!.OAO< [)

175



SOUlS2')O
SOLOSSOO
SOlO5S10
SOL05320
SOI.OS;SO
SOlOS340
SOL055SO
SOl05560
SOlOS570
SOlO5S80
SOI.05590
SOLOS'900
501..05...10
SOLOS.,20
SOLOS",:SQ
SOlaS......a
SOl0S45O
SOlOSot6Q
501..05...70
SOl05480
SOLOS"'90
SOL05SOO
SOL05510
S<X.OSS20
SOI.05SSO
SOlO5S~
$01..05550
SOLOS560
$01..05570
SOL05580
SOL05S90
SOlOSbOO
SOlOSOlO
SOLD5b2a
$01...05050
SOl056~

SOLOSbSO
SOLoS6oa
:;OLOSo70
SOLO'iOBO
501..05690
SOLOS700
3OL05710
SOlO5no
SOLOS730
SOLOS7..a
:;OL057S0
SOLOS760
:;OLOS770
SOLOS7S0
:;01..05790
SOLOSSOO
SOLOSSI0
SOL05820
SOL058S0
SOLosa~

SOL05850
:;OLOS86O
SOL05870
SOlOSS80
:;OLOSaQQ
SOLOSQ(JO
SOLosolO
5OLOSQ20
5OL050~

:;OLOS9ltO
SOLQliOliQ
SOLDS%Q
:;01..05070
:;01..05°80
:;OlOSqc}(J
SOLObOOO
SOLObOla
'IDL06020
:>OLOb050
SOL06040
SOlObClSO
SOLOb06Q
SOL0b070
SOL06OSO
SOLOt)09O
SOL06100
SOLObllO
SOL0b1Z0
SOlObl~

SOLOQhO
SOI..OblSO
SOL0b1~O

SOl06170
SOL06180
5OL06190

, SOl06200
$OL0b210
::>01-06220
SOlObZ3:0
SOL0b240
:;01..06250
$OL0b260
501..06270
SOl062S0
5OL06290
SOl06::;OO
SOL06510
SOL06520
SOl06~~

:;OL06540
SOL065SO
SOL0656Q
SOlOb9a

SOL"""'"
501..06590
501..06..00
SOlOb't10
SOlOb"20
~Ob4t50

SOl-.o
SOl.06't50
501...06.,60
~Ol06"lO

SOL06...80
$OLOb..qo
501..06500
501..06510
SOLa<.S20

, COOllO

, COOllO

16S

162

160

168

167

166

C-- IU.,TIPlV BY BETA
00 160 1=1.6

OSU'FlX I >=llSl.WlX I )"1lETA
If <8UG5) I«ITE <6.*) 'I.DS'UFO(I).BETA' ,I.OSlJlFO<D.BETA

00 161 I:L5,lot
CF"QAIII( I >:::QF'DAMP( I )*BE'TA

C--- flU..TIPlV BY AL.9H& AOO TO PREVIWS Sl.It •••
IF (BETA.t.E.O) TlEN

00 1b5 I=i...5.L~

CFDIIfI(I~I)+.IL.PHA"t4ORl<I)

00 1bl 1=1 ...
DSUFOC I>=OSlIFD< I >- TSUMC I )*ALPHA

ElSE
00 1608 l:::I...S.L~

llFlJ,UIl(I'=
DO 1bb 1d.6

DSUFOCI >:-TSIK I )........
ENlIF
IF <BUCi5) "'Itt <6.·) "DSt1,WO:·.~

ENlIF
IF (BUGS) 1lEH

00 169 I.::L5.L6
169 WRITE <6.·) 'r ,I,'~' .DfllMP(I).'FDAMP' .TFO»P<I)

EIoIlIi'

C----- CAlC Sl.M OF Fa
CALL REACTNc S.81.1i5.tNJCE .11.1.2 .L5.L,. ,HORK ,ova

lOIS .MASS .JtlMS( NJOF ).fO)f .1.1.00.
JIWCNOO.IDOF •COORD .10. TmE.STEPID ••FAlSE ••

tCOS.COSDE.JTCOS,JTFlG.T~)

IF (BETA.IE.O) Tl£N
C-- INCRIHENTAl. DAMPING FORCE [IJE TO STIFAESS •••

IF <suo> t«ITCC6,·)
, *- OAMPOO FOR'CEIREACT Il.E TO STIFFNESS'
e.t.Ll 1lA.VCBUG5•• TR\E. ,DO.L6.L3.L't.L3,l't.

Ill, STIFF.lFlWI' .01l£U
CAll. TIFlV(llOO5..1'IlIE..DCl.L6.LS.L6.U.L••

IIl.STIFF.~.ova.)

C----- CALC Sl.M OF STIFFNESS PR'OP(IItTIONAL ClAMPI,.. REACTIONS
CALL REAC"'N(5,8UGS.traIOC£.1l.L~.LS.lb.tFO»P.ova •

& IoOMS.MASS "t)MSOIJOF' ).M)OF .1.1.00.
• MAlCNOO.IDOF.COClIlD .m.TITlE.STEPm..FALSE..
• N:OS.COSDE.JTCOS.JTFlG.OS!.IFD)

C-- IIlCRIIEMTAL OAWING FOOlCE Ill.E: TO xc ...
IF <KGfORM.EO.2) TtEN

IF <SU85) ~ITE<6.lt)

, *- 00UPD«i FORCEIREACT au:: TO KG '
CALL TIFlV(Ill.<l5 .. TRl.E ..OO.L6.LS.L'.LS.L',

ICJKG.KG.NORIt.DVEL )
CALL TII'l.V(IIlIiS•• TRl.E ••OO.L6.LS.L6.Ll.L4 •

IUG.XG.IlOllJ(.ova.)
00 158 I=U.l6

lJ'llAW( I l=llFOAII'< I~(I)
ENlIF

If <ALPHA.~.a) llEN
c---- IOCRIIENTAl O4IPING F~ Q.E TO MASS •••

IF <BUGS) ioIlITE<6.*> '.-- OAMPIMi FORCE DUE TO MASS •
00 162 I.::Ll.Lb

WORK<I)=O.OO
CALL. TlIPlv<BlC5••FAlSE •• OO.L••L.3.L••15:.L••

14lMS. MASS .HORl.O\JEL )

elSE
C------ EtERGY FORII.I..ATICN wrrwo SPECIAL LOADING MASS --
c IlASBI ClII _ IIOTIClII

CAll. ENEIlGV
& <Ll.1.2 .L5.L••L5.L6.tIJOF .MIJCNOO.N:OS.~11 •• FAlSE ••
& lMO.IPOes.DI:JKG.ICJ.tOCS.JC)KC•• TItlE ••IoIIlITE.A8ORT,
& STIFF ,KG.MASS.
& EIE.ESE.I'SE.EKE.EIXl.
& AlPHA.SUA.K:GFORM.NELMT .MdlE,OT .SI.M.6.
" S1.Mtt.DSlMtC. s-JlFO.DSlJlFO.TF~.OFC»P. FZ.
• GA.GV.GD.GAT.M .COT. I«JRK.WORK<L6+l>.FG.CFC.
& OACC.OVEL.ODISP.ACC.va..OISP. ZERO.ZERO.
& 10 , IDOF • DlST • JTFLC
I. COSItE ,JTCOS )
ElLlIF
EIEH :AMAXl<SN1<EIE).EIEM )
E:iEM =AlWC1<SNQ.<ESE),ESEH )
PSEM :AlWC1<SNQ..<PSE),PSEM )
EKE" ;:.AJWU<SJ«iL.<EICE>.ElEM )
EOOM =AIW(l<SNQ.<£II».EOOM )
IF <A8QRTJ GO TO 5000

If <lEAD) "'ITE <6.250) TITlE<U.fITlE(2).' '.lSTEP.STEPID
IF <SLMASS) fIoENc----- EM:RGV FOIMLlTtON WITH SPECIAl LOAOIMi IUSS ---

C BASED ON .tPPUED LOao.v.:.
CALl. EIIEIICV

& <L1.L2,lS.L.,LS.L6.NXlF.MAHNOO.NCOS.8UCl1••FALSE.,
& IHD.lMOICS.II'O:C.tCI.I4lMS..MXC•• TRtE••WRITE.A8ORT.
& STIFF.ICG.MASS.
& EIE.ESE.PSE.EKE.EOO.
& ALPMA.8ETA.KCFORM.NELMT .tHI(£.DT .SUUI.
& :ilMtC.0SlJ«C. St.IFO.DSlIFO.TFD~.OFOAIIF, FZ.
& ZERO.GV.GD.ZEIlO.GVT .GOT. ~.WORlIC<Lo.LJ.FG.OFG.

& OACC.OVEL.OOISP.ACC.VEL.OISP. lQAO.Cl..QAD..
& 10 • IOOF , ~T • JTFLC
& COSIt.E • JTCOS )

C
c=:==================--================
C= GET TOTAl GlO8olL LOAD. OISP\.. VEL.OC 1M) ACCEl ;:.=:

c==:::===========:::=====--==========;:.====
IF <~) "ITE <6,S20)
00 510 I=!.1IlOF

ACC< I> = OACCC {) + ACC< I>
VElel) ': OVEL.<I> + VEL<I>
OISP<:I> = OOISP<:I> • OISP<I)
lOADeI> = lI..OAIXI> + LOAlXI)
TFtWPcI>= IFQ.MiP(I) • TFOMF<I)
FCC!> = CFG(1) + FGCI)
IF <A8SC ACCCI».GT .A8S(ACCJWCC:I») ACOW(CI>:: ACteD

c
C=======================-__--=
C= CALC ..., ENERGIES ..., OUCTn.ITIES ==
C#:.--===========--====

"'ITE= OOOlXISTEP.Il'llIlT).Eq.O
t-EAD =WRITE

lFlWI' =

IF <KSAIE.M:.O •.uIJ. REPEAl) 1l£N
REPEAT=.FAlSE.
GO TO 100

E'IlIF

IF <8l.!GS) .-ITE<6.*)'·-- CALC REACT::K·X'
CALL REACTN<Z.8UG5.NNODE.L1.L....l.S.L6.l1.0Ii0 _ClJ!SP •

• III ,STIFF ,1IX1IlOF).IIlOF,l.1.0.
& NAKNOO.lDOF ,COORD .m.TtTLE.STEPm••fALSE••
& NCOS.COSINE.JTCQS.JTFlG.~)

C
C---- GET SIJMMATIClII rJF R£ACTIONS

CAU. REACTN( 5.Bt.GS.NralE.Ll.L•• l.S.l6.DLOAO .DOISP.
& fllXCi ,lCi ,JtI)KCiUOJF).~.1.1.0,

& NXNOO.IDOF,ClXlRO .ID.TITlE.STEPtD•• FALSE••
& fr«:OS.COSIJrE.JTCOS,JTFLCi,OSl.Ie:>

C
c============== --
C= SOllIE FOIl INCflIMENTAL D.w>ING FORCE.

C============= -=========
C

C
c=======::::==========__=___ ---==__ _
c= SOLVE FOR INCIDENTAL QeOMETRIC STIFFNESS FORCE. CFG =
c=================
C
c---- INCRIMENTAL GEOIETRIC STIfFlrESS FORCE

IF (KCFORM.EO.2> T~
IF (BUGS) 1oRl1E<6.-) ._-- nomenM, FORCE WE TO KG •
CAlL TMPLV<8UG5•• TRtI: ••DO.Lft.l5.U.l5_lft.

IoIlKG.KG.DFG.OOISP )
SCALE FORCE TO IM.aJOE _ ACtEl£RIoTIClII ...
00 L$9 1:1.5.L"

159 OFG<I>= <1toFl)IIfJFGCI)
E'IlIF

C
C--- GET Sl.MUTIDN OF REACTIONS OlE TO l.MYUII:ED LOAD

IF <.NOT .ELSTIC>
& CAll REACTNc:S.SUG5.....U.L••1.5.l6.1l.0A0 .OOISP.
& /O{Ci .lG .QGOOF >.JOIF .1.1.0.
& MAXNOO.lDOF ,COORD .m. TITLE,ST'EPm••fALSE ••
& NCOS.COSINE.JTCOS.JTFLCi.SlJI.8>

NCOS.COSIl£.JTCOS.JTl'LG.DSlHlC) SOl""'l5O
CAll. MSOLL(I3.llOO5.L'.DCl.IIlOF.Il.U.12.1Il .STIFF. SOla.060

OllISI' .1O>l1t. SOlOOJ70
.FALSE•• MASS .IIJMS .1. SOlO'o08O
.fALSE. ,KG .GG .I.ABORT> SOLOlt09O

IF (A8OIIT> 00 TO 5000 SOl""lOll
----- VELOCITIES SOl""l1O

IF <BUG5> IrIRlTE<6,1t)'*-- CALC IJElOC~ SOLQltl20
CAll. REACTN<Il.Ill.<l5.NNOlI;.U.12.LS.L'.ova..ova.. SOl""BO
~ ,STIFF .lO:NJOF).~.l.OfE. SOLQltl<tO

MAlCNOO.IDOF.COORO .m. TIT1.E.STEPm..FALSE.. SOl""l5O
NCOS.CosIlE.JTCOS.JTFLG.OSlM!C) SOl""l60

CAll. MSOLL(I3.llOO5.U.IIIl.IIlOF.Il.U.12.1Il .STIFF. SOl""l70
ova. ..... SOl""lSO

.FALSE..IOASS.IIJMS .1. SOl""l90
•fALSE ...JCG ,1tXG .1.A8ORT> SOLQlt200

IF (ABORT) GO TO 5000 SOLO't210c------__ ACCELERATION SOlQlt220
IF <BUGS> t«ITE<6. 1t)'*- CALC ACC£L' SOlQlt2SO
CALl REACTNC Il.S00i5.1NXE.Ll.U.L5.L",OACC .DACe. SOLO't2~

!Ill .STIFF ,IC)(NlOF).NlOF,l.Oh£. SOLQlt250
JI4AXNOO.IDOF.COORD .m.TITl.E.STEPID••FALSE.. SOLQlt260

NCOS.COSDE,J1COS.JTfLG.DSJ.IItC) SClLO't270
CAll. MSOLL(I3.llOO5.L'.DCl.1IlOF .Il.U.12.1Il .STIFF. SOl""280

OACC .WORK. SOLQlt290
.FALSE••MASS."0C5 .1. SOLQltSOO
.FALSE..XG .IUG .1.A8OIIT> SOl""510

IF <ABORT> GO TO SOOO SOLQlt520
Et-OIF SOLOltS3D

C SOl""5~
C~=;==::====:___ SOLOltSSO
C.: CAlCULATe INCRDENTAL JIEfI8ER FORCES = SOLQlt560
C==:.==-=============--====:==--:==--== SOLQltS70
C ELELIS CAUS 11£ OOIV.IDUAL ELDENT LIBRARIES. EAOt OF "ItIOi Cl:TERMIHSSOlQltS80
C 1) DrD TIE STIFF~SS CHAM&? IF so: 1£1«=.. TRUE. SOlOH90 c
C 2) SHO\.l.O T\o£ I\<CRllE.MTAl OISPl~1'ENT BJ: RECAlCl.\.UEtP. SOLOIt'r<lD
C IF so; KSAIE~._ (A VALLE C9'EJr1JDG ON El..9ENT TYPE> SOL~10

C ~~~

rOPT~ SOLO"ri-SQ
lSTTVP=O SOLQIt....a
PRIHT::.FAlSE. SOL()l,..;o
HEAD :::.FALSE. SOt~

_=.FALSE. SOL_70
~T=lELMT SOL~

00 150 IEl.NO:::1.tEUfT SOL~90

150 CAll. Ei£l.I8 SOl""SOO
& <IOPT .lSTTVP .PRINT .nEL.lEAO. NIUE .EESE.£PSE.D.VWiE. SOlOttSl0
& IaND.IEl.DOF.KGOOF .PGEOM.RIYlUT.AKIAL.IZOOSP.IZa..OA.MSTOR) SOLa..S20

C SOlQltliSO
c=========--===---==--==:=====-__ SOl~"'O
C= ZERO STIFFt.ESS Qi&trIiE FLAGS IF ElASTIC = SOLOftSSO
c========-- -- SOL095bO

IF (ELSrtC) TIEN SOLO<tS70
t.Et«:.FALSE. SOLO<tS8O
KSAIE..-o SOll)!tAi9(J

E'IlIF SOLO'o(,()()
c SOl()i;010
c==-====--== SOlOft62O
C= OETERlfIl£ IF KG IS TO BE t.I'llATED IlASBI ClII SOLO'o4SO
C= CIWG1NG asen' AXIAL FORCE SOl~

c__ _=====__ = SOLOlf6SO
IF OCCiLOAD.£Q.2) TlEN SOL~

~G:. TRt"E. SOL~lOas: <JCCI4).CiT.O> JEJ«=.TRt.E. ~=

NEi«G=I.FALSE. SOLOft700
EIoIlIF SOla-710

c SOL~no

c===========--======:s=== SOlO'tl50
C= REPEAT STEP IF IESSoIRV = SOL""7~

c==:=====--===~ SOLQ(,750
IF AN ELEMENT STIFFtESS CHoVG! DICTATED TltAT THE STEP BE REAMAlIZm. SOlQ(,7OQ

REfORtU.ATE TlE STIFFNESS AN) REANALI2E SOU)~]70

THE I/ARIA8LE IlEPEAT IS SET lP TO SLFRESS 1lE REANALIZING OF A STEP$OLOtt780 C
CIMENTlV. E&Q4 STEP MAY OtrLv BE REANM..1ZED OM:E. THIS PREVENTS SOLOVt;lQ
AN EMllESS LOOP. SOtOtt8OO

SOL~10

SOla-820
SOl....SO
SOl""lhQ
SOl....SO
SOl""""
SOL~870

SOlO'88O
SOl~

SOl""900
SOLQt.9LO
sOlor.cno
SOl"""'"
SOl"""'"
SOL""OSO
SOl"""""
SOl,Ott970
SOl""08O
SOl",,_

SOlO5OOO
SOl05010
SOlOS02O
SOlOSO~

SOl"'"""
SOL05OSO
SOllJS06O
SOlOS070
S<x'0508O
SOlOSOOO
sot.OSl00
SQLOS110
SDLOSl20
SQL05UO
SOL05hO
SOL05lSO
SOL05160
SOL05170
SOt.05180
SOL05190
SOL05200
SOl05210
SOlO522O
SOlOSlSO
soL052~

SOL052SO
SOL05260
SOlO5Z70
SOl052SO

Cc -=--=====:z:=J
C= SOLlIE FOIl REACTIONS =
c==============
C REACTIONS ARE WE TO INTERN&L. fiEIIIER FCIlCES
C
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DACec I ):::0.00
OVELcI)=O.!XJ
DOISI'< I l=O.DO
DFOAfIP< I )::Q. 00

~lO cx..OAOCI> ::0.00
c

IF (ASs< ·VEl<I)).GT .A8S<VELMAX<Il)) VEUW«Il: VEL(Il
IF cA8S(OISP<I».GT .ABS< OSPMAXC I») QSPMAXcI>=OISP<I>
IF CA8S<LOAl)(I)).GT .ASs<RCTHAX(I))l RCTHAX(Il=!.OAlX Il
IF (BUG't)

WRITE (6.S30) I.ODISP<D.O\IB.(D.DACC<D,Cl.OAOCI>.
DlSPCIl, VEl<l', ACC<Il. LOAIl<Il

DO SO') 1=1.6
SUMRCC I) :: OSUMRCC I) + Sl.l«CC I)

S09 SUlFDCI) :: OSI..IFDC!> + SUfiFl)(I)
SUMFOR=SQRTCSUMRC<l)·*Z+$lMCCZ>**Z.suttRCCs>--*'2>
SU*OM:SQRTCSUMRCCit)·*Z+Sl..ItRCCS,**Z+Sl.Ml'CC6l**2)
SUMMFo-JW« SUMFOR.~O)
St.JMtO-.JW« SI.JItOIIf.SI.IM4O )

C
C==================:::r:::==========--=C= WRITE DA TA TO OUTPUT FILES =
c======:::==============

IF <IWRITE. GT .0) TIEN
IF (MOO< ISTEP.Il«ITEl.EQ.Ol TlEJI

IOPT=2
cALL DMPOATCIOPT.n«m.TO,OT>

EfrI)IF
E""IF

- SET ... C....TANTS ----
L1:1

Rm...

•
&

5S20

C
250 FORfIIlAr (' 1 STRUCl'URE•••• : ••~./

& ' SOLUTION••••• :· .A.II
& 2)(.A,: ,". LOADING.' .I5.SK.A)

C
C:::===::=:::===========
C= PRINT PeA-: E}£RfiV 1":0 =
C=__====--===--===

I«ITE (6.251) TITLE<l). T!TlE(2)
..ITE <6.s5~) EIEM.ES£M.PSEM.EKEM.EOCIt

53~ FORMAT <' PEAK ENERCV vALl.I:S • I lP.
.. ' H4X ThPUT EPERCY••••••••••••••• ' .Gi12.S/
,. MAK ELASTIC STRAIN ENERCv•••••• ',G12.5/
I.' MIJ( PlASTIC STRAIN ENERGy •••••• • .GI2.51
11.' JIWC KINETIC ENERGY •••••••••••••••G.12.5/
&' MAN DAMPING: ENERGy••••••••••••• • .G12.51>

e.DtF 5OLon70
C SOL07780

500 CONTDI.E SOL07790
C SOI.078oo
c=====-_-==--_-= SOL07810
C= ClOSE OUTPUT FILES == SOI.07820
c::====~=:======--== SOL07830
5000 IF CIWRITE.GT .0) no SOL07840

IOPT=3: SOL07850
CAlL CIIPOATCIOPT.~ITE. To.on 501..07860

ooIF SOL07870
c 5OL078S0
c=================:::=--==== 5OL07890
C= PRINT JlW(IIII.I' GlOBAl DISPLACEfENTS ::= SOl.07900
C=====--=========---= SQL07910

251 FORIU.T (" 1 STR\.CTt.RE.... : ' .A,/ SOLo7920
& • SOLUTION••••• :' ,".1/ SOL07930
, ' lWCIMUN v.&U£S FOR ALL STEPS '/ SOL07940
, ') $Ol.07950
STEPID:' , SOL07%O
ISTEP =0 5OL07970
"lITE (6.251l TITlE(ll.TITlE(Z) SOI.07980

CALL JOJDSP( 2.JIWCNQO.hOOF .HNOOE.1.L5.L4. m. 501..07990
IOOF .CHST .0SI'tWC. 801.08000
TITlE, '1WlIIUO OISPUCElENTS' .STEPID..FllSE.. SOI.08010

& ~.COSINE.JTCOS,JTFLli) SOL08020
wtITE <6.251) TITt.E<l), TITlE(2) 50l0S030

CALl JOIOSP<2.MA>OIOO.hOOF.NNODE.l.L5.L4.ID. SOI...08040
IOOF.CHST .VEl.I'WC • SOL080s0
TITLE.·fW(DU1 VELOCITIES' .STaJID,.FALSE.. SOLOS06Q

& NCOS.COSINE.JTCOS.JTFLli) SOl08070
loRlTE' (6.251> TITL.E<l>.TITLE(2) 5OL08OSO

CALL JOIDSP<:2.JWO«X).JI)()F" .NNOOE.I,L3:.L4-,ID. SOL08090
Ioc:F .CNST .ACOWC • 501..08100
TITLE.·JIW(IIUt ACCElERATIONS' .STEPID•• FALSE.. SO\..08110
NCOS.COSDlE.JTCDS.JTFlG) SOlOS120

C SQLOS15Q
c==========:::=:::==;::===:::======= SOL081...0
c::: PRINT MAXDUI GlOBAL REACTIONS == SOLOSlS0
C===========--:;--=.===== SOI...0816O

IoRITE (6.251> TITLE( 1). TITLE(2) SOI..08170
00 5100 1=1.6 SQL08180

SUMR'CCI>::acTlW«I+JI)(lF) :iOL08190
510D COHTINl£ SOL08200

CAlI,. R'EACTl«lt •• TRUE ••1MOOE.ll.L't.LS.L6.RCnwc.OSPMAX. 501...08210
~ .PUSS .OSChOOF ).PrIJOf .1.0NE. SOL08220
MAXNOC.IOOf.COORO .ro. TITLE.STEPIO••FALSE.. SOL082S0

,f.COS.COSINE.JTCOS.JTFLG.$UMRC) :iOLOS2"'o
""ITE <6.5111) .stJIItFO.Sl.JIIMlI) :iOl0825G

5111 FORMAT U,.X•• MAXI,..,.,. REsu..TIJIT OF REACTIONS. FORCE;;:' .1P.G.12.lt. 501..082&0
.. • MOfIlEHh' .GU ... ) $Ol.08270

C 501..08280
c====--======--=======--== SOl08290
C= PRINT lWeI.....~ FORCES == SOL08SOO
C=======--== SOL08510

LSTTVP<;Q S:OL08~

""INT=. TRUE. SOL085SO
tEAD =.FALSE. 3OL08S<oo
I«ITE (6.251) TITlE(·1>.nTLE<2) :iOL08SSO
00 SSOO IaNO=l.ha.MT SOL08S60

51DO CAU. B.El.IB SOLOS~70

& <12 .t.STTVP .PRINT.IR£L .f£AO .HAIE .EESE.EPSE.DAIUGE. SOL08S80
, IaNO.lElDOF .KGDOf .PCCOM.RIMJUT .AXIAl.IZDOSP. IZDloA.MSTOR) SOL08~90

C 50l080t00
C:::=:::=======:::::==========--========== SOLOSlt10
c::: !EMBER tu:TD..ITV AN) EXCJRSION ~ATIOS == 501..08-.20
C====--==::=======::::============--=== SOLOS'tSO

IF <.NOT. ELSTIC) HEN 501..08""0
LSTTvP:O SOI..08...'>O
PRINT=. TR\I::. SOL08't60
HOO =.FALSE. 50l.08't70
"'I~ C6.251> TITtE<l,).T'ITLE(2) SOLOS,.SO
00 SS10 IELNO::l.NELMT SOLOSo,OO

SUO C.IU. EL£U.8 SQL08SOO
, <1.1 .LSTTW .PRINT.IRa. .I-E"AO .HAIE .EESE.EPSE.OAfUGE. SOI.08510
.. IElHO .IEl.DOF.~.PGEOM.RIYl'UT .AXIAL.IZOOSP.lztl.OA./'lSTOR )$01..08'520

OOIF SOL085~

c SOloas40
c=========== SOLOS55O
C:: PRINT DAMAGE ItI3ICIES :::= 5Cl0SS60
C:=====:::==:==::========--====--= $0I..0S570

IF (.NOT. ElSTIC) Tl£H $Ol.085SO
LSTTVP:O SClO8S90
lEAD =.FAlSE. 5OL08600
PRINT=. TRtE. SOI.o&.10
"RITE <6.251) TITLE( 1). rITlE( 2) SOL08t>20
OAMAGE=O $QLOSb50
00 5320 IELNO::!.NEUlT :iOl..08b"rO

CAU. El£lIB $OLOSbSO
<h .lSTTVP .PRINT .IREL .HEAD .NAtE .EESE.£PSE.EOAM. SOL08b60
IElNO. IElDOF •"GOOF" .PGeOM.RINPUT .AKIAl.lZOOSP .lZOl0A.MSTOR) SOL08blO
OAMAGE::OAM&GE+EDAM 50la8bSO

Q.UW:;E=QAIiCAGE/CESE.,PS£) SOLO&:,90
"ITE (6.55SO) OAM.&GE SO\..087oo

suo FORMAT (11OX.'STRlCTI.IlE DAMAGE INlEK:' .lP.G!5.5) 501..08710
OOIF 30l0sno

:iOL087~

SOL08740
:iOL08750
SOL08760
:iOL08770
:iOL08lSO
SOL087QO
5OLOasoo
:iOl08810
:i0l.08820
SOL088~

::iOL088t,Q
:iOLOSSSO
30108860
SOL08S70
.:iOl0S880
.soc.08890
3OL08QOQ
.:iOL08910
SOL0892O

~ ~~~

C:::=====--======::::::--========:::=;::==.:===::=========SOLQlJOl;O
StSroUTINE SOL03 ::>01..00060
LOGICAl TeST .QUIT .BTEST SOlOOO70
INCLI.OE (ZCotlU SOlOOO8O

SOLOOO9O
SOl.OOloo
:iOLOOl!O

SOL065SO
SOL065~

SOL06550
SOL06560
SOL.06570
SOL06580
SOl06S90
SOL066OO
SOL06610
SOL0662<l
SOL066SO
SOL~O

SOL0665O
SOl.0666O
SOL0667O
SOl.ll6e8O
SOL06690
SOl06700
SOL06710
SOL06720
SOL067S0
SOL067~
SOL0675O
SOL06760
SOl.06770
SOL06780
SOL067'lO
SOL068OO
SQL06810
SOL0682O
SOL068SO
SOL068~

SOL0685O
SOL0686O
SOL06870
sat06880
SOL0689O
SOL06900
SOLCb910
SOL0692lJ
SOL069S0
SOLCb9'90
SOL06...,
SOlOb960
SOLCl6970
SOL069llO
SOL06...,
SCl.07000
soc.07010
SOL07020
SOL07OS!l
SOL07000
SOL07050
SOla70b0
SQ.07070
SOL07080
SOL0709O
SOl.OllOO
SOL07110
$OL07120
SOL071SO
SOL071~

SOLDllSO
SDl071bO
SQL01110
SOL07180
SOI..Oll90
SOL07200
SOLanl0
SOLo7220
SOLGn50
SOl.O~

SOLo72S0
SOL072&O
SOl.07270
SOL0728O
SOL07290
S«,OlSOO
SOlOlSlO
SOL07S20
SOL07~~

SOL,075ltO
SOLOl3S0
SOL013obO
SOLa7S70
SOL07'l8O
SOl07SlJO
SOl07ltOO
SOL07~lO

SOl.07420
SOL01.,.SO
SOL01~

SOL01~

SOL07...,
SOL07,.70
SOL07,.80
SOLOlltQQ
SOL07';OO
SQL07510
SOLOl52O
SOL075SO
SOL075000
SOI.075'50
SOL07560
SOL07580
SOL07590
SOI.07600
SOL07610
SOL07620
sot.Dl6SO
SOl07()(,O
SDl01650
Sl101660
SOL07670
SOl07680 C
SOL07690
SOL07700
SOLonl0
SOL07720
SOL077"'..o
SOLOnltO
SOL077';O
SOlQ776O

TIME LIMIT IS El<CmlEll
SOLUTION IS ABORTED

[)Of' .OX,fOO' .12K.'W' .m,'OA! .12X. ·OP'.
l2X,' 0' .12K,' V' .l2X.' A' ,W,' P')

FORMAT (lX.l'•.1P.SGl~ ..6)

&
&
&

E""IF

.891
&

•&
&
&

••&
&

•&
•

c
$20 FORMAT (.

&=C
c====_ _ _
c= PRINT TOrAl. Gl.08.II. OISl'UCElEIITS. VELOCITIES. ACCElERATIONS =
c===========- _

IF (WRITE) THEN
CALL JOIDSPC1._.MlOF.""'IlE,l,LS.L~,ID.

lOOF.CNST .OlSP •
TITU.'OISPlACBENTS' .STEPID•• TRUE ••
NCOS.COSltE. JTCOS. JTFLG)

CALL JOIDSPc 1.MAXNOO.tDOF .~.l.U.l't.ID.
lOOF.CHST ,vEL •
TITLE •• VELOCITIES' .STEPID..TRUE.,
NCOS. cOSINE ,JTCOS. JTF'lG)

CALL JOIOSP< 1.MAXNOO.IOlF,fHJOE,l.LS,L".m.
lOOF ,CNST ,J£C ,
TITlE.' ACtElEllATIONS' .STEPID•• TRUE ••
NCOS,COSINE.JTCOS,Jmc)

C
C==::::========= =--======
C= CHECl< RlPSED CPU TIME ON TIE .- SYSTEM =
C============::===:::========;::===;::=

CAll CPUTII4<CP!.REM.CPlElA>
ITlCPU:CPUREM.cPUELA
IF (ITLCPU.GT .0) TlEN

IF <CPUREM.U.O.OS*ITLCPU .OR. CPtREM.LT.5) 'O£N
WRITE (6 ....891) ITLCPU.CPl.ElA,CPlREM.ISTEP. T
ABORT=. TRIJE.
GOTOSOOO
FORMAT (/1

, ================--=--=======--==========' /
=='1
==' /
=='/
=::'/

CPU TIlE AT BEGINING OR EXEaJ1'ICIN••• '. 0.· <SEC) =='/
ELAPSED CPU TIlE•••••••••••••••••••• •• V.' <SEC) =='/
CPU TIlE: REI'IAI,.ING•••••••••••••• ~·••• '. 17,· (SEC) =='/
t«.JI3ER OF STEP:; CQlllltETED••••••••••• •• I7.' =::' /
SOLUTION STOP TIlE••••••••••• • .IP.G.l....7.· =::' /

::::'/
- ---====--======')

C
c=========:======-----
C= PRINT TOTAL GlOBAL. REACTIONS =
c;===;=:;::=====-~====

IOPT=3
CALL .REACllKIOPT .ioRITE.htIOOE.U.I,.~.LS,1,.6.l0AO.ACC •

& ~ •POlSS •QlSO.ooF ).MlOF .1.ONE,
& HIJtNOO.IDOF.COORO .ZD. TrTlE.STEPtD•• TTdE ••
& NCOS.COSINE.JTCOS.JTFLG.~)

IF <WRITE) wRITE (6.51S) SlM'OR,SUIQIl
US FORMAT </4X.'RESlA.TANT OF REACTIONS, FORCE='.1P.CU2.~.

,. , tOENT=' .W.,.)
DO Sll 1=1.6

J=hODf.I
IF <A8S<SlMRC<Il).GT .A8SCRCTlWCCJ»)) RCnwccJ>=SI.IItCcI)

~1l CONTINJE
c
c===-- _
C= CALCLLATE AN) PRDlT TOTAL IEIifIER FORCES =
c=========== --

IOPT:5
lSTTVP":O
IF <WRITE) TlEN

PRINT.:. Tln£.
IElO =. TRUE.

ElSE
PRINT:.FAl,SE.
HEAD ::.FAlSE.

E""IF
00 SOD IELNO::l.NELMT

~ CALL ElElIB
& (IOl'T .LSTTVP .PtlINT .IREl..IEAll. ..- .£ESE.EPSE,DAMlGE.
& IElNO .IElOOF.KGOOF.PGEON.RDMIT .AKIAL.I2DDSP.IZCl.OA.MSTOR)

Cc=====--::::=======:c======-__..;__=-......_=
C:: CALCll.ATE AHJ PRINT OUCTnITV itCI EXCURSION RATIOS =
C====I;;Prill========='=::==-======

lSTTVP=:O
IF <~ITE) nEN

PRINT:. TRUE.
lEAD =. TRUE.
DO S12 IELNO=l.NEUlT

S12 CAlL ElElIB
& CIOl'T .LSTTVP .Ptl1NT .1REl.IEAll. _ .EESE.EPSE.OAMlGE.
& IELNO .IELOOF.KGDOF.PGEnM,RDfIllT .AXlAl.IZOOSP.IZIl..OA."'ST(lR)
E""IF
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NQTE; nE STORAGE METHOD USED
FOR STIFFtESS. flfASS AM)

GEC»ETRIC STIFF~SS ARE
OIFFEREJjT.

1 I
2 S I
'\0 5 6 I
7 a 9 10 I

11 12 15 l' 15 I
16 17 18 19 20 21 I
222~2"2526V2l1

ElSE
L:4
00 ;0 I=l5.l.
DO 50 .J:LS.I

l:::L.l
JI=fiIJlGCI>-+I-J
..J2:JCJlGU.U
IF CJI.liE•.J2) Tl£N

QUIT:.F.....SE.
L:O
00 ~ I=l3.l~

00 so MS.I
L:::L.1
JI:::IOCI>+I-J
~:::JC)(I.l>

IF eJI.CE•.J2) no
A(LJ:O.

ElSE
AC l >=STIFF'< JI)

ENOIF
IF (BTESTeIBUl':.5» "m (6,29> I.J.l.JI.J2.A<l>
FORMAT (. 1;'.15.' J;',.lS,. L;'.I5.· J1·,IS.' J2:' ,IS.'

lP.QS.S)

so COI/TIIIJE
~ FORMAT e5JC.'OOF .' .IS.' IS .LE. 0 IN TlE STIFFNESS MATRI>c ••• ·,

& 5JC.'ICCI.I>:::' ,lP,Gl2.'\o.· 5OL.N IS ABORTED')

2'1

•

'to CONTDI.E
lo,2 FORMAT (5JC.'OOF .' .15.' IS .I.E. 0 IH nE "'ASS "ATRUe. •• ',

&. SH.'K<I.I};' .lP.G12.'\o.' SOLN IS ABORTED")

28

STIFFtE'SS (H.V lEEDS TO BE FORI£O ONCE. SOI..oono
IF KGOATA(1)=2. TIE GEOIETRIC STIFFNESS IS BASED ON THE AXIAL SOI.ool"A

FOllC£ IN THE ELDENTS. AND IS REC.....CULATED EACH SOI.ool<O
TDE Tl£ AXIAL FORCE CHANGES. SQlOOlSO

IF (GOATA<3>:l. TIE GEOIETRIC STIFl't£SS IS FOIlIEIl WITH THE SOI.ool60
STIFRESS. 1lIJS A SEPERATE CALl TO FORM IS 501..00770
NOT IEEIE) SOlOO7SO

IF KGOATA<S>=2. A SEPERATE GEllIETRIC STIFFlESS MATRIX IS FORMED SOL00700
SOLOO8OO

FOllIIJl.ATE SEPEIl.lTE GEOIETltIC STIFl't£SS MATRIl< SOL00810
IF <IoPT.EQ.2> TlEN SOl..OO82O

ICGF0RM=2 SOlOOSSO
ICGDATA:oO SOLCIOS40
U~ SOL~

c..u. FCJRM(IZ) SOLOO86O
IF e8TEST(~.S» CAU. LMAnnC(II:::C.MDKG.NXlF,IKlKC, 501.00870

&: ' GlC8AL ~OIETRIC STIFFNESS MATRIX' > SOI..0088O
ElSE SOLOO890

IF eBTESTe~,S»CAU. LMTRXeHASS.JlIJMS.NJOF ,DOIS. SOlOO9OO
& ' GlOBAL MISS *'TlIX' ) SOL00910

OOIF 50l~

C SOLOO9SO
C -:== 50100940
c.: CONJENSE OUT NON-FR£E DCF = SOLOO95O
C==--- 5OLOO96O
C••• IF 0lC0IIl IS T1lIJE 11£ MASS MATRIl< IS .....SO RElllJCal BY GlJ'IAH REIlUCTIONSOL00970
C••• IF ICGC(M) IS TR\.E Tl£N KG IS ALSO REDUCED SOI.OO980

IF eNCOtCJ.GT .0) 110 SOLOO9QO
lid SOL01OOO
ILl:.l SOl01010
IF (IOPT.EQ.2l TI£N SO<.0102O

MCOM)l =.fAlSE. 50l01OSO
KCOfC)I :=KGCOtrIJ SOlOlDotO

ELSE IF eIOPT.£Q.l> TI£N 5OL01OS0
KCONll :::.FALSE. 501.01000
MCOtIll :ICON) SOL01070

EhOIF 501.01080
SET lP (lMiI\I ZERO LOAD VECTOR 50l01Oqo

00 28 I:::l,1rIXlF 501.01100
fM2( 1):0 501..01110

CALL MSCl..1.e1.8TEST<IBUG.6).l~.nO,hOOF.1,Ll,L2. 501..01120
fII). STIFF •r~.WORK. SOl01l5O
MCONU.MASS.MOMS.llOG. SOLOllotO
KCONll.ICG ,JCXC.DClKC.ASORT> SOlOllSO

IF <ABORT) RET1JRN 501...01160
ENJIF SQlO1l70

SOtOllSO
SOl.01190
SOl.01200
SOI..01210
SOL01220
SOI...0125O
SOI...012"tO
SOlOl25O
SOlOI260
SOL01270
501..01280
SOl.01290
SOt..ol500
SOl..01510
SOL01520
SOl..015!iO
SOL015..o
SOI..015SO
SOL01SbO
SOl..OlS70
SOI.Ol580
SOLOLS90
5OLOl'oOO
~0I..0hlO

SOLOl<t20
SOl..Oh~

SOl014'!-O
SOLOhSO

A;'. SOI..OhbO
SOLOH70
501..01...80
SOlOhQ(]
SOL01500
SOL01510
SOl01520
SOI..015~

SOL01S0f.0
$OlOlSSO
SOL01S00
501.01570
$01..01580
SOL01590
SOlOlbOO
SOLOlblO
SOl01c20
SOl016SQ
501..01c..o
$01...01650
SOI..016oO
SOI..01670
SDL01680
SOLOl&90
SOl01700
SOI..Ol710
50101720
SOL011SO
SOl017<oO

B: • • 501..01750
SOL01760
SOLOI770
SOl01780
SOl01790
501..01800
501..01810
SOI..0182O
SOl018SO
SOlOL8"tO
SOLOI650
SOI..01860
SOt..01870
SOLOI880
SOI..0189O
SOLOI900
50l01Q lO
501..01920
SOl019SQ
SOLOI9"tO
SOLOI950

C
C~--- oECK FOR ZERO'S <»II NolIN OIAGONAl

IF <I.• EQ.J .MG. 8<U.L.E,O ) HEN
QUIT:. TRUE.
WRITE e6.'\o2> I.BCL>

ENOIf

C
C:::=::=====-
C.;: TR.wsFER STIFFl£SS INTO" MATRIX ==
C::::::::::==::::::::::==--===:::==:::::::::::::=:::=::::::::::::::::=
C NOTE: IMSL ROUTDE EICZS IS USCD TO ~VE FOR EIGENVALUES.
C THIS IfOUTDE USES • 'SVMETRIC MATRIX' DEFINED BELOW
C
C
C
C
C .. :::
C
C
C
C

C
c::=::::::=::::::===_ __ _ _~_ ::::::::=--===:::==:::=:::
c::: TRANSFER MASS c:. CEMEntc STIFFNESS IHTO 8 MATRI>c ==:::
C::::::=:::::::=:::::::::::::::=======--=:::====:::::==::===:::=::::::::::::::

IF (IOPT .EQ.!) TIEJI
L:O
DO otO I:::l.5.l+
00 <0 .J:LS.I

l::L.l
JI::IOGCJ>-+I-J
.J2:::ICMSCI.I>
IF eJI./C.,J2) 1lEN

BCL.>::o.
ELSE

8CL>.:MSSCJI>
ENOIF

IF e.TESTel8..C.5» '-ITE (6.59) r.J.l,JI.J2.8CU
5:9 FORMAT (. 1;'.15.' J;',I5.' L',lS." Jr,IS.' J2:',I5.·

& lP.1;15.5>

C
C--- QtECX FOR ZERO'S ell NADI DIAGONAl

IF el,EQ.J .JtIG. AC:U.L.E.O ) THEN
QUIT::. TJl\£.
\illITE eb.Sl> I.ACl>

EIIlIf

CHARACTER*1 NAME
CHARACTER*<tO OPTION
CHARACTEr<*) TITLE(2).Sl'EPID

IF (IPRT .LE.o) IPRT:)FREE
IPRT =MINcJEREE.!PRT>
IPRT2:MINc: IPRT2.1PftT)

L2:NCot.ll
U=l.2"l
L_:NCot.ll +hl'REE
L5:::i..'t+l
L':'ilOF
ElSTIe:. TRUE.

--- INITIALIZE STOIlAGE
z< IZEVAl.) ::: LOCATION OF THE EIGENVAlLES
z<!lEVEe) ::: tOCATION OF TIE EIiCNVECTORS
Z< IZA )::: LOCATICH OF TIE SVlM:TRIC STIFFNESS
Z< IZB ): LOCATION OF TIE SVlIETRIC MASS OIl KG

mv..... =IZ
IZ : IZ+NFREE
IZEVEC : IZ
IZ ::: rz..hFREEIttrFREE
IZA : IZ
XZ ::: IZ+fEREElf(hFREE+l>n
IZS : 12
IZ ::: IZ+lEREE~tE'REE.l)n

IZ1lI'= IZ
IZ : 12+H1lOF
IN:IZ

CALL Cl(STOll< 'ilOF , Ill)

nil ::HZ(IZMD ..frIJC)f)
lMOMS.;NZ( IZ7t:JNS+frO)F)
lMOKG:NZ< IZflCKG+NJOF)
IPfJA8;NfREE~( NFREE.l >/2

IF <TEST(OPTION.'FREQ' ••FALSE.» TlEN
IOPT:=!
OPTION:::',..TlRAL RtEQt.ENCIES·

ELSE IF' e TE'sTe OPTION.' 81JC1(' ,.FAlSE.» nEN
IOPT:2
OPTION::'ELASnC BUCICL.IJrG LOAD'

ElSE
WRITE e6.·) 'SIX,-05 INYat.m (»tllON: ' .lFTtON
RETURN

ENOIF

CALL SOL"'"
& eLl,L2.LS.L~,lS.L6.IMO.DOtS.IICJlG• .DI)A8,KCCON).MCON).A8ORT.
& Z": IZlCGDT>.N2e IZJC.GDT.l >.NZeIZltGDT+2>.Nl( IZKCOT.5).
& NOOF • NCOJrIJ ,MOREE ,TITLE ,STEPID ,
& ZGZSTIF>, ze!ZMASS). ZeIZKel ). zeIZA ). zeIZS >.
& NZeIDl) ).NZeU!"OMS).NleIZI'IXG>, Zetw ), ZeUT,. >,
& NNOOE , NCOS • NELMT • N&XNQD ,ISUG •
& NZ..:IZto ),NZeIZIDOF>. ZeUCN$T>,NleIZ..FlG). ZeI2CORO>.
& zeIZCOS >.NZeIZ.J:OS>. ZCIZEVAL). zeI2E'w'EC> )

CALL ~ORMC 2 •.DItASS ,!«ASS, ze IZMASS >,NZe IZIOIS ).MO.NJOF. DOtS.
& TITLE.hNOOE.1WCNOO .N:OS.8TEsTe IBUC.5) .IHUG.
& HZe IZm >.ze mas) .Nle IZIOOF >.Z{ IZCNST) .HZe tZJFLG).
& Nle IZ,XOS>.Ze IZMDAT).ze!W),NZe .IW+21 >,ze rw.Z7>.
& zeIW+ bS).zeIW+ 99»

IoRITE <6.10> TIn.Eel>.TITL£(2),OPTItII.IPRT
10 FORMAT e'l STRUCTUlE•••• ; • ,1..1

& • SOlUTION••••• ;· ,1..11
&l)(,' SOLUTION as. CETE~INE EIGEJrNALLES AM) EIGENVECTORS',I
&1)(.' =::=::::=::::..-=::::::::::==:::::::::::::~- _ -__ --::::==' II
&lX.· OPTION: •••••••••••••••••••• • ,AI
&1)(.' M.ItIER OF EIGEHVAlLES: •••••••IS)

C
C--- FORM MASS ....mIl< --
C '

00 otOO l:=l.I!'OCS
<tOO ZeI+1ZMASS-l>::::0.

C

c
c
c
c
c
c
c

C
c=:::=::===--==
c:= IlAJT DATA :::=
C ----===

READ (5.·) OPTION.IPRT .IPRT2

SOL00l2O C
SOI.001SO C
SOL.OO1~ C
SOlOOlSO C
SOL00160 C
SOlOOVO C
SOLOOl80 C
SOL00190 C
SOI.OO2OO C
SOl00210 C
SOLOO22O
SOLOO2SO
SOLOO2otO
SOLOO25O
SOLOO260
SOLOO27O
SOLOO28O
SOLOO29O
SOLOOSOlI
SOI.ooS10
SOLooS20
SOLooSSO
SOLooS<O
SOLOOS5O
SOLOOS6O
SOLOOS7o
SOlOO~

SOLOOS90
SOLOO<OO
SOLOOt,lO
SOL_20
SOL_SO
SOL~

SOLllO>5O
SOL-.o
SOL_70
SOL"""",,
SOLCJOot90 C
:l0L00500
Sa..cXJ510
SOLOO520
SOLOO5SO
SOLOO5<O
SOLOO550
SOLOO56O
sa..00570
SOLOO58O
SCl.00590
SOLOO6OO
SOlOOtala
SOl.0062O
SOlOObSD
SOLOObotO
SOL_50
SOLOO66O

IlETURN SOL00670
EM) SQ..OO68O

e:::::~I.e=='::sOo.~oso:==============- --:==:::
& <Ll.L2.I..S.L"'.L.5.lb.DIl.nOCS.DOC.G•.DGI8.JtCiCCNJ.1C0fCI.A8ORT • nOOD70
& KGDArA.KQ,.OAD.KGTVPE.ICGFORM. 5a..OOO8O
& IOlF • NCOtrI) • NFREE • TI1l.E • STEPm SOL~

& STIFF • MASS • KCi • " • B SOLOOlOO
& HI) • lOG • IO:G • lGK • 1)p SOlDOLlO
& NNllOE ,NCOS • NEUOT • _ • !BUG SOL00l2O
& m • IOOF • CHST • .JTFlG • COORO SQ.OOlSO
& COSINE • JTCOS • EIIAL • Me ) SOl.OO!itO

LOGICAl. TEST.QUIT .8TEST .1CON).KGCOtrG.JCQtCJ1.IC.C(N)1.A8ORT SQ...OO1SO
RE..... MASS.' KG. KGOAlA SOLOOl60
OIIENSION STIFF<OO).MASS<IJQG>.lGCDCJKG).A<IfC)A8).8<I!'0A8) 3Oloo170
DIMENSION JCXL6+L >.KlMS<l6+1 >.IOtGCL6+1>.NORIt(l6>. T)II(L6) SOL.OOJ.80
DIMENSION EVAleJrFREE >,EVECehFREE,1EREE),~Te6) sa.OOJ.90
OIlENSION COORf)(NAXNOC].SJ,IO<JWCNOO). SOLOO2OO

& IOOFeMlXNOO.6) ,COSDECS.S.N:O$).CNSTOWCNOO.6), SOL00210
& JTFLGCMAXNOD>.JTCQSCMAMNOD> SOLOO22O

SOLOO2SO
SOLOO2'tO
SOLOO25O
SOLOO260
SOlOO270
SOLOO28O
SOLOO29O
SOl.OOSOO C
SOl.OO510
SOLOOS2O
SOLoo5SO
SOLOO$ItO
SOlOOSSQ
SOlOO%Q
$OlOO$1O
SOlOOS8O
SOLOOS90
SOLOO<OO
SOLCIJltlO
SOL_20
SOL_SO
sCll~

SOLOOO5O
sOl.ClOlft6O
SOL_70
SOL"""",,
SOLOO>90
SOLOO5OO
5OL00510
SOLOO52O
SOLOO5SO
SOLoos.a
SOLOO550
SOLOO56O
SOLOO570
SOLOO58O
5OLOO590 C
SOLOO6OO
SOL00610
SOlOO620
SOL_SO C
SOL-.o
SOLOO65O
SOLOO66O
SOl00670
SOLOOl>8O
SOL_90
SOLoo7QO
SOLoollO

C
C:::=:::::;;:::::::::::::====::::=:::::::==
C:: FORflU.ATE STIFFNESS =
C:::::======::::::::::::::===:::=-_-==

11::1
CALL FORM( 11 >

IF eBTEST<IBUG.5» CALL LMATR)(eSTIfF ,~.1rIXIF .DC).
'GL08AL 5TIFF~ MATRIX')

C
C:::::=:::::=::::=:::::=:::::=:=::::====---=
C:: FORM GEOMETRIC STtFFtESS :::=
C::::::::::::====::::::::::===::==:::::=::=======
C FORIU..ATE THE GEOtETRIC STIFFJESS IF THEFUG .P6It IS TRUE, THIS
C FLAG INITIAlIZED ABOVE.
C IF KCDAT"'I)::!. THE GEOIETRIC STIFFNESS IS FORMEO ONCE. ANJ
C ....TIPLIEO BY A SCALER TO ACCllIMT FOIl CHAHGES
C IN THE TOT..... IIEIlTICAl. LOAb. THJS 11£ GEOIETRIC
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HQRKCJ>=O

DO 2.a I=1.L6
WORKC I ):WORKC I )/»We

IF <IZlOloD.EQ.O) 11£N
IlLOAD = IZ
IZ ;: IZ+1«XlF
DO 1 I=l.tO:IF
Ze 1+IZLOAl)-l> =0
EIIlIF

IF (IZOISP.EQ.O) TI£N
12DISP = 12
Il =Il_
DO 2 l:l.hOOF
Zc1+IZDISP-l> :0
Et«JIF

TF (1M!. .EQ.O' Tl£H
IZVEl = IZ
Il : 12_
DO S I.1./I)()f
Ze!.IZVEL -1) =0
Et«JIF

IF C!ZtI..OA.EQ.O) lt~
IZIl.OA = IZ

IF (KGFORM.EQ.2) iIRlTE (6.11>
11 FOIlMAT (lX.' GEClET8IC STIFFNESS IS NOT INCLOOED. '.

I. • USE JCGQATACShl TO INCLUDE GEOMETRIC STIFF~SS.')

IF C lA8AL) i1RITE (6.lS) • ME •
IF (.MOT .LIIJAL> "ITE (6.1S) • ARE NOT •

1.5 FORMATC' l.NIA&..AN:ED JOINT FORCES' ,A.' ADDEO TO Tl£ /EXT CYCLE')

220
C
C-- CALC EIGENVECTOfIS FOf! COfIlEHSEl) OUT DOf

CALL REACTN<Il.BTESTCISUG.6>.hNOOE.U.12.L3.l.... llP.WORK.
ICl.STIFF .IICl./I)()f.1.1.0.
MAlOlOll.IOOF .COORD.ID. TITLE.SlE'ID••FALSE••

NCOS.COSD£ .JTCOS.JTFLG.SUMRCT)
CALl MSOl.L(3.8TEST(IBUG•• '.L'.DIl.HDOF.I1.U.L2.

tG.STIFF. 114' •WORK ,
.FALSE••MASS.IOIS.1.
.FALSE••KG .K1KG.l,A8ORT)

IF (AIIORT> RETLllN
C
C-- NORMALIZE MOC£ SHAPE TO MAX VALUE OF ONE

AMIN=O
""""=0
00 2$0 I=l.L.

AMIN=MIH<AMIN.I«)RI« 1»
AMAX=MA)C( AIWC.WORK( I »

IF C-AftIN.GT .AMIJC) MWl:AMIN

2.a
C
C-- PRINT EIGENVALUE AT EAQl NOt£

IF (IOPT.£Q.2> .-rITE <Sl£Pm,2S0> IFREQ.EVAl(IFREQ>
IF CEVAlCIFREQ>.EQ.O) £VAlCIFREQ>=l.E-15

FREQ=l. OO!EVAL( IFREQ)
IF (IOPT.EQ.1) >RITE (STEPID.260) IFREQ.FREQ

CALL JOIDSPC1._.>IlClF.1MIlIE.1.U.L' •ID.
& IOOF.OIST .WORI(.
& TITLE. "EICEfrrNECTORS' .sT£Pm•• TRt.£ ••
8. N:OS.COSDE.JTCOS.JTFlG)

250 FORMAT c'MODE .' .IS,' EIGENVAlt.E:' .lP,G15.6)
260 FORMAT ('MODE .'.IS.' FREQUENCV:" .lP.G1S.6.)
sea CQNTIMJE

C

SOLOS200
SOLOS210
SOLOS220
SOLO~2SO

SOL032ltO
SOLOS2S0
501..03260
SOLOS270
SOLOS280
SOLOS290
SOLOS~

SOL03310
501..03320
501.05330
SOLOS3-.o
SOLOSSSO
SOLOSS60
SOLOSS70
SOLOSS80
SOLOS390
SOLOS400
SOLOSlfi.l0
SOL03"2O
SOL0:5~30

SOLOS~

SOLOS:~50

SOL03460
SOL03470
SOLOS"80
SOlOS.t,9Q
SOLOS500
SOL03S10
301..05520
SOlo:SS30
SOLaSS.O
SOlOSSSO
SOL05S60
5QLo:::570
SQL05S80
SOLO$S90

00 $OLo3600
C=======--==========--=--=================;===SOlOClCJtt.O

SUBROUTINE SClLOtt 5OLOOO5o
LOGICAL BIEST.l.NiotL. 501..00060
INcLUDE (ZCCMI) 501..00070

:>01..00080
30l000cao
SOlOOlOO
501..00110
SOlOOl20
SOLOO150
3Ol00140
SOLOO1SO
5OLoo16O
SOLOO170
5OLoolSO
SOLOOl90
301..00200
$OL00210
5OL00220
SOlOO2SO
SOLOO2<tO
5Ot..OO2S0
SOlOO26O
SOlOO270
SOLOO280
SOlOOZ9Q
5OLOO~

30l00~10

SOlOOS20
SOlOOS~

301..00~"O

SQLOOSSO
:;QLOO$60
SOLooS70
SOLOOS80
5OLOO~Q()

SOLoo..oo
SOlCJOtoolO
SOLooo.20
SOLClO'tSO
:;QLooo.-o
SOL~

SOL"","",
SOL()(N10
SOLOO SO
30I.J)O QQ
SOLOOSOO
SOlaoc;lo
501..00520
SOlOO5~

SOLOOSotO
SOlOO550
SOLOO5bO
SOL00570
SOl00'i80
SOLOOSOO
SOLClCIbOO
SOl00610
501..00620
30l0Cl630
SOlOObo,o
SOlOO&SO
SOLOO66O
SOl00670
SOLOO68O
301..00690
50100700
301..00710
SOlOO720
3OLOO7!iO
301...00740
501..00750
SOLOO760
501..00770
SOL00780
5OL00790
SOLOO8OO
SOI..00810
501...00820
SOlOO6~

SOLOO8<tO
5OLOO85O
SOLOD86O

C
c============_ _
C= SET GEOtETRIC STIFFtESS FlAGS =
C======:=%========--==

Zc IZKc;oT)=o. 00
I(Gl..OAO::Nl( IZKGDT.1)
I(GTVPE::NZ( IZKGOT.2)
I(GF~(mCiOT.5)

C
C===--==-====--====
C= READ DFO AN) SET OPTIONS =
C==-:~-====---==--==

ReAD <5.·) MXELD.IPRNT ,DltITE.lHIAL
JrrI..OAO=1
IPRNT.:MAX<IPWNT .1)

C
c=====~_-=====
C= PRINf iEAIlER =C=--=== '__

\lltlTE <6,101> TITLE(I),TITLE<2),IPRNT.D«ITE
101 FORMAT C"l STRUCTtft•••• ; • •••1

, • SOlUTION••••• :' ••• 1
&1iC.' SOlUTION ri. STATIC NON..ltEAR SOLUnON 'I
II..L\C,' ===================================' I
UX.' INTERVAL FQlit PRINTING OATA••••••••••••• ' .151
UJ(.' INTERVAL FOR WRITING QAT. TO FILE. ' .IS/)

c
c===================-----
c=III'IJT FILE OUTPUT CONTROll. OATA =
c===:::================--=

IF (IJ«ITE.GT.O) no
IOPT=1
TO::Q
DT:O
CAll CJFOAT<IoPT •!WRITE. TO.OT)

E/rC)IF
c
c==================--===---===============
C=~INITILlZE STORAGE REO'O FOR THIS SOLN ==
c==============-_-===----======
C ZCIZlO&Q> = LOCATION aF THE TOTAl LOAD MATRIX
C Z(IZDISP) =LOCI.TION OF TIE TOT..... DISPLACEtENT MATRIX
C Z<Izva >=LOCATION OF TIE TOTAl velOCITY MATRIX
C ZClZOlOA) = LOCAnON Of TIE INCRllENUI.. LOAO MATRIX
C Z<IZOOSP) :: LOCATION OF TIE INCfUIENTAL DISPucEIENT ....TIlDe
C ZCIZOVEL) =LOCATION OF TIE INCRlMENTAL VElOCITV MATRIX
C z< rZQ ) =LOCATION OF THE JOINT LOADS
C Z( IZR ) =I..OCAlION OF TlE ELaENT LOADS
C

•I=IST .lEN)

!IDlE:' .7(IlO.SX»
EIGENYAlLE:' .IP.1(GI~.5.lX) >

FREq (RiD/SEC):' .lP.7eCl~.5.1X) >
FREQUENCY (HZ):' .lP.l(G.lit.S,lX) )

PERIOD <SEC):' .lP.l<G.lit.5.lX> )
EIGEtNECT~:' )

8<Ll=O.
aSE

Be L):KG<Jl)
Et«JIF

IF eBTEST(IBUG.S» IoRITE (6.~9) I.J.L.JI.J2.BCL)
FORMAT ('1:'.15,' J;'.15.' L:',15.' JI·.IS,' J2:',IS.' 8:',

1P,Cl5.S)

00 SOD IFREQ=l.I?RT2

IF OEN).LT.!PRJ ) l1£N
WRITE (6.10) TITLE<l>. TITl£<2>,OPTION.1PRT
IST=IBlk-l
co TO 100

Et«JIF

'9•

so CONTIMJE
52 FORMAT (SX.·OOF .' ,IS,

I. 'IS .LE. 0 IN TI£ GEotETRIC ST'IFFl£SS MATRIX••• ' ,
& 5)(.'(1.1>=' .lP.Gl2.~.· SOLN IS ABORTED')

00 90 I=l.M=REE
90 EVEC(I.J>:EVEC(I.J)/AMAX

125

12'>

illITE C6.110.> <1
IF <IOPT .EQ.2) TI£N

I«ITE (1).120) CEVAl,.<1). WST .lEN)
ELSE IF (IOPT .EQ.ll TI£N

00 125 I=IST. lEN)
EVAlCI >=SQRTC EVAl( 1) )

>RITE ( ••12.) CEVAL(I).I=IST.lEN)
DO 121 I=I:ZT.!EN)

EVAL<!)= EVAl.cI) 16.28S1853:
WRITE (6.128) <EVAlC!).I=IST,IEJrQ>
00 129 I=IST,taD

IF CEVAl(1).EQ.O) EVAlcI>-_LE-15
EVAl< I): 1. 00 I EVAl( 1>

I«ITE <6.130) (EVAlCI>.I=IST.IEhD)
E~IF

WRITE <6.155>
110 FORMATe'
120 FORMATe'
126 FORMATe
128 FORMAl('
!SO FORMATC'
1~ FORMATC'

210

200

1V

C
C--- DECK FOR ZERO'S ON MAIN DIAGONAl.

IF <I.EQ.J •...,. 8<L).l.f.O , Tl£H
QUIT=. TRI.E.
>RITE ( ••52) I.8<U

Et«JIF

SOLOl960
SOL01970
SOLOl980
SOLOl990
SOL02OOO
SOL02010
SOL0202O
SOL0205O
SOL02OOl
SOL0205O
SOL0206O
SOL02070
SOL0208O
SOL0209O
SOL021oo
SOL02110
SOL02120
SOL021SO
SOL021.a

EIIlIF SOL0215O
C SOL02160 C
C--- RETtJlN IF A MAIN DIAGONAl. IS l.f lElO SOL02170

IF (QUIT) RETlRt SOL02180
C SOl02190
C===- SOL022OO
C:; SOLVE FOR EIGENVALl.£S ANJ eIGENVECTORS = SQl02210
c======--===== = SOlOZ22O
C-------- IMSI. SIJ Bll<lUTI!,£ EIGZS SOL022SO
C EIGENVALUES ANl-ElGENVECTORS fYr A*X-l..UCJ,t,ttg-x...-o SQlO224O
c A ~ STIFFNESS - REAL.~ SV!'tETRIC MATRIX SOlO22SO C
C 8 • MASS Of! GECIETRIC STIFFNESS - REAL. SVIIETIlIC MArRne SOL022bO
eN:: NUfll8ER OF oaF OF A AND 8 SOl02270
C lJOB :; a - CAlC. EIGENVALUES QN..V SOlO22SO
C = 1 - CALC. ElGENVAL<.ES ..., ElGElMCTOfIS SOL0229O
c := 2 - CALC. EIGENVALUES. EIGENVECTORS MIJ PREFORMANCE ThOEX. PISOL02SOO
C :; ~ - CALC. PREFORMANCE nux. PI SQL02Sl0
c PI:l<<(1), PI<l - ROJTIh£ PREFORMED ioEU SOl02S20
C l<PldOO - RQJTItE PREFORMED SATISFACTORILY SOl02S~

C 10Q<PI - RCUTIhE PREFORMED POORLV SOl023..a
c a = EICiENVAlLES (UMJDA). N BY 1 SOl02$SO C
c Z :; ElCENVECTORS. N BV N SOl02360
C 12 :: RON DIMENSION OF Z M&TRDC SOL02370
ell(:;: WORt:: AREA. N"'(""l> SOL0238O
C l£ll = EO_ROll PARAIETER SOL02S""
c ::' 129 - • IS NOT POSITIVE OEFIHATE SOl~

C := 129+J - ROUTIIE FAILED ON EIGENVALI.E J. fIG'S 1 TO J-l ARE 01( SQl02UO
C- SOL02'~

IJ08=2 SOl02ottSQ
IER=O SOl~

CALL EIGZS< A.8.>AEE .IJ08.EVAL.EVEC.lEIlEf.lIORIC.m) SOLll2'SO
!F <IER.NE.O) WRITE <6.") SOL02~

& 'ER' .'RQR cca::' .IER.' IN IMSL ROtSTDE EIGZS' SOl02~70
WRITE <b,·) • PREFORMIM:E DClEX:' .WORI:Cl> SOL02,,80

SOL02"Q()
SOL02SOO
SOL02510
SOlO2S2O
SOL025SO
SOL025«J
SOLQ2S';O
SOL0256O
SOl02570
SOL02SaO
SOl025""
SOL02600
SOL02610
SOL02620
SOl026SO
SOLll2<>..o
SOL02<>SO
SOL02"""
SOl02670 C
SOL026aO
SOLll2<>""
SOL02700
SOl021l0
SOL02no
SOL027SO
SOL02l.a
SOL02750
SOL02760
SOL0271ll
SOL02780
501..02790
SOL02800
SOL02810
SOL02820
SOL02S50
SOl02S.a
SOL02ll5O
SOL02S6O
SOL02S70
SOL02SlIO
SOL02S9O
SOL029OO
SOl02910
SOL029~

SOL029SO
SOL029'O
SOL0295O
SOL0296O
SOL02970
SOL02980
SOlO2'lOO
SOLOSOOO
SOLOSOIO
SOL05020
SOLOSOSO C
SOLOso.a
SOLOS05O
SOLOS06O
SOLOS070
SOLOSOllO
SOLOS090
SOLOS!OO C
SOLOS110
SOLDSl2O
SOLDS1SO
SOLDS1.a
SOLOUSO
SOLOSl60
SOlOSl70 C
SOLOUSO
SOLOS1""

C
C=======- ========--=--=
C= NORMALIZE !«JOE SHAPE to MAX VAL!.E OF atE ==
c============

00 "" J=l.IPRT
AMIII=O

.""""=0
00 so I.1.>AEE

AMIN:fItIN< MIN.EVEC( I •J ) )
so AMAX:MAXC AMAX .EVEe( I. J»

IF <-AMIN.GT ....We> .uw<:AMIN
IF CAtW(.EQ.O> AlW<=1

C
C;====================-~
C= PRINT EIGENVALUES AN) EIGENVECTORS =
c====--- __==

1ST =1
100 IOO=MDKIST+6.IPRT)

C

C
C--- rRANSF£R EIGENVECTOfIS TO T£II' STORAGE

00 200 J::l..l.12
lotORKeJ>=O

DO 210 .Jd..5.Llt
lOnteJ>=E\EC(J-U,IFREQ)

DO 220 J.LS.L.

Cc------- EIGENVECTORS
00 1,,0 I=l.~REE

II=I.!rCOhO
HO IotlITE (6.150) II.(EVECCI.J).J=IST.IBD)
1SO FORMATe' OOFC' ,16,')' .1P.l(G.1lt.S.lX) >

C
C==============================
C= CALC ElGEN VECTORS FOR NONl\INAHIC OOF =
C;;:=================================
C
c----- TRANSFER ElGEtNECTQRS TO Tal' STORAGE
C
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001.8.£ Al'ECISION EIE.ESE.PSE.EDO.EKE

DDENSICII Ia.Dc l).ELDCl'
OIMENSION GACS). GYCS>. Gl){S>
DIMENSION GATeS>.GV'TeS>.GDT<S>
LOGICAL. NEWFAC
CHARACTER-I0 STEP.STEP2

-- IIFUT "'00 LOADS -------
JOINT LOADS AID SlA"CIlT OISPUCElENTS ARE STORED IN Q

CAll. ..,n.0A< llUGS._.IIlOF.1HlOE ....OAO.L;.
& ID.IIlOF.CIlST .Q. DSPA..G.JIfLG. TIl'li ..FAlSE. >

SOL02110
SOL0212O
SOI,.02130
SOL02l'iO
SOL021SO
SOL02160
501..02170
SOL02l80
SOL02190
SOL022OO
SOL0221o
SOL02220
SOL0223:0
SOLQ22<,()
SOL0225O
SOL02260
SOL02271J
SOLo2280
SOL02290
SOL02~

SOL02~lO

501..02520
SOL02330
SOL023'tO
SOL02SSO
SOL02S60
SOL02370
SOL02S8o
SOL02S90

--===:::SOL~
SOLOOOSO
SOLOOO6O
SOLOOO70
SOlOOOBO
SOlOOO"O
SOLOOl.OO
SOlOOllO
30100120
:iOLOOHO
SOLOOIW
SOLoolSO
501..00160
SOlOOllO
$01..00180
'SOLOOl90
:>OLOO200
:>Ol,.OO210
:iOLOO220
:iOlOO2~

CHARACfERit( -) T!flEe 2). STEPm :iOlOO2<f.O
LOGICAl ~INT .000000G.HEAO,REPEAT .AXIAL.TEST.1EWlDV .BTEST .ABORT SOLOO25O
LOGICAL JEl«,G.IEl«.ICON:J.-KGCotI).I.I&tL,MCNl2.KGDD2.HRITE :;OL0026O
LOGICAl. 8l.G5.SUC5.BI.Xi6.8I.Iill SOLOO270
CHARACTEJt68D NIlE SOLOO2SO
ov.RACTER-20 INTEG $OL~

REAL 1..000.NSS.M&SSSL.lG.1COS $OLDOSQO
INTEGER F().UIfI.FMASS SOl.OOSla
DDENSION SI.-a').~').SLIFOC6 >.OSUFOC 6 >. SI..MlCMC 6).SlMJB( b )SOlOOS20
ODEMSION OSPfIWC(Li).RC1lUX(U).lJft..QA(L~ >.RLOADCLb) $OLOO~SO

DIMENSION RDFU1'<1(1) SOl.OO'hO
DDENsICIrf STIFF<DI» .MA$$(IJOCS). ICGCIMlKG> SOLOO~50

DDENSI'* IO:L6+J.).NJCS(L~l >...."L6.1 > SOLOOSbO
DDENSION LOAOCLb>. DISPelo). \lEl.<l6>. Q<:l6>.FG<L.b>.OFG<L.6) SOLOOS70
DIMENSION a..OAO(Lo>.OOISP<:U>.0VEl(l6J. R<l6> SOLOOSSQ
DIMENSION FlIkL6>.I&OAOCLiJ.I.8JISPcli> SOlOOSQQ
DDENSION WORK< 2" > ZOL()()-.()Q
ODENSION COOROCM&XtG).!>•.tJ)(JIWCNOO>. SOLOO'r10

&. lDOF<N»«IO.4io) .cOSINE<S.S.NCOS>.aGT<MAXNOO.&). SOlClO"'20
.. JTFl.Gc:IiWCNClO>.JTCOS£I'WO«IO> SOLoo.;.~

~OLIX)ot.OtO

SOI..OO't-SO
SQLOO<r6O
501..00410
SOlOOSlO
SOLOOSZO
'3OL0054O
SOlOOS50
SOLOQC;6O
SOl00570
SOLOO5SO
$OlOO5tKJ
:iOLOO&OO
SOLOOOI0
:;OL00620
SOUJClb::O
:;OLlXlbOtO
SOLOObSO
SOLOO&bO
SOLOO670
:;OLOCJ6.8O _

SOlOOi>90
SOLOO700
SOLoo71a
SOLoono
:iOLOO1SQ
SOLOOl40
SOLOO7SQ
SOLool60
:;01...007]0
SOLOOl80
SOLooNO
SOlOOBOO
SOL00810
:;01..00820
SOLOO8~O

SOLOO8~

SOLOOSSO
SOlOOll6O
SOLOO870
SOLOO880
SOLOO890
SOLOOOOO
SOl00910
SOLoono
SOLOO9~

SOL"""""
SOLot>9';O
SOLOO%O
SOL(X)qlO
:iOLooqSO
,01."""""
SOLOI000
SOLOIOI0
SOl.OI02Q

CALL. SOL~'
& eL1.L2.LS.L~.L5.L';.DIl._.M*G.II()S.DOISl..A8ORT.

& I'W<EL.D • IPRNT • IHRITE • lNW..
& ",OAQ • IHlOE • NCOS • hELMT

~ ~ := :::; :::=0: ZeIZRLOA>.
& KGFORM • KGLOAD • J:GTVPE .,.;ON) , Z<IZORLO>,
& hEHICG • 1£1« • MCONO • KGCONO • SLMlCT.
& IPOISP ,IPRCTN ,IPE1..EN • Z<l2IIWC). ZeIZRtWC)~

& ZCIZDISP>. Z<IZVa >. ZCIZLOAO). ZCIZQ >, ZeIZF\ll ).
& Z(IZOOSP>. Z<!ZDVa>. ZeIZll.OA>. 2<UR ). Z<IW ),
& Z<IZSTIF>. Z<IZMASS). leIZJCQ ). ZeIm.O >. Z< IZUBLO> ,
& NZCIZIIl >.OlC!DIlMS>.OleU-G>.Ol<IZIWl>. zeIZ\J8OP>.
& NZeIZID ).NZ<IZIOOF>. Z<IZCHST>.NZeIZ..FLG), ZeIZCORQ>.
& zeIZCOS >.NZeIZJCOS>. EIE.ESE.PSE.EIE.EIlO •
, ZcIZFG >,NZ(IZtFG»

RETlIlN

SUlIROUTIIE SOL"'"
& (Ll.l2 .L5.L.....LS.l6. DIJ.DCICS. DlJKC. DIJS.DIICSL .ABORT ,
& IW<£Ul • x-r . IHRITE • LIIlAL
, ....OAD • IrI«I:Ir • NCOS • ~"T
, IZOOSP • lZDLOA • ISUG • JIWOIOO
& TITLE ,STEPID • IIlOF • "'REE • RLOAD
& ICCiFORM • KGLOAO • ICGTVPE • NeON) ,ORLOA
& NEWI(G • lEt« • MCCItI) • KGCCH) • 5I.MK:
" lPOtSP • IPRCTN • IPEL£M • DSPMAK • RCTfrWC
8. DISP • VEL • LOAD • Q • FlB
& OOISP • 0VEl. • OLOAO • R • """"
"STIfF ,MASS • KG • ElO • L8l0AD
"JIG • lOG • IOtG • IELO • U80ISP
'm . IDOF • CNST • JmG • COORD
I COS!JE • JTCQS • EIE.ESE.PSE.ElE.EDO.
'FG .CFG )

C
C:::=::==::==::====--=
C= DlJUT LOAOItG DATA =

~~~~~~~=MA==-TRICIES Q .uri) R AR£ ZEROED IN 1lE CAlLOO PGM.
C
C
C

""1"'"""2"'",...S"'"
Sl.tUJ( r, >=0

""5"'"SJM.8(60)=O
s.w...:o
SlM«lII:O
~O:O

"'-"""0:0
c===:::::=====:::::=::=:::=========

BUGS ::BIEST< 18l.JG, 5>
8UG5 :::STEST<IBUG. 5>
8UG6 :aTEST<IBUC. 6)
8UGll:8TESTC IIUi.ll>

c=--=====--===--_-=======
C
C.::===::=::==- --==
C; INITIALIZE EHERCV CONSTANTS =
C=:.--::::=--

EIE=o
ESE:O
~=o

ElC£=O
ElIl=O

C
c==============
C= SET STIFFhESS FLAGS =
C========:::=

1£1« = .TRI£.
KSAME= 0

C
c======= •__===--=
C= SET GEOfETRIC STIFAESS Ft.AGS =
c=====::===:=====--::====

J9CG::.TRlE.
IF (KQ.OAD.EQ.D .~. J:GTVPE.EO.O .OR. J:GFQRM.EQ.O) NEI«G::..FAL..~.

SOlOO871J 15 CONTIlU
SOlOO88O 20 CONTIII£
SOlOO89O IPELEI!=IEU<T
SOll109OO LSl1"lP:O
SOLOO9l0 ' DO 2(i I=1.PS.MT
SOlOO92O J:HZ<lZElE.I)
SOlOO93O IF eOle J) .hE.LSTTVP> IPEi.EM=II'£L£IM
SOlOlJ9ltO 26 LSTTVP=NZ< J)
SOLOO95O III FORMAT <CP,' Z)lA1'RH(' .I6.'):' .IlS.lP.G20.10)
SOlOO96ll C
SOlOO9711
SOlOO98O
SOLOO99O
SOL01OOO
SOLo101o
SOlOlO2O
SOLo1l&l
SOLo1",,"
SOLOI05O
SOLo106O
SOLo10711
SOlOlOSO
SOLolll9O
SOl011oo
SOLoWo
SOLoU20
SOLollSO
SOLo1Ho C
SOLOl.1SQ
SOlOU60 C=
SOLOllJO
SOLOU80
SOlOll90
SOlOl2OO
SOLOl2l0
SOLol22O
SOL012SO
SOL012~

SOLOl2S0
SOL01260
SOl0121O
SOLol28O
SOLol29O
SOLo1SOO
SOl01310
SOLOl52O
SOLo1SSO C
SOL0150t0
SOlOl350 C
SOLolS6O
SOLolS71J
SOLOlS80
SOLOlSqo
SOLOI4rOCI
SOL.OlltlO
SOlOl~20

SOLOl~3D

SOLOl+ltO
SOLOl+50
SOl..Ol~

SOlOl'io70
SOLohllO
SOLOllt90
SOlOl500
SOlo151o
SOLo1S20
SOlo15lO
SOL015-.o
SOl01550
SOlolS6O
SOL01570
SOlOl580
SOLo1590
SOlOl600
SOl01610
SOlOlb20 C
SCl.,O!6SO
SOl016'tO
sat..016SO
SOlOl660
SOl01670
SOlOl680
SOl01690
SOl0171JO
SOl01710
SOlOl720
SOL017lO
SOlo1740
SOl0115O
SOl01760
SOL017711
SOL01780
SOl.01790
SOlolSOO
SOlo1810
SOlOl820
SOl018SO
SOl018ltO
SOlOl850
SOlOlll6O
SOL018711
SOlOl88Q
SOLOl890
SOLOl900
SOl..01910
SOlOl920
SOlOl9S0
SOLOI9itO
SOLOl950
SOlDl960
SOL019711
SOLOl980
SOlOl990
SOL02OOO
SOL02010
SOlO202O
SOL02OSO
SOlO2O'oO
SOL0205O
SOlO206O
SOL020711
SOlO208O
SOlO209O
SOl02100 C

C
c============;:::;.=====
c: CAlC PRINTIJrG 11*0 ==
c================--=

lPOISP:6_
tPRCTN:7
00 20 I::l.hNXlE

00 15 J::O.s
If (BTEST<NleU..FlG-l+I>,JJ> no

IPtlCTN:IPllC1'N+1
GO TO 20

EtIl1F

-- SCT .... CONSTANTS -----
U=1
L2:::NC0N)
L5=U.l
l ....~ +tFREE
l5=l"·1
l&:N)OF

...0A0=1

aSlIC=.FAlSE.

IF <JWCE1.D.GT .0> THEN
IZIEU>=IZ
IZ:=IZ • MAaCEL.D-5
IZEUl=IZ
U:::IZ • MAKEl.O't12

ENlIF

C
C- (l;TERMIhE TIE LENGTH Of' TIE STIFFhESS MATRIX

lMO::NZetzMD+4rrl)OF> - NZ<I2J'I) .1

1ZUBlO = IZ
IZ = IZ_
IztIlllP = IZ
rz = IZ+MlOF
00 12 I=l.1IlOF
Zn.IZlB.O-1> :;Q

12 Z<I...IZ\.IIDP-l> ::0

IW:U...1

C
C:::::=======-_=--====--::a====
C
C---- OEac IEMORV

CAll CKSTOROI)QF. Iif)
C
C-- SET lP CONSTANTS

1M(} =HlelZMl ..tI)OF)

1KlMS =NZe tDDcS+#rI)Qf >
UO<G =NZ<.IZJDCG+tCIOF)
1MOMSL.=1
II()S =1

c
C=====---===_===~~===

IZFG = IZ
IZ =U_
I20FG =IZ
U = IZ_
IZDIW<= IZ
12 = U_
I_IZ
IZ =.IZ+NXlF
IZORlO: IZ
IZ =IZ_
IZRLOA= IZ
IZ = IZ..IOJF
00 27 1:::O~IrIJOF-I

Z<IZFG .1>=0
Z<IztFG .1>=0
Z< lZOfUX.I>:o
Z< IZRfW(.I >=0
Z< IZRLOA.I)::O

27 Z< IZORlo.I >::0

If <1ZFl8 .EQ.O) lIEN
IZfIJIl = IZ
U = IZ_
E""IF
00 10 I=l.1IlOF

10 Z<I...IZFt8-1J ::0

IZ = IZ_
00 5 I:1.1IlOF
Z<I...!ZD..OA-l> =0
EJIlIF

IF eIZllllSP.EQ.O> TItEH
IZOOSP = IZ
IZ = IZ>!OOF
00 ,; I:1.1IlOF
Z<I+IZDOSP-l) :0
.""IF

IF <IZDVELEQ.O> TlEN
IZDVB. = IZ
IZ =IZ_
00 7 I=l.1IlOF
Z<I...IZDVEL-l> :0
EJIlIF

IZQ = IZ
1Z = rz..NlQF
00 8 I=l.1IlOF
Z< I+IZQ-l> :::0

IZR = IZ
IZ = IZ_
00 9 I:l.1IlOF
ZeI ..IZR-I) :;Q

C
c==::==============c= ZERO GROlHJ NOTION =
c=======--==

00 19 1::1.9
19 GROlN)( 1):0.

C
C=============
c= ZERO CR'O.JN) NOTION =
C:==:::=::=======

DO 18 I:::l.6
18 ~f(I):Q.
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IF (~ .OR. NEWKG) TI£N
CALL MSOLL(l ..FALSE ••L'.IMD.NOOF.NLOAD.U.L'.
JII).STIFF.OOIsP.WORK••FAlSE••HASS.HIJMS.l ••FALSE••JCG.MOKG.l.
A8lJlT>
IF (A8lJlT> GO TO 5000

ELSE
CALl MSOLl(2••FAl.SE••L4.00.tOlF.N.OAC.U,L4.
fIO.STIFF .OOISP•WORK •• FALSE••MASS.IClMS,l, .FALSE•• ICG.IClKG.l.
ABORT>
IF (A8lJlT> GO TO 5000

EI«IIF
CALL MSOLl(S••FALSE ••L4.00.trIJOF.~OAC.U.L4.

IIl.STIFF.COISP._ ••FALSC••HASS.-S.1 ••FALSC •• 'G._C.l.
ABORT>

IF <ASQRT) GO TO SOOO

IF (8UG5)

• CALL: WMATR:XcOOISP.N)QF.N.OAD.·OlSPLACElENT 1:lI..tP=7')

105

121

120

10<

1'"

C
Co
C= SCAlE SOLN SUCH THAT PM LE PM&X. '* LE rJW( __

c.~~~=.;;".,.~===,..;.===

PM=O
DO ISO I=l3.L'"

_<DLOADCI'.-ll.OADCI>."",
150 OM=tW«COISPCI).-COISP<I).OM)

IF ((J4.CT.tJWl .AN). [)w(.JE.O).OR.
, (PM.GT.PM)( •.u.J. PMAX.h£.O) ) Tl£N

F1.a
F2::O
IF ([JW(.JE.O) Fl::Ol/CIWC
IF (PMAX.IE.O) F2=PM/PfiW(
F::fU)(Fl.F2)
OF'=OF/F
NEWfAC.::.FALSE.
00 lota I::ll.L6

ORlOA( I)=!Ya.OAC I)IF
D..,OAD< I >=l:l..0A0C I)IF
OOISPC I >=OOISPC I)IF
lFtf'>bl

Rse IF (PIWC.EQ.O .NrIJ. (JW(.EQ.O .»IJ. II..I8.GT.1> Ti-EN
NE"':AC=.FAL.SE.
............1

ELSC
NE)FAC=. TRt.E.
OFOFN::CFittFN

EI«lIF

SOL02290
SO\.02:>OO
SOL02:510
SOL02~20

SO\.02~30

SOL02:540
SOL02~50

SOL02!>60
SOL02:570
SOL02380
501..02:590
SOI..02'tOO
SO\.024lO
SOL02420
501..02450
SOL02~ltO

SOL02'50
SOl02'060
SOL02~70

SOL02~80

SOL02490
SOL025OQ
50\.02510
SOL02520
$OL02S30
SOLOZS'"
SOl02550
SOL02S60
501..02570
SOL02S80
SOL02590
SOl02bOO
SOl.0261O
SOl02620
SOI..0265O

_50l026<tO
SOL02650
SOL02btoO
~OL02610

SQL02680
SOLOZ690
SOL02700
SOL02710
SOL02720
SOl02730
:>OLOZ1<tO
::iOL02750
SOl02760
SOL02770

AFACT::FACTL~ SOl02780
c ;>oL02190C==____ = 501.02800
C= SOLVE FOfit OISPl. ClJE TO lNWLW:ED FORCES == :>QL02810
C=-- SOlO2S20
C SOL02850
C........ USE FIRST STIFFNESS TO CALa.l.ATE lJrIIAlANCEO FOflCES. SCl02S..0
C IF TIE STEP IS REP£ATED. DO HOT USE TIE 1£1< STIFFlESS. 5QL02S50

IF <\HIAL.IIJG.REPEAl) no :>OL02S60
DO lQ4, bU.L~ SOL02870

L8LCUDC [) = ..f\II( I> SOl02880
l.IJDISP( I) = -FUk I) SQl02S90

00 105 I::lS.L6 SOLOZQOO
l&OADCI) =~I) SOl02910
l80ISPC I> = 0.00 SOlo2920

IF (8l£5) SOLOZ9SQ
CALL ""'TRJ«:l8JISP.JrIJOF.M..OAO.·l.IIIAlAHCED LOMJ MATRIX') SOlO294Q

CALL. MSOLl.(2•• FALSE••L... IIC).NlOF .....OAO.L1.L.... 501.029'50
ICJ.STIFF .IASDISP.HOIll••FALSE••HASS.IOCS.l •• fAL$E •• ICG.ItXC.l. SOL02%O

ABORT) SOLOzq70
IF (ASORT) GO TO SOOO SOL02980

e.au. M$OU.<S •• FALSE••L....DIl.NJOF .....OAO.U.L.... :>OL02900
JIO.STIFF .l.8DISP'.WORI ••FALSE••1'USS.~.I••FAlSE ••KC.MOKG.l. SOLOSOOQ

ABORT) 501.05010
IF (ABDRT) GO TO SOOO SOLOmo

IF (BUGS) SOl.OS05O
& CIU. ....TRJ«:l.8)ISP.JrIJOF.N..OAO.·l..Ir&t.l..ANCED DISPlACEIENT') SOLOSQotO
EhlJIF SOLOSOSO

c SOLO~

C•••••• Am t.trIUl.ANCEl) FORCES .UC) DISPL TO STR\.CTlIlAL LOAD AtrI) OISPl.. SOI..05070
IF (t.NIAL) rl€N SOLosoao

00 107 IoLl.L' SOl03O"O
DDISPCI>::OO1SP(I>+ l.8DISP<I) $01.0:5100

101 CONTDI.E SOL05110
00 109 I::lS.LG SOlOH20
(1OA1)(Ir.:a.OAO<I>- l.BLOAOCI) SOLOSl50

109 CONTIJrU:: :>OLOSlltO
EtlJIF $QLOSl50

C SOl05160
C•••••• CALClLATE THE NORM rs THE I.NIAlANC£O FORCES SOL05110

SUM::O 501..05180
00 108 I::U.l6 $Ol05190

S!.M:SUt.F1JB( I '''*2 SOLOS200
lOS Ft8CI>=o.OO· ~OlOS210

fNORM = SQRT< SLIlI1L6) SOL0522O
C 30l0S2SO
C=====:-_-== SDL0S240
C;; CAlC ~tJELOCITV == ~OL052S0

C======= SOL052bO
IF <ISTEP.EQ.l) T1£N $01..05210

DO 120 I=U.l6 SOLOS280
YEL(I>=QCI).-R(l) SOLOS290
OVEl.(I)::Q(I)+4t(I) $OLOS~

PSUVEL.::2 $01..05:510
OVEll =1 SQLOSS20

ElSE If (fACTOR.EQ.AFACT .»0. $01-053:50
, .NOT .«FACTl.LT .FACTOR .~. FACTOR.U .fACT2> .OR. $01..05540
• <fACTL.~T.FACTOR .Atm. FACTOR.GT.FACT2»)) THEN $Ol.OSS50

PSUYEl=-PSU\IEl. Wl.05~

DO Ul I::ll.L6 :iOLO$SlO
OYELCI>:: PSUVEl. * (Q<I>+IKI» SOl05S80

0VEl.l =1 :;otOS590
ElSE IF (MU.hE.O) nEN SOI.05lKX1

00 122 I.;l.l,L6 $Ol0541O
122 0VEl.( I >=0 SOLOS~20

OVEU ::0 $OLOS4SO
ENDIF 50\.0~''''

C SOL05450
C_ ======= SOl054bQ
C= c.aa.ClLATE Dl:RDENTAL IEMBER FORCES == :iOloS;...lO
C::====--=========--==== ~OL05480
C a.e LIB CALLS Tl£ IPClIVIDUAL ElOIENT LIBRARIES. EAQi OF ~IOt OETERMINSOlOS..90
C l>-OID THE STIFFNESS CHANI&? IF so; ~=.rlft.E. $01..05500
c 2) SHOtlJ) nE D«:RINENTAL OISPlACE)ENT BE RECALa.LATEO? SOL05510
C IF SO; lSAME=lS»IE+_ (A VALLE IEPEtClING ON ELEMENT T'/PE) 5OL05520

DO 106 IoL1.L'
DLOAO< I >::< Q( I)+R( I»"tF

••• SWAP TIE SI~ OF TIE FEF AT REACTIONS
00 110 1=l.5.L6

cx..oAO( I);;-R< I)*'OF
DOISPC I)= Q( I)-oF

15TEP=ISTEP+1
WRITE (STEPID.9CJ) STEP .ISTEP .FACTOR
IF (BUGS. OR. BUGS.OR.Bt.C6.OR. BUGll) TIEN

WRITE (6.91) STEP,ISTEP.FACTc.
WRITE (b. ot ) 'NE!«: •• IEWK.' NEl«G:' ,Nn«G

EI«IIF
FORMAT (A.' STEP:' .15.' FACTOR:' .lP.GJ.l.4)
FORMAT ('1 ".A.· STEP:·.I5.· FACTOR:'.JP,Gll .... )

SAVE IN LOADS IN OOSP FOR CALCll.ATING FREE OISPl. FOR THIS STEP.
- DO 115 I::ll.Lot

COISP< 1>= DLOAD< Il

11~

106

115

ISTEP,=Q
FACTL;;D
OF=O
READCS.*) STEP2.FACT2,PMAX2.C»4AX2.tU482

1000 $TEP =STEP2
IF (TESTCSTEP,'EI«)~••FAL.SE.» GO TO 5000
FACTOR:FACT2
PMAX =PM&)(2
OJ4AX ::OfW(2
IAJM8 ."'-"'82
NUM8llf."'-"'82
READ< 5, It .EtIJ=lOlO) STEP2 .FACT2.PfWC2.0MAX2,NI.JltB2
GO TO 1020

1010 STEP2=' EtC)..
FACT2::FACTOR

1020 IF (TEsrcSTEP.·ENl" •• FALSE.» GO TO 5000
IF <FACfOR.EQ.FACTl) GO TO 1000

SOlOl~

--- INPUT ELEMENT LOADS SOL010'00
ELEMENT LOADS ARE STORED IN R SOlOlOSO

IF (MAllELD.GT.O) SOL01060
& CALL ELELOA<8lJG3.L5.NELMT .MAllELD.NELD.~ .NLOAD. SOL01070
& R.mO.ao.IZOISP.IZLOAO. NAME. TITLE ••FALSE.) SOlOlOSO

C SOlOlO9O
C SOLOllOO
C=========================== SOLOII1D
C:IIlITE INITIAL DATA TO OUTPUT FILE = SOL0112O
C===================--==--= SOL01l5O

IF (IWRITE.GT.O) nEN SOI..01140
IOPT.2 SOL0l150
CALL OHPO,tT<IOPT .IWRITE. TO.OT> SOLOll60

ENOIF SOL01llO
C SQLOllSO C
c SOL0l190
C===============o::=====--=======================SOlOJ.2Ol)
C= LooP FOR EACH TIPE STEP , ISTEP=CURRENT STEP • ================SOI..01210
C==--====================--==:===========--==-_-=:SOlOl22O
C. •• ISTEP = STEP~ SOL01250
C FACTOR: CURRENT TARGET LOAD =FACTOR*(I)I)UT LOAD) SOlOUotO
C FACTL = PREVIOUS TRAGET LOAD SOlOl2SO
c FACT2 = NENT TIlAGET LOAD SOlOl.26O
c OF = LOAD STEP SOLOl27O
C DR • PREVIOO3 LOAD STEP SOLOl28O
C OfN =_ NENT LOAD STEP SOl.Dl29O
C FMAX = MAKIMUN ALLOWA8L.E INCRDENTAL LOAD I STEP SOLDl.soo
C DNA)( = 1W<.IMlM ,AUOWASLE IN:RDENTAL DISPUCMENT / STEP SOL01510

SOl.OlS20
SOL.OlSSO
sotDl340
SOLOlSSO
SOlOl560
sotDlS7D
SOLOlSBO
SOLOl5.90
SOLOhOO
SOLOhlO
SOl01420
SOLOh50
SOLOl~

SOL.ol~

SDlOl<t60
SOL01ot70
SOl.Olot80
SOLOh90
SOlOl500
$Ol01510 C
SOL01520
SOl015SO
SOl015-.o
SQl01550
SOL01560
SOL0157O
SOL01580
SOL01590
SOLOl600
SOLo1610
SOL01620
SOl016SO
SOlOlb'ioO
SOlOI650

THIS SOI..016bO
SOL0167O
SOLOl680
SOl01690
SOLOl700
SOlol710
SOlDl720
SDL017SQ
SOl011"'O
SOl.Ol750
SOloll60
SOLOll70
SOLOl1'JO
SQLOlBOO
SOl01810
soc..OlB20
SOL018SO
SOlOl850
5OLOI860
501..01870
SOl01880
SOLOl890
SOlOI900
SOl01910
SOlOl'920
SOLOl9S0
501.01940
SOlOl950
SOl.Ol960
SOL01970
SOl.Ol980
SOLOl990
SOL02OOO
SOl02010
SOL0202O
SOL~

SOL02O'OQ
SOL0205O
SOL0206O
SOL02070
SOL0208O
SOL0209O
SOL02100
SOl.02110
SOL0212O
SOL02130
SOL02hO
SOL0215O
SOL02l60
SOL02170
SOl021BO
SOL02190
SOlO22OO
SOl.0221D
SOL0222O
SOL022SO
SOL022'O
SOL0225O
SOL022bO
SOL02270
SCl.0228D

C
1100

C
C==;======================-_-======
C= MOOIFV LOADS FOR RESTRAINT DISPLACEMENTS ==
C===:==================--===============

IF (DSPFLG) HEN
----- ZERO IOCRDENTAl EACTION LOAD VECTOR --
00 115 I::ll.L~

ORlOA<I)::O
CALL REACTNC'1.8UGS.JrHXlE.U.Lot.L5.L6.ORLOA.OOISP.
MIl.STIFF .IMO.NOOF.1.1.0.
MAKNOO.IDOF •COORD. 10. TITLE.STEPm••FALSE ••

NCOS. COSIIE. JTCOS. JTFLG.SlI«C )
-- AOO IIrI:RIIENTAL REACTION LOADS TO oTtER LOADS
DO 11' IoL1.U.

llit (J.OAOCI) =Cl.OADCI) + ORLOACI)
EI«IIF

110
C
c~=================:;:====
C= FORKLATE STIFFNESS ==
C=========================
C FOIMJlATE nE STIFFtoESS IF THE FLAG NEHK IS TRt.E, THIS FLAG IS
C INITIALIZED ASOVE. AN) SET iltEN TIE ELEMENT FORCES ARE CALC.
C THE STIFFNESS IS ALSO FOIM..t.ATED IF KG 4S TO BE FORfED

REPEAT=. TRUE.
K5AME:0

100 IF ~NEJ«.OR.NE":G) HEN
II.1
CALL FORM<Il)
If (KGlOAO.EQ.l) t£l«G:=.FALSE.

ENDIF

C

C.===..====....=====
C= SOLVE FOR FREE DIsPL =:::==
C:;:===:::================

IF (BUGS) THEN
IF (NEI« .OR. NEl«G)
CAlL LMATfncCSTIFF,KJ.N)OF.DIJ.·Gi.08AL. STIFFNESS OlJt'P=r)
CALL ~TRX(OLOAO.hOOF .....OAO•• LOAD MATRIX 0Uf!P::;]")

EI«IIF

C
c~=...===._~_=====
C.:: CALC INCRIHENTAL LOADS =
C....= ...= ..~~~=.=
C 1) AOO ELEflENT LOADS. AICI JOINT LOADS ON FREE JOINTS
C SAVE IN DlOA FOR CALcu.ATING lNIALANCEO FORtES FOR HE NEXT STEP.
C 2) PUT JOINT D1SPlACeMENTS IN OOISI' FOR RESTRAINED JOINTS.
C S) PUT T~ NEGATM ELEMENT LOAD IN a..OA FOR RESTRAn£D JOINTS.
C IS USED ro CAL.Ct.LATE REACTIONS.
C ~) ZERO nE UN8ALANCEO LOAD VECTOR
C I:i USED fa CALCUl..ATE REACTIONS.

DFL=OF
OF :FACTOR-FACTl
OFN::FACT2 -FACTOR
IF (PfIW(.EQ.O .AN). t»WC.EQ.O .AND. NJMB.GT.0) OF::OF/MMJ
IF (IF.EQ.O) GO TO 1000
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SOL048SO
SOl.O<t840
SOLO.850
SOLll'860
SOLQ4.810
SOLll'8SO
SOL~8qo

SOlOit900
SOL0it910
SOLO'>920
SOLo<t9S0
SOU).,940
SOlQot9S0
SIllll'960
SOl0lt970
SOla..-Q8Q
SIllO'>990
SOL05OOO
SOL05010
SOlO5020
SOLo50~

SOL05O"O
SOL0505O
SOL0506O
SOL05OlO
SOL0508O
SOL0509O
SOL05100
$01..05110
SOl051ZO
SOI..0515O
SOI.051'tO
SOLOS150
SOlo5100
SOLOS170
SOLOS1S0
SOlOS 190
:;OL05200
$Ol05210
SOt..OS220
~ol0S2~

SOL052~

SOlO52S0
SOLQl;2bO
$OLOS270
$01..05280
SOLOSzqQ
SOlOS500
SOLosSIO
SOLOSS2Q
SOLOSS~

$OlOS~oHJ

:;QL055SO
SOLOSS60
SOL05370
SOlO5~

SOLOS3;qQ
SOLOSotOO
SOlOS'HO
SOlO5.,20
SOLOSHO
SOL05.."O
SOL05..50
sot..OSoH:tO
$01...05470
SOLOS..ao
SOLQIi"Q()
SOL05S00
SOl05SlO
SOLOSS20
SOLOSs~O

SOLOS50f.0
SQLOS5liO
SOl.OSStoO
SOLOSS70
SOLOSS80
501.05590
SQL05WO
SOl..OStolO
SOt..0S620
SOL056SO
50l.0560t0
SOLOS6SO
SOlOSbtoa
SOLOSl,lO
SOLOSb80
SOLOC;690
SOlOS700
SOL05710
SOLO'i72Q
SOLOS1SO
SOloc;7';'(J
SOLOSl5O
SOlos760
SOI.oc;77a
SQl.oS7SO
SOI.OS7QQ
SOL05800
SOL0581o
5OLOSS20
SOl..OSSSO
SOI.05840
SOl.OS850
$OL05860
501..05870
$DL05SSO
SOLOS890
$DL05QQO
SOLOS91O
SOLOS920
SOl05QSO
SOlO5Q40
SOl05QSO
SIllOS960
SOI.OS970
5OLOS980
SOloc;Qq(J
SOLObOOO
SOLOtAlO
SOlOW20
SOlObQSD
SOL"""'"
SOLO<.05O

ISTE? ,:iTEPIO

ISTEP.5TEPID

ISTEP. STEPIO

ISTEP.STEPIO

LINE=IPOISP..
>oIlllE <6.250) TITLE(l). TITLE(Z).

EIClIF

&
&
&
OOIF

CALl REACTN<S.NRllE.NNOOE.U.L'.L5.L6.LOAO.OISP.
& ICl.STIFF.OO.1IlOF,l.1.0.
& OWlNOO.IOOF .COORO.ro. TITLE.STEPIO•• FALSE••
& NCOS.COSDE .JTCOS.JTFlG.SlItRC)

SLJFOR=SQRTc SU«Cc 1 )-2+Sl.lllfCC 2 )-z...st.ltRCc 3 )·"2)
SUI'I'IOM=SQRTC SUIlC< ~ )"2.Sl.I«Cc 5 )1I*2+SUMRCC 6 )....2)
SlMFO:fiW(C SlJIFOR.SlMFO)
~(SI..NQt.:ilNI«)

IF (lolRlTE) ~l1E (b.3B) 3U'FOR.SlMIOM
515 FORIUT (/~X.'REsu.TANT OF REACTIONS. FORCE:' .1P.G12.'t,

& ' NOMENT::' .G12.,,)

2SO FORMAT ('1 STRtC~•••• : ' ,A. 1
& t SCl.UTION••••• :' .A.II
&: 2)(.' ~ LOAODG.' .IS.SK.A)

CALL JOIDSP<1._.NOOF .NNOOE .1.L5 .L6.ro.
IDOF.CNST.OISP.
TITLE•• OISPlACE>lENTS' •STEPIO..FALSE..
NCOS.COSINE.JTCOS.JTFLG)

ELSE
PRINT=.FALSE.

E~IF

00 no IaNO:l.1rEI.Jff
no CAlL ElELlB

& (IOPT .lSTTVP .PRINT.lREl ,l-EAD ,NA"E .EE$E.EPSE.OAMAGE.
& IELNO .IE1.DOF.ICGDOf .PGEOH,RDFUT .AXIAL,IZOOSP.lZOLO~."'STOR)

ELSE
PRINT:::.FALSE.

ENOlF
00 laO In.Nl>--l.NEl.JfT

~ CIoLl aELIB
, (IoPT .LSTTVP .Pl!INT.IREl. .IEAD .HAIE ,EE>E.EP>E.OAMAGE.
& laND.rElOOF ,K-GOOF .PGiEOM.RDflUT .AXtAL.lZOOSP. IZOLOA. "'STDR')

C
C
C--
C= Pl!INT TOTAL ILOBAI. REACTIONS =
C-==-

IF (>oIlITE) TIEN
IF (Il'llCTNoUNE.LE.60 ) TIEN

LINE=Il'llCTN+lINE"
ElSE

LINE=Il'llCTH+8
\illITE (6,250) TITlEel>. TITL£(2),

ENOlF
ENOIF

C
c================:::::===========::::=======
C:; PStINT IE'" WCTn.ZTV AMI [)((:JRSlON RATIOS :::=
C============--== --_.. --__==--======

IoPf=U
LSl'TVP:::O
lEAD ••FALSE.
IF <~ITE) nEN

PRINT:. TRt.E.
IF (IPELEN+lIhE. LE. 60 ) Tl£N

LDE=lPEUMtoLDE
ELSE

LINE=IPELe-
I«XTE (6.250) TITlEU). TITLE(2),

_IF

00 1008 1::1.6
IF (A8SCStIIICcI ».GT .A8$(SlJ«CM( I») SlItRCMC I>=SlItRC< X)

1008 CONfIta.E
C
c;;;_ __========--==
c::: CAlC\JJoTE AN) ~M 'lOYAl tE&R FORCES ==
c=====::;;===:::...-==--=====:::;===

IOPT:::S
lSTTVP:::Q
IEAO :.FALSE.
IF (I«ttt) nEN

PRINT:::.TJlUE.
IF (IPElEM-.LDE.LE. 60 ) HEN

LINE.:lI'El£M+LINE
ELSE

LINE=lI'El.fIIM
"'ITE (6.250> nTU<l>.TITLE<'Z).

ENOIF

C
C
C;;========:::::::========
c:: '-ITE OATA TO OUTPUT mE"S ==
C======.=.=.==-----======

IF (IloRITE .GT .0) ll£N
IF O,OOCISTEP.DltItE).EQ.O) Tl£N

IOPT:2
CALL C»FOATC IOPT .DlUTE, TO .DT)

ENOIF
ENOIF

C
C.;:=::::::====::::==__:;:;==
C. PRINT 1W<DU1 OISPlAaHENTS =
c====:::::::::o--===---=---

LlM:=IPOISP",
WRITE (6.250) rrnE(1). TmE(Z).O.·MA)(I...... OISPLACE/llENTS'
CALl. JOIDSP<2._.NOOF .NNOOE.1.L5.L6.ro.

& IDOF .CNST .DSPMAX.
& TITLE.' OXsPlACEJENTS' ,'lUXlfUt VAlUES', .FAlSE ••
& NCOS.COSlhE.JTCOS.JTFLG)

C
c========-_-=--=__========:::=============:::===:::.::=::::::
C= E:tTI£R GET AN tel FICTOR. OR KEEP IM)RK.ltoG ot4 THE OJRREwr ONE :::=
C========= _ -=:::=====::====:::::::::=====:::::::::::=

FACTL:::FACntCF
IF (NEJ.FAC) GO TO lCDJ
GO TO 1100

C
C:::=:::=====:::::::::::::::==:::===--==
c= ClOSE OUTPUT FIUS :::=
C:::=====::::::====:::==:::==--===

SOOO If (IIoRIlE.GT.O) Tl£N
IOPT::S
CAU.. C»FOATCXOPT .DIUTE. TO,01>

ENOIF

IF (KSAIE.NE.O .AlI). R£PEAT> TIEN
REPEAT:.FALSE.
GO TO 100

ENOIF

IF (ABOIT) RETlRN

CALL ENERGY
to (L1.L.2 ,L3.l4.LS.L6.JGOF .MIKNOO.M:OS.BlIill •• FALSE••
to lMO.llOCS.nOCG.ICI.JIOCS.tO(G•• FALSC ••),RITE.ABORT,
to STIFF ,I(G.MASS.
& EIE.ESE.PSE.EKE.EOO.
& ALPH.... BETA.KCFORM.JrElMT •1rNOOE. DT .S1.IUI.
& SllflRC.OSl..ll«C. St.I4FD.OSl.IFD.FOANP.DFOUIt. Fl.
& GA.GV.GO,GAT .G'JT .GOT. ~.I«lIRI«L6.1).ZER'Cl.ZEJlO.

10 OACC.ova..DOlsP.ACC.VEL.OISP. LOAO.tl.O.tD.
& IO • IOOF • CNST • Jm.. . COllRO
& COSD£ ,JTCOS )

" TIE INCRDENTAL ELEMENT FORCES
.) TIE TOTAL ELEMENT FORCES- STORED IN Ft.B

&
2'>5

&
&,,
&
&
&

SOlOS55ll
SOlO~

SOLOS550
LSTTVP:Q SOlO=
PRINT=.FALSE. SOLO~70

HEAl) =.FALSE. SOlO'5580
_=.FALSE. SOlOS590
00 150 IElNO=l.NE1.IlT SOlOS6OO

IOPT:4 SOL0S610
CALL ELELIII SOL0S620

& CIOPT ,lsTTVP .PRINT.IREl.. .Jo£AD .NAME .EESE.EPSE.OAMAGE. SOl.OS6SO
& lfLNO.mooF .KGOOF .PGEOM.RINPUT.AlWI...IZOOSP .IZOLOA.MSTOR) SOLOS6'oO

rOPT=IoPT SOl0S650
lSO CONTIMJE SOlOS66O

C SOlOS67O
C============= SOlOS68O
c: REPEAT STEP IF ~y = SOL0S690
c================--===----:= SOL05]OO

IF AN ElEMENT STIFFNESS ow.GE DICTATED THAT nE STEP BE REANALIZED. SOLWIO
Rl'FOIMl.ATE TIE STIFFNESS All) Rl'ANALIZE SOLosno
THE VARIA8l£ REPEAT IS SET loP TO SlPRESS Tl£ REANALlnNQ OF A STEPSOLOY"SQ
ClREHTLV. EAOI STEP NAV ot&.y BE REANALIZED ON:E. THIS PREVENTS SOlOYltO
AN EIIllESS LOOP. SOLOS75O

scx..03760
SOlOsnO
SC10S780
SOLOS790
SOLOsaoo
SOl0S810
SOLOS82O
SOL0S830
SOLDSSoltO
SOLOS85O
SOLOS860
'St\.05870
SOLOS88Q
sex..0S890
sot..OSQQO C
SCLOSqlO
SOLOS920
sa..os~

SOlOS_
SOLOS9SQ
SQl.OS%O
SQ..OS970
5Ot,.OS980
SOl.OSQ90
SOLO'oOOO
SOLO'o03O
SOLO'oO'oO
SOl""",",
SOLll'o06O
SQ..04070
SOla.080
SOLO'o09O
SOLOHOD
SOL"'UO
5CL0ii0l2O
SOLOH30
SOL~ll,Q

SOl."'15O
SClt~l60

SOLOiiol70
SQ..<K>lBO
SOL~l90

SOl."'200
SOl"'210
SOL.,.no
SOl."'230
sa..o.2'90
sa..OfrZSO

SOL"""""SOL09270
SOl."'280
SOl."'290
SOl"'3OO
SOlO't$10
SOl..,.S2Q
SCIl~S30

SOLa...S"O
SOLQotiSO
SOl."''''''
SOL~

SOL~lO

SOL_20
SOL~SO

SOl~

SOL""50
SOL""",,
50l~70

SOL"""""
SOL_'"
SOl."'SOO
SCll,lWilO
SOL0<520
SOL045SO
SOl.OftS40
SOl.0<550
SOL0456O
SIll04570
SOLO'o58O
SIll0<590
SOL04OOO
SOl..~lO

SOl.04620
SOL~SO

SOL""'"
SOL04i>6O
SIll04610
SIll"""'"
SIll04690
SIll04700
SIll.,.110
SOL00720
SOLll'110
a()ltloltO
SIllll'l5O
SIllll'l60
SCLtMo170
SIllll'lllO
SOL0+790
SIllll'800
SIllll'810 C
SIllll'82O C=~~==,========

CC

C
c======:--=== _ _ _
c= SOLVE FOR INCRINENTAL GEOIETR!C STIFfNESS FORCE. lFG ===
c..~~=.=============
C
C--- INCI/IIlENTAL GEOOETRIC STIFFIESS FORCE

IF o::'GFQRIIl.EQ..Z' THEN
IF (BUGS) loRITE<6.*) .*-- IrGDENTAL FORa: [l£ TO I(G •
CALL. rMPLVdWGS •• rRlE••OO.Lft.LS.Lft.L5.l'I.

/O(G.JC;G.OFG.OOISP)
StALE FORCE TO IN.COOE GROtN) ACCELERATION •••

ENOIF

C
c====:;::;::============
c= SOLVE FOR REACTIONS =
c==--=======-.,----

IOPT='!
CALL REACTN<2.8UG3.NNOOE.U.L'.L5.L6.11.0A0.OOISP.

L MO.STIFF. lMO.t&XlF .1.1.0,
& "AXNOO.IOOF .COORO.ro. TITLE.STEPIO..FAlSE..
& NCOS.COSIhE.JTCOS.JTFLG.su«c)

IF (WRITE) LDE=t.INE+9c------ P\Ll. JOINT DXSPl FORCES OUT CtF LOAD MTRI)( •••
IF (OSPFlC> THEN

DO 137 I=L.l.lft
lOAOCI> :: LOADeI) - RLOAOCI>

131 OLOADC!> :: OLOADcX) - CJft.OACX>
ENOIF

C
c===::==--=========
C= ...INT STEP SIZE =
C~==::=:::::==-_=--=

ISTEP:ISTEP
~T:I_T

WRITE::(MOO(ISTEP.IPRN1').EQ.O)
IF (ioRITE> Tl£N

NRITE <6.2<5) TITlE(l). TI1l..E(2).STEPlD.FACTOII.AFACT .tF.FACTL.
PMll.OIIAlI._

FORMAT C'l STRUCTURE•••• : ',1..1
• SOLUTION••••• : '.I..II,2IC.AI

TARGET FACTOR••• :' ,!p,GU.ft.
FACTOR•••• :' ,lP.Gl2.it,' INC. FACTOR•••• ;' ,~.ft.
PREV. FACToR.:' ,G.l2.~1

PMll '·.IP.lll2•••
1:I4.fJC•••••• : ••w.".
NORM OF l.IrIIIl.ANC£D FORCE:' ,lU2.ft)

LINE="
EIClIF

C
c•.••.. GET KAXIfII.N LoaDS AIrI) DISPL

DO 1007 I:::L.l.Lu.
IF (ABS<OISPC I».tiT .A8S(DSPIWC( 1>)) D:SPNI«I>=OIsP(J)
IF (A8SCLOAIl<I)) ••T.A8S<RCTIWU Ill) RCTNX<I l:l0All< I)
CONTD&I:

C
C==--==
C; CIrLC At«) ElERCUES AtI) OUCTn.IT'IES
c===_ - __::==
C

1001
C
c.:::=======::::===::
C::: PRINT TOTAl.. GlOBAl OISPl.ACEIEHTS =
c-=================--=

IF (hWITE> Tt£N
IF (IPOISP+lDE~L£.60 ) lIEN

LINE=IPOISP+UIE
ELSE

C
c;;========::======:::=:::==__ _
c::: GET TOTAL Q..OBAL lOADS AIC) DISPL

C=====OO=23~I~~:~=~-===='
LOAO<I>=LOAI)(I)+{l.OAOCI> ... RLOAOCI>
RlOADcI> ::: RLOAIXI) + CJft..0AC.I>
OISP< X)=OISP< I)+OOISPC X)
FG( I> ::FG< I> +OfG< 1)

2~q CONfIMJE
00 2..a 1=1.5.L6

LOAOC I >=loAOC I ).a.OAOC I)
DISP< I ):::OISP< I )+CIl!SP< I)
FGC:I> ~G(I) 4"GC.I)

2'tD CONT'IM.E
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CALL. NODOOF(JOF.NClJIrrI).JrEREE.~ST.liWCNDO •...xlE.NCOS.
& SCALE.NSl.PT .P«:ONST.
& NZ< IZID>.NZ< tZIDOF >.Nl(I21«2>.Z( IZtORO ).Z< l2COS).Z< IZCNST >.
& Nl(12..FlG).NZ(UXOS).8TEST(IBuG.O),NZ(ID«»

C
C-- DFUT • OF NOOES•• OF SlJ)TS•• OF CONST., AN) SCALE FACTOR

READ (5.*) friIGlE.NCOS.NSLPT .NCOtCl.NCONST.SCALE
MAXHOO:INlllE

READ (5.-) NMT

- NANZ~~TOotTA ST:~ --'-OF-"-T-ERIAl POIlPEIHIES r.NMAT)

NZUZM". 1>: ASSOLUTE ADORE~ OF MArl d
NZ<1ZMAh 2>= A8SC1LUTE AlOESS OF MAR .2
NlclZMT+ $>= A8SC1.UTE AOCJRESS OF MArl .S

C
C-_ SET "" mI'ORNlV _.v FOR ..IN DIAGONAL INlICIES".

IZMO =IZ
IZ =IZ_.1
CALl SKVLD«l.N>OF. ISUG. TITLE ,HZ( IZJC».

IEl.DOF.MZc1ZlJt>.Z< IZK£).IIl.· GL08AL. srIFFfESS' >

STROOOSO
STR00060
STROOO70
STR00080
STROOO90
STROO100
STROOllO
STROO12O
STROOlSO
STROO1'iO

DOUBLE PRECISION VERSION' II )STROO150
STRoo160
STROO170
STROO180
STROOl90
ST!lOO2DO
STROO2IO
STR00220
STllOO2SO
STR002..0
STRoo250
STROOZ60
STllOO270
STROO2SO
STROO290
STROO300
S1'ROO310
STROO3Z0
STROO350
STROOS40
STROQSSO
STROOS60
STRo0570
STROOSSO
STROO590
STROtYtOO
STRQO...I0
STRO()'l'ZO
STROO...50
STROO't40
STROtYtSQ
STRQ0tt.60
ST~70

ST~80

STRoott90
STRQ0500
STRoo5l0
STRooSZO
STROOS:;O
STROOS"O
STR005SO
STROOSt')O
STRoo57D
$TROO58Q
STRQ0590
STR00600
STR0Cl610
STR00620
STR006SO
STROQ4)SO
STRoot,bO
STROOt;,lO
::mroO,,8o
STROOoQQ
STROO100
STROOllO
STRoo12O
STROO7~

A8SOlUTEADORESS FDMATL • NtUT STROO1~O

MATERIAl.. DATA FOR MATERIAl. a1 STROO750
STROOl6Q
STROO770
STROOl80
STROOlqa
STROO800
STRooSIO
STRooS20
STROOS!;O
STROOS"rO
STROO8SQ
STR00860
STRoo810
STR'OQS80
STROOSqa
STROQ9OO
STR00910
STRooqZO
STROQf;lW
STR~O

STROOQiliO
S7ROO%O
STROO970
STR00980
STROOQQQ
STROlOOO
STROI010
STROI020
STRolOSO
STROID<tO
STROIOSO
STRo10b0
STRol010
STROI080
:nRQHNO
STROllOO
STI!OI110
$TROU20
STROllS{)
STROUotO
STRou50
STRaUbO
STRoU4JO
STRal200
STI!01210
STRal220
STR01Z~

STR'012~

STROl25D
$TRol2bO
STR01210
:iTR01280
STRoIZ90
STRoHOO
STROH10

MATERIAL DATA FOR MAfERIAl. .2Z<NZ(IZMAT.2})::

NZe tzN,T .......T >=
zeNZU2M4hl>>=

IF <TEsTe ~.'!iD-BE.&M. ,.FAlSE.» n£N
MATTVP= 1

ELSE IF <TESl"<TVPE,'AXLI'IOO' ,.J:Al.SE.» THEN
..TTVP= 2

ELSE IF eTEST< TYPE, '8EMJ1' ,.FALSE.» TlEN
"'T1'VP'= S

aSE IF (TESTe TYPE••SHEARJ· ••FAlSE. » Jl£H
MA~"

ELSE IF <T£STnVf'E.·RCMJERG· ••FAlSE.» THEN
"'T~S

elSE IF <TEST<TVPE.'TAK£DA· ••J:'ALSE.» ll£N
...nvp-: 6-

ELSE IF <TEST( TVPE: •• aSPLs· ••FAlSE. >> TIEN
""TTVP-: 1

ELSE IF <T£ST(TVP'E,·Sn.IfrEM' ••F&LSE.» TtEN
",rTVP::: 1

= =12
12 = 12""""""
I2IDOF =12
IZ =12""""""'"
IZCDRD =12
IZ =12~

IZCOS = IZ
IZ =IZ_
IZCNST =IZ
IZ = IZ_6
IZ..FU:i = 12
IZ =IZ~

IZJCO$ =IZ
IZ = 12""""""
IZ>« = IZ
IZl«2 =I2~

SI..8ROUTDE STRUCT
OIl£NSION NOIIf'<S.2).RIIflUT(lOO).llINPUT(I00).DUCT(3).EXCR(3)
CHARACTER"SO NAIOE. TYPE
ODENSION SE<lOO>
LOGICAl. FIRST .PT .1£All. TEST.AlClAI..I£All2.BTEST
INCLUDE (ze-)
IoRITE (6.5> TITLE(l).TlTlE(2:>

S FORMAT e 1 STRUCTURE •••• : ' .A.I
& • SOLUTION••••• ;' .A.I)

I<llITE (6,6>
6 FORMAT (. *** PRoGRAM FEM -*

tUAO=l
C=_=-====
C= INPUT~ DATA =C ~__

C - NDOE DATA STORAGIi ------
C NZ< IZID > =10 t«.MIERS FOR EAOf NODE
C NZ( IZlDOF) =DEGREE OF FREEOOOO FOR EACH NOllE
c zeIZtORO) :: GLOBAL COORODlAT£ OF EACH NODE O(.V.Z:>
c Z<IZtNST) :: Q.08AL. CONSTRAINT MATRD< FOR EACH NlX£
C NZ<IZJ« ) = T£/fIGRMV STORAGIi
C

C
C

~m;uT-;:;r'''ER''IAL==''=T='==
c ==

IOPT=l
IZMAT =IZ
IZ =IZ ..-r.t
NZ<IZMAT>=frIIU,T
PT=. TN.
FIRST=. TRUE.
IEAO=.IRUE.
MAT ::0
LSTTVP=O

C---~~----- LOOP Fat EACH MATERIAL -------------------
110 MAT =IQT .1

READ <S.·) TYPE
BACJ.SPIa <5)

C
c••••••..•••• TO ADO AODITIONIl MATERIALS. COPY Tl£ NEXT THO Ut£S
C.. 0W«iE THE FotlOWIMi VAl~S
C.. <.1.) VOOR MATERIAl NUE
C.. (2) MATERIAl 10 MJIl8ER = )()(
C.. ADD CALl IU.r)()( TO SUBPROGRAM !'tATLIB
C.. AOO Sl..lBAKJGRAM MArX)(
C••••••••••••

a..se tF <TEST(TVPE','9D' ••FAlSE.» nEH
tllAT::MAT-l
NZ(IZMAT'-T
GO TO 120

elSE
WRITE <6.*> 'INVALID IU.fERIAL TVP£: ·.HEAO
GO TO 110

PSEl. = PSE
PREvENT t.NlERFLOW FOR VERY SMALL Pst14 OR OOlF

PSlJM=P.....
ODIF=D-a..
TOl:l.OOE-25
IF <A8S(PSUM>.LE.TOL .ore. ABSCOOIF).LE.TOL> THEN

OTSE=O
ELSE

OTse = PSI.JtItOOIFI'1.. 00
ENDIF

TSE = ESE( 1 >. PSE • OTSE
PREVENT UNDERFLOW FOR VERY sw.u.. P, OR SE;;O

IF <A8S<P>.L.E. rot,.) rHEN
ESE(l)::O.

ElSE IF (SE.EO.O) THEN
ESE<l>;TS£

ELSE
ESE<l)= P-PICZ*SE>

ENDIF
ESE<l>; "INcTSE.ESE(l»
PSE = TSE-ESE<l)

C
C:;:;===:::====================
C:; PRINT DAMAGE IMJICIES =
C:============--==

LSTTVP=O
HEOO =.FALSE.
PRINT:;. TRUE.
loRITE (6.250> TITLE(l:>. TITL£<2>.O.

& • D.INAGE. INOEX '_:0
DO 5320 IElNO=I.IELMT

CALl ElElIB
& (H .LSTTVP .PRINT .IREL .lEAD .N&IE .EESE,EPSE.EDAM.
& lELND .IELOOF' .KGOQF ,PGEOM.RItf»UT .IJ(IAl.IZOOSP.IZD..OA.MSTOR>

5320 OAMAGE:OAIoAGE+EllAM
OAMAGE=:OAMAGE/< ESE.PSE)
<RITE ' ••5330) DAMAGE

53:50 FORMAT U1OX.·STRUCTlRE DAMAGE D«lEK=' .lP.Cll5.5>
IlETUllN

C
C==--===--==- __ __ _
C= PRINT DUCTILITIES A>() EXCl.IlSION R.TIDS _
C============--==:==--

LSTTVP=O
HEOO =.FALSE.
PRINT=. TRtE.
~ITE (6.250) TITLE(l). TITlE(2).O.

& 'PEAK DUCTILITIES AN) EXClWSION RATIO"S·
00 5310 IELNO:l.NELMT

5510 CALL RELIB
• <11 .LSTTVP ,PRINT .IREL .IEOO ._ ,EESE.EPSE.DAMAGE.
& IElNO .!ELDOF .lC.r.DOF.PGEOH.RIWUT.AXIAL.IZIXISP'.12Il.OA.HSTt;'R)

C

C===--====--===--==
C= PRINT MAXIMLIl MEMBeR FORC£S ==
c============--=--

LSTTVP=O
HEAD =.FALSE.
PRINT=. TRU:.
wRITE (6.250) TITLE(!). TITLE<2>.O.'PEAl( ELEJENT FORCES·
00 5500 IELNO:l.NELMT

5300 CALl ElElIB
• Cl2 .LSTTVP .PRINT.IREL.IEAD ._ .EESE.EPSE.DAMAGE.
& IELNO.IElOOF .ICGDOf' .PGEOM.RIt*UT .AKIAL.IZDOSP. IZtLOA.MSTOR >

C
C•••••••• CAlC PlACTIC STRAIN~ AT ZERO CROSSIN; •••

IP =SICH( 1..P >
IPL=SIGN(l••Pl)
IF <Ip·IP.... lE.O> TlEN

DF=PL·P
OP=PSEL-PSE
IF <A8S«(F).l:ir. TOL .ANlle ABSCP).GT. TOI.. .N«Ja

A8S([JI).GT. TOL ) THEM
PSEOl.O=PSE. (J)ttp/DF

ELSE
PSEOLO:PSE

E~IF

ENDIF

C= PRINT MAXIMI..M GLOBAL REACTIONS =
C=====================

WRITE (6.250) TIlU(1).TITLE<2).O.'JWCD«JM REACTIONS·
CALl REACT"' .... TRUE..NNOOE.U.L".LS.L6.RCTMAlC.osPIW<.

MIl.STIFf .IlIl.NOOF .1.1.0.
MAl<NOO. IOOF •COORll.10. TITLE.·1W<IIUl VALUES' ••FALSE..

& NCOS.COSlPE.JTCOS.JTFLG.StJ«CM)
HRITE (6.5111) Sl.M4FO.SIJMIII'IO

S1ll FORMAT U"'X.·MAXlMUM REStLTANT OF REACTIONS. FORCE=' .lP.GU."'.
& • MOtEHT:' .Gi2."')

D<PI.ICIT REAI,( ......D-n
OIMENSION ESE< 5)

C
C....... , DETERMIIE _IlUI ElASTIC STRWI ElERGV/SIllE...

IF <P.GE.O> HEN
E$E(Z >=flW(ESE(Z:>,ESE< 1»

elSE
ESE< ~ >=IW(ESE( S) .ESE(1)>

ENlIF

RETIJRN
ENl

C:=====--

183



STR02570
STR02S80
STRQ2590
STRQ2600
STRQ2.10
STR02620
STRQ2630
STRQ2.'D
STRQ26SO
STR02660
STR02.70
STR02680
STR02690
STRQ2700
STR02710
STR02720
sTR02750
STR027~

STRQ27S0
STRQ2760
STR02770
STROV'80
STRQ2790
STR02800
sTRQ2S10
STR02820
STR028:;O
STR028<ta
STRa2850
STR02860
STR02870
ST1lO2880
STR02890
STR02900
STR02910
STR02920
STR029~

STRQ2940
:;TR02950
STR02%O
STR02970
STR02980
STRQZ9liIO
STROSOOO
~TROSOI0

STRO~O

STROSOSO
STROSO...o
STR050S0
STROSObQ
STRO~lO

STR03080
STRO~

STR03100
STROSll.O
:iTR03l<tO
STR031SO
STROS160
STROS170
STR03180
STRO~l.QQ

STRO~200

SJRO~l.O

sTROSZ20
STROS2~

:mro32'tO
~TR05250

STROS260
3TR05270
~TRO~280

STR05290
STROS500
STROS;IO
STR05~20

srRO~B:::O

STROSS...o
STRO~5SO
STRO'S~

sJROS~70

STR03:5SO
STROS~90

STROS...oo
srRO~'tlO

STRO';,,20
STR05't>U
STROS.."O
STRO~..SO
STRO'S'tbO
STRQS;.lO
:;TRO'S"ao
STROS"qo
STR039JQ
STR05510
STRQ'SS20
5TRO'S5~

STROSS40
sTROSSSO
STROSs'&o
sTR05S70
STR05SSO
STROS590
STRO~

STROSb.lO
STROS620
STRO~50

STROSt)40
STR0S650
STROS660
STRO'J,t.>Q()
STRO'S700
STRO'S710
sTROS72Q
sTRO'S7SO
STR05740
STR05750
STR05760
STROSno
sTR05780
sTR05700
STROSSOO
STROS810
ST=2O
STROS8SO
STRO:I8SO

IF (TEST< TYPE.'~AM' , .FALSE. » THEN
NINPUT= 10
NINZ = 505
NEl.TVP= 1

ELSE IF eTESTCTVPE,'SHEAR' MAU.· ••FALSE.» Tl€H
NINPUT= 9
NlNZ =769
NEl.TVP= :I

asc IF (TEST(TVPE.~SPRDG·,.FALSE.» ll£N
N~= 10
NINZ : ISS
NEl.TVP= 2

Z20

C
C--- RESERVE SPACE IN TIE SKVlINl FOR TlE sTIFFNESS

CALL SKYLINC2.hOOF.ISl.Ia.TITlE.NZeIDIJ>,
IELDOF,NZ<.I.Z1.M).Z(lZKE>.ICJ','Q..08AL STUFMESS·)

FIRST=.l1U.
lEAD:. TRt.€.
IGCH=O
IELNO:O
LSTlV!':O

C LOOP FOIl EACH EI.fMEIIT ---------
210 IElNO:IELHO.l

IF (IGEH.LE.O) TI£H
READ es,·) TVPE

C
C•••••••RESERVe STORAGE

IZ=IZ.NINZ+fi($TQR
IZlIC=!Z

C
C••••••• CAU. El.9ENT LIBRARY TO DETERMINE THE STQRAGE FOR MAn DATA

IOPT:::9
IEAOZ:.FAlSE.
LSTTP2=O
CAlL ELELII
(IOPT .LSTTP2 ••F4l.SE.,IREL.t£A02. NoUE , EE$E.EPSE.DAHAGE.

IELHO ,IEUlOF ,KGDOF .PGEOM,RIYlUT .AXIAL. .llDISP .lZlOAD .MSJOR)

C
C----- RESERVE SPACE IN 11£ SXVLINE FOR 11£ GCDlETRIC STIFFNESS

IF (NZeIZKQ)hS).EQ.l .MIl. AXIAL) TI£H
CAlL S1CVLINe2.~,IBUG.TIn.e.NZ(IZICJ).

& KCOOF,NZCIZUI(G).ZCIZKB:C).ICJ,'I108Al GEOMETRIC STIFFNESS')
Rse IF O,lZ<IZK.a:JT+S>.EQ.2 .AtCJ • .l)(!AU THEN

C.&LL SKYLINe 2.tiX'F ,leu.. TITLE ,NZe IZKltl;>.
& KGDOF.NleIZU«G),Z(IZlEJtG),KJ.·Q.OUL GEOMETRIC STIFFNESS')

EhIlIF

C
c •••••••00-'IF ELEMENT DATA IF DEBU_GlNG

IF (STEST<IB&J;.S» TlEN
"ITE (6,·) 'IZLM:' .IZLM.' IZKE;' .IZJ<E
JJ:::-l
00 1000 WC.C!ZII<-l-IllEl.)

JJ:;J.J+l
IF (NZ<I).~.O) wtm <6,7010) IELNO.JJ.I,NZ(I>.Z<1)

FORMAT (' lELNO:',IS.' .'.16,' lc' .16.' >:' ,Ilo.lP.G.lB.8>
EIIlIF

c..
C..
C..
C..
c.•
c••
c•.
c•.•••••.•..•

aSE IF cTESTCTvPE.'BIJ· ••FALSE.» THEN
PoI:lMT=lElNO-l
HZ( lZELE )::frEJ...MT
GO TO sao

ElSE
~ITE <6.*) 'INVALID ElEJENT TYPE: '.HEAD
l;Q TO 210

EN>IF
BAaSP'ACE (5)
READ <5.·) TVPE.NME, C RDlJUTe!).I:l,NINJUT>.IGEN
IF (ICCH.GT .0) READ <5,·) < CiI~T< 1),1=!.NINPUT>

ELSE
IGEII=Ica.-l
NAME='CENERAT'ED'
00 220 I::1.NIMIUT
RDPUT<I>=RIHPUT(I~T<I)

EIIlIF
ill FORMAT <OP.· ZMAnnc(' .16,'):' .IlS,LP.C20.10)

C•••••••RESERVE STORAIC
HZc I2ELE+mJI)>=IZ
IC=!Z
IZI«.rz

C
C.......CAlL ELElENT LIBRutV TO INITIAlIZE ELElENT OOTA AHIl RET\JItIl
c•.••••• DEO I»l1 EUJllENT DOf •••

lOPT=1
CAlL ELELII

& <lOPT '.l$TTVP •• TRt.£ •• !R£l.tEAD,NAJE • EESE.EPSE.OAWoGE.
& IELHO .IElDOF'.KCDOF .~OIit,RDl'UT ,AXIAL,IZOISP.laOAO."'STOR)

IF <IaNO.LT.NElKT) GO TO 210
sao CONTDU

C
C
C=======--===_ - __ _ ====::;:=====--==
C= MOOIFV GEOMETRIC STIFFlESS MATRIX FOR CONJEHSAfION ===
C====--====::;::====--==--==============
C THE CON:eISATICW PROCESS NAY E)CPAte Tt£ GEOMETRlC 3TIFFNESS MATRIX'S
c SlVllPE. Tl£ lWeII'Ll. SlVlDE aF 80nt TIE GEOMETRIC STIFFNESS AND
C 11£ STIFFNESS MArJlllC IS USED.

IF <NZ<IZlCiDT+S>.EQ.2 .MG. KGCOtrI) .AIrI). 1rI:000,GT.OHlEN
00 510 l=O,hIlClF

..1=1.1
oaGl:NZclZM*G+I>
NZCIZIOCG+I>=llDIC NlC!ZIUG+I>.NlCIDIl+I) )

STltOl32ll
STROl330
STltOu.o
STROB50
STROl~

STROl37O
STROI380
STROB90
STROHOO
ST'ROIHO C
STROlt,20
STROHSO
STROl~

STROllo>O
STROl"f6O C
sTltOl.70
STROl~80

ST'ROllt9Q
STROI500
STROlS10 C
STR01520
STROlS3O
STROlS<Q
STROlS50
STROI560
STR01S70
STROl58O
STR01590
STROI600
STR01610
S11lO1£20
STR01630
STROl6.0
STR01650
STROI600
STR01670
STROl680
STR01690
STROl700
STR01=
STR017SO
STR017<tO
STROl75O
STR01760
STR01770
STROJ.7S)
STROl79O
STROl800
STR0181D
SfROl820
STROlBSO
STR018iftO
S1'ROlSSO
STROI860
STR01810
STR01SlO
SfROl890
STROI900
STROl91O
STROl920
SfROl950 C
STROl_ c...••.•STOIl£ EI.ENENT T'IPE
STROIIlJliO NZ<It> =tELlVP
STROI960
STROI970
STROl_
STROI9'lO
sT1!02OOO
STR02010
STIlO202O
STR02CSO
STR02Il<O
STR02050
s1'IlO206O
STR02070
STR02080
STR02090
STR02100
STR02.l10
STR02120
STR021SO
STROZl<tO
STR02150 C
STR021bO c••• u ••RELEASE lHJSSJ STORACE •••••
STfm217D IZ::IZ-IREL
STR'02180
sTR02190
ST1lO22OO
STR02210
STR02220
STR022SO
ST_
STR02250 7000
STR0Z260 7010
sT1lO227O
ST1lO228O
sTR02290
sTR02SOO
STR02510
sT1lO2S20
ST1lO2SSO
STR02S'D
ST1lO2=
ST1lO2S6Q
STR02~70

STR0'2S8Q
ST1lO2S90
STflO2',OO

ST~lO C
• S~20

AIISlllUTE AlDlESS FOR EWl • HEUrr ST1I02'<SO
HATERIAL OArA FOR El£MENT U s'J'R02'ft4.0

sT1lO2lo>O
STROllt6Q
sTR02t,70
S~80

ST~90

sTR02500
STR02'510
sT1lO252O
sTR02'5SO
STIt<l2S'Q
STR02'550
sT1lO256O

.LT.toMAl) GO TO 110

Z<N2< IZEl£+2»:

NlC IZMAT+frELMT):
ZcNZ<IZElE+l»=

IF CNZeI+S).EQ.l) "'tIlE <6,1(0)
'I(GfORlll = 1. KG IS SUlTRACTED FROM ElEJENT STIFFNESS •

IF ofleI+S>.EQ.2) ..alii: (b.l6D>
, KGFORIt =2. SEPERATE Q.08AL " IS FORMED'

IF <NZCI+2).EQ.l) I«ITE <6.1(0)
'KGT'IPE = 1. LI.OI'Ell FClIlOIUTION

IF OlZ<I+2).EQ.2) WRITE <6,160)
'I(GT'iPE = 2, CONSISTENT FORIILAnON '

WRITE (6.160)' ,
IF < ICGCOtG) IoRITE <6.160)

'- TIE GCOIElRIC STIFFNESS MATRIll IS COIllEHSEIJ •1/
'WITH llE STRUCTlRAL STIFFtESS MURDC.·

IF (.NOT.KGCON» WRITE C••I60)
'- TIE QEOIETRIC STIFFlESS MATRIX IS NOT COtCJENSED •II

•WITH TIE STRUC11JtIL srlFFlESS MATRIX.'

rOPT=l
IffiE =!Z
IZ =1Z +lELMT+l
NZe lZElE >:HElHT

IZKGOT=IZ
IZ =IZ"
READ <5.·) CNZel2XGDT+I),Io:.l..3) ,KGCONJ
I=IZKGDT
IF (NZcI+l>.EQ.O .OR. NZCI+2).EQ.O .QQ. NZ<l+S>.EQ.O) TlEN

NZehl)=O
NZC l+2 >=0
NZel+S>=O

ELSE
IoolRITe (6.150) TIll£(1).T1TLE(Z)
IF 042'(1+1).EO.1) WRITE (6,lbO)

'I{Q.OAD =1. LOID: F<~)·<l.00+ACCEL>',
, F< I~T > IS POSITIVE IN CQIII)R£SSION',

ACca IS POSITIVE GLOBAL. Z-AXIS ACCEL.ERAnON'
IF (NZ<I+l).EQ.Z) IoIlITE (6,160)

'KQ.OAD = 2. PREVlQUS LOAD STEP"'S AKIAL LOAD IS USED'

••EhIlIF

If (!ltA.T
120 CONTINlE

EIIlIf
C .
C•••••••RESERVE STORAGE

NZ<IZMAT+NAT }:U
In«::IZ+200

C
C•••••••CAU. MATERIAl LIIlRAIIV TO INITIAlIZE MATERIAl. DATA

CALL MATLIS
(IOPT .LSTTVP .PT .IREL.f£AO.NAME.EESE.EPSE,OUCT,El<CR.

P .PI.. .0 ,tt. ,V .VL .LEl.EM .LMAT •
HAT .MAITVP.SE.-l.OAMAGe)

C
C•••••••RESERVE STORAGE

IZ::IZ+LMAT+l

C
C==::::====== _
C= INPUT GCDlETRIC STIfFNESS DATA _
c=--========z========--==--==
C Z( IZKGDT+0) = VERTICAl GIlOUIIl AetaERATION
C NZ<IZKCDT+U:: TYPE OF AXIAL LOAD USED
C = o. GEOIElRIC STIFFNESS IS NOT CONSIIlERED
C :; 1. LOAD: FeIN'UT)tI(1.0 + ACCa)
c =2, PREVIOUS LOAD STEP'S IJUAL LOAD IS USED
C NZC IZKGDT-2) = T'IPE OF ELEIEHT GEDIETRIC STIFFNESS TO llC USED
C = O. GEQlETRIC STIFFJESS IS NOT CONSIDERED
C = 1. ll.lFEO FOIM.LATICH
C = 2, CONSISTENT FORtU.ATION
C NZeIZKGOT+S) = FORM OF SOLUTION
C = 0, GEOMETRIC STIFFNESS IS NOT CONSIDERED
C = 1. KG IS SUIlT~ACTEO FR<If ElEIENT STIFFNESS
C = 2, SEPERATE Q.08Al KG IS FORMED
C KGCON) = lOGICAL FLAG. TRt.E IF KG rs TO BE COtrIJENSED
C

C
c:;:====::::::===========
C= IN'UT ELEMENT OATA =
c==================

READ <5.*) ~T
---- EWENT STORAGE ------=

NZCIffiE )= • OF MATERIAl PORI'ERTIES <NELIIT>
I4ZcIZELE+ 1)= ASSOlUTE AOORESS Of ElEMENT d
I4Z(IZELE. 2>= ABSOLUTE AlXJRESS OF ELEMENT .2
NZ( IZEl.E. $>: ABSOlUTE AOOR£SS rs ELDENT .5

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

ISO FORMAT c'l STRUCn..rtE•••• : ',A.I
& • SOlUTION•••• ,:' ,A, II
& 5)(. I GEOIETRIC STIFFNeSS: QATA ./
& 5)(,':::======-~-=='/)

160 FORIlArCSX.A)
C
C
C==========--::===--========--==--==
C= SET lP STORAGE FOR GEOtETRIC STIFFJrESS OATA =
g===-- Q..~tmESi-~~TOIlGE;:-~====::'-
C /rtZcIZMXG) ::: DlJICIES OF T1E' MAIN OIAGONIL TERMS
C Z<IZKG ) = CilO8AL. GEOMETRIC STIFFJESS MATRIX

IF (Nle1ZJ(COT+$).EQ.2) THEN
I~G=!Z
IZ :IZ..N)(JF + 1
CAlL SXVLI"'I,hIlClF,I8UG, TITLE,NZCIZIIllG),

& KGDOF,NZeUUltG>.Z(IZKElG>.ICJ'.'GLQIIAL GEOIETRIC STIFFNESS·)
ELSE

tA:.JIMY lClCAnON FOR KG TO ,yom .taIREsstNG EXCEPTIew:s
KG oAfA IS NOT'STORED IN T~SE LOCATIONS•••

IZJIIXG.;IZKGDT
IZltG =IZKGDT

ENOIF

184



10

10

SiS

SiS

C
c--- ....TIP!..y TERHS BELCH TI£ HAIN DIAGONAl.

DO 5Il I=IR1. IR2
IRC;;:I-+lXI+l)+fil}(I>+1
filJI.::Kl(I).r
J1::MAX( IRe. Xl )
J2::MINcI-1 •..c2)
IF <J2.GE.Jl) HEN

00 'riJ J::Jl.J2
P<I):;9( I >+A(IC:JI-J )·XC J)

ENlIF
so CCNTDLE

C
C--- ....TIP!..y TERHS A80YE AlII IHCLLOING TI£ MAIN DIAGONAL

DO 20 J::Xl.X2
IRC=J-+IX J+l)+KJ( J)+1
fll)J=tO:J)+J
Il""""IRC.IR1)
I2::MINeJ.IR'2)
IF <12.GE.Il> TID

DO 10 I=Il.12
P<I ):::P<I)+II(MD.J-I)·X(J)

ENlIF
20 CCWTINLE

C TIE Htl.TlI'UCATION IS CARl/IED WT FI!OH ROH IRI TO IRZ AID F~OH TMP00080
C CQLlM Xl TO ..£2. TMP00090
C====--======--===============================TMPOO1OO

Sl&KIUTDE TIIPl...,<PRINT,ZERO.OO.N.IR1,IR2,JC1 .. JC2 .. JII).A.P.X) TMPOOllO
DIMENSION A< DC!) .XCN).P< N) ,MOCN+1) TMPOOl20
LOGICAL BTEST .PlUNT.ZERO TMl'OOl511

TMPOO140
IJICI.J>=HXJ>+J-I THPOO1SO
IF (PRINT) 1lEN TMPOO160

WRITE c6.5OO) ·TRIANGU..AR Mll.TIPLACATION'. TMPOO170
IRl.IR2.JC1.JC2.N TMPOO1SO

CALL LMATRX<A.IC).N.IO:N+l).'MATRIX A ') TI'POO190
ENlIF TMPOO210

C - ZERO P - TMPOO2Z0
IF (ZERO) tlEN T/llPOO230

00 S2O- J=IRl.IR2 TMPOO240
S20 PCJ>=a TMPOO250

OOIF TMPOO260

T"""""""
TMPfJOltlO
THP00420
THP00451l
T"""""""
THP00450
THP00460
Tf'IPOO't70
TMPOO'f80
TMPOQItQ()
TMPOOSOO
THP00510
TMP00520
THPOO55Q
TMPOO540
THP00550
TMPOOS60
TMPOO570
TMPOOS80
TIotPOOSQQ
TMPOOoOO
TJl'POO610
fMPOlJ620
TMP00650

T"""""""TMPOlJ650
c TMP00670

sao FORJUT (I'ZJ(.IJ.2X.' IRl:'.IS.· IR2:·.IS. TMP00680
& ' Jel:' .15.' JC2:' .15.' N:' .15) TMPOOoQ()

IF (PRINT) nEN THPOO700
DO 515 I=IR1.IR2 TMPOO710

\lIlITE(6.520) I.X(I>.P<l) TMPOOnO
IoIRITE <6 •• ) • • TMPOO7SO

520 FORMAT <lX,'OOf:'.I6.· XCOQF)·.lP.Gllt.5.' A*X::P<OOF):'.Gh.S) TMPOO740
Et«)IF TMPOO750
RETl.RN T!'F'OOl60
ENJ TMPOO170

c_---::::====-=---:..-_=== --:::=--==========UTMOOO5Q
C lPPER TRINO.AR ",TRIX .....TIPlICAT!ON •••• UTM0Q060
C MATRIX. IS AN UPPER TRIAf«iU..AR ....TRIX. IolITH IUZN DIAGONAL AOORESS UTMOOO70
C MTRUX)I(I. x IS A VECTOR. P:AX UTM00080
C TIE TIPlICATION IS CARRIED OUT FR<lN Row l..l TO L2 AN) FROM UTMQOOQ()
C COlJ II TO N. UTMOO1OO
c.=====::===--=====--===--===::~===========::::==::::================ur1'lOO110

SI.8ROUTINE UTJiR.v<PRINT.ZERO.IMD.N•.IR1.IR2 .. ..cl• .JC2.I'O.A.P.X) UTMOO120
OI~NSION ACIMD'),KCN).P(N).tO:N+1> UTMOOlltO
LOGICAl BlEST .PRINT ,ZERO UTMOO1SO

C UTMOOl60
IJI(I.J)=MJ(J).J-I UTMOO170
IF (PRINT) T..a. UTHOO1SO

loIRITE (6.500) 'lFPER TRIItG.LAR .......TIPt.ACATION·. UTMOO1~

IR1.IR2 •..c1.JC2.N UTMOO200
C-'U. l..MATRX<A.IIG.H.KkN+1>,·MTRDC A ') UTHOO210

am~ UTMOO2~

C --- ZERO P .- UTMOO240
IF (ZERO> nEN UTMOO2S0

00 S20 J::U.12 UTMOO200
5:20 PC J >=0 UTMOO270

EfrIJIF UTHOO280
C UTMOO290
C--- IlU.T!Pl.V TERIG A80VE AN) INCllXlING THE MAIN OIAGONAl. UTfIlOOSOO

DO 20 J:"cl •..x:2 UTMOQUO
IRC::J.-K)( J.l >+tIk J>+1 UTMOOS20
MOJ:Kt( J)+J UrMOO"S~
I1::M&X<IRC. Ilt1) UTMOO5ltO
I2::ftINc:J.IR2) UTHOOSSO
IF <I2.GE.I1) THEN UTMOO::>bO

00 10 I::Il.I2 UTMOOS70
p( I);P( I~A(IC)J-I)*X< J) UTMQO:'>80

EtilIF UTMOO:,>Q()
20 CONTIU UT!OJ'tOO

C UTMOO<tlO
C---- JIll.TIPlV S RED .. DlSiP = P UTMOO...20
C - UTI'«X><tq(J
C UT/OflJOSlo

500 FORMAT (/2X.AJ .2X.' IRl:' .15.' IR2:' .15. UTHO()';20
& • Xl;' .15.' X2:' .15." N:" .IS) UTMOOS'50

IF (PRINT) Tl£N UTMOOS40
00 S15 I=IR1.IR2 UTMOQ';SO

IoIRITE(&.520) I.XcI).PC!> UTMOOS6Q
IoIRITE(&.·)· • UTMOOS70

520 FORMAl (2)C.·OCF:·.I6.. • X(OOF)·.lP.G.l••S.· A·)(.::P(OQF):'.GH.5) UTMOOS80
EIClIF UTMOQSQQ
RETURN UTHOOQOO
EJrI) UTMtlOb10

C===:::::============--=======::====::==::===========VCOOCKlIO
REAl R.N:TION VCOS(vl.'I2) VC()(]()()'tO
DIMENSION v1(S).V2<S) VCOOOOSO
VAlUE <Al.A2.AS:>::SqtT<Al."Z+A2*·Z+AS"·Z) VCOOOQ6O
DOT (.ll.81.C1.. A2'.B2.'2)::.U "A2+81"82foCl*C2 vCOOOO70

C VCOOOOSO
4Vl::VAlJ.E(V1< I), Vl(2). Vl( S» VCOOOOQQ
AV2=VAlLf:(V2( 1>. V2C 2>. V2( S) > VC<XM>I00
VOOT::OQT<Vl( 1).VIC2).V1<S) .V2<1>.V2(2).V2<3» VCOOO110
VCO$::VOOT/(AVl*AV2> VCOOOI20
RET~ VCOCOl5Q
EtIJ VCOOOlltO

C==-_-===========::======:===:======--======VCROOOIO
C v'S =III )C 112. vECTOR CROSS PROOl.l:T '" VCROOO2O
C=__::=---=--========--====--==--=======::==~==========:::iVCROOO~

stIIROUTINE I/CROSS(VS.Rl.R2) VCROOO...a
DIMENSION IIIC.s).V2('S).V~S) VCROOO5O
DIMENSION Rl(S).R2<S> VCROOO6O

C VCROOO70
00 10 I=I.S VCROOO80
VlCI):::Rl<I> VCROOO9Q

STI!OSB7O
STR03880
STR05890
STROS900
STROS910
STROS920
STR03930 c
STR05_

CAU. SlCVUH<5.NOOF.IBUG. TITLE.NZ(IZlIJ>.
& IElllOF.NZCIZLH>.Z(IZKE>.IIl.·GLOBAL STIFFNESS')
IZSTIF=IZ
IZ = IZ+NZ<:I:ZJiI)+fDOF) +1

510 CONTINUE
ENOIF

CAll IUSSIN<INUSS.FM&SS.MCOfrI).8UG.IBUCi. TITLE.MAKZ.)W([JZ.
& HAXNOO.NCOS.hNXlE.IZ.IH.IZID.Z.NZ.DZ.
& IZMOMS.IZMASS.IZlM.IZKE.IZMOAT.
& OOOF .NMASS.IZCOS.UIOOF .IZCNST ,U..FLG.UXOS.. ·GL08AL. MASS'.
& NCON>. NFREE. IZKJ)
'IF (DN$S.GT .0) HEN

WRITE (6.160) ••
IF (JI'CON) THEN

wRITE (6.1l:1O) '- TIE russ IIt.TRIX IS '/1
·CQtrIlENSED WITH 110£ STRUCTI.$I:AL STIFFtESS MATRIX.'

ELSC
,'UTE (6.160) '- TIE MASS JltATRIX IS NOT '/1
'cONJEHSEO WITH TlE- STRUCTl.IlAL STIFFNESS MATRDC.·

ENOIF
EL:lE

I«ITE (6.~99)

499 FORMAT(/15K.' ZERO MASS MATRIX • I
& 5)(.'== ')

E.NOIF

~=O

FD_=l
READ C5. *) ~.FOINP

IF (FO"".EQ.l) TlEN
I_IZ
II::IZ • 2
READ (5.*) ALPHA.BETA
Z( lZOAMP') =Al.PKI
ZeIZOAl'P+1) ::BEll
WRITEC6.5CIJ) ILPHA.BETA

ENOIF
SOO FORMAT(/ISX,' PROPORTIONAL ~ING COIEF!CIENTS'I

& SK.' ======--=========:::========'/.
& 5JC,'ALPHA=' .!P.W.5.' BETb' .QJ.3~5/)

C
C
c=======--===--==:==
C= SCT UP GLOBAL STIFFNESS STORAGE =
C============--=======
C NZ( IZlIJ > = INOICIES OF TIE HAIN DIAGONAL TERMS
C ZcIZSTIF> = GLOBAL STIFFNESS HATRIl<
C

C
C':==;=;=:===--===
C= SCT UP STORAGE FOR GEMTRIC STIFFNESS DATA =
C====::=::============--===::=
C NZc IZIOCG > = INOICIES OF TIE HAIN DIAGONAL TERMS
C Z<Inc ) = GLOBAL GEOIETRIC STIFFNESS MATRIX

IF (NZCIZKCiDT+S).EQ.2) TtEN
CALL SlCYLINC5.NOOF.IllUG.TITLE.NZCIZIUG>.
KGOOF ,NZ( IZlJItC).Z(IZ!CEKC).MD.' ca.08AL GEOMETRIC STIFFNESS')
IZlCG =IZ
IZ =IZ +NZeIZlOC_>

ENOIF
C
C
C======:======::==--=
C:: INPUT MASS MAnux ==
c=========::===========--=
C -ss = NlMlE1! OF NOOAL HASSES TO BE IN'UT
C FMASS :: O. NO MASS MATRIX
C 1. MASS MATRIX OOE TO NODE MASSES CN..'"
C MCOND :: lOGICAL FLAG. TRUE IF JICASS IS TO BE CONJENSED•••
C

C
C--=::=--=:::======--==========--==--=
C:; ZERO lOAD AN) DISPl. IM>ICIES =--=
C=--==:::====--==========

IZl.OA{)=O
IZOISI'=O
IZVEL ::0
IZAtC =0
lZOLOA::O
IZOOSP::o
lZOVEl=O
lZOACC=O

CC==_ _ ,=_===
C= INPUT OAlolPING DAU =
c=======;:::===::::==::====
C '*JAWI = MHI£R OF NODAl. D.fJIPIN; COlEF TO BE IJ6ItJT :0
C FOAMP =O. )G OINPING MATRIX
C 1. AL.PHA UG SETA D*UT
C

STRD5950
STROS960
STR05970
STR059811
STRD5990
STR&\OOO
S_lO
STIlO«lZO
S~
S_
STllO'o05O
ST""""'"
STRO't070
STllO'OIlO
ST..,..,..
STRO'ol00
STRO'oHO
ST~12O

STRO'o151l
STROltlftO
STRO'olSO
S~l60

S~I70

STRO'olao
STR04190
STROft200
STRQl,210
STROtt220
STRO't2SO
STRO<t2'tO
STR04250
STRGoi>2bO
STRO't270
STRO'f.280
STRQI,290
STROttSOO
STRO'oSlO
SlROttS20
STRO'o55ll
STRO'o5'oQ
STROtt550
STRO'oSOO
STROftS70
STROttS80
STROtt-Sqo
ST""""""
ST~lO

ST~20

STRtM4~

ST_
ST_
S_
S_70
ST~
STRC)(,4lM)
ST_
S_10
STR0'0'.i20
ST~30

STRO'o'iOO
ST_
ST~

STR0'0S70
ST~

ST~90

ST_
STR0't410
STR0'0e20
STRQ0t6SO
ST_
STRO'o(,5Q
STRO'o(,(,Q
STR0tt4lO51_
ST~90

STROttlOO
S~71D

STROttno
SnnYtlSO
STR041~

STROttlSQ
STROIt760
STROftnO
STROft780

R£TUllH STRO'o19O
ENO STJlOo<8IlO

c==========:=:::===============::==*=::==--====--====--=====TESCIJOIO
LOGICAL FUNCTION TESTe OPTION. TARGET ,a:Fln T£~

CHARACTER-c*) OPTION.TARGE.T TES00050
LOGICAL DEFlT.BTEST TES00060

J= !M)E)(COPTION.TARGET> TESOOOlO
IF (DEnT) nEN TE:soor8I

IF (J.LT.2) HEN 1"£S00090
TEST;;. TRlE. TESDD100

ELSE IF (OPUQN(J-2):(J-1».tE.'Nl)·) HEN TESDOUO
TEST=. TRUE. 1£$00120

ELSC TESOOl5ll
TEST=.FAlSE. TESOOl~

ENOIF TESOOlSO
ELSC TESOOl60

IF (J.EQ.O> TI£H TESOO170
TEST:.FALSE. TESOOl80

ELSE IF (J.LT.2 ) fIoEN TESOOl90
TEST=. TIllE. TES00200

ELSE IF (OPTIONC(J-2):(J-I».EQ.'Nl)·) tl£N TESOCI210
TEST=.FALSE. TES00220

ELse TES00251l
TEST=. TU. TE=-<!

ENOIF TESOII25O
ENOIF TES00260

RETURN TESOO21ll
ENO TES00280

c==========::==::==;=--==::::.--==::=--=================::::=========T/lFOOOI0
C TRIAHGlAIl HATRIl< ....TIPlICATION •••• Tlt'OOO5O
c MATRIx A IS AN l.FPER TRIAHGU..AR MA~IX. WITH MAIN OIAGONAL ADDRESS TMPOClO6oO
C MATRIX K:I. x IS A \/ECTOI. P--'X nFOOO1O
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OK::YALl.E(V)(e!). Y)(e2).VX($»
DV=vALl.E(VV( 1>.we 2>.we S»
OZ=VAll.E<VZC1).VZ(2) t VZC 5»
DO SO 1:1.5

V)(CI>:V)(CIlIllX
VVCI>::VVCI)!rJV
VI<! >=vle I )/DZ

SToP
EMl

70

60

50

100

•

C
C-- PRINT DIRECTION COSINES --

WRITE (6.·) , VIEW ......aER••••••••••• ' .!VIEW
IoRITE (6,·) , TITlE. •••• •••••• '. TITLE
WRITE (6,·) • K-l.ENGiTH••••••••••••••• ,XL.EN
WRITE e6•• ) , V-LENGTH•••••••••••••• ',VlEN
WRITE (6,·) , VK•••••••••••••••••••• '.vx
)ltITE (6,·) , w •••••••••••••••••••• ' ,w
WRITE <6.·) , VZ •• ..................... ·.VZ

C
C-- CAl.CLUrc & PRIllT ROTATED COORDINATES 

00 100 J:l.....
00 <0 1:1.5

Sll<I.J>:O
ERCI.J>=O

00 50 I:l.5
SR<:1.J>= SR<l.J> • VXCI>*'SC:I.J)
SR<:2.J>:: SRCZ.J) • W(1)*SCI.J)
S1kS1'J>: SR<S.J) • YZcI)*s<I.J)
ER<l.J>= ERCl,J) • V)(1)*E(I.J)
ER<2.J>= ER<2.J) • VYcI)-E(!.J)
ERCS,J>= ER<S.J) • VZCI)*ECI.J>

IF CJ.EQ.l> 11£N
DO 60 I:l.S

RtWC( I >=MAX< SR< I .J).ER<I.J)
RMIHC I >=MIN< SIK I.J).ERtI,J»

ELSE
00 70 I:l.5

RMAXC I):IW« SRC I.J ).ERe I. J ).RMAl« I»
RMINc I >=MIN< SR'C I.J ).EIl< I.J) .RfltIN< I»

ENJIF
I«ITE (6.20) KEV<J).eSRCI.J),I::.1,S).eER(1.J),I=l.S),

'ROTATED POINT'

C
C-- GET SCAl£ FACTORS FOR x-V PLOT 

KC 1 )=RIUN( IX )
XC 2 >=RIUXC DC)
V(l~l\')

V( 2 >:RMAKC IV)
CAll SCALf( X.JCUN.Z.1)
CALL sc.t&..ECY.'tLEN.2.1)
xS=X<S)
X~)«It)

V$=V<S)
v~y(~)

C
C-- MOVE ORIGIN TO 0.5,0.5 -

c.au.. PlOTL7'5•• S.-S)

C
C-- PLOT AXIS --------

IF <PAXIS) THEN
CALL AXISCO.OO,-.05.LABEl< DC).-2O.KlEN. O••X(5).X(it»
CAll. AXIS< -.05.o.oo.L&BEL.( IV). 20.Vl.EN.90 ... V< $). V<it»

ENJIF

C
C-- DR'" TRIll LlNE ----

CALl. PLOTCO•• ll ••2)
CALL PLaTeD•• O••2)

C
C-- PLOT ME-.s -------

00 200 J:1.....
X<l)=SR(DC.J)
X<2>=ERCDC.J)
V<l>-_SR(1V.J)
V(2):1(I\'.J)
CAU. l.I)£ex.Y.2.1,O.0)

SEEQD<;60
SEE(X)lt70
SEEl10480
SEE~90

SEEOO5OO
SEE00510
SEE00520
SEEOO53D
SEEOO5<O
SEEOO550
SEEOO56O
SEEOOS70
SEEOO58D
SEEOOS90
SEEDD600
SEEl10610
SEEOD62D
SEEl106SO
SEEl106'oO
SE£0065O
SEEl10660
SEEOO(.70
SEEl10680
SEEl1069D
SEEOO700
SEEOO710
SEEOO72Q
SEEOO73D
SEEOO7<tO
SEEOO750
SEEOO760
SEEOO770
5£E00780
SEEOO7Q()
SEEOO8OO
SEEoo810
SEEoo820
SEEOO8SO
SEEOO8~

SEEOO85O
SEEDD86Q

"'C~~~=PL=O"T=PO==:IH:::T=S=. "':US=IHO='=':CAL==:c::_=--liiS~PlOTTER c~-:~===~~=
C= - __===--======SEEOO890
C SEEooqoo
C SEEOO910
c-- LOOP FOR OIFFENIhET VIENS - SEEOOQ20

00 sao 1.J--1.5 SEE~
IF (1J.£4.1) nEN SE£~

IX:.l SEEOO9S0
IV:2 SEEllO%O

ase IF cIJ.EQ.Z) TtEN SEE00970
IX::2 SEEOO980
IV:5 SEEl10990

ase SEE01000
DC=3 SEEol0l0
IV:l SEE01D2D

ENDIF SEE01D3D
SEEOIO'tO
SEE01D50
SEE01060
SEE01070
SEE01080
SEE01090
SEEOllOO
SEE01110
SEE01l2O
SEEOUSO
SEEo11<tO
SEEOlJ50
SE£Ol1&O
SEEOlllO
SEEOll80
SEEOll90
SEE01ZOO
SEE01210
SEEOl220
SEEo12SO
SEE0120Ct0
SEEol250
SEEa1260
SEEo1270
SEEOl28O
SEEOl290
SEEo1300
SEEOlS10
SEEOB20
SEEOlS3D
SEEOl$40
SE£01S5O
SEE01S60
SE£01$70
SEEOlSSO
SEEOLS90
SEEOl'ioOO
SEE01"'10
SEEOl,.20
SEEOIHO
SEEol~

SEEol<tJiO
SEE01<t60
SEE01470
SEE01...ao
SEEOh90
SEE01SOD
SEE01510
SEE0152D
SEE015SQ
SEE01540
SEE01550
SEE01S60
SEE01570
SEEOl580
SEE0159D

C
C-- HOVE ORICIH BAa TO 0.0 AtI) IDJIMJ:E. PAGE ---

CAlL PLOT<OCL.EN+.2S).-.5.-S)
C

SOD CDMTIIOlE
C

1llOD CONTIIIE
2DllO CDNTI/U

C
C-- DR'" TRIM LIhE ----

CALL PLOT(O••ll••2)
tAU. PlOT<O•• Q••2)

2DD
C
C-- PLOT TITlE --------

C.&U. SVJeX..(O.1.CVLEN+.15)•• 1~. TITl£ ,0.,80)
TEJIP::lA8El( IX )/1' --' l/lA8ELe IV)
CAlL S'MICIlCO.l.( VLEtrt+.0l>•• 05. TE,. ,0••~2)

C
c-- a.DSE Tl£ PLOTTING OOIICE 

CALL PlOTCO••0 ••999)

CAll GETINT< NAIE.' DI.IP=' .Ill.W.0•• TRt.E., .FAlSE. )
IF <!DUMP.tE.O) THEN

Dlf':. TRlE.
ELSE

OM':.FAl.SE.
ENJIF

CALL GETINTCNoUE.· ot.tP=' ,IDtJIt, 0,. TRlE.1' .FALSE. )
IF <IOUMP.t.E.O) HEN

llII':.TRtJE.
ELSE

DII':.FAl.SE.
ENlIF

15

15

WRITE (6.·) , ,.
WRITE <6,·) 'PRINTING IUTRIX: ' ,NoUE
00 50 ICG:1.IC.6

IF (leG.GT.l) I«ITE <6•• ) ,
(:;MINe <ICG+5). Ie)
WRITe (6,10) eJ,J=ICG.J:.)
00 20 I:1.IR

IF (CJIP) n£N
00 15 J:ICG.K
IF (ACI.J).NE.O) ..rn (IIUP.·) I.J,AC.I.J).NlUE

EMlIF
20 WlitITE (6.SO) I,(ACI.J>,J::.ICG.IO
50 CONTINl£

RETURN
10 FORMATC' C'OLIJIIrI' .Tl1.IS.5(lS)C.IS»
so FORMAT<' ROW' .n.6F20..6)

ENJ

FILE: SEE FORTRA~

10 V2( IJ:Jl2( IJ VCROO100
VCRllOllo

v5(lJ =\I!<Z>tll'VZ<$> - 1,11<$)*\12<2) VCROOl2O
vs< 2) .: VIC 1 );tV2(:5) - \/1<5 '''1/2<.1) VCRCXJlSO
1/5<3> c Vl(1)*V2cZ> - VICZ)*V2<l> VCROOliQ

VCROOl5O
RETURN VCRl10160
EMl VCROOllD

c..~===::_ ---- _ ,=~_=========:=:..-===liIAOl1010
SUBROUntE: ....TRH(A.IR.IC.NAIE) *&CXJOIfO
DIMENSION A<IR,IC) If4AOOO5O
CHARACTER·'·) NAtE irfiWXX)l;O
LOGICAL CM',BTEST lfWJOO70

WI4oIIll108D--aD100
-aDllO
-aDl2D
-aDl3Q
-aDHO
-aD150
-aD16O
-aDllD
-aD18O
-aD19D
IOWlD2llO
-=10
-aD22O
-=SO
-=<0
-=so
-=60
-.>0270
-=80
*AOD29D
-aosoo
*AODUO
~2D

=*ToooI0
IIlTllOll'oO
II<TDOOSO
II<TllOD6O
...r0001O
_llOllID
IIlTDl109D
IrlMTOOlOO
*TOOUO
*r0012O
*T(XUSO
*TOOl..a
*roo15O
IoIITOOl60
...rOO11O
*r00180
IrIfTOJl90
IIlTl102DD
II<1OO2Jo
II<Tl1022D
II<Tl102SD
II<Tl102iO
II<Tl1025O
101I'00260
11II'00210
*'1XJ28O
_DIl29D
II<TllOSDD
..TCJlBIO
II<TDDS2D

'~ITE <6,·) ,. ,
WRITE <6.·) 'PRINTING IUTRDC: ' ,NIlE
00 50 ICG:l.IC,6

IF <ICG.. GT .1) .-ITE <6.·) ,
I(=MlN< ClCG+5 ) ,Ie)
\oRITE <6.10) CJ.J=ICG.JO
00 2D I:1.IR

IF <(M) THEN
00 15 J=!CG.K
IF <A<I.J).NE.O) "RITE <.IDlJIP.") I.J.ACI1'J),NAME

EMlIF
20 loftlTE (6.SO) !.(ACI.J).J--ICG,K)
50 CONTIM.E

RETURH
10 FORMAT<' COlUMN'. Tl7 .I5,5<15X,I5»
so FORMATe' ROW' .n,6F20.6>

EMl

C==Sl8RouTDE WM=TRlC2(=-='=A=.IR==.I::C:=.NAIEC7::'.=:IRDW=~)======
DIMENSION ACIROM.IC)
CHARACTER*<·) NAME
LOGICAl. 0II'.8TEST

C. PROGRAY1 SEE

0:..= oOO:~IT(;;~:::E.~-:-rNiT:suiT~:a':-:========SI~=
EMl DEBOO SEEDDDSD

P~AMETER 0'''-)(=1500> SEE~
LOGICAl PAXtS SEEOIXJ5Q
CHARACTER'-20 LA8EL<3> SEElXlO6O
CHARACTER-SO TITlE SEEOOOlO
CHARACTERtt't2 TEMP SEEOCI08O
DIMENSION lJ)(CS>.VV<3>,VZ(5),}(It).V('t) SEEOOO9O
DIMENSION S<5.!'IW().SR<5./'tIWC),KEV<'...UC>,RMAX<S).RNINCS> SEEOOlOO
DIIENSION E<S.MW().ER<5.)IIU)C) SEEOOlla
CROSSI( A1.81.C1.A2.82.C2 hal"C2-B2*CJ SEEOOl2D
CROSS..XAl.Bl.Cl.A2. B2 ,C2 >::cl*A2-c2*"l SE!ODl5O
GROSSl'< Al.81.Cl.l2. B2.C2 ):101-82-&21191 SEEOOl~

VALUE (Al.A2.AS)=SQR'T(.1*·2.~.'S.~) SEEOO15O
DOT (Al.Bl.Cl.A2.B2.C2>=Al*A2+81ltfl2-tClltCZ SEEOOl60
LA8El.c 1>=' ROTATED X AXIS" SEEOOl70
LABEL(2)='ROTATED V .tJCIS" SEEool80
L.ABEl<S)='ROTATED Z MIS" SEEOOl90

SEEl102DD
SEEl10210
SEEl1022D
SEEl102SO
SEEl102<O
SEEl10250
SEEl10260
SEEl1027D
SEEl10280
SEEOD29D
SEEllOSDD
SEEOOSIO
SEEl1052D
SEEllO'JSO
SEEDDS<O
SEEOOSSO
SEEl10360
SEEOOS1'O
SEEOllS8D
SEEllO'J9D
SEEllO<OD
SEE~la

SEE_2D
SEE_SO C
SEE"",""
SEEOlI'oOO

C
C-- INITIALIZE 1lE PlOTTDG DEVICE 

CALL PlOTSC01'O.7>
C
c-- ItoFUT & PRINT POINTS --

DO 10 l=l.MMAlC
READ (lO.*.EI«J=15) ICEV(I).(SCJ.I) •.J::l.S>.(E(J.l)•.J=l.S)

10 WRITE <6,20) KEV(I).CSCJ.I).J::l.S).(ECJ,I)1'J::1.S),· DFUT POINT'
15 NtJMIl:I

IF <I.LE.*'X) ~-l
20 FORMAT ClX.I5.lP.6G12.~,: .A)

C
C-- LOOP FOR EACH VIEW --

REAO<5. 1I ) NVIEW
00 2DllO IVIEW:J.NVIEW

c
C--- IMJUT vIENDG DATA ---

READ (5.·) TITLE.XL£N.VLEH.PAKIS,v>c,VY
C
c-- cALCll.ATE DIRECTION COSDES 

VZel)= I/)«Z)·W<S>-YK<S)·VY(Z)
VZ( Z )=-V)( 1 )·W( S).\1)( S)*we1)
VZ(S); V)«l)*VVeZ>-YX(Z)"Wel)
W(l)= VZ(Z)-vK(S>-vz<S)*V)(eZ)
W(Z):;-lIzel)·VXCS)+\,IZ(S)*VXCl)
IIV(S>:: \,IZ(1)*VX(Z>-VZ<Z)*VX(1)
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