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NOTATION

an element of area

elements of vectors forming sides of element of area.

initiallYoung's modulus
biaxiai compressive strenéth
uniaxial compressive strength
ﬁniaxial tensile strength
iﬁitial shear modulus

pressure intensity in the positive direction of normal

to a surface

pressure intensity component in global r direction
pressure inteﬁsity in the positive direction of tangent
tb a surface

pressure intensity component in global z direction
horizontal coordinate or horizontal radius

displagement in the horizontal direction

displacement in the vertical direction

vertical coordinate

coefficient of thermal expansion, or angle of inclination

of tangent to surface to the horizontal
ratio of biaxial compressive strength to uniaxial compressive
strength (f f
gth (f_ /f_ )
ratio of uniaxial tensile strength to uniaxial compressive

strength (ftu/fcu)

viii



specific weight

strain

strain corresponding to uniaxial compressive strength

angle of inclination of a reinforcing layer to the horizontal
axis

convergence tolerance for displacements

convergence tolerance for loads

nondimensional local coordinate of a finite element

initial Poisson's ratio

nondimensional local coordinate of a finite element
nondimensionalized mean normal stresses in compression
nondimensionalized mean shear stresses at nondimensionalized
mean normal stresses El and 52, respectively.

denotes stresses

ix
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CHAPTER ONE

INTRODUCTION

1.1 Background to Program

This report is intended as documentation for program FEPARCSS.
Program FEPARCS5 has been written in the course of research carried out
by the authors to develop a sophisticated capability to analyse'plane
and‘axisymmetric, reinforced and/or prestressed concrete structures
(Elwi and Murray, 1980). The objectives of the study were

(a) to develop a tﬁree dimensional nonlinear elastic constitutive
relation forvconcrete (Elwi and Murray, 1979 and 1980).

(b) to formulate a finite element model capable of representing
plane or axisymmetric behavior of reinforced and prestressed
Canrete structures.

(c) to develop a nonlinear finite element program for analysis of
such structures and to incorporate.the constitutive relation
and the finite'element model in the'program.

This technology has been developed as an alternative toban elastic

plastic capability developed by Murray et al. (1978) as part of a

research program sponsored by the Atomic Energy Control Board of Canada
and earried out at The University of Alberta to investigate the effects

of overpressure on the behavior of Gentilly-2 type secondary containment
structures which house CANDU nuclear reactors (Epstein and Murray, 1967,
Murray, Rohardt and Simmonds, 1977, Murray, et al., 1978, and Chitnuyanoﬁdh

et al., 1979).



1.2 Organization of Report

Chébter Two contains a general description of program FEPARCS5
in terms-of the finite element model, the constitutive relations, the
numericalbsolutioﬁ strategy, the loads and ﬁhe input and output. 1In
Chapter Three the flow of operations and the structure of the program

are presented. Appendix A contains the user's manual for the program.

Appendix B describes the file structure. The execution commands for the

various stages of the analysis are described in Appeﬁdix C. Appendix D
contains a full listing of the program. A sample problem is described
in Appendix E together with the input file and a sample output of the

preprocessing phase and one of the advanced load steps.

[ER——



CHAPTER TWO

GENERAL DESCRIPTION OF FEPARCSS

2.1 :Introduction

Program FEPARCS5 is a finite element FORTRAN code for static
analysis of axisymmetric or plane, reinforced and/or prestressed concrete
structures. »Althoﬁgh the program can handle linear problemé it is
designed'for problems with nonlinear materiél‘response. In thisAchapter
the‘fihifé element model is briefly described, £he constitutive relations
are 6ﬁtiined, the numerical solution strategy is discussed, the various
‘types of loads are definéd and the input and output are described. Much
of the material in this chapter is based on Chapter Four of Elwi and -

Murray (1980).

2.2 Finite Element Model

Progéam FEPARCSS5 is based on the finite element model described
by ﬁlﬁi and Murray (1980). This model is based on ihcremental varia-
tional principles ;ssuming small displacements, negligible“rotations.and
infinitesimal sﬁrainé. The fundamental concept behind the model is to
use the réctangular iséparametric elemeht shown in Fig. 2.1 to represent
~ the concrete coﬁtinua (Zienkiewicz, 1971) and to superimpose identical
elements in which integrafion is carried only along one or more layers
to‘represent the reinforcing basis and prestressing tendons in a smearing
fashion as shown in Fig. 2.3.

| Two types of reinforcing elements have been developed and

incorporated in program FEPARCS5; a meridional element to represent



layers of reinforcement strained in plane r—z,‘and a circumferential
element to represent circumferential reinforcement. Strains in both
elements are compatible with the parent element representing the concrete.
These strains are based on linear, quadratic or cubic displacement
functions according to the degree of polynomial used in.the parent

element.

2.3 Constitutive Relations

The constitutive ielation proposed by Elwi and Murray (1979)
and (1980) is used to represent behavior of axisymmetric or plane
concrete continua. The relation is based on the equivalent uniaxial
étrain concept introduced by Darwin and Pecknold (1974) and the ultimate
strength surface proposed by Willam and Warnke (1975). In the modified
felation, a unique nonlinear characterization of Poisson's ratio is
infroduced and post failure conditions are imposed on the ultimate
strength surface to improve the determination of the sfress—equivalent
uniaxial strain relation parameters. For steel a simple one dimensional

elastic plastic constitutive relation is adopted.

2.4 Numerical Solution Strategy

Program FEPARCS5 uses a tangent stiffness approach, or alterna-
fively, the initial load method as solution strategies. 1In the first
method a new stiffness matrix is evaluated at the beginning ofleach_load
increment based on the current material properties. The stiffness

matrix is then re-evaluated every few iterates until convergence is



'fobtaiﬁéda In the second method, the stiffness matrix is evaluated at

' any specified point in the analysis, triangularized and stored. It is

then used as a constant mapping in all subsequent load steps. In any

case, assembly and triangularization of the stiffness matrix, reduction

of the load vector and back substitution are governed by an equation

. solving package of the skyline type (Bathe and Wilson, 1976, and Elwi

and Murray, 1977).

Convergence is based on displacement and/or load vériation.
fhe tolerances are set by the user at the beginniﬁg of every load step.
In orde; to aid convergence an optional under (oﬁer) relaxation factor
is‘érdvided. Drift of thé solution is minimized by implementing- the
strain subincrement method (Elwi ana Murray, 1980) and by tracing the
stressvpoinf in every iteration from the last con&erged positionvrather

than from the previous iteration.

2.5 Loass

- Program FEPARCS5 can handle several types of loads. Each type
is stored in a separate array. These arrays are combined to form a load
iﬁc;emeﬁt by applying load factors specified by the user at the beginning
of every load step. bead loads are a combination of gravity; hydrostatic
and conéentrated nodal loads. Two separate arrays are provided.for live
cﬁncentrated nodal loads and for thermal loads. The latter aré calcu-
latéd from the initial material properties énd a user specified tempera-
ﬁure distribution. Normal énd tangential surface tractiohs are input as

nodal pressure intensities. Each is integrated to form work equivalent

‘nodal loads and stored in two additional arrays.



Post tensioning is simulated by applying a ficticious thermal
distribution to the prestressing tendons to induce straiﬁs equivalent to
the.required tension. The corresponding stresses are then integrated
over the prestressing.layers forming a prestressing load vector. This
load vector is then reversed and applied to the structure exclusive of
the prestressing tendons. When convergence is obtained a set of self
equilibrating stresses equivalent to a post ténsionin§ state will exist

in the structure.

2.6 Input and OQutput

 Program FEPARCS5 is executed in several stages. The first

stage is called the "problem preparétion phase" or the "preprocessing
'phase". The ihput to this phase is compoéed of control parameters,
material properties, nodal geometry, boundary conditions, solid eleﬁent
information, reinforcing and prestressing layer information, concentrated
dead and live nodal loads, normal and tangential surface tractions in
the form of nédal pressure intensity distributions, hydrostatic pressure
informétion, nodal thermal distributions} and finally surface specifica-
tion for surface tractions. The output of this phase is composed of an
echb check of input data as well as the‘complétely generated data set,
if required.

| The second stage of execution is the solution or produgtion
phase which is run as many times as there are load steps. Each load
step is initiated by reading a line describing the load factors, the

convergence tolerances, as well as other control parameters. The

ST



output of any load step is composea of nodal displacements, stresses

for the solid elements at the Gaussian integration points, and stresses

and strains for the reinforcing and prestressing layers at the Gaussian

points.



wo3sAS 932UTPIOO) Te20T Z°z *b1d

B8JY JO JuBWa|g 8y} (q) S3]BUIPIO-0) Pazi_rwWION (B)

(L—"1) (1—1-)

_ —— ¥
purdaes
(L) (L'1-)

Yz f

T
TSPOW JUSWSTH ©3TUTd T°*z *HBT4
o1gny (o) . oneipeny (q) Jeaul (e)
2 Z L




~—

zp

-
r
(a) Reinforcing Layers
| dr
dz di
' )
-
r

(b) The Element of Length

Fig. 2.3 Reinforcing Layers

4

1
rElement

Elgycr’tent
ide

>r_ Surface
(a) Surface Tractions (b) Element Surface

Fig. 2.4 sSurface Tractions

(c) Components



CHAPTER THREE

STRUCTURE OF FEPARCSS5

3.1 ¥Flow of Operations

As mentioned in Section 2.6 program FEPARCS5 is executed in
two main phases. The first phase.is a problem preparation or pre-
processing phase. This phase is executed on several stages. 1In the
first stage the program reads the control parameters and calculates the

required sizes of the different common blocks. The user can then adjust

the size of active storage in the main segment. In the second stage the -

program reads and generates the structure and load data for checking
purposes without carrying out any detailed calculations. .The final
stage is a complete preprocessing-run in which the program generates all
.data, calculates and étores the element shape functionsvand derivatives
at all integration-points, forms the skyline of the structure stiffness
matrix,.initializes thé stresses, strains and materiél properties at all
integration points and finally forms the basic load vectors for all load
types.

If requested, an initial stiffness matrix can be formulated,
‘triangularized and stored out of core for use in the production phase.
This stage is called "the initial load method preparation phase".

The production phase is the second phase of execution and is
repeated for every load step. The size of the load step is controiled
by the user who specifies the load factors according to which the basic

load vectors are to be mixed in order to form a load increment vector.

10
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Additionally, the user specifies the number of strain subincrements, the
tolerances on convergence, the relaxation factor and the number 6f
iterates after which the stiffness matrix is to be re-evaluated. If the
last parameter is greater than the maximum number of iterates, the
program automatically uses the initial load method as a solution strategy.
Otherwise, the modified tangent stiffness appfoach is used.

Having read thé load step specifications and formed the load
increment ?ector accordingly, the pfogram formulates and triangularizes
the stiffness matrix if fhe tangent stiffness approaéh is used,‘or reads
a‘sto?ed triangularized étiffness matrix if the initial load approach is
used;‘ The program then solves for an increment of displacement and
updates’the total displacement vector. The stresses and material

" properties afe,then updated. - If the problem is linear, the program
prints the results and stops. If the problem is nonlinear, the stresses
are integrated to form an equilibratingbload vector which is subtracted
from the total load vector to obtain the unbalanced load vector. If
convergence is obtained, results are printed, ahd current stresses,
material éroperties, loads and displécements are stored as unformated
records on files. The 1load step is considered ended and the program
stqps. If convergence has not been obtained, the unbalanced load
vector is used to obtain a further displacement increment and the steps
are repeated. | |

When numerical difficulties such as an ill conditioned stiff-
ness matrix,lor oscillatory convergence occur, execution is.automatically

halted and the current stresses, strains and displacements are printed
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for the user's consideration. Figs. 3.1 and 3.2 show the flow charts of

the preprocessing phase and the production phase. The initial load

method preparation phase forms the last step of Fig. 3.1.

3.2 Structure of Program

Program FEPARCS5 is arranged in féur distinct levels. The
uppermost level is the MAIN segment. This segment is composed of parts; :
each of which controls a particular execution phase. Each part of MAIN
cails a number of major routines which form the second level of the
program. Each major routine controls the execution of one task, such
as, reading the data (subroutine DATA), and formulating the stiffness
matrix (Subroutine STIF), etc., by calling a number of routines which
form the third level. Third level routines are designed to handle small
and specialized portions of the task of the second level calling routiné. %
The fourth level contains routines of general nature called many times
by different higher order routines. This level contains the data
managing package,vthe material routines, and other routines.

In.additiqn to the 1evelé described above, the program calls
four MTS system routines which cén be replaced. These are READ and
WRITE for ieading and writing unformatted records to sequential files, !
and NOTE and POINT which control the read and write pointers of sequential
files. 1In the future these four routines will be replaced by routines
of general FORTRAN nature. A fifth routine (VCMLT) is written in IBM
ASSEMBLER language. Other than these exceptions, the rest of the

-program is written in FORTRAN IV language.
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Figs'. 3.3 to 3.5 show the structure of the different phases of
the program. - The functions of the major second level routines shown in
Figs. 3.3 to 3.5 are summarized at the heading of each routine in the

listing of Appendix D.
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READ CONTROL PARAMETERS, AND ADJUST
COMMON BLOCK SIZES AND DIMENSIONS

READ AND GENERATE PROBLEM DATA

FORM ELEMENT SHAPE FUNCTIONS AND DERIVATIVES

| FORM SKYLINE OF STRUCTURE STIFFNESS MATRIX

B YES
DRY RUN? '

| INITIALIZE STRESSES AND MATERIAL PROPERTIES

FORM PARTIAL LOAD VECTORS

STORE STRUCTURE AND LOAD INFORMATION

IF REQUESTED FORM, TRIANGULARIZE AND
-STORE STRUCTURE -STIFFNESS MATRIX

STOP »

Fig. 3.1 Flow Chart of the Preprocessing Phase of FEPARCSS
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[RESTORE STRUCTURE, AND LOAD INFDRMATION]

Y

K.GT.0
[

k.
ol

READ LOAD INCREMENT DESCRIPTIONJ

PRESTRESSING
APPLICATION°

‘T

|

YK.EQ.O

~

READ STORED STIFFNESS MATRIXJ

Yy

YES_ —
: FORM LOAD INCREMENT VECTOR, | ;
| _ AND UPDATE TOTAL LOAD VECTORJ
ASSIGN TENDON STRESSES yK.GT.0 K.EQ.O
AND FORM PRESTRESSING > — -

LOAD VECTOR

Py

J

FORM AND TRIANGULARIZE

. A
STIFFNESS MATRIXJ ’

f - STRUCTURE
Yy
SOLVE FOR AN INCREMENT OF DISPLACEMENT »
AND UPDATE TOTAL DISPLACEMENT VECTOR
YES| | J
4 Y
UPDATE STRESSES, AND MATERIAL PRDPERTIEé}
REFORMULATE
STIFFNESS - Y
MATRIX?
LINEAR | YES
§NO PROBLEM? | B

NUMBER OF ITERATES
'EXCEEDED MAXIMUM?

YES NO
Y

|

I

OBTAIN UNBALANCED LOAD VECTOSJ

)

TEST CONVERGENCE OF LOADS AND DISPLACEMENTS]

YYES

PRINT

DIPLACEMENTS, AND STRESS INFORMATION [

" Fig. 3.2 Flow

sTop

Chart of the Production Phase of FEPARCS5
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PREPROCESSING PHASE INITIATION CARD

One card which contains the following entry

4
IPHASE

IPHASE: -1

(x4)
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2. HEADING CARD (20Ad)

One card which contains a title for the problem.
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3. CONTROL CARD (20I4)

One card which contains the major control parameters entered as

follows:

4 8 12 16 20 24 28 32 36 40

| 1ECHO | 1STYP | IMTVYP | TDRUN | ILNGR | IHOPR | 1LnGe | 1HOPP | ICNLD | ITEMP |

» 44 48 52 56 60 64 68 72 76 80
| osLp | ISTRS | IGRLD | NMNOD | NMELM | NMEBE | NCMAT | NSMAT | NMPAR | NITRT |

IECHO : request for complete data output (0 = no and 1 = yes)

ISTYP : type of structure (0 = plane stress, 1 = axisymmetric)
IMTYP : type of problem (0 = linear, 1 = nonlinear)

IDRUN : . flag for dry run (0O = no, 1 = yes, 2 = partial dry run in
which only the first three cards are read. (see Appendix- C.)
\

ILNGR : flag for longitudinal reinforcement

IHOPR : flag for hoop reinforcement

(0 = without,
ILNGP : flag for longitudinal prestressing

1 = with)
IHOPP : flag for hoop prestressing
ICNLD : flag for concentrated nodal locads (0 = none, 1 = deadload and

live load, 10 = prescribed displabement, 11 = dead and live
loads and prescribed displacements)

ITEMP : flag for temperature distributions (0 = none, 1 = a distribution
for prestressing purposes, and 2 = two distributions, the second
is for temperature loading purposes.)

IDSLD : flag for surface tractions (0 = none, 10 = normal and tanqéntial

1 = hydrostatic, 11 = normal, tangential and hydrostatic)




ISTRS
" IGRLD
NMNOD
NMELM
NMEBE
'NCMAT

NSMAT

NMPAR

NITRT

.
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‘with)

flag for initial stresses (0 without, and 1

without, -and 1 with)

flag for gravity loads ' (0
fqtal number of nodes
total number of solid elements

total number of external boundary elements

_total number of matefials for solid elements

‘total number of materials for reinforcing and prestressing

elements
maximum number of parameters for any material’

maximum number of ‘iterations per load step
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4. MATERIAL CARDS

This group of cards consists of a number of cards for each material
type, first the solid element materials, and then the reinforcing -and
prestressing element materials. For defailéd definitions and further
details of the constitutive relation, Elwi and Murray (1980) should be

consulted.

4.1 Identification Card (2I4)

4 8
| n | nMp(N) |
N : material identification number
NMP(N) : number of material parameters to be read

4.2 Material Parameter Cards (10¥8.0)

4.2a Solid Element

Two card for linear materials or three cards for nonlinear materials.
It must be noted that in the material model used heréin, the principal
axes of orthotropy are assumed such that axis 1-coincides with 1ocalv
direction £! shown in Fig. 2.2 and axis 2 coincideé_with local difection

M and axis 3 coincides with circumferential direction.

8 16 24 32 40. 48 56 64 72 80

|EMD1(1)|EMDI(2)|EMDI(3)|EMDI(4)IPRTI(l)!pRTI(z)|PRTI(3)|TECI(1)|TECI(2)ITECI(3)|

8 16 24 32 40 48 56 64 72 80

| sw | Fou | ac | ar | s1;i | mor | s12 | Ro2 | ECU | Bc |

8 16 24 32 40
| Bt | ETal | Lami | ETAa2 | ram2 |




EMDI (1)
EMDI (2)
EMDI (3)

EMDI (4)

PRTI (1)
PRTI (2)

PRTI(3)
TECI (1)
TECI(2)

TECI(3)

SW
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Young's modulii for material directions &!, U and 0 respectively,
Eoi' i=1, 2,‘3

Shear modulus for plane El-u, G012

Poisson's Ratios for material directions El, U and O respectively,

Voi' i=1,2,3

Thermal expansion coefficients for material directions El, U,

and 6 respectively, 0., i=1, 2, 3

specific weight of the material, Yy

(This is the end of input for a linear material)

FCU
ac
AT
ST1
RO1
SI2

RO2

ECU
BC

BT

.

uniaxial compressive strength of material, fcu
normalized biaxial compressive strength, o (f  /f )
c cb’ “cu

ormalized i ial il t h, o f f
normalized uniaxial tensile strength, O ( tu/ cu)

minor meridian of failure surface hydrostatic parameter, El.

minor meridian of failure surface deviatoric parameter, pl.

major meridian of failure surface hydrostatic parameter, El.
major meridian of failure surface deviatoric parameter, 02.
strain corresponding to PCU, Ecu

strain parameter corresponding to AC.

strain parameter corresponding to AT.
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ETAL : strain parameter corresponding SIl.

LAM1 : strain parameter corresponding to ROL.
ETA2 : strain parameter corresponding to SI2.
LAM2 : strain parameter corresponding:to ROZ2.

In the absence of other information, the following values are

suggested for normal concrete.

SI1 = 13.75 ROl = 0.0
S1I2 = 3.75 RO2 = 0.0
ETAl = 22,5 LaMl = 0.0
ETA2 = 22.5 ' LAM2 = 0.0

4.2b Reinforcing and Prestressing Element

A minimum of three and a maximum of 17 parameters on one or two

cards.

8 16 24 32
|ss(1) | sn(1) | | ss(i) | sn(i) | | |rc |

The first (NMP(N)-1) parameters describe the stress strain
curve point by point starting from the first nonzero point. A maximum
of eight points other than the origin are allowed. The last parameter

is the thermal expansion coefficient for this material.

Ss(i) : stress at point i, O.
SN(i) : strain at point i, €.
TC : thermal expansion coefficient, o.
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5. NODAL GEOMETRY CARDS

Program FEPARCS5 reads and generates nodal coordinates using a
Cartesian and/or any number of polar coordinate systems. The Cartesian

coordinate system is the global coordinate system of the problem. The

polar coordinate system(s) must be assigned center(s) referenced to the’

g;obai codrdinate system. Interpolation of nodal coordinates is linear
along a straight line inACartesian coordinates. in'polar coordinates
interpolation is lihear along an arc. |

.lThevnodél ggOmetry cards can be divided ihto.any number of groups.
Each group describes a portion of the structuré using the global Cartesian

system or any one polar coordinate system. Hence, a group must consist

. of a group control card, a center specification card in case the group

uses a polar coordinate system, and any number of nodal coordinate

cards.

5.1 Group Control Card (2I14)

One card which contains the following entries.

4 8

NCARDS | ISPHER|

NCARDS : number of nodal coordinate data cards in this group.

ISPHER : if other than O the group uses a polar coordinate system.

5.2 Center Specification Card (2F12.0)

This card is omitted if ISPHER = O on the group control card.
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12 24 ’ . ;
| x¢ | vc | '
XC : r-coordinate of center of polar coordinate system.
*
YC : z-coordinate of center of polar coordinate system.

5.3 Nodal Coordinate Cards (I4, 2F12.0, I4)

One card per node unless automatic nodal geheration is initiated

to a total number of NCARDS cards.

4 16 28 32

|IN | xcorp | ycorp | 1INC

"N | : number of node
.XCORD : r—coofdinate or radius of nodai point.
_ YCORD : z-coordinate of angle included between the radius and z-glokal
axis in degrees.
INC : if non~zero, automatic generation is initiated between the

node on the preceding card and the node on this card. Generated
nodes will have numbers (NOLD + INC*K), where NOLD is the node
on the preceding card and K is a pésitive intéger which

varies from 1 to ((N—NOLD)/IﬁC—l).'vIf_automatic generation is
used ip polar coorainate systems, radii and angles of generated
points are interpolated linearly betweéh nodes N and NOLD. 1In
the Cartesian coordinatevsystem, all generated nodes will lie

on the straight line joining points N and NOLD at equal distances.

5.4 Termination Card

One blank card at the end of all nodal geometry cards.
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.6. EXTERNAL BOUNDARY ELEMENTS

External boundary elements in program FEPARCSS5 are of the spring
type. - These springs may have any orientation in the r-z plane. 1In
the case of axisymmetric structures these elements are entered with

stiffness per unit width along the circumference.

6.1 Control Card (14)

One card which contains the following entry:

NCARDS

NCARDS: number of external boundary element cards to follow.

6.2 Element Specification Card (3I4, 4F12.0)
One card per element unless automatic generation is used to a

total of NCARDS cards.

4 8 12 24 36 48 - 60

N NPEBE INC XPEBE YPEBE PDEBE STEBE
N : identification number of external boundary element
NPEBE :

identification number of node to which the element is attached.

INC if nonzero automatic generation is initiated between element

on the preceding card and this element. Generated elements

will have numbers (NOLD+K*INC), where NOLD is the number of



XPEBE

YPEBE

PDEBE

STEBE

.
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element on the preceding card and K is a positive integer.
The elements will be attached to nodes with numbers linearly
interpolated between the nodes of element N and NOLD and the
generated elements will have the properties Qf the element on
the card initiating the generation.

r—projection of a ﬁnit vector along element.

z-projection of a unit vector along element.

" prescribed displacement of node in the direction of a unit

vector along element.

spring stiffness of element per unit width if other than

1029 unit force/unit displacement/unit width.
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7. SOLID ELEMENT CARDS

Prbgram FEPARCS5 uses isoparametric elements of the linear, quadratic

.and cubic types together with a variety of Gaussian integration rules.

7.1 Control Card (I14)

One card which contains the following entry

4
NCARDS

NCARDS : number of solid element specification cards of Type 7.2 to

follow.

7.2 Element Specification Cards (1814, F8.0)
One card per element unless automatic generation is used to a

total of NCARDS cards.

4 8 12 16 20 24 72 80

IN | NDELM | NGELM | 1cLSE | MATSE | 1NnC | NPELM(T),1=1,12 | ORNSE

N :ﬁ : identification number of element

NDELM order of element (l=linear, 2=quadratic and 3=cubic)

NGELM a two digit number which gives the order of Gaussian integration

required. The first digit is the order of integration in the
local u directibn which may be 1, 2 or 3. The second digit
is the order of integration in the £ local direction which may

be 1, 2, 3, 5, or 7.
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ICLSE :- if (0), the element iS a prototype of a class of solid elements?
In this case, its shape functions and derivatives will be
evaluated and stored on file.'l'. If (i), the element will be
considered to have the same geometric properties as element
‘numbey (i) which_must be a prototype element. This classifi~
cation scheme is restricted to geometric properties in the

global r-z system enly.

MATSE material type identification. number.

INC if nonzero, automatic generation is initiated. Generated

elements will have numbers (NOLD+K*INC), where NOLD is the
element number on the preceding card, and K is a pesitive
integer which varies from (1) to ((N-NOLD)/INC-1). The
generated elements will have the properties specified on this
card. The nodes will be interpolated linearly between element
number NOLD and element number N.

NPELM : Array of the identification numbers pf nodes of the element
starting at a corner and proceeding in a counterclockwise
manner around the element. The order of nodelspecification in
‘this array defines the local nondimensional coordinate syetem
(E,1). The initial nodes define the £ direction, while the u
direction will make a counterclockwise angle with the £
direction.

ORNSE : Orientation of the E2 material axis measured in a counter-

clockwise direction from the global z-axis.
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8. LONGITUDINAL REINFORCING ELEMENT CARDS

This group of cards is omitted if the flag ILNGR described in

Section 3 equals zero.

8.1 Control Card (I4)

One card which contains the number of pairs of cards to be read in

Sectionv8.2.

8.2 Element Specification Cards

Two cards per element, unless automatic generation is used. The

first card is of format (5I4). The second is of format- (8F8.0).

4 8 12 16 20
| v |'8n| 1c | »m | 1ne |

8 16 24 32 40 .48 56 64
| a1 | P2 | a2 | P2 | a3 | P3| a4 | p4]

N : number of solid element which contains this element.

NL

number of last layer in this element (see Section 8.3).

IcC : if zero, this élement is a prototYpe of a class of longitudinal
reinforcing.eléments, and its shape functions and derivatives
will be computed and stored on file 1. If (i), this eiement
belongs to the class described by element number (i), which

must be a prototype element,
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NM : material type identification number.

INC : if nonzero, éutomatic data generation is initiated. Generated
elemehts will have numbers (NOD+K*INC), where NOLD is the
element number on the preceding card, and K is a positive
integer ranging from (1) to ((N-NOLD)/INC-1). The generated
elements will have the properties on this card.

Al.to A4: areas of layers per unit width. A solid element can accept
four longitudinal reinforcing layers. The first two lie in
the U local direction. The last ﬁwo lie in the £ local
direction.

_P1 to P4: nondimensional position of layer with respect to center of
element. Pl and P2 are § coordinates indicating the distances
from the u éxis to layers Al and A2. P3 and P4 are | coordinates

indicating the distances from the & axis to layers A3 and A4.

8.3 Example
For the elements shown in Fig. A.l, the sequence of cards described

in Sections 8.1 and 8.2 is written as follows.

4
1 1 0 1 0]

1.0 -0.5 0.0 0.0 0.0 0.0 0.0 0.0
2 1 0 1 0

1.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0
3 3 0] 1

1.0 -0.5 0.0 0.0 1.0 -0.5 0.0 0.0
4 4 0] 1

0.0 0.0 0.0 0.0 1.0 -0.5 1.0 0.5
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9. CIRCUMFERENTIAL REINFORCING ELEMENT CARDS

This group of cards is omitted if the flag IHOPR described in

Section 3 equals zero.

9.1 Control Card (I4)

One card which contains the number of pairs of cards to be read

in Section 9.2.

9.2 Element Specification Cards

Two cards per element, unless automatic generation is used. The

first card is of format (5I4). The second is of format (8F8.0).

4 8 12 16 20
In | wn | ¢ | w | 1Ne |

'8 16 24 32 40 48 56 64
|a1 | p1 | a2 | P2 | a3 | 3 | B4 | P4 |

N :  number of solid element which contains this element.

NL number of last layer in this element (see Section 8.3)

Ic if zero, this element is a prototype of a class of circum-

.

ferential reinforcing elements, and its shape functions and
derivatives will be computed and stored on file 1.  If (i),
this element belongs to the class described by element number

(i) which must be a prototype element.



NM :

INC

Al to A4:

Pl to P4:

38

material type identification number.

if nonzero, automatic data generation is initiated. Generated
elements will have numbers (NOLD+K*INC), where NOLD is the
element number on the preceding card, and K is a positive
integer ranging from (1) to ((N-NOLD)/INC-1). The generated
elements will have the properties on the card initiating the
generation.

areas of layers per unit length. A solid element can accept
four circumferentiai reinforcing layers. The first two lie in
the U local direction. The last two lie in the & local
direction.

nondimensional position of layer with respect to center of
element. Pl and P2 are § coordinates indicating the distances
from the Y axis to layers Al and Aé. P3 and P4 are U coordinates

indicating the distances from the & axis to layers A3 and A4.
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10. LONGITUDINAL PRESTRESSING ELEMENT CARDS

This group of cards is omitted if the flag ILNGP described in

Section 3 equals zero.

10.1  Control Card (I4)

_Ohe card which contains the number of pairs of cards to be read in

Section 10.2.

10.2 Element Specification Cards
Two cards per element, unless automatic generation is ﬁsed. The

first card is of format (5I4).. The second is of format (8r8.0).

12 16 20

ic | »M | 1NC |

24 32 40 48 56 64

a2 | p2| a3| p3| a4| p4

4 8
|4 | mo |

8 16
|a1 | p1 |
N -
NL H
IC :

number of solid element which contains this element.
number of last layer in this element (see Section 8.3)

if zero, this element is a prototype of a class of longitudinal

- prestressing elements, and its shape functions and derivatives

_will be computéd and stored on file 1. If (i), this element

belongs to the class described by element number (i) which

must be a prototype element.
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NM : material type identification number.

INC if nonzero, automatic data generation is initiated. Generated

elements will have numbers (NOLD+K*INC), where NOLD is the
element number on the preceding card and K is a positive
integer ranging from (1) to ((N-NOLD)/INC-1). The generated
elements will have the properties on the card initiating the
generation.

Al to A4: areas of layers per unit width. A solid element can accept
‘four longitudinal prestressing layers. The first two lie in
the U local direction. The last two lie in the & local
direction.

PL to P4: nondimensional position of layer with respect to center of
element. Pl and P2 are ¢ coordinates indiéating the distances
from the U axis to layers Al and A2. P3 and P4 are I coofdinates

indicating the distances from the § axis to layers A3 and A4.
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' 11. CIRCUMFERENTIAL PRESTRESSING ELEMENT CARDS

This group of cards is omitted if the flag IHOPP described in

Section 3 equals zero.

11.1 Control Card (I4)

One card which contains the number of pairs of cards to be read in

Section 11.2.

11.2 Element Specification Cards
Two cards per element unless automatic generation is used. The
first card is of format (5I4). The second is of format (8F8.0).

4 8 12 16 20
| v | no | 1C |nm |INe |

8 16 24 32 40 48 56 64
|a1 | p1 | a2 | P2 | a3 | p3 | A4 | p4 |

N : number of solid element which contains this element.
NL  : number of last layer in this element (see Section'8.3).
IC : if zero, this e€lement is a prototype of a class of circumferential

prestressing elements, and its shape functions and derivatives
will be computed and stored on file 1. If (i), this element
belongs to the class described by element number (i) which

must be a prototype element.



NM

INC :

Al to A4:

Pl to P4:
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material type identification number.

if nonzero, automatic data generation is initiated. Generated
elements will have numbers (NOLD+K*1NC), where ﬁOLD is the
element number on the preceding card, and K is a positive
integer ranging from (1) to ((N-NOLD)/INC-1). The generated
elements will have the properties on the card initiating the
generation.

areas of layers per unit length. A solid element can accept
four circumferential prestressing layers. Thg first two lie
in the | local direction.. The last’two lie in the & local
direction.

nondimensional position of layer with respect to center of
element. Pl and P2 are £ coordinates indicating the distances
from the U axis to layers Al and A2. P3 and P4 are U coor~
dinates indicating the distances from the £ axis to layers A3

and A4.
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12. LOAD DATA

Program FEPARCS5 can accept a variety of load types; concentrated
loads (dead and/or live), hydrostatic surface pressure (dead), normal
and/or tangential surface pressure (live), gravity loads (dead),

pfestressing loads, and temperature loads.

12.1 Concentrated Load Cards

This group of cards describes the live and dead concentrated nodal
loads. The entire group of cards must be omitted if flag ICNLD described

in Section 3 equals zero, or 10.

12.1.1 Control Card (I4)

One card which contains the following entry.

4
NCARDS

NCARDS : The number of concentrated load specification cards to follow.

12.1.2 Concentrated Load Spedification Cards (14, F12.0)

One card per node at which a dead and/or live nonzero load is

applied.

4 16 28 40 52
| v | Fox | FDY | PLX | FLY |
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N : node identification number

FDX :. xr-component of dead load/unit width
.FDY ¢ 2z-component of dead load/unit width
FLX : r-componenf of livé load/unitlﬁidth
FLY ° : z-component of live load/unit widtH

12.2 Nodal Pressure Intensity Cards

This group describes the nodal normal and tangential pressure
intensities which make up surface traction. The group is omitted if the

flag IDSLD described in Section 3 equals zero or 1.

12.2.1 Control Card (I4)

One card which contains the number of cards of type 12.2.2 to

be read.

12.2.2 ©Pressure Specification Card (214, 2r12.0)

One card per node of surfaces where pressure is applied, unless

automatic data generation is used.

4 8 20 - 32

| N | 8¢ | PNORM | pTaNG

N " : node number

INC

if nonzero, automatic data genération is initiated. Pressure
intensitiés are generated at nodes with numbers (NOLD+K*INC),
where NOLD is the node number on the preceeding card, and K is
a positive integer. The pressure intensities are interpolated

linearly.

et e o

PE—
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PNORM : pressure intensity at node N normal to surface (see Section 12.6)
PTANG : pressure intensity at node N tangential to surface (see

Section 12.6).

12.3 Prestressing Nodal Temperature Distribution Cards

This group of cards describes a thermal distribution for' the
purpose of prestressing the tendons. If the flag ITEMP described in
Section 3.is equal to zero, this group is to be omitted. If ITEMP=2,
and there aré no tendons, a blank card éhould be inserted to bypass this

section.

12.3.1" Control Card (I4)

One card which contains the following entry.

NCARDS

NCARDS : The number of nodal temperature specification cards to follow.

12.3.2 Nodal Temperature.Specification Cards (2I4, F12.0)

One card per node, unless automatic data generation is used to a
total of NCARDS cards.

4 8 . 20

| N IINC | TEMPV|

N : node identification number
INC : if nonzero, temperature values are generated at nodes with

numbers (NOLD+K*INC), where NOLD is the node identification



46

S

number on the preceding card, and K is a positive integer
which varies between (1) and ((N—NOLD)/INC-l). Generated
temperafure values will be interpolated linearly between nodes

N and NOLD.

TEMPV : temperature value.

12.4 Nodal Temperature Distribution Cards

This group describes the thermal load on the structure in the form
of a temperature distribution. The group is omitted, if the flag ITEMP

described in Section 3 equals zero or (1).

12.4.1 Control Card (I4)

One card which contains the number of cards of type 12.4.2 to be

read.

12.4.2 Nodal Temperature Specification Cards (2I4, F12.0)

One card per node, unless automatic data generation is initiated.

4 8 20

v |inc | TEMPV

N : node number

INC : if nonzero, autométic data generation is intiated. Temperature
values are generated at nodes with numbers (NOLD+K*INC), where
NOLD is the node number on the preceding card, and K is a
positive integer. These values are interpolated linearly.

TEMPV : temperature at node N.
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12.5 Nodal Hydrostatic Pressure Intensity Cards

This group of cards describes a hydrostatic pressure distribution.
The entire group is omitted, if the flag IDSLD described in Section 3

equals 0 or 10.

12.5.1 Control Card (I4, 2F12.0)

One card which contains the following entries

4 16 28
NCARDS | HO | SWLIQ |

NCARDS : The number of submerged node specification cards to follow.
HO : level of zero hydrostatic pressure

SWLIQ : specific weight of liquid.

12.5.2 Submerged Node Specification Cards (2I4)

One card per submerged node on exposed surface, unless automatic
generation is used to a total of NCARDS cards.

4 8
| v | nc |

N : node identification number

INC

if nonzero, hydrostatic pressure intensities will be generated
on nodes between NOLD and N, where NOLD is the node number on
the preceeding card. The nodes at which generation takes
place are those with numbers (NOLD+K*INC), where K is a

ppsitive integer which ranges from (1) to ((N-NOLD)/INC-1).
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12.6 BSurface Definition Cards (714)

One card per element surface exposed to surface traction, as
described in Section 12.2, unless automatic generation is used. This
group is terminated with a blank card. The group is omitted, if the

flag IDSLD in Section 3 is 0 or 1.

4 8 12 16 20 24 28

| Ne | NI | NG | M1 | m2 | N3 | N4 |

NR

: number of nodes on surface (two, three, or four for linear,
quadrafic or cubic elements respectively). A surface is a
group of nodes which form one side of a solid element.

NI : - number of surfaces to be generated between the surface defined
on the‘previous card and this card.
NG ¢ order of Gaussian integration

N1 to N4: Node identification numbers which define the surface. The
order of spécification of the nodes defines the positive
normal to the surface. The positive normal to an element
surface is the normal which points to the righthandside, when
‘the nodes which define the surface are traversed in the order
they are specified. The positive direction of a tangent ﬁo
the surface makes a 90° counterclockwise angle with tﬁe
positive nofmal described above, as'shown in Fig. 2.4 (i.e.,
the positive tangent points in thé diréction in which this

curve is being traversed).
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12.7 Submerged Surface Definition Cards‘(7I4)

One card per element surface exposed to hydrostatic pressure,

unless automatic generation is used. This group of cards is terminated

with a blank card.

number of nodes on surface (2, 3 or 4 for linear, quadratic or
cubic elements). If zero, this group is terminated.

number of surfaces to be generated between the surface defined

4 8 . 12 16 20 24 28
| NR | NI | N6 | N1 | N2 | N3 | N4 |
NR :
NI :
on the previous card and this card.
NG order of Gaussian integration (1, 2 or 3).
N1 to N4:.

identification numbers of nodes which define the surface. The
order of specification of those nodes defines the positive
direction of pressure with respect to the surface as described

in Section 12.6.
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13. -INITIAL.LOAD METHOD PREPARATION CARD

One blank cérd.
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14, LOAD STEP SPECIFICATION CARDS (414, 9F6.0)

One card per load step which contains the following entries.

4 8 12 16 22 28 34 40 46 52 58 64 70

1sTEP | IPRST | NI | KI | Rx | Tu | TP | o | cn | cr| cen | cpT | cCPD

'ISTEP : load increment number

IPRST if (1), this increment is a prestensioning step. Otherwise

.

it should be zero.
NI : number of strain subincrements

KI

number of iterates allowed before re-evaluation of structure
stiffness matrix.
RX : a relaxation factor.

TU

tolerance for convergence of displacements, Xr

TP : tolerance for cdnvergence of loads, Xp

CD : load factor for inérement of dead loads

CL' : load factor for increment of live concentrated nodal loads
cT : load factor for temperature gradient loads

CPN : load factor for normal surface pressure

CPT : load factor for tangential surféce pressure

CPD ¢ load factor for prescribed displacements
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APPENDIX B

FILE DESCRIPTION

For input and output of printed data and results the program uses
a number of line files. Interim and long term stofage of unformatted
information is done in sequential files. MTS system routines NOTE and
Point control sequential files. Routine NOTE keeps track of the
position of the write pointer and routine POINT positions the read
pointer at the beginning of a particula? record. The files used by the
program are briefly described in the following. The sizes required for
sequential files are stated in bytes. For the U. of A. MTS virtual

memory system, 1 page = 4096 bytes.

File Ul
Function: contains shape functions and derivatives evaluated at all

integration points of prototype elements.

Type sequential

Size 336 bytes per integration point

Files U2 and U3

Function: contains stresses, strains and material properties at all
integration points. Files U2 and U3 are assigned altérnatively
lto channels 2 and 3. Channel 2 acts as input channel and the
file assigned to it‘should contain information at the end of
the previous load step. Channel 3 acts as output.channel and
the file assigned to it receives the information at the end of
the current load step. This file can then act as input file

for the next load step.
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Type :

Size :

File U4
Function:
Type :

Size :

File US

Function:

Type :

File U5’

Function:

Type :

File U5"!

Function:

Type -
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sequential
440 bytes per integration point for solid elements and 80
bytes per integration point for reinforcing and prestressing

layers.

contains total loads and total displacements.
sequential

32 bytes per nodal point

contains input cards described in Sections 1 to 12 of
Appendix A.

line

initiates the stiffness matrix preparation phase in case the
initial load method is to be used. This file contains one
blank line as described in Section 13 of Appendix A.

line

contains the load step control cards described in Section 14
of Appendix A. Each line initiates a load step.

line




File U6
Function:

Type :

File U7
Function:
Type :

Size

File U8

Function:

Type :

Size :

File U9

Function:

Type :

Size :
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receives output for printing

line

contains structure information and the basic load vectors.

sequential

: enough to store common blocks AAA, BBB, III, and JJJ.

contains a triangularized stiffness matrix for use in the
initial load method.
sequential

enough to store common block CCC.

temporary file used in the post-tensioning stage only.
sequential

identical to files U2 or U3.

Files U10, Ull, Ul2 and U13

Function:

Type :

receive printing output for the meridional reinforcing,
circumferential reinforcing, meridional prestressing and
circumferential prestressing layers.

line
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Program FEPARCSS itself is stored in two separate files;
OBJMAIN and OBJFEPARCS5. The former contains the compiled form of the
main segment, while the latter contains the compiled form of the rest

of the program.




APPENDIX C

EXECUTION OF FEPARCSS

Execution of program FEPARCS5 is carried out in several stages
designed to carry out specific tasks. The results of each stage are
used as input for the next stage. Those results can be stored on tape
for future reference and to allow for restarting the analysis at any
given point. Tﬁis considerable flexibility calls for judiciousness on
the part of the user. 1In the following, the different stages of
execution are briefly'described. The files réquired'for the run commands

are defined in Appendix B.

The Partial Dry Run (IDRUN=2)

In this initial stage the control parameters describéd in
Sections 1, 2 and 3 of Appendix A are read and the required sizes of
common blocks AAA, BBB, III, and JJJ are calculated. The user must then
make sure that the sizes of those comhon blocks defined if MAIN are

adequate. The run command may be written as

$run OBJMAIN+OBJFEPARCSS 5=U5 6=U6

This run is'distinguished by IDRUN=2 on the control card.

The Dry Run (Data.Check Run) (IDRUN=1)

In this run the program reads, generates and prints the
structure and load data described in éections 1 to 12 of Appendix A.
The Jagcobian determinants at all integration points are calculated to
assist ih debugging ﬁhe data.A In this run; the program also'calculates
tﬁe size of the array required.to store the skyline structure stiffﬁess

matrix. The user must then check the data, and must make sure that

57
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the size of common block CCC which is used to store the stiffness matrix

is adequate. The run command may be stated as.

$run OBJMAIN+OBJFEPARCSS 1=U1 5=U5 - 6=U6

This run is distinguished by IDRUN=1 on the control card.

The Data Preprocessing Run (IDRUN=0)

In this stage the program reads, generates and prints the
corrected data. The shape functions and derivatives are calculated at
the integration points of the prototype elements. The skyline of the
structure stiffness matrix is formed. The stresses, strains and
material properties are initialized at all integration points. All
basic load vectors are formed. Finaliy, thelprogram stores all processed

information on sequential files. The run command may be described as
$run OBJMAIN+OBJFEPARCSS 1=U01 2=U3 3=U2 4=U4 5=U5 .6=U6 7=07

It must be noted that if there is a state of initial stresses the user
wishes to assign to the structure it should be contained in file U2 and

must be assigned to channel 3 as shown above.

The Initial Load Method Preparation Run

In this run thé program formulates, triangularizes and stores
a structure stiffness matrix for use as a constant mapping in the
initital load method. The program obtains the necessary information’
from previously stored files. The execution command may be written as

follows.

Srun OBJMAIN+OBJFEPARCSS 1=U1 2=U2 4=U4 5=U5' 6=U6(last+l)
7=U7 8=U8
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The Pretensioning Run

The pretensioning stage is considered a load step and must be
the first load step if it is to be performed. 1In this run the preten-
sioning equivalent loads are calculated and applied to the structure as

described in Section 2:5. The execution command can be written as

$run OBJMAIN+OBJFEPARCS  1=Ul 2=U2 3=U3 4=U4 5=U5'"'(Ll)
: 6=U6 7=U7 9=U9 10=U10 11=U11
12=U12 13=U13

The Production Run

Each load step is carried out separately in one run. If the
run is successful the user should store the output files assigned tg
channels 3 and 4 on tape for future reference in cése a rerun is required
or more information ofher than those printed out is needed. The file
éssigned to channel 2 is an input file and should contain the stresses,
strains.and material properties at all integrétion.points at the end of

Atﬁe preceeding load step. The file assigned to channel 3 is an output
file for this informaﬁion at thé end of the current load stép, and
therefore, serves as an input file in the next load step where it should
be assigned-to channel 2. An example of two successive load steps is as

follows,

$run OBJMAIN+OBJFEPARCS5 1=Ul 2=U2 3=U3 4=U4 5=U05'' (i) 6=U6 7=U7
[8=U8] 10=U10 11=Ull 12=0U12 13=U13

$print U6, Ul0, Ull, Ul2 and. U1l3
$empty U6, U10, Ull, Ul2 and U13

$store U3 and U4 on tape
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$run OBJMAIN+OBJFEPARCSS 1=U1 2=U3 3=U2 4=U4 5=U5'"'(i+l) 6=U6 7=U7
[8=U8] 10=U10 11=Ul1 12=Ul12 13=Ul3

In this sequence i denotes an odd numbered load step. For the MTS file
handling system the statement 5=U5"(i).sets the read pointer for logical
unit 5 to line i of file U5". Channel 8 is optional and is to be used
only when the initial load approach is used as a solution strategy. 1In
this case the initial load preparation run must have been carried ott

beforehand.




APPENDIX D

LISTING OF FEPARCSS
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PROGRAM FEPARCSS

3k %k 3k 3k 3k 3k K 3k vk 3K 3k 3k K %k ok kK

A FINITE ELEMENT PROGRAM FOR NONLINEAR ANALYSIS OF PLANE
OR AXISYMMETRIC-REINFORCED AND/OR PRESTRESSED CONCRETE
STRUCTURES.

WRITTEN BY: A.E.ELWI, AND D.W.MURRAY
' UNIVERSITY OF ALBERTA,
EDMONTON, ALBERTA,
1979

3% ok ok 3k ok oK ok 3k 3k 3K 5k 3k 3K 3k S 3k 3k 3K ok 3k ok 3k vk 2k ok ok ok ok 3k ok sk Sk 3K 3k Sk 3k ok ok 3k 3k 3k 3k 3k ok 3k sk ok 3k ok ok 3k %k K %K ok 3k %k 5k

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

COMMON /AAA/ AAA(2453)

COMMON /BBB/ BBB({5373)

COMMON /CCC/ ccc(8178)

COMMON /III/ 111(2467)

COMMON /Jdd/ Jdu(275)

COMMON /PROBCV/ NSTIF,IECHO,ISTYP,IMTYP, IDRUN, ILNGR, IHOPR,
* ILNGP, IHOPP,IDSLD,ISTRS, IGRLD, NMNOD, NMELM,
* NMEBE ,NCMAT ,NSMAT,NMPAR, ITEMP, ICNLD,NITRT

COMMON /DATA1/ CD,CL,CT, CPN.CPT,CP,EP, TU, TP, RX, 1S,MI,NI,KI

COMMON /FILES/ IN, 10, INS 10S,1ST, ILD

EQUIVALENCE (IDRUN,ITRAT]

2k 3 3k 3k 2k 3K 3k sk ok ok 3k 3k %k 3K 3k 3k 3k 3k 3k 3k 3k 5k 3k 3k e 3 3k 3k 3k 3k 5k 3k K 3k %k %k 3k 3k 3k 3K 3K 3k %k 3K 3k 3k 5k ok %k 3k 2k ok % 3k %k %k kK

- CALL TIME(OQ,0)

READ PHASE CONTROL PARAMETERS

READ(IN,1000) ISTEP,IPRST,NI,KI,RX,TU,TP,CD,CL,CT,CPN,CPT,
* CP

IF(ISTEP) 100,300,400

>k 2k >k 2k 2k 3k 3k 3K 5K % ok 5K ok 3k 3k Sk 3k Sk 3k >k 3k sk ok ok ok sk ok sk ok 3K ok 3k ok ok 3k ke 3K K 3K 3k 3k 3k >k ok 3k 5k 3K 3k ok 5k %k ok k%K kK %k Ak

PROBLEM PREPARATION PHASE

3 3K 2k 3K 3k oK ok ok 3k 3k 3K 5k Sk 3k 3k 3k 3K 3K 3k 3k 3k ok ok 3k 3k ok 3k 3k ok 3k ok ok 3k ok 3k ok Sk 3k 3k 3k 3k 3k 3k 3k 3k 3K 3K 3 ok K ok ok ok ok ok ok %k %k

"READ PROBLEM DATA * * x =x ¥'* *k Kk ok Kk ok k *k 3k %k *k *k Xk *k X
CALL DATA » A
CALL TIME(3,3)

'FORMULATE ELEMENT SHAPE FUNCTIONS AND DERIVATIVES* * kK Ok
CALL ELMFNC
CALL TIME(3,3)

FORM COLUMN HEIGHTS AND ADDRESSING ARRAYS* * * * x *x * * *
CALL sOLv(1)

CALL TIME(3,3)

IF(IDRUN.EQ.1) GO TO 200

INITIALISE STRESSES AND MATERIAL PROPERTIES* * * * * * *x x
CALL INIT
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CALL TIME(3,3)

'FORM INCREMENTAL LOAD VECTOR * * * # % % * % # % % % % % x

CALL LOAD
CALL TIME(3,3)

STORE VARIABLES, ARRAYS AND POINTERS ON FILE * * * = * x x
CALL STORE (0)
CALL TIME(3,3)

STOP

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

'STIFFNESS FORMATION AND TRIANGULARIZATION

3 2k 3k ok 3k 3k 2k sk ok 3k ok 3K ok ok vk 3k 3k 3K 2k 3 3k 3K 3k 3k ok 3k 3K 3K 3k 3k o K ok 3K 3k 3 3k 3k 3K 3k 2K 3k 3k 3k 3k ok ok ok ok sk 3k K ok %K 3k %k K %K

RESTORE VARIABLES, ARRAYS AND POINTERS FROM FILE * * * * x
CALL RSTORE

IPRST = 0

CALL TIME(3,3)

FORM STRUCTURE STIFFNESS MATRIX * * * % * % * * * * * * x
CALL STIF (INS)
CALL TIME(3,3)

TRIANGULARIZE STRUCTURE STIFFNESS MATRIX * ok ok ok ok ok ok Kk k
CALL SOLV (2)
CALL TIME(3,3)

STORE TRIANGULARIZED STIFFNESS MATRIX ON FILE B * * % * x
REWIND 8
CALL BLKSTR (CCC({1),NSTIF,8)

STOP

© 3% 3k 3k ok 3k 3k 3k 3k 3k ok 3k 3k ok 3K 3Kk 5k ok 3k 3k 3k 3k 3k Sk ok sk ok 3k 3k ok ok ok ok K ok sk ok vk 3k 3k 3k 3k 3K 3K 3K >k 3k %k 3k XK 3 kK 5k 3k Kk K %k %k %k

SOLUTION AND OUTPUT PHASE

3 3k ok ok 3 3k ok 3k 3k 3k 3k ok sk 2k K 3K ok % Sk 3k 3k 3K 5k ok ok 3k 3 3k 3K ok 3k 5K ok 3k 3k ok ok ok 3 sk sk ok ¢ 3k ok 3K ok 3K ok ok 3K 3k 3K 3K ok K K 3K

IXS = INS

‘RESTORE VARIABLES, ARRAYS AND POINTERS FROM FILE * * % * x

CALL RSTORE
IECHO=IPRST
CALL TIME(3,3)

UPDATE LOAD VECTOR AND INITIALIZE 'PSUEDO-LOAD VECTOR * *
CALL LOADUP (1STEP)
CALL TIME(3,3)
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PRESTRESS STRUCTURE # % % % % # # % % % % % % % % % %
IF(IPRST.EQ.0) GO TO 500

10S = 9
CALL PRESTS
INS = 9
10S = 3

CALL TIME(3,3)

FORM STURCTURE STIFFNESS MATRIX * * * % % % * * * * %
IF(KI.NE.O) GO TO 600

KI = NITRT + 1

REWIND 8

CALL BLKRTV (CCC(1),NSTIF,8)

GO TO 700 '

CALL STIF (IXS)

CALL TIME(3,3)

TRIANGULARIZE STIFFNESS MATRIX * * * * % % x * % * % %
CALL SOLV(2)
CALL TIME(3,3)

SOLVE FOR AND ACCUMULATE AN INCREMENT OF DISPLACEMENT
CALL SOLV(3)
CALL TIME(3,3)

UPDATE STRESSES AND MATERIAL PROPERTIES * * * * * % %
CALL STRESS
CALL TIME(3,3)

CHECK IF PROBLEM IS LINEAR * % * % % % % % % * * * % %
IF(IMTYP.EQ.0) GO TO 800

FORM PSUEDO-LOAD VECTOR % * * % s % % % % % * * * * *
CALL SUDOLD |
CALL TIME(3,3)

TEST CONVERGENCE * % * % * % % s % % * % % % % % % %
CALL TCONVG (K) -

CALL TIME(3,3)

IF(K.EQ.0.0OR.K.EQ.4) GO TO 800

IF(K.EQ.2) GO TO 700

IXS = I0S

GO TO 600

PRINT OUT DISPLACEMENTS AND STRESSES
CALL TOUT

CALL TIME(3,3)

IF(K.EQ.4) GO TO 900

*
*
*
*
*
*
*
*
*

STORE VARIABLES, ARRAYS AND POINTERS ON FILE * * * *x x
CALL STORE (1)
CALL TIME(3,3)

*




0

1000

C
C

900 stoP

. FORMAT(414,9F6.0)
END N

65



OO0

66 .

BLOCK DATA
- THIS SEGMENT INITIALISES SOME VARIABLES AND ARRAY ELEMETS
AS WELL AS TOLERANCE LIMITS. FEPARCSS

3k 3k 3 %K 3K 2k 5k 3k 5K 3k ok >k 3K 3k ok 3k sk 3K 3k 3k 3K 3k 3k 3k 3k 3 5k 3k 3k 3k 3k 5Kk 3K 3k 3k 3k 3k 3k ok 3k vk ok 3k 3k k3K 3K 3 kK ok 3k 3 kK ok ¢ 3k 3k kK

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

REAL*8 NMS

COMMON /DATA1/ CD,CL,CT,CPN,CPT,EP,TU,TP,RX,0V,1S,MI,NI,KI
COMMON /FILES/ IN,I0, INS IOS IST ILD

COMMON /DIMCOM/NMS(S,SO).L1,L2,L3,L4,L5,MX,IP(5,31),ICM(S)

COMMON /POINTR/ LLL(68)
COMMON /TOLER/ PT,FNUQ,FNPO,KDIV
COMMON /DATA2/ EPSY,EDBR

DATA EPSY/0.0012/,EDBR/.06/

DATA EP/1.D-3/,M1/50/

DATA L1,L2,L3,L4,L5,MX/5*O,30/,IP(1,1),IP(2,1),IP(3,1),
* IP(4,1),IP(5,1)/5*1/

DATA IN/5/,10/6/,INS/2/,1ST/7/, IOS/3/ ILD/4/

DATA LLL/68+%0/
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SUBROUTINE DATA
THIS SEGMENT CONTROLS DATA INPUT AND GENERATION. FEPARCS5

e o ok o o 6 6 oo o o ok ok K 3K sk o o ok o K K oK K 3K o K 3K o ok ok o o o K K ok oK o o o o o K K K K oK ok o o ok

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

COMMON /PROBCV/ NSTIF,IECHO,ISTYP,IMTYP,IDRUN, ILNGR, IHOPR,
* ILNGP, IHOPP, IDSLD,ISTRS, IGRLD,NMNOD,NMELM,

'* NMEBE , NCMAT ,NSMAT ,NMPAR, ITEMP ICNLD,NITRT

- COMMON /I11/ I11(1)
COMMON /AAA/ AAA(1)
COMMON /BBB/ BBB(1)
COMMON /POINTR/

*11,12,13,14,15,16,17,18,19,110,111,112,113,114,115,116,117,
*J1,J2,43,J4,U5,U6,d7,8,d9,J10,J11,d12,J13,J14,d15,J186, J17,
*K1,K2,K3,K4,K5,K6,K7,K8,K9,K10,K11,K12,K13,K14,K15,K16,K17,
*L1,L2,L3,L4,L5,L6,L7,L8,L9,L10,L11,L12,L13,J18,J19,420, 21
READ PROBLEM CONTROL VARIABLES

CALL DATA20 |

READ MATERIAL. PARAMETERS

K1 = ISPAC(3HEMP, (NCMAT+NSMAT)*NMPAR, 3)

J17 = ISPAC(3HNMP, (NCMAT+NSMAT),2)

CALL DATA21 (BBB(1),II1(J17))

READ AND GENERATE NODAL GEOMETRY, EXTERNAL BOUNDARY
ELEMENTS AND SOLID ELEMENT DATA.

I1 = ISPAC(5HXCORD,NNNOD, 1)

12 = ISPAC(5HYCORD,NMNOD, 1)

‘13 = ISPAC(S5HXPEBE ,NMEBE, 1)

14 = ISPAC(SHYPEBE,NMEBE, 1)

I5 = ISPAC(SHPDEBE,NMEBE, 1)

16 = ISPAC(5HSTEBE,NMEBE, 1)

17 = ISPAC(5HORNSE,NMELM, 1)

J1 = ISPAC(5HNPEBE,NMEBE,2). .

J2 = ISPAC(5HNDELM,NMELM,2) =

J3 = ISPAC(5HNGELM,NMELM,2)

J4 = ISPAC(5SHICLSE,NMELM,2)

J5 = ISPAC(5HMATSE,NMELM,2)

J6 = ISPAC(SHNPELM NMELM*12,2) |

CALL DATA22(AAA(I1) AAA(I2),AAA(I3),AAA(I4),AAA(I5),AAA(IB)
* JAAA(I7),I11(J1),111(2),111(y3),111(J4),I11(J5)

READ AND GENERATE LONGITUDINAL REINFORCEMENT ELEMENT DATA
IF(ILNGR.EQ.0) GO TO 100

J7 = ISPAC(SHNMLLR,NMELM,2)
J8 = ISPAC(SHICLLR,NMELM,Z)
J18= ISPAC(5HMATLR,NMELM,2)
I8 = ISPAC(5HARELR,4*NMELM, 1)

I9 = ISPAC(BHPOSLR,4*NMELM, 1) '
CALL DATA23 (L11(J7), III(dB) I11(Jy18), AAA(IB) AAA(I9),1,0)

'READ AND GENERATE HOOP REINFORCEMENT ELEMENT DATA
IF(IHDPR EQ.0) GO TO 200
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ISPAC(5HNMLHR,NMELM, 2) z
ISPAC(5HICLHR,NMELM,2) , f
ISPAC(5HMATHR,NMELM, 2)

ISPAC(5HAREHR, 4*NMELM 1)

ISPAC(5HPOSHR, 4*NMELM, 1)

L DATA23 (I%I(dg) III(d10) ITI(J18),AAA(I10),ANA(I11),2

, 0

READ AND GENERATE LONGITUDINAL PRESTRESSING ELEMENT DATA
IF(ILNGP.EQ.0) GO TO 300

J
J
J
I
I
C

h QT PN (o

0
9
0
1
L

J11 = ISPAC(5HNMLLP , NMELM,2)
J12 = ISPAC(5HICLLP,NMELM,2)
J20 = ISPAC(5HMATLP,NMELM,2)
I12 = ISPAC(SHARELP, 4*NMELM,1)
113 = ISPAC(5HPOSLP,4*NMELM, 1)
CALL DATA23 (III(U11) IT1(J12)

, 111(J20),AAA(T12),AAA(113),
3,0) .

READ AND GENERATE HOOP PRESTRESSING ELEMENT DATA
IF(IHOPP.EQ.0) GO TO 400

J13 = ISPAC(5HNMLHP,NMELM,2)

J14 = JSPAC(5HICLHP,NMELM,2)

J21 = ISPAC(5HMATHP ,NMELM,2) z
I14 = ISPAC(5HAREHP, 4*NMELM,1)

ISPAC(5HPOSHP, 4*NMELM, 1)
CALL DATA23 (III§d13) III( 14),III(d21),AAA(I14),AAA(I15).
_ 4,0

READ CONCENTRATED NODAL LOADS -
IF(IGRLD+ICNLD.EQ.0.AND. (IDSLD.EQ.0.0OR.IDSLD.EQ.10))

GO TO 500
K2 = ISPAC(2HFD,2*NMNQOD, 3)
IF(ICNLD.EQ.0) GO TO 500

K3 = ISPAC(ZHFL,2*NMNDD.3)

CALL DATA24 (BBB(K2),BBB(K3),AAA(I1))

READ AND GENERATE NODAL PRESSURE INTENSITIES
IF(IDSLD.LT.10) GO TO 600

K4 = ISPAC(S5HPNORM,NMNOD, 3)

K5 = ISPAC(SHPTANG,NMNOD,S)

CALL DATA25 (BBB(K4),BBB(K5),0)

READ AND GENERATE NODAL TEMPRATURE VALUES
IF(ITEMP.EQ.0) GO TO 700

K6 = ISPAC(S5HTEMPV,NMNOD*ITEMP, 3)

CALL DATA26 (BBB(K6),0)

READ AND GENERATE NODAL HYDROSTATIC PRESSURE INTENSITIES.
IF(IDSLD.EQ.0.OR.IDSLD.EQ.10) GO TO 800

K15 = ISPAC{5HPHYDR,NMNOD, 3)

CALL DATA27 (BBB(K15),AAA(IZ),NMNOD,O)

PRINT THE COMPLETED DATA SET
IF(IECHO.EQ.0) GO TO 1500



900

1000

1100

*

%

CALL DATA22

(

"IF(ILNGR.EQ.

*

L 3

%

1200
1300

1400
1500
C

CALL DATA23

IF(IHOPR.EQ.

CALL DATA23

IF(ILNGP.EQ.

CALL DATA23

IF(IHOPP.EQ.

CALL DATA23

IF(IDSLD.LT.

CALL DATA25

IF(ITEMP.EQ.
-CALL DATA26
IF(IDSLD.EQ.

CALL DATA27
RETURN
END

AAA(I1),AAA(I2),AAA(I3),AAA(I4),AAA(15),AAA(IB)
AAA(T7),I11(J1),I11(d2),I11(y3),I1I(J4),111(d5)
ITI(J6),1)
0) GO TO 900
(ITI(J7),I11(J8),111(JU18),AAA(IB),AAA(ID),1,1)
0) GO TO 1000
(I%I(dg),III(d10),III(d19),AAA(I10),AAA(I11),2
v 1
0) GO TO 1100
(§11§d11),111(d12) , I11(J20) ,AAA(T12),AAA(113),
) 1
0) GO TO 1200
(zll§d13),111(d14) ITI(J21),AAA(I14),AAA(115)
1 '
10) GO TO 1300
(BBB(K4),BBB(K5), 1)
0) GO TO 1400
(BBB(KB), 1)
0.0R.IDSLD.EQ.10) GO TO 1500
(BBB(K15) ,AAA(I2),NMNOD,2)
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SUBROUTINE DATA20
THIS SEGMENT READS THE PROBLEM CONTROL VARIABLES. FEPARCSS

*************7*********************************************

REAL*8 NMS

COMMON /PROBCV/ NSTIF,IECHO,ISTYP,IMTYP, IDRUN, ILNGR, IHOPR,
* ILNGP, IHOPP, IDSLD, ISTRS, IGRLD,NMNOD,NMELM,
* NMEBE, NCMAT ,NSMAT ,NMPAR, ITEMP, ICNLD,NITRT

COMMON /FILES/ IN, 10, INS IOS IST, ILD
COMMON /DIMCOM/NMS(S 30),L1, L2 L3 L4,L5,MX, IP(5 31),ICM(5)
DIMENSION HED(20)

READ(IN, 1000) HED
WRITE(10,2000) HED

READ(IN, 1100) IECHO,ISTYP,IMTYP,IDRUN,ILNGR, IHOPR, ILNGP,

* IHOPP, ICNLD, ITEMP, IDSLD, ISTRS, IGRLD, NMNOD,
* NMELM, NMEBE ,NCMAT , NSMAT ,NMPAR,NITRT

WRITE(10,2100) IECHD ISTYP IMTYP IDRUN ILNGR IHOPR, ILNGP,
* IHOPP, ICNLD,ITEMP, IDSLD, IGRLD, ISTRS

WRITE(IO,2200) NMNOD,NMELM,NMEBE ,NCMAT,NSMAT,NMPAR,NITRT

CALCULATE COMMON BLOCK SIZES
ICM(1) = 2*NMNOD + 4*NMEBE + NMELM=*(1+8%(ILNGR+IHOPR+ILNGP

* + THOPP)) + 18*(NCMAT+NSMAT)

ICM(2) = NMEBE + NMELM*(16 + 3*(ILNGR+IHOPR+ILNGP+IHOPP))
* + NCMAT + NSMAT + 4%NMNOD + 1

IDL = 0

ILL = ICNLD

ISL = 0

IHL = 0

IF(IDSLD.EQ.1.0R.IDSLD.EQ.11) IHL = 1

IF(IDSLD.GE.10) ISL = 1
IF(IHL.EQ.1.0R.IGRLD.EQ.1.0R.ICNLD.EQ.1) IDL = 1

ICM(3) = NMPAR*(NCMAT+NSMAT) + NMNOD*(10+6*ISL+4* I TEMP+IHL
* +4* (IDL+ILL))

ICM(4) = 5*NMELM

WRITE(10,2300) (ICM(I),I=1,4)

IF(IDRUN.EQ.2) STOP

~ RETURN
FORMAT STATEMENTS

a3k 3K K o ok ok K K ok ok o ok ok ok ok oK
FORMAT (20A4)
FORMAT(2014)
FORMAT (' 1 ,20A4)

FORMAT(// ' PROBLEM CONTROL VARIABLES'/,25(1H*)//,
* ECHO CHECK FLAG =',I5/,
*' AXISYMMETRY FLAG =',15/,
*" NONLINEAR LOADING FLAG =',15/,
*' DRY RUN FLAG =',15/,
*' LONGITUDINAL REINFORCEMENT FLAG =:,%g§,

*" HOOP REINFORCEMENT FLAG -



2200

2300
C
C.

*' CONCENTRATED LOADS FLAG
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*' LONGITUDINAL PRESTRESSING FLAG
*' HOOP PRESTRESSING FLAG

*' TEMPRATURE LOADS FLAG
*'DISTRIBUTED'SURFACE LOADS FLAG
*' GRAVITY LOAD FLAG
%" INITIAL STRESSES FLAG
FORMAT(//
* NUMBER OF NODAL;POINTS
*’ NUMBER OF ELEMENTS :
*' NUMBER OF EXTERNAL BOUNDARY ELEMENTS
*' NUMBER OF SOLID ELEMENT MATERIAL TYPES
*' NUMBER OF REINFORCING ELEMENT MATERRIAL TYPES
*' MAXIMUM NUMBER OF MATERIAL PARAMETERS ,
*' NUMBER OF ITERATIONS PER LOAD STEP
FORMAT(///' COMMON BLOCK SIZES'/,18(’ *')//

HoOnauaun
~ S~ s s N~

- 0~

nw mwnnwnH

A0/, T s 110/ BBB =", 110/, Jud

END
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=',110)



72

SUBROUTINE DATA21 (EMP,NMP)

THIS SEGMENT READS MATERIAL PARAMETERS FOR SOLID ELEMENTS,

REINFORCING ELEMENTS AND PRESTRESSING TENDONS. FEPARCSS
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IMPLICIT REAL*8(A-H,0-Z)

COMMON /PROBCV/ NSTIF IECHO, ISTYP,IMTYP, IDRUN, ILNGR, IHOPR,
* ILNGP, IHOPP,IDSLD, ISTRS, IGRLD,NMNOD,NMELM,
* NMEBE ,NCMAT ,NSMAT ,NMPAR, ITEMP, ICNLD,NITRT

COMMON /FILES/ IN,IO, INS IOS IST, ILD

DIMENSION EMP(NMPAR,1),NMP(1)

N2 = NCMAT + NSMAT
CALL CLEAR (EMP(1,1),N2*NMPAR)

DO 100 N=1,N2 |

READ(IN, 1000) I,NMP(I) -

NP = NMP(I)

READ(IN, 1100) (EMP(K,I),K=1,NP)
100 CONTINUE

WRITE(IO,2000) (N,N=1,N2)

DO 200 N=1,NMPAR ‘
- WRITE(IO0,2100) (EMP(N,I),I=1,N2)
200  CONTINUE

OO0OO0

C
RETURN
C
C FORMAT STATEMENTS

- 1000 FORMAT(214)

1100 FORMAT(10F8.0)

2000 FORMAT(’ 1’/ ,'MATERIAL PARAMETERS'/,19('=*')//,'MAT. NO.’',
ok 10112//)

- 2100 FORMAT(8X,10D12.4)

C
END
C



OO0O0

50

100
150

200

250

L 3
*

*
*

*
*

73

SUBROUTINE DATA22 (XCORD, YCORD, XPEBE YPEBE,PDEBE,STEBE,
ORNSE ,NPEBE,NDELM,NGELM, ICLSE,MATSE,
NPELM, NECHO)

THIS SEGMENT READS AND GENERATES THE STRUCTURE DESCRIPTION
DATA. : FEPARCSS
e 2k 2k -3k 2k ok 2k ok 3k ok 2k k 2k 3k ok kK ok ok ok 2K e 2k oK 3k 3k ok 3k ok ok ok 3k 3 3k sk 2k 3k ok ok 3k Sk ok Sk 3k 3k K 3 ok 3k K Sk ok e ok 3k K K K
IMPLICIT REAL*8B(A-H,0-Z)
COMMON /PROBCV/ NSTIF,IECHO,ISTYP,IMTYP, IDRUN, ILNGR, IHOPR,
TLNGP, IHOPP,IDSLD, ISTRS, IGRLD,NMNOD,NMELM,
NMEBE ,NCMAT ,NSMAT ,NMPAR, ITEMP, ICNLD,NITRT
COMMON /FILES/ IN,I10,INS,IO0S,IST,ILD ,
DIMENSION XCORD(1),YCORD(1),XPEBE(1),YPEBE(1),PDEBE(1),
STEBE(1),0RNSE(1),NPEBE(1),NDELM(1),NGELM(1),
ICLSE(1),MATSE(1),NPELM(12,1), MINC(12) -
IF(NECHD.EQ.1) GO TO 800

READ NODAL GEOMETRY

NERROR = 1

WRITE(IO,2000)

WRITE(I0,2100) ’
READ(IN,1300) NCARDS, ISPHER

IF (NCARDS.EQ.0) GO TO 300
IF(ISPHER.EQ.1) READ(IN,1100) X1,Yt

DO 250 I=1,NCARDS

READ (IN, 1000) N, XCORD(N),YCORD(N),INC
WRITE(IO,2200)'N,XCORD(N),YCORD(N),INC
IF(INC.EQ.0) GO TO 150

NINT (N-NOLD)/INC

RN DABS(DFLOAT(NINT))
IF(RN.LT.DFLOAT(N-NOLD)/DFLOAT(INC)-1.D- 3) GO TO 999

DX = (XCORD(N) - RAD)/RN
DY = (YCORD(N) - THE)/RN.
L =N :

M = NINT - 1

DO 100 J=1,M

N = L - INC v
XCORD(LL) = XCORD(L) - DX
. YCORD(LL) = ZCORD(L) - DY
L = LL -

RAD = XCORD(N)

THE = YCORD(N)

NOLD

IF(ISPHER.EQ.0) GO TO 250
IF{INC.EQ.0) NINT = 1

L = N+ INC
DO 200 J=1,NINT
LL = L -INC
TH = YCORD(LL)*3.141592654D0/1.8D2
X = XCORD(LL)*DSIN(TH) + X1
Y = XCORD(LL)*DCOS(TH) + Y1
XCORD(LL) = X
YCORD(LL) = Y
L = LL

= N
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GO TO 50

READ AND GENERATE EXTERNAL BOUNDARY ELEMENT DATA
WRITE(10,2300)

WRITE(10,2400)

NERROR = 2 4

READ(IN, 1300) NCARDS

IF(NCARDS.EQ.0) GO TO 500

DO 400 J=1,NCARDS

READ (1IN, 1200) N,NPEBE(N), INC,XPEBE(N),YPEBE(N),PDEBE(N),
* STEBE (N)

IF(STEBE(N).EQ.0.DO) STEBE(N) = 1.D20

WRITE(IO 2500) N,NPEBE(N), INC, XPEBE(N),YPEBE(N),PDEBE(N),

STEBE (N)

IF(INC.EQ.O) GO TO 400

NI = N - 1

NO = NOLD + 1

L = NPEBE(NOLD)

DO 350 I=NO,NTt

NPEBE(I) = L + INC

XPEBE(I) = XPEBE(N)

YPEBE(I) = YPEBE(N)

PDEBE(I) = PDEBE(N)

STEBE(I) = STEBE(N)

L = NPEBE(I)
IF(L.NE.(NPEBE(N)-INC)) GO TO 999
NOLD = N

MODIFY BOUNDARY CONDITIONS FOR AXISYMMETRIC PROBLEMS
IF(ISTYP.EQ.0) GO TO 500

DO 450 M=1,NMEBE

N = NPEBE (M)

STEBE(M) = STEBE(M)*(XCORD(N) + 1.DO)

READ AND GENERATE SOLID ELEMENT DATA
WRITE(I0,2600)
WRITE(10,2700)
NERROR = 3
READ (IN,1300) NCARDS
DO 700 J=1,NCARDS '
) ,MATSE(N), INC,

READ(IN,1300) N,NDELM(N), NGELM(N) ICLSE(N
* (NPELM(I N), v 12), ORNSE(N)
WRITE(IO,2800) N, NDELM(N) NGELM(N),ICLSE(N),MATSE(N),INC,
* (NPELM(I N), ,12) ,ORNSE (N)
IF(INC.EQ.0) GO TO 700 :

NINC = (N-NOLD)/INC

DO 550 I=1,12

MINC(I) = (NPELM(I,N) - NPELM(I,NOLD))/NINC
NINC = NINC - 1

L = NOLD

DO 650 I=1,NINC

LL = L + INC

NDELM(LL) = NDELM(N)

NGELM(LL) NGELM(N)



600
650
700

800

1000
1100
1200

1300

1999
2000
2100
2200
2300
2400

2500
2600

- 2700

2800
2900
3000
3100
C

C

ICLSE(LL) = ICLSE(N)

MATSE(LL) = MATSE(N)

ORNSE(LL) = ORNSE(N)

DO 600 K=1,12 ,
NPELM(K,LL) = NPELM(K,L) + MINC(K)
L = LL ' _

NOLD = N

RETURN

PRINTOUT COMPLETED DATA

INC =0 :

WRITE (10,2900)

WRITE(10,2100) -

WRITE(10,2200) (N,XCORD(N),YCORD(N), INC,N=1,NMNOD)
WRITE(I0,3000) | |
WRITE(ID,2400) . - |
WRITE(10,2500) (N,NPEBE(N),INC,XPEBE(N),YPEBE(N),PDEBE(N),
* STEBE(N),N=1, NMEBE)

WRITE(IO,3100)

WRITE(I0,2700)

WRITE(10,2800) (N,NDELM(N),NGELM(N),ICLSE(N),MATSE(N),INC,
* (NPELM(I,N),I=1,12).ORNSE(N), =1,NMELM)
RETURN

WRITE(IO 1999) NERROR,N,NOLD, INC

STOP

FORMAT STATEMENTS
FORMAT(I14,2F12.0,14)
FORMAT(2F12.0)
FORMAT (314,4F12.0)
FORMAT(1814,F8.0)
FORMAT (//' PROGRAM DATA22 HAS DETECTED DATA ERROR’ ,415)
FORMAT(’ 1’ ,’ NODAL GEOMETRY AS INPUT’/,23(1Hx*)//)
FORMAT (4X,’ N’ ,5X,’ XCORD' , 10X, YCORD’ , 7X ’INC'//)
- FORMAT(15, 2D15. 6,15)
FORMAT(//// ' BOUDARY ELEMENTS AS INPUT' /, 26(1H*)//)
FORMAT (’ NO. BE NODE INC' 4X," X.PROJ.’ ,8X,"Y.PROUJ.',
* "PRS.DSP."",7X, "STIFF. "//) .
FORMAT(315 4D15 6
FORMAT(//// SOLID ELEMENT DATA AS INPUT'/, 27(1H*)//)
FORMAT (* NO. SE. DEG GAUSS CLASS NO.MAT INC NP1 NP2,
* ! NP3 NP4 NP5 NP6 NP7 NP8 NPS NP10O’,
*  NP11 NP12 M.AXES ORN.'//})
FORMAT (1816,F12.4)
FORMAT (' 1’ , COMPLETE NODAL GEOMETRY’ /,23(1H*)//)
FORMAT (" 1’ ," COMPLETE BOUNDARY ELEMENTS' /s 26(1H*)//)
FORMAT(’ 1 ,” COMPLETE SOLID ELEMENT DATA’ / 27{(1H=*)//)

8X,

END
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SUBROUTINE DATA23. (NMLYR, ICLAS,MATRE, AREA,POSN, J,NECHO)

THIS SEGMENT READS THE REINFORCING AND/OR PRESTRESSING

ELEMENT DATA. FEPARCS5
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IMPLICIT REAL*8(A-H,0-Z)

COMMON /PROBCV/ NSTIF,IECHO,ISTYP, INTYP, IDRUN, ILNGR, THOPR,
ILNGP, IHOPP,1DSLD, ISTRS, IGRLD, NMNOD , NMELM,
NMEBE,NCMAT ,NSMAT, NMPAR, ITEMP, ICNLD,NITRT

COMMON /FILES/ IN,IO,INS,10S,1ST,ILD

DIMENSION NMLYR(1),ICLAS(1) AREA{4,1),POSN(4,1),MATRE(1)

IF(NECHO.EQ.1) GO TO 500

CALL ICLEAR(NMLYR(1),3*NMELM)
CALL CLEAR(AREA(1,1),4*NMELM)
CALL CLEAR(POSN(1,1),4=NMELM)
IF(J.EQ.1) WRITE(IO,2000)
IF(J.EQ.2) WRITE(IO,2100)
IF(J.EQ.3) WRITE(10,2200)
IF(d EQ.4) WRITE(IO,2300)
WRITE(10,2400)
READ (IN,1000) NCARDS

DO 400 M=1,NCARDS
READ(IN, 1000) N, NMLYR(N)
(AREA(I N),
IF(INC.EQ.0) GO 70300
NINC = (N-NOLD)/INC - 1

ICLAS(N),MATRE(N), INC,
POSN(I,N),I=1,4)

L = NOLD

DO 200 K =1,NINC

LL = L + INC

NMLYR(LL) = NMLYR(N)

ICLAS(LL) = ICLAS(N)

MATRE(LL) = MATRE(N)

DO 100 1=1,4

AREA(I,LL)= AREA(I,N)

POSN(I,LL)= POSN(I,N)

L = LL

WRITE(IO,2900) N,NMLYR(N),ICLAS(N),MATRE(N), INC

(AREA(I,N),POSN(I,N),I=1,4)

NOLD = N

RETURN

INC = 0

IF(J.EQ.1) WRITE(10,2500)

IF(J.EQ.2) WRITE(10,2600)

IF(J.EQ.3) WRITE(ID,2700)

IF(J.EQ.4) WRITE(IO,2800)

WRITE(10,2400) v

WRITE(IO,2900) (N,NMLYR(N), ICLAS(N), A RE(N),INC,
(AREA(I,N),POSN(I,N),I=1,4),N=1,NMELM)
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~ RETURN

O o

C FORMAT STATEMENTS*******************************************

1000 FORMAT(514/8F8.0)

2000 FORMAT(//' LONGITUDINAL REINFORCEMENT AS INPUT'//)

2100 FORMAT(//'HOOP REINFORCEMENT AS INPUT'//).

2200 FORMAT(//' PRESTRESSING LONGITUDINAL TENDONS AS INPUT’' //)

2300 FORMAT(//' PRESTRESSING HOOP TENDONS AS INPUT'//)

2400 FORMAT(’ N NML ICL NMT INC’,10X,’A1’,8X,’'P0S.’, 10X,
*' A2’ ,BX,”POS.’,10X,’ A3’ ,8X,’ P0S.",10X," A4’ ,8X,'P0S.’ //)

2500 FORMAT(’ 1’ ,' COMPLETE LONG. REINF. DATA’'//)

2600 FORMAT(’ 1’ ,' COMPLETE HOOP REINF. DATA'//)

2700 FORMAT(’ 1’ ,” COMPLETE LONG. PRESTRESSING TENDON DATA’//)

2800 FORMAT(’1','COMPLETE HOOP PRESTRESSING TENDON DATA’//)

2900 FORMAT(515,8D12.4)

C

C

END
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SUBROUT INE DATA24 (FD,FL,XCORD)
THIS SEGMENT READS CONCENTRATED NODAL LOADS. FEPARCS5
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IMPLICIT REAL*8(A-H,0-2)

COMMON /PROBCV/ NSTIF IECHO, ISTYP,IMTYP, IDRUN, ILNGR, IHOPR,
* ILNGP, IHOPP,IDSLD, ISTRS, IGRLD,NMNOD,NMELM,
* NMEBE,NCMAT ,NSMAT ,NMPAR, ITEMP, ICNLD NITRT

COMMON /FILES/ IN, 10, INS IOS IST, ILD

DIMENSION FD(1), FL(1) XCORD(1)

CALL CLEAR (FD{1),2*NMNOD)
CALL CLEAR (FL(1),2*NMNOD)
READ (IN,1000) NCARDS
IF(NCARDS.EQ.0) GO TO 200
WRITE(I0D,2000)

DO 100 I=1,NCARDS
. READ(IN, 1000) N,FDX,FDY,FLX,FLY
WRITE(10,2100) N,FDX,FDY,FLX,FLY
N2 = N*2
N2 - 1
1.D0 + DFLOAT(ISTYP)=*(XCORD(N)-1. DO)
FDX*XN
FDY*XN
FLX*XN
FLY*XN

OO0

FL(N2

100  CONTINU
C
200 RETURN
C
C FORMAT STATEMENTS
1000 FORMAT(I4,4F12.0) ,
2000 FORMAT(’ 1’ ,’"LOADS',/4('=*")//,” CONCENTRATED NODAL LOADS’/,

* 24(" =" )//,4X,"N  X-DEAD L. Y-DEAD L.",

* ' X-LIVE L. Y-LIVE L.”//)
2100 FORMAT(I5,4D15.6)

C
END
C

maia n u n
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SUBROUTINE DATA25 (PNORM,PTANG,NECHD)

THIS SEGMENT READS AND GENERATES NORMAL AND TANGENTIAL
NODAL PRESSURE INTENSITIES. FEPARCSS
**********************************************************
IMPLICIT REAL*8(A-H,0-Z)

COMMON /PROBCV/ NSTIF IECHO, ISTYP,IMTYP,IDRUN, ILNGR, IHOPR,

* ILNGP, IHOPP,IDSLD,ISTRS, IGRLD,NMNOD, NMELM,
* NMEBE ,NCMAT ,NSMAT ,NMPAR, ITEMP, ICNLD,NITRT

COMMON /FILES/ IN,IO, INS IOS IST, ILD
DIMENSION. PNORM(1) PTANG(1)
IF(NECHD.EQ.1) GO 10 300

CALL CLEAR (PNORM(1),NMNOD)

CALL CLEAR (PTANG(1),NMNOD)
READ(IN, 1000) NCARDS

WRITE(10,2000)

WRITE(10,2100)

DO 200 I=1,NCARDS _
READ(IN,1000) N, INC,PNORM(N),PTANG(N)
WRITE(I10,2200)N, INC,PNORM(N),PTANG(N)
IF(INC.EQ.0) GO TO 200

NINT = (N-NOLD)/INC

RN = DFLOAT(NINT)
IF(RN.LT.DFLOAT(N-NOLD)/DFLOAT (INC)
DNORM = (PNORM(N) - PNORM(NOLD))/RN
DTANG = (PTANG(N) - PTANG(NOLD))/RN
M = NINT - 1

L = NOLD
DO 100 J=1
LL.= L + 1
PNORM(LL)
PTANG(LL)
L = LL

-1.D-3) GO TO 998

"nn=z-
O=

PNORM(L) + DNORM
PTANG(L)- + DTANG

~NOLD = N

RETURN

(N, INC,PNORM(N) ,PTANG(N),N=1,NMNOD)

WRITE(10,998) N,INC,NOLD
FORMAT (" PROG. DATA25 HAS DETECTED PRESSURE DATA ERROR',3I15)
STOP

FORMAT STATEMENTS

FORMAT(214,2F12.0).

FORMAT(/ /' NODAL PRESSURE INTENSITY INPUT’,/30('*')//)
FORMAT (4X,’N INC = NORM.P.I. TANG.P.1."//) -
FORMAT(QIS 2D15.6)

FORMAT (" 1/ ," COMPLETE NODAL PRESSURE INTENSITY DATA’

x 0 3slan) /)

END
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SUBROUTINE DATA26 (TEMPV,NECHO)

THIS SEGMENT READS AND GENERATES NODAL TEMPRATURE VALUES.

FEPARCSS -
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IMPLIC

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

COMMON /PROBCV/ NSTIF,IECHO,ISTYP,IMTYP,IDRUN, ILNGR, IHOPR,

ILNGP, IHOPP,IDSLD,ISTRS,IGRLD,NMNOD,NMELM,
NMEBE , NCMAT ,NSMAT ,NMPAR, ITEMP, ICNLD,NITRT

COMMON /FILES/ IN, IO, INS IOS IST, ILD
DIMENSION TEMPV(NMNOD 1)
IF(NECHO.EQ.1) GO 710 400

CALL CLEAR (TEMPV(1,1),NMNOD*ITEMP)

DO 300

LT=1,ITEMP

READ(IN, 1000) NCARDS

IF (NCARDS.EQ.0) GO TO 300
WRITE(10,2000) LT
WRITE(I0,2100)

DO 200

I=1,NCARDS

READ(IN,1000) N,INC,TEMPV(N,LT)

WRITE(IO,2200)N,INC,TEMPV(N,LT)

IF(INC.

NINT =

EQ.0) GO TO 200
(N-NOLD)/INC

RN = DFLOAT(NINT)
IF(RN.LT.DFLOAT(N- NOLD)/DFLOAT(INC)-1 D-3) GO TO 998

DTEMP
M

DO 100
LL = L

= (TEMPV(N,LT)-TEMPV(NOLD, LT))/RN
NINT - 1
NOLD

Jd=1,M
+ INC

TEMPV(LL,LT) = TEMPV(L,LT) + DTEMP

L = LL
NOLD =

N

CONTINUE

RETURN

WRITE(I0,2300)
WRITE(10,2400)

DO 500

N=1,NMNOD

WRITE(I0,2500) N, (TEMPV(N,LT),LT=1,ITEMP)

RETURN

WRITE(IO,998)N, INC, NOLD

FORMAT
STOP

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END

(" PROG.DATA26 HAS DETECTED TEMP DATA ERROR’ ,315)

STATEMENTS
(214,F12.0)

(//'NODAL TEMPRATURE VALUES INPUT' ,I5/,29('*")//)
(4X,”N INC TEMP.V." //)

(215,D015.86)

("1’ ," COMPLETE NODAL TEMPRATURE DATA'/,30('*')//)
(’ N PRST.V. TEMP.V.' //)

(15,2D15.6)
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SUBROUTINE DATA27 (PHYDR,YCORD,NMNOD,NECHO)

c
c THIS SEGMENT ASSIGNS HYDROSTATIC PRESSURE INTENSITIES TO
C SURFACE NODES. FEPARCS5
C **********************************************************
IMPLICIT REAL*8(A-H,0-Z)
COMMON /FILES/ IN,I0,INS,I10S,1ST,ILD
DIMENSION PHYDR(1},YCORD(1)
C
IF (NECHO.NE.0) GO TO 300
CALL CLEAR (PHYDR(1),NMNOD)
READ(IN, 1000) NCARDS,HO, SWLIQ
WRITE(I0,2000)
WRITE(10,2100)
c |
DD 200 I=1,NCARDS
READ(IN,1100) N, INC
PHYDR(N) = (HO-YCORD(N))*SWLIQ
WRITE(I0,2200) N,INC,PHYDR(N)
IF(INC.EQ.0) GO TO 200
NINT = (N-NOLD)/INC
RN = DFLOAT(NINT)
IF(RN.LT.DFLOAT(N-NOLD)/DFLOAT (INC)-1.D-3) GO TO 998
DPHYDR = (PHYDR(N) - PHYDR(NOLD))/RN
M = NINT - 1 »
L = NOLD
DO 100 J=1,M
LL = L + INC
PHYDR(LL) = PHYDR(L) + DPHYDR
100 L = LL
200 NOLD = N
~ RETURN
c
300 INC = 0
WRITE(10,2300)
WRITE(I10,2100) |
WRITE(10,2200) (N,INC,PHYDR(N),N=1,NMNOD)
RETURN s
C

998  WRITE(10,999) N,NOLD,INC

999  FORMAT (* PROGRAM DATA27 HAS DETECTED HYDROSTATIC PRESSURE' |
* ' DATA ERROR’ .315)

STOP |

C ‘FORMAT STATAMENTS
1000 FORMAT(I4,2F12.0)

1100 FORMAT(214,F12.0)

2000 FORMAT(//'HYDROSTATIC NODAL PRESSURE INPUT'/,32('%*")//)
2100 FORMAT (" N INC HYD.PRES.V." //)

2200 FORMAT(215,D15.6) ’ :
2300 FORMAT(’ 1" ,".COMPLETE HYDROSTATIC PRES. DATA'/,31('*')//)

END
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SUBROUTINE ELMFNC

THIS SEGMENT CONTROLS EVALUATION OF SHAPE FUNCTIONS AND

DERIVATIVES FOR DIFFERENT TYPES OF ELEMENTS. FEPARCSS
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IMPLICIT REAL=*8(A-H,0-Z)

COMMON /PROBCV/ NSTIF,IECHO,ISTYP,IMTYP,IDRUN, ILNGR, IHOPR,
* ILNGP, IHOPP, IDSLD, ISTRS, IGRLD,NMNOD ,NMELM,
* NMEBE , NCMAT , NSMAT , NMPAR , ITEMP . ICNLD,NITRT

COMMON /III/ I1I(1)

COMMON /JJd/ Jdd(1)

COMMON /AAA/ AAA(1)

COMMON /POINTR/
*11,12,13,14,15,16,17,18,19,110
*J1,d2,J3,d4,d5,d6,d7,d8,d9,d10
*K1,K2,K3,K4,K5,K6,K7,K8,K9,K10
*[1,L2,L3,L4,L5,L6,L7,L8,L9,L10

DIMENSION XEL(12),YEL(12)

REWIND 1
ISPAC(5HINF11,NMELM, 4)
ISPAC(5HINF 12, NMELM*ILNGR,4)
ISPAC(5HINF13,NMELM*IHOPR,4;
4
4)

— —
, (O —_
munnan

ISPAC(S5HINF 14, NMELM*ILNGP
L5 = ISPAC(5HINF15,NMELM*IHOPP,
DO 1000 ME = 1, NMELM

CALL ELMDT4 (ME,IC,NS,NGL,NG,I
CALL ELMDT1 (ME,NS,XEL(1),YEL(
ME1 = ME - 1

FORM AND STORE SHAPE FUNCTIONS AND DERIVATIVES FOR SOLID
ELEMENT
F(IC.EQ.0) GO TO 100
GO TO 200
- III(J4+ME1) = ME ' '
CALL ELMSE (ME,NS,NGL,NG, XEL(1),YEL(1),dJJd(L1))

—
[y
- =
—t .
=N

FORM AND STORE SHAPE FUNCTIONS AND DERIVATIVES FOR LONGIT
UDINAL REINFORCING ELEMENT.

IF(ILNGR.EQ.0) GO TO 400

NL = III(J7+ME1)

IF(NL.EQ.O0) GO TO 400

IC = III(JB+MET)

IF(IC.EQ.0) GO TO 300

GO TO 400

ITI(J8-1+ME) = ME .

CALL ELMLE (ME,NL,NS,NG,XEL(1},YEL(1),AAA(I8),AAA(I9),
* Jud(L2))

FORM AND STORE SHAPE FUNCTIONS AND DERIVATIVES FOR HOOP
REINFORCING ELEMENT.

IF(IHOPR.EQ.0) GO TO 600

NL = III(JS+ME1)

IF(NL.EQ.0) GO TO 600
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IC = IIT(J10+ME1)

IF(IC.EQ.0) GO TO 500

GO T0.600

ITI(J10+ME1) = ME

CALL ELMHE (ME,NL,NS,NG,XEL(1),YEL(1),AAA(I10),AAA(I11)

,JUJ(L3)) |
FORM AND STORE SHAPE FUNCTIONS AND DERIVATIVES FOR LONGIT

UDINAL PRESTRESSING ELEMENT.

IF(ILNGP.EQ.0) GO TO 800

NL = ITI(J11+ME1)

IF(NL.EQ.0) GO TO 800

IC = TII(J12+MET)

IF(IC.EQ.0) GO TO 700

GO TO 800 : .

ITI(J12+ME1) = ME

CALL ELMLE (ME,N%,N?SNG,XEL(1),YEL(T),AAA(I12),AAA(I13)
yJud (L4 .

FORM AND STORE SHAPE FUNCTIONS AND DERIVATIVES FOR HOOP

PRESTRESSING ELEMENT.

IF(IHOPP.EQ.0) GO TO 1000

NL = III(J13+ME1)

IF(NL.EQ.0) GO TO 1000

IC = III(J14+ME1)

IF(IC.EQ.0) GO TO 900

GO TO 1000

II1(J14+4ME1) = ME :

CALL ELMHE (ME,NL,NS,NG,XEL(1),YEL(1),AAA(I14),AAA(I15)
,JJUJ(L5))

CONTINUE
RETURN
END
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SUBROUTINE ELMHE(ME,NL,NS,NG,XEL,YEL,AREHE,POSHE, INF11I)

THIS SEGMENT FORMS AND STORES SHAPE FUNCTIONS AND DERIVAT
IVES FOR HOOP REINFORCING(PRESTRESSING) ELEMENT. FEPARCS5
oK e o K ok ok ok ok 3 ok o ok o ok K 3 ok 3K 3K oK 3 ok K ok K ok ok 3 ok K o 3k ok 3 ok o ok K ok ok K ok 3K o oK K oK K 3k oK 3 ok K ok K ok K
IMPLICIT REAL*8(A-H,0-Z)

INTEGER*2 LEN/288/

DIMENSION XEL(1),YEL{1),AREHE(4,1),POSHE(4,1),INF1I(1 ),I
* 0(4),G(36),XGAUS(3,3),WGAUS(3,3),PHI(12),PHIX(1
* ) ,PHIY(12)

EQUIVALENCE (PHI(1),G(1)),(PHIX(1),G(13)),(PHIY(1),G(25))

DATA XGAUS/3x*0.DO, -5.7735026919D- 1,5. 7735026919D- 1,0.D0,
* -7.7459666924D- 1,0.D00,7.7459666924D- 1/

* WGAUS/2.D0,2*0.D0,2*1. DO 0. DO 5.5555555556D-1,
* 8.8888888889D- 1,5. 5555555556D- 1/

CALL NOTE(1,INFO)
INF1I(ME) = INFO(2)

LOOP OVER THE ELEMENT HOOPS

DO 500 MHP=1,NL
AB = AREHE (MHP,ME)
WRITE(1) AB
IF(AB.LT.1.D-10) GO TO 500
X1 = POSHE (MHP,ME)

LOOP OVER GAUSS POINTS

DO 400 JG=1,NG

Z1 = XGAUS(JG,NG)

WG = WGAUS(JG,NG)

IF(MHP.GT.2) GO TO 100

CALL SHAPE2(XI,ZI,0,NS/4,PHI(1),PHIX(1),PHIY(1))
GO TO 200

CALL SHAPE2(ZI,XI,0,NS/4,PHI(1),PHIX(1),PHIY(1))

T11 = 0.DO

T12 = 0.DO

721 = 0.DO

T22 = 0.DO

XG = 0.D0

YG = 0.DO

DO 300 I=1,NS

T11 = T11 + PHIX(I)*XEL(I)
T12 = T12 + PHIX(I)*YEL(I)
T21 = T21 + PHIY(I)*XEL(I)
T22 = T22 + PHIY(I)*YEL(I)
XG = XG + PHI(I)*XEL(I)
YG = YG + PHI(I)*YEL(I)

GACOB = DSQRT(T21**2+T22%%2)
IF(MHP GT.2) GACOB = DSQRT(T11#%2+T12%%2)
W = GACOB*WG*AB

,WRITE(1) XG,YG,XEL(1),YEL(1)

CALL WRITE(G(1),LEN,O,LNUM, 1)
CONTINUE

RETURN

END
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;SUBROUTINE ELMLE(ME NL,NS, NG XEL,YEL,ARELE,POSLE,INF1I)

o000

THIS SEGMENT FORMS AND STORES SHAPE FUNCTIONS AND DERIVAT
IVES FOR LONGITUDINAL REINFORCING(PRESTRESSING) ELEMENT.
FEPARCSS
**********************************************************
IMPLICIT REAL*8(A-H,0-2Z)
INTEGER*2 LEN/288/
DIMENSION XEL(1),YEL(1),ARELE(4,1), POSLE(4,1),INF1I(1),INF
* 0(4), Q(36) XGAUS(3 3),WGAUS(3,3),PHI(12),PHIX(12
* » ) PHIY(12) SG(24) '
EQUIVALENCE (PHI(1), 0(1)) (SG(1),Q(13))
DATA XGAUS/3*0.D0,-5.7735026919D- 1,5.7735026919D-1,0.D0,
* -7.7459666924D- 1,0.D0,7.7459666924D-1/,
* - WGAUS/2.D0,2%0.D0,2%1. D0,0 D0,5.5555555556D- 1
* ~ 8.8888888889D- 1,5.5555555556D-1/
- CALL NOTE(1, INFO)
, INF1I(ME) = INFO(2)
¢ .

C LOOP OVER THE ELEMENT BARS
DO 900 MRB=1,NL

AB = ARELE(MRB,ME)
WRITE(1) AB
IF(AB.LT.1.D-10) GO TO 900
XI = POSLE(MRB,ME)

C LOOP OVER GAUSS POINTS
DO 800 UG=1,NG
Z1 = XGAUS(dG NG)
WG = WGAUS(UG}NG)
IF(MRB.GT.2) GO T0O 100
CALL SHAPE2(XI,ZI,0,NS/4,PHI(1),PHIX(1),PHIY(1))

GO TO 200
100 CALL SHAPE2(ZI,XI,0,NS/4,PHI(1),PHIX(1),PHIY(1))
200 T11 = 0.DO
. T12 = 0.D0
T21 = 0.DO
T22 = 0.D0
~XG = 0.DO0
YG = 0.D0
C
DO 300 I=1,NS |
T11 = T11 + PHIX(I)*XEL
T12 = T12 + PHIX(I)*YEL
T21 = T21 + PHIY(I)*XEL
T22 = T22 + PHIY(I)*YEL
XG = XG + PHI(I)*XEL(
300 YG = Y6 + PHI(I)*YEL(
C
IF(MRB.GT.2) GO TO 400
GACOB = T21#%2 + T22#%2 -
SI = T21/GACOB
CO = T22/GACOB
GO TO 500
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T11%%x2 + T12%%2
T11/GACOB
T12/GACOB
500 W 'WG*AB*DSQRT(GACOB)
DO 700 I=1,NS
12 = %2
I1 = 12 - 1
F(MRB.GT.2) GO TO 600
G(I11) = PHIY(I)*SI
G(I2) = PHIY(I)=*CO
GO TO 700
600 SG(I1) = PHIX(I)=*SI
SG(I2) = PHIX(I)=*CO
700 CONTINUE

C WRITE GAUSS POINT INFORMATION ON FILE(1).
WRITE(1) XG,YG,XEL(1),YEL(1),W
CALL WRITE(Q(1),LEN,0,LNUM, 1)

800  CONTINUE

900  CONTINUE

RETURN

400  GACOB

w
—t
oo

END
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SUBROUTINE ELMSE (ME,NS,NGL,NG,XEL,YEL,INF11)

THIS SEGMENT FORMS AND STORES SHAPE FUNCTIONS AND DERIVAT
IVES FOR SOLID ELEMENT-. FEPARCS5
3.2k 3 ok 3k K o 3k 3k 3k ok 3k ke k sk ok 3k Sk ok 3k 3k ok 3k 3 5k K 3k 3K 3k 3K 3k 5k 3K 5Kk 3k Sk 3k 3k 3k sk 5k vk 3k 3k 3k 3 %k % K %K %k 5k % 3k 5K %k %k %
IMPLICIT REAL*8(A-H,0-Z)
INTEGER*2 LEN |
COMMON /FILES/ IN,1I0,INS,I0S,IST,ILD |
DIMENSION XEL(1),YEL(1),PHI(12),PHIX(12),PHIY(12),INFO(4),
x INF11(1),XGAUS(7,5) WGAUS(7,5) .G (36)
EQUIVALENCE (PHI(1),G(1)), (PHIX(1),G(13)), (PHIY(1),G(25))
DATA XGAUS/7x0.D0, -5.7735026919D-1,5.7735026919D- 1,5%0.D0,
-7.7459666924D-1,0.D0, 7. 7453666924D- 1, 4%0.D0,
-1.D0, -.65465370708D0,0.D0, .65465370708D0, 1. D0,
2+0.D0,-1.D0, -.8302238962800, - . 46884879347D0,
0.D0, . 4688487934700, . 8302238962800, 1.D0/,
WGAUS/2.D0,6+0.D0,2%1.D0,5%0.D0,5.5555555556D- 1,
8.8888888889D- 1,5.5555555556D-1,4%0.D0, . 1D0,
.54444444444D0,.71111111111D0, . 54444444444D0,
.1D0,2%0.D0, .47619047613D- 1, . 2768260473600,
.43174538121D0, . 4876190476200, . 4317453812100,
.27682604736D0, .47619047619D-1/ -

*****_*****

CALL NOTE(1,INFO)
INF11(ME) = INFO(2)
LEN= 288
XYY = YEL(1)

S XX = XEL(1)

NGX = NGL ~
~ IF(NGL.EQ.5) NGX g
'LOOP OVER GAUSSIAN POINTS
DO 900 JG = 1,NG

ETA = XGAUS(JG,NG)
WG = WGAUS(JG,NG)

DO 900 I1G = 1,NGL
XI = XGAUS(IG,NGX)
CALL SHAPE2(XI,ETA,0,NS/4,PHI(1),PHIX(1), PHIY (1))

FDRM JACOBIAN FOR GAUSS POINT; 1IG,JG

~T11 = 0.D0
T12 = 0.DO
T21 = 0.D0
T22 = 0.D0
XG = 0.D0"
YG = 0.D0
DO 100 I=1,NS -
T11 = T11 + PHIX(I)*XEL(I)
T12 = T12 + PHIX(I)*YEL(I)
T21 = T21 + PHIY(I)*XEL(I)
T22 = T22 + PHIY(I)*YEL(I)
XG = XG + PHI(I)*XEL(I)
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100 YG = YG + PHI(I)*=YEL(I)
ANGLE = DATAN2(-T21,722)

C - INVERT JACOBIAN _
GACOB = (T11%T22-T12%T21)
IF(GACOB.GE.0.DO) GO TO 300
WRITE(IO,3000) ME,IG,JG
GO 70 900
300 GI=1.D0/GACOB
R11 GI*T22
R12 -GI*T12
R21 -GI*T21
R22 GI*T11

c _
C FORM SHAPE FUNCTION DERIVATIVES WITH RESPECT TO GLOBAL
C
4

COORDINATES.
00 DO 800 d=1,NS
T1 = R11*PHIX(J; + R12*PHIY£J;

T2 = R21*PHIX(J) + R22*PHIY(J
PHIX(J) = T1
800  PHIY(J) = T2
8 .
W = GACOB*WG*WGAUS(IG,NGX)
c | |
C WRITE (INVARIENT GAUSS POINT INFORMATION ON FILE(1).
WRITE(1) XG,YG,XX,YY,ANGLE,W
CALL WRITE(G(1),LEN,0,LNUM, 1)
C | | |
900  CONTINUE
C
RETURN
c | | |
3000 FORMAT(//' JACOBIAN DETERMINANT IS LESS THAN O FOR ELEMENT’
*,14/" AT GAUSS POINT (/,I1,”,",11,/)")
C
END
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SUBROUTINE INIT

THIS SEGMENT CONTROLS INITIALIZATION OF STRESSES, EQUIVAL

ENT UNIAXTAL STRAINS AND MATERIAL PROPERTIES. FEPARCSS

3 3 3 3k 2k 3 ok 3 3k 3k 3K 3k K Sk A 3k 3Kk 3Kk K 3k 3 2k ok 3k ok 3k 3k 3k 3k ok 5k 3k 3k %k ke 3k 3k %k ok ok vk 3k 3k 3K %K 3K %k 3K %k 5k %k %k ok 5k Kk ok

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

COMMON /PROBCV/ NSTIF,IECHO,ISTYP,IMTYP,IDRUN,ILNGR,IHOPR,
* ILNGP, IHOPP, IDSLD,ISTRS, IGRLD,NMNOD,NMELM,
* NMEBE ,NCMAT ,NSMAT ,NMPAR, ITEMP, ICNLD,NITRT

COMMON /III/ I1I(1)

COMMON /JJd/ dJddd (1)

COMMON /AAA/ AAA(1)

COMMON /BBB/ BBB( 1)

COMMON /POINTR/

- *]1,12,13,14,15,16,17,18,19,110
*J1,J2,43,d4,d5,U6,d7,d8,d9,d10
*K1,K2,K3,K4,K5,K6,K7,K8,K9,K10

10
y 1

aOOO0

*L1,L2,L3,L4,L5,L6,L7,L8,L9,L
COMMON /FILES/ IN, 10, INS 105
DIMENSION XEL(12), YEL(12)

REWIND INS
REWIND IDS

- 116 = ISPAC(4HSTSS, 9% (NCMAT+NSMAT), 1)
117 ISPAC(4HSTNS, 9* (NCMAT+NSMAT) , 1)

INITIALIZE FAILURE SURFACES
CALL INITSF (BBB(K1),III(J17),AAA(I16),AAA(I17))

OO OO0

LOOP OVER ALL ELEMENTS

DO 400 ME = 1,NMELM

CALL ELMDT4 (ME,IC,NS,NGL,NG,III(J
CALL ELMDT1 (ME,NS,XEL(1),YEL(1)},]1
XL = XEL(1)

YL = YEL(1)

ME1 = ME - 1

INITIALIZE STRESSES STRAINS AND MATERIAL PROPERTIES FOR
SOLID ELEMENT

CALL INITSE (ME,IC, NGL NG, XL, YL ITI(J5),AAA(] 7) AAA(I16),
* AAA(I17) BBB(K1) 1(d17), Jud(L1))

2),111(J3),111(J4))
II( d6), AACIT),AAA(I2))

eXele!

INITIALIZE STRESSES, STRAINS AND MATERIAL PROPERTIES FOR
LONGITUDINAL REINFORCING ELEMENT.

IF(ILNGR.EQ.Q) GO TO 100

NL = III(J7+ME1)

IF(NL.EQ.0) GO TO 100

IC = III(JB+ME1) _ : '
CALL INITRP (ME,IC,NG,XL,YL,NL,BBB(K1),6III(J17),111(U18),
* JUJd(L2),AAA(T16),AAA(I17))

OO0

HOOP REINFORCING ELEMENT

- C
C INITIALIZE STRESSES, STRAINS AND MATERIAL PROPERTIES FOR
C
100 IF(IHOPR.EQ.0) GO TO 200
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NL = IIT(J9+ME1)

IF(NL.EQ.0) GO TO 200

IC = III(J10+ME1)

CALL INITRP (ME,IC,NG,XL,YL,NL,BBB(K1),III(d17),III(d19).
* JUJ(L3),AAA(116),AAA(I17))

INITIALIZE STRESSES, STRAINS AND MATERIAL PROPERTIES FOR
~ LONGITUDINAL PRESTRESSING ELEMENT
00 IF(ILNGP.EQ.0) GO TO 300

NL = III(J11+MET1)

IF(NL.EQ.0) GO TO 300

IC = III(J12+ME1)

CALL INITRP(ME,IC,NG,XL,YL,NL,BBB(K1),1I11(J17),111(J20),
* JUd(L4),AAA(I16),AAA(I17))

INITIALIZE STRESSES, STRAINS AND MATERIAL PROPERTIES FOR
HOOP PRESTRESSING ELEMENT
00 IF(IHOPP.EQ.0) GO TO 400
NL = ITI(J13+MET)
IF(NL.EQ.O0) GO TO 400
IC = III(J14+MET)

NOOO

WOOOn

CALL INITRP(ME,IC,NG,XL,YL,NL,BBB(K1),I1I1(J17),I11(J21),
* , JUJ(L5),AAA(TI16),AAA(I17))
400  CONTINUE
C
RETURN
C

END
C .

[P —
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SUBROUTINE INITSE (ME, IC,NGL,NG,XL,YL,MATSE,ORNSE,STSS,

OO0

* : STNS,EMP,NMP, INF11)
THIS SEGMENT INITIALIZES STRESSES, EQUIVALENT UNIAXIAL
STRAINS AND MATERIAL PROPERTIES FOR SOLID ELEMENT.FEPARCS5
3K 3k %K 3K ok 3k ok 5k ok 3k 2k 5k 3k 5k 5Kk ke ok vk 5k vk 3k vk ok ok 3k 3k ok ok 3k 2k 3K 3k 5K 5k 3K 3K 3k 3Kk 3k 3k 3k 3k sk sk Kk K e 3k ok sk vk %K oK K ok 3 ok %k
IMPLICIT REAL*8(A-H,0-Z)
INTEGER*2 LEN1/440/,LEN2
COMMON /DATA2/ EPSY,EDBR
COMMON /FILES/ IN, 10 INS,10S,IST,ILD
COMMON /PROBCV/ NSTIF 1ECHO, ISTYP IMTYP, IDRUN, ILNGR, IHOPR
* ILNGP, IHOPP, IDSLD,ISTRS, IGRLD,NMNOD, NMELM,
* NMEBE ,NCMAT ,NSMAT ,NMPAR, ITEMP, ICNLD ,NITRT
DIMENSION SIGT(4), SIGL(4) SIGP(3 ), EPSQ(4) EPSC( 4), SIGC(4)
* EMDC(4),PRTC(3), EMDI(4),PRTI(3),TECI(3).
* IBRK(4),SIGD(4) EPSD(4),SIGQ(4),CM(4,4),INFO(4),
* STSS(9,1),STNS(9,1),INF11(1),MATSE(1),ORNSE(1).
* P(55),Q(36),EMP(NMPAR, 1) ,NMP(1)
EQUIVALENCE (SIGT(1),P(1)),(SIGL(1),P(5)),(SIGP(1),P(8)),
* (EPSQ(1),P(12)),(EPSC(1),P(16)),(SIGC(1),P(20)),
* (EMDC(1),P(24)),(PRTC(1),P(28)),(TECI(1),P(31)),
* (CM(1,1),P(34)), (GAMA,P(50)), (XG,P(51)),(YG,P(52
* )), (ZETA,P(53)),(1BRK(1),P(54))
INFO(1) = INFt11(IC)
CALL POINT (1,INFO,1)
NM = MATSE(ME)
LS = NMP(NM) = . '
ORNS = ORNSE(ME)=*3.1415926536D0/1.8D2
IF(LS.LE.11) GO TO 50
FCU = EMP(12,NM)
ECU = EMP(19,NM)
FTU = -FCU*EMP(14,NM)
ETU = -ECU*EMP(21,NM)
50 DO 100 I=1,3
EMDI(I) = EMP(I,NM)
PRTI(I) = EMP(I+4,6NM)
100 TECI(I) = EMP(I+7,NM)
EMDI(4) = EMP(4,NM)
C
C LOOP OVER GAUSSIAN POINTS
DO 900 JG=1,NG
DO 900 IG=1,NGL
CALL CLEAR(P(1),53)
CALL ICLEAR(IBRK(1),4)
READ (1) XG1,YG1,XX,YY,ANGLE,w
CALL READ (Q(1),LEN2,0,LNUM, 1)
IF(ISTYP.EQ.O) IBRKI(3) = 2
C ‘
C READ INITIAL CONDITIONS IF ANY
IF(ISTRS.EQ.0) GO TO 150
‘ CALL READ (P({1),LENT,0,LNUM, INS)
ol
C INITIALIZE ELASTIC MODULII AND POISSON'S RATIOS

150 DO 200 I=1,3
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EMDC(I) = EMDI(I)
200  PRTC(I) = PRTI(I)
: EMDC(4) = EMDI(4)

IF(LS.LE.11) GO TO 700
IF(ISTRS.EQ.0) GO TO 700

C . .
C OBTAIN STRENGTH AND DEFORMATION PARAMETERS
CALL STREN (SIGL(1),STSS(1,NM),STNS(1,NM),FCU,FTU,ECU,ETU,
x ~ SIGC(1),EPSC(1)) |
c
C INITIALIZE EQUIVALENT UNIAXIAL STRAINS
DO 300 I=1,4
SIGD(I) = SIGL(I)
IF(IBRK(I) .NE.1) GO TO 300
EPSQ(I) = EPSC(I)
SIGD(I) = SIGL(I) - SIGC(I)
EMDC(I) = -EDBR*SIGC(I)/EPSC(I)
300  CONTINUE
C
400 Il = 0
DO 500 I=1,4
IF(IBRK(I).EQ.2) GO TO 500 v
IF(DABS(SIGC(I)).LT.1.D-6) GO TO 500
EPSQ(1) = EPSQ(I) + SIGD{I)/EMDC(I) |
CALL SAENZ (SIGQ(I),EPSQ(I),SIGC(I),EPSC(I),EMDC(I),
* EMDI(1),IBRK(I),I,ISTYP)
SIGD(1) = SIGL(I) - SIGQ(I)
IF(DABS(SIGD(I)).GT.1.D-1) II = f

500 CONTINUE |
IF(I1.EQ.1) GO TO 400

C OBTAIN POISSON’S RATIQS

DO 600 I=1,3

PRTC(I) = POISN(PRTI(I),EPSQ(I),EPSC(I))
600  CONTINUE

C FORM CONSTITUTIVE MATRIX
700 CALL CONSTM(EMDC(1),PRTC(1),CM(1,1))
ZETA = ANGLE + ORNS
XG = XG1 + XL - XX
YG = YG1 + YL - YY
CALL WRITE (P(1),LENT,0,LNUM,ICS)

C
300 CONTINUE
C
RETURN
C
END




cCooo
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SUBROUTINE INITRP (ME,IC,NG,XL,YL,NL,EMP ,NMP ,MATRE, INF1I,
STSS,STNS)

THIS SEGMENT INITIALIZES STRESSES, STRAINS AND MATERIAL
PROPERTIES FOR REINFORCING(PRESTRESSING) ELEMENT. FEPARCS5
3K %k 3k 3K 3k 3Kk 3k K 3k 3K ok 3k 3 kK 3k 3k 3k 2k 3k ok 3k 3k 3k 5k ok 3k vk vk 2k 2k sk %k ok 3k kK K 3k ok 3k 2k 3k K 3 K 3 3K 3k %k 3 3K 3K ¢ 3k K K Kk %
IMPLICIT REAL*8(A-H,0-Z)

INTEGER*2 LEN1,LEN2/80/

COMMON /FILES/ IN,I10,INS,IO0S,IST,ILD

COMMON /PROBCV/ NSTIF IECHO ISTYP IMTYP, IDRUN, ILNGR, IHOPR,
ILNGP, IHOPP, IDSLD,ISTRS, IGRLD,NMNQOD,NMELM,
NMEBE , NCMAT ,NSMAT , NMPAR, ITEMP ICNLD,NITRT
DIMENSION STSS(S, 1), STNS(9 1) EMP(NMPAR 1), (10) INF1I( 1),

INFO(4) 0(36) NMP(1) MATRE (1)
EQUIVALENCE (SIGT,P(1)) (EPST, P(2)) (YI,P(3)),(YC,P(4)),
SIGP,P(5)), (EPSP, P(G)),(TC,P(7)),(XG P(8)),
: (YG, P(9)),(IBRK P(10))
INFO(1) = INF1I({IC)
CALL POINT (1,INFO,1)
NM = MATRE (ME)
" LS = NMP(NM)
KS = (LS-1)/2 + 1

LOOP OVER ELEMENT LAYERS
DO 500 MRB=1,NL
READ (1) AREA

- IF(AREA.LT.1.D-10) GO TO 500

LOOP OVER GAUSSIAN PQOINTS
DO 400 JG=1,NG

K= 2
SIGE = 0.DO
IBRK = 0
CALL CLEAR (P(1),9)
READ (1) XG1,YGT,XX,YY, W
CALL READ (Q(1),LENT,0,LNUM,1)
. IF(ISTRS.EQ.0) GO TO 200
CALL READ (P(1),LEN2,0,LNUM, INS)
IF(IBRK.EQ.1) GO TO 300
SIGE = SIGT

IF (DABS(SIGT).LT.SIGP) SIGE = SIGP*DSIGN(1.D0,SIGT)
DO 100 I=2,KS

K =1

IF(DABS(SIGE).GT.STSS(I,NM})) GO TO 100

GO TO 200
CONTINUE
YC = (STSS(K,NM)-STSS(K NM))/(STNS(K,NM)-STNS(K-1,NM))
= (STSS(2,NM)-STSS(1,NM))/(STNS(2,NM)-STNS(1,NM) )
TC = EMP(LS,NM)
EPST = DSIGN(1.D0,SIGT)*(STNS(K-1,NM)+(DABS(SIGE)-STSS (K- 1
,NM))/YC)

*

EPSP = EPST - SIGE/YI

IF(DABS(SIGT).LT.SIGP) EPST = EPSP + SIGT/YI
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SIGP = DABS(SIGE)
XG = XG1 + XL - XX
YG = YGI + YL - YY |
CALL WRITE(P(1),LEN2,0,LNUM,10S)
CONTINUE
CONTINUE

RETURN

END
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SUBROUTINE INITSF (EMP,NMP,STSS,STNS)

" THIS SEGMENT CALCULATES CONTROL PARAMETERS FOR STRENGTH

AND CORRESPDNDING EQUIVALENT UNIAXIAL STRAIN SURFACES.
FEPARCSS

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

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

VCOMMON /PROBCV/ NSTIF IECHO,ISTYP, IMTYP, IDRUN ILNGR, IHOPR,

ILNGP, IHOPP,IDSLD,ISTRS, IGRLD,NMNOD,NMELM,
NMEBE ,NCMAT ,NSMAT ,NMPAR, ITEMP, ICNLD,NITRT

- DIMENSION EMP(NMPAR, 1) STSS(9 1), STNS(9 1), NMP(1)

SOLID ELEMENT MATERIAL STRENGTH AND DEFORMATION SURFACES'
PARAMETERS.

DO 100 I=1,NCMAT '

IF(NMP(I).LE.11) GO TO 100

CALL ARGYRS(EMP(13,1),STSS(1,I))
CALL ARGYRS(EMP(20,I),STNS(1,I))
CONTINUE ‘

REINFORCING AND PRESTRESSING ELEMENT MATERIAL PARAMETERS
IF(NSMAT.EQ.0) GO TO 500

N1 = NCMAT + 1

N2 = NCMAT + NSMAT

DO 300 N= N1,N2

STSS(1,N) =0.D0

STNS{1,N) = 0.D0O

NMP(N)

RETURN
END
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SUBROUTINE LOAD

THIS SEGMENT CONTROLS CONVERSION OF NODAL PRESSURE INTENS
ITIES, NODAL TEMPRATURES AND GRAVITY LOADS INTO WORK EQUI
VALENT NODAL FORCES. FEPARCSS
********************************************************** :
IMPLICIT REAL*8(A-H,0-Z)

COMMON /PROBCV/ NSTIF IECHO, ISTYP,IMTYP, IDRUN, ILNGR, IHOPR,
* ILNGP, IHOPP, IDSLD, ISTRS, IGRLD,NMNOD,NMELM,
* NMEBE ,NCMAT,NSMAT ,NMPAR, ITEMP, ICNLD,NITRT

COMMON /III/ I1II(1)

COMMON /Jdd/ Jdd(1)

COMMON /AAA/ AAA(1)

COMMON /BBB/ BBB(1)

COMMON /POINTR/

3
’.
¥

x11,12,13,14,15,16,17,18,19,110,111,112,113,114,115,116,117
*J1,d2,J3,d4,J5,U6,d7,U8,d9,d10,d11,d12,J13,Jd14,J15,J16,J17
*K1,K2,K3,K4,K5,K6,K7,K8,K9,K10,K11,K12,K13,K14,K15,K16,K17
*L1,L2,L3,L4,L5,L6,L7,L8,L9,L10,L11,L12,L13,J18,U19,420,J21
COMMON /FILES/ IN, IO, INS IOS,IST,ILD

DIMENSION NOD(4), INC(4) NOLD(4),BTCAN(288) XEL(12),YEL(12)

ND = 2xNMNOD

CONVERT SPECIFIC WEIGHT AND/OR TEMP.DISTRIBUTION INTO WORK
EQUIVALENT NODAL FORCES.

IF(IGRLD.EQ.O.AND.ITEMP.LE.1) GO TO 500

IF(ITEMP.LE.1) GO TO 100

REWIND I0S

K7 = ISPAC(2HFT,ND,3)

CALL CLEAR (BBB(K7),ND)

K17= ISPAC(S5HTEMPI,NMNOD, 3)

LOOP OVER ALL ELEMENTS

DO 450 ME=1,NMELM

CALL ELMDT4 (ME,IC,NS,NGL,NG,III(J2),II1(J3),I11(J4))

ME1T = ME - 1

IF(IGRLD.EQ.0) GO TO 200 . ’

CALL ELM?T; (ME,NS,XEL(1),YEL(1),I1I(J6),AAA(I1),AAA(I2))
XL = XEL(1

CALL LOADGR (ME,NS,NGL,NG,IC,ISTYP ,NMPAR,XL,III(J5),111(J6
* ), ddd( 1), BBB(K1) BBB(K2))

IF(ITEMP.LE.1) GO TO 450 .
CALL LOADT1 (IC,ME,NS,NGL,NG,JJd(L1),BTCAN(1),ISTYP)

IF(ILNGR.EQ.0) GO TO 250

NL = IIT(J7+ME1)

IF(NL.EQ.0) GO TO 250

IC = ITI(J8B+ME1)

CALL LOADT2 (IC,NS,NG,NL,ISTYP, ddd(LQ),BTCAN(1))

IF(IHOPR.EQ.O) GO TO 300
NL = III(J9+ME1)
IF(NL.EQ.0) GO TO 300
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IC = III1{J10+ME1) o
CALL LOADT3 (IC,NS,NG,NL,JJJ(L3),BTCAN(1))

IF{ILNGP.EQ.0) GO TO 350

NL = ITI(J11+MET)

IF(NL.EQ.0) GO TO 350

IC = III(J12+ME1)

CALL LOADT2 (IC,NS,NG,NL,ISTYP,JJd(L4),BTCAN(1))

IF(IHOPP.EQ.0) GO TO 400

NL = JTII(J13+ME1)

IF(NL.EQ.0) GO TO 400

IC = III(J14+ME1)

CALL LOADT3 (IC,NS,NG,NL,JJJd(L5),BTCAN(1))

CALL LOADTM (ME,NS,III(JG),BBB(K7),BBB(K6),BTCAN(1’)
CONTINUE

CONVERT NODAL PRESSURE INTENSITIES INTO WORK EQUIVALENT
NODAL FORCES AND UPDATE LOAD VECTOR ,
IF(IDSLD.LT.10) GO TO 750

K8 = ISPAC(3HFPN,ND, 3)

K9 = ISPAC(3HFPT,ND,3)

CALL CLEAR (BBB(K8) 4*NMNOD )

CALL ICLEAR(NOLD(1),4)

"READ(IN, 1300) NR,NI, NG,(NOD(I),I=1,4)

IF(NR.EQ.0) GO TO 750

DO 600 I=1,NR

INC(I) = (NOD(I) - NOLD(I))/NI
DO 700 I=1,NI

DO 650 J=1,NR

NOLD(J) = NOLD(J) + INC(J)
CALL LOADPR (NR,NG,ISTYP, NOLD(

1),AAA(I1),AAA(12),BBB(K4),
BBB(KS) BBB (K 8),BBB(K9) :

)
CONTINUE
GO TO 550

CONVERT NODAL HYDROSTATIC PRESSURE INTENSITIES INTO WORK
EQUIVALENT NODAL FORCES. :
IF(IDSLD.EQ.0.OR.IDSLD.EQ.10) GO TO 975

CALL ICLEAR (NOLD(1),4)

READ(IN,1300) NR,NI,NG, (NOD(I),1=1,4)

IF(NR.EQ.0) GO 0 1000

DO 850 1'1 NR

INC(I) = (NOD(1) - NOLD(I))/NI

DO 950 I 1,.NI

DO 900 J=1,NR

*

NOLD(J) = NOLD(d) + INC(J)
CALL LOADHD (NR,NG,ISTYP,NOLD(1),AAA(I1),AAA(I2),BBB(K15),
. BBB(KZ)W ‘
CONTINUE

GO TO 800

CONVERT PRESCRIBED NODAL DISPLACEMENTS INTO CONCENTRATED
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C NODAL FORCES
975 IF(ICNLD.LT.10) GO TO 1000
K16 = ISPAC(3HFPD,ND,3)
CALL LOADPD (ND,NMEBE,ISTYP,AAA(]

(11
x ,AAA(16) ,BBB(K16), 111

),??A(IS),AAA(Iﬂ),AAA(IS)
J1

C .
C INITIALIZE TOTAL LOAD, TOTAL DISPLACEMENT AND TOTAL PSUEDO
C LOAD VECTORS. v : : ~
1000 K10 = ISPAC(2HDQ,ND,3)

K14 = ISPAC(2HDU,ND, 3)

K13 = ISPAC(2HQT,ND, 3)

K11 = ISPAC(2HPT,ND,3)

K12 = ISPAC(2HUT,ND, 3)

IF(ISTRS.EQ.O0) GO TO 1100
REWIND ILD
CALL READ (BBB(K11),LEN,0,LNUM,ILD)
CALL CLEAR (BBB{K12),ND)
GO TO 1200

1100 CALL CLEAR (BBB(K11),2*ND)

c .

1200 IF(ITEMP.GT.O0) ITEMP = ITEMP - 1
RETURN

1300 FORMAT(714)
END
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SUBROUTINE LOADGR (ME,NS,NGL,NG,1C,ISTYP,NMPAR, XL, MATSE
NPELM INF11 EMPROP FD)

THIS SEGMENT CALCULATES GRAVITY LOADS OF SOLID ELEMENTS
AND ADDS THEM TO LOAD VECTOR. , FEPARCSS
4 sk 3 ok K ok e sk o ok sk ok sk ok ok K 3 oK 3 3K 3 oK 3K 3K 3k 3K ok 3 oK ok ok ok sk o ok ok ok ke ke sk 3K sk 3 ok 3 3K 3k K ok 3 oK K ok 3 ok o ok K
IMPLICIT REAL*8(A-H,0-Z)
INTEGER*2 LEN
DIMENSION NPELM(12
,MATSE ( 1
EQUIVALENCE (PHI(1

(1),EMPROP (NMPAR, 1),Q(36),FD(1)

» INF 11
?1522) INFO(4), ELOAD(12)
1

1
)y
),

DO 200 JG=1,NG

DO 200 I1G=1,NGL

READ(1) XG,YG,XX,YY,ANGLE,W
CALL READ(Q(1),LEN,O,LNUM, 1)
XG = XG + XL - XX .
IF(ISTYP.EQ.1) W = W=xXG

WT = WxSW

DO 100 J=1,NS

ELOAD(J) = ELOAD(J) + WT*PHI(J)

CONTINUE
DO 300 J=1,NS

ND = 2xNPELM(J,ME) '
FD(ND) = FD(ND) - ELOAD(J)
CONTINUE

RETURN

END
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SUBROUTINE LOADHD (NR,NG,ISTYP,NOLD,XCORD, YCORD,PHYDR,FD)

THIS SEGEMNT CALCULATES NODAL FORCES EQUIVALENT TO HYDROS

TATIC SURAFCE PRESSURE INTENSITIES. FEPARCSS

**********************************************************V

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

DIMENSION XCORD(1), YCORD(1) WGAUS(3,3),PHYDR(1),XGAUS(3,3)
,NOLD(4),XEL(4), YEL (4 ),PHI(4 ) PHIY(4),FD(1)

DATA XGAUS/3%0. DO,-5. 7735026919D 1,5. 7735026919D- 1,0.D0,
-7.7459666924D- 1,0.00,7.7459666924D- 1/

WGAUS/2.D0,2%0.D0, 2*1. DO 0. DO 5.5555555556D-

8.8888888889D- 1,5. 55555555560 - 1/

NDEG = NR - 1
DO 100 I=1,NR

NODE = NOLD(I)

XEL(I) = XCORD(NODE)

YEL(I) = YCORD(NODE)

DO 500 IG=1,NG

ETA = XGAUS(IG,NG)

WG = WGAUS(IG,NG) |

CALL SHAPE1(ETA,NDEG,PHI(1),PHIY(1))
T11 = 0.D0

T22 = 0.D0

XG = 0.DO0

PXN = 0.D0

PYN = 0.D0

DO 200 I =1,NR '

T11 = T11 + PHIY(I)*YEL(I)

T22 = T22 + PHIY(I)*XEL(I)

XG = XG + PHI(I)*XEL(I)
IF(ISTYP.EQ.1) WG = WG*XG

DO 300 J=1,NR

NODE = NOLD(J)

PHJ = PHI{J)

PXN = PXN + PHJ*PHYDR({NODE)*T11
PYN = PYN - PHJ*PHYDR(NODE)*T22
DO 400 J=1,NR

NODE = NOLD(J)

PP = PHI(J)*WG

N2 = NODE=*2

N1 = N2 - 1

FD(N1) = FD(NT1) + PP*PXN
FD{N2) = FD(N2) .+ PP*PYN
CONTINUE

RETURN

END
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SUBROUTINE LOADPD (ND,NMEBE, ISTYP, XCORD, XPEBE, YPEBE, PDEBE

* STEBE FPD NPEBE )
C
C THIS SEGMENT CONVERTS PRESCRIBED NODAL DISPLACEMENTS INTO
c CONCENTRATED NODAL FORCES
C **********************************************************
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION XCORD(1),XPEBE(1),YPEBE(1),PDEBE(1),STEBE(1),
* NPEBE(1),FPD(1)
C
R = 1.D0
CALL CLEAR (FPD(1),ND)
C
C LOOP OVER ALL EXTERNAL BOUNDARY ELEMENTS
DO 100 I=1,NMEBE
N =NPEBE(I)
N2 = 2xN
N1 = N2 - 1
IF( ISTYP.EQ.1) R = XCORD(N)
FPD(N1) = XPEBE(I)*STEBE(I)*PDEBE(I)*R
FPD{N2) = YPEBE(I)*STEBE(I)*PDEBE(I)=*R

100 CONTINUE
RETURN
END
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SUBROUTINE LOADPR (NR,NG, ISTYP,NOLD, XCORD, YCORD, PNORM,
PTANG, FPN,FPT)

THIS SEGMENT CALCULATES NODAL FORCES EQUIVALENT TO NORMAL

'AND TANGENTIAL NODAL PRESSURE INTENSITIES. FEPARCS5

3 3K 3k ok ok 3k o 3k 2k 3k 3K ok 3k K 3k 3k %K 3K 3k %k ok 3k 3k ok 3k ok 3k ok 3k 3K 3k 3K 3K 3K 3k 3K 3k 3K 3k 3k 5k 3k 5k 5k ok 3k K 3 kK 3k K 3k 3¢ ok %K 5k K %K

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

DIMENSION XCORD(1),YCORD(1),WGAUS(3,3) , PNORM( 1) ,PTANG(1),
NOLD(4),XEL(4),YEL(4),PHI(4),PHIY(4),XGAUS(3,3),
FPN{1),FPT(1)

DATA XGAUS/B*O DO, -5.7735026919D- 1,5.7735026919D-1,0.D0,

~7.7459666924D- 1,0.D0,7.7459666924D- 1/
WGAUS/2.D0,2%0.D0,2%1.D0.0. DO,5.5555555556D -
. 8.88888888890—1,5,55555555560-1/ '

NDEG = NR - 1 '

DO 100 I1=1,NR

NODE = NOLD(I)

XEL(I) = XCORD(NODE)

YEL(I) = YCORD(NODE)

DO 500 I1G=1,NG

ETA = XGAUS(IG,NG)

WG = WGAUS(IG,NG)

CALL SHAPE1(ETA, NDEG,PHI(1), PHIY(1))
T11 = 0.DO

722 = 0.DO

XG = 0.DO0

PXN = 0.D0

PYN = 0.DO

PXT = 0.D0

PYT = 0.DO

DO 200 I =1,NR

T11 = T11 + PHIY(I)*YEL(I)
722 = 722 + PHIY(I)*XEL(I)
XG = XG + PHI(L)*XEL(I)
IF(ISTYP.EQ.1) WG = WG*XG

DO 300 J=1,NR
NODE = NOLD(J)

PHJ = PHI(J)

PXN = PXN + PHU*PNORM(NODE)*T11
PYN = PYN - PHJ*PNORM(NQODE)*T722
PXT = PXT + PHJ*PTANG(NODE)=*T22
PYT = PYT + PHU*PTANG(NODE )*T11
DO 400 J=1,NR

NODE = NOLD(J)

PP = PHI(J)=*WG

N2 = NODEx*2

N1 = N2 - 1

FPN(N1) = FPN(N1) + PPxPXN
FPN(N2) = FPN(N2) + PP*PYN
FPT(N1) = FPT(N1) + PP*PXT
FPT(N2) = FPT(N2) + PP*PYT
CONTINUE

RETURN

END
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SUBROUTINE LOADT1 (IC,ME,NS,NGL,NG,INF11,BTCAN,ISTYP)

THIS SEGMENT EVALUATES BT-C-ALPHA-N MATRIX FOR SOLID ELEM
ENT. FEPARCS5
**********************************************************
IMPLICIT REAL*8(A-H,0-Z) —
INTEGER*2 LENT,LEN2
COMMON /FILES/ IN,IO,INS,
DIMENSION INF11(1),BTCAN
PHI 3) , INFO
I
1

X

Cm(4,4),
EQUIVALENCE ET (

cmit,

INFO(1) = INF11(IC)
CALL POINT(1,INFO, 1)
CALL CLEAR (BTCAN(1,1),288)

LOOP OVER GAUSSIAN POINTS

DO 500 JG=1,NG

DO 500 IG=1,;NGL

READ (1) XG1 YGT,XX,YY, ANGLE W
CALL READ(Q (1) LEN1 0, LNUM 1)
CALL READ(P(1) LEN2,0,LNUM, 10S)
IF(ISTYP.EQ.1) W = W+XG

DO 200 I=1,3 ‘

C = 0.D0O

DO 100 dJ=1,3

C=C + CM(J,1)*TECI(Y)

TECL(I) = C

CALL TRANSS (TECL(1),TECC(1),-ZETA)

FORM THE C-ALPHA-N MATRIX AT THE GAUSSIAN POINTS
DO 300 J=1,NS

PHJ - = PHI(J)

DO 300 I=1,4

CAN(I J) TECC(I)*PHY

(
(1
4
EC
M )(

- FORM AND ACCUMULATE CONTRIBUTIONS TO BT-C-A-N MATRIX

DO 400 I=1,NS
12 = 2%]

O
><
Hnn oo
=
*

v
m o
—t

BTCAN(J, I
BTCAN(d,I
CONTINUE
CONTINUE

RETURN
END

+PZ*CAN( J)+PY*CAN(4,J)+BTCAN(J,I1)
+PX+CAN(4,J)+BTCAN(J, 12)

QL
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SUBROUTINE LOADT2 (IC,NS,NG,NL,ISTYP,INF1I,BTCAN)

THIS SEGMENT EVALUATES BT-C-ALPHA-N MATRIX FOR LONGITUDIN
AL REINFORCING(PRESTRESSING) ELEMENTS. FEPARCSS
3 2k ok 3k koo ok ok ok oK 3k 3K K sk 3k 3k 3k 3k 3k sk 3k 3k 3k sk 5k ok 3k ok 3k ok ok ok ok 3k 3k 3k 3k ok 3k ke 3k ok 3K 3k Sk 3k 3k 3k 3k 3k 5k 3k 5k 3k vk % %k kK
IMPLICIT REAL*8(A-H,0-Z)

INTEGER*2 LEN1,LEN2

COMMON /FILES/ IN,IO,INS, IOS IST, ILD

DIMENSION P(10), Q(36) PHI(12) SG(24) INF1I(1),BTCAN(12,1),
* INFO(4)

EQUIVALENCE (YM,P(4)),(TX,P(7)),(XG,P(8)),(PHI(1),Q(1)),
* (sG(1),Q(13)) ,
INFO{1) = INF1I{
CALL POINT (1,IN

LOOP OVER ELEMENT LAYERS

DO 400 MRB=1,NL

READ(1) AREA
IF(AREA.LT.1.D-10) GO TO 400

LOOP OVER GAUSSIAN POINTS

DO 300 JG = 1,NG

READ (1) XG1,YG1,XX,YY,W

CALL READ(Q(1),LEN1,0,LNUM, 1)
CALL READ (P(1),LEN2,0,LNUM,I0S)
W = WxYM*xTX :

IF(ISTYP.EQ.1) W = W*XG

FORM BT-E-A-N MATRIX
DO 200 I=1,NS
2*]

P1*xPHI(J) + BTCAN(J,I1)
P2xPHI(J) + BTCAN(J,I12)

"o ——

CONTINUE
CONTINUE

RETURN
END
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SUBROUTINE LOADT3 (IC,NS,NG,NL, INF1I, BTCAN)

THIS SEGMENT EVALUATES BT-C-ALPHA-N MATRIX FOR HOOP REINF

ORCING(PRESTRESSING) ELEMENTS. FEPARCSS
a0 ok ke o ke oK koK 3 K ok K 3 3K ok 3K e 3 3k K ok K ok 3 ok 3 3k K ok ok sk ok ok ok sk ok o 3k ok ok K ok K ok o ok 3k ok o oK 3K oK ok ok ok ok ok
IMPLICIT REAL*8(A-H,0-Z)

INTEGER*2 LEN1,LEN2

COMMON /FILES/ IN,IO,INS,10S,IST,ILD
DIMENSION P(10),Q(36),PHI(12) INFO(4
EQUIVALENCE (YM,P(4)),(TX,P(7)) (XG,

INFO(1) = INF1I(IC)

CALL POINT (1,INFO,1)
LOOP OVER ELEMENT LAYERS

DO 400 MRB=1,NL
READ{1) AREA

), INF1I( 1), TCA N(12,1i
l8)), (PHI{T) 0(1)]

- IF(AREA.LT.1.D-10) GO TO 400

LOOP QOVER GAUSSIAN POINTS
DO 300 JG = 1,NG

READ(1) XGf1, YG1 XX, YY, W

CALL READ(Q(1) LEN1 0,LNUM, 1)
CALL READ (P(1),LEN2,0,LNUM,IDS)

FORM BT-E-A-N MATRIX
PT = YM*TX*W
DO 200 I=1,NS

1 = I*%2 - 1
PTPHI = PT*PHI(I)

DO 200 J=1,NS

BTCAN(J,I1) = BTCAN(J,I11) + PTPHI*PHI(J)
CONTINUE

CONTINUE

CONTINUE

RETURN
END
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SUBROUTINE LOADTM (ME,NS,NPELM,FT,TEMPV,BTCAN)

THIS SEGMENT CALCULATES WORK EQUIVALENT TEMPRATURE LOADS

AND ADDS THEM TO LOAD VECTOR. FEPARCSS

38 o oK 3k ok ok ok ok ok K ok ok 3K ok koK 3K 3K ok K 3K oK 3K 5K 3 3K ok ok oK ok ok ok K ok e K ok ke oK o K ok 3 oK oK 3K 3K ok 3K K ok o 3 ok K K ok K

IMPLICIT REAL*8(A-H,0-Z) ‘

DIMENSION NP%L?(12,1),TEMPV(1),BTCAN(12,1),TEL(12),TLD(24)
- L FTH{1 :

DO 100 I=1,NS

NODE = NPELM(I,ME)
TEL(I) = TEMPV(NODE)
CONTINUE

ND = NSx2

DO 300 I=1,ND

CC = 0.D0

DO 200 J=1,NS

CC = CC + TEL(J)*BTCAN(Y,1I)

TLD(I) = CC

DO 400 I=1,NS

NODE = NPELM(I,ME)

12 = I*2 :

I = 12 -

N2 = NODE=*2

N1 = N2 - 1

FT(N1) = FT(N1) + TLD(I1)
FT(N2) = FT(N2) + TLD(12)
CONTINUE .
RETURN

END
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SUBROUTINE LOADUP(ISTEP)

THIS SEGMENT UPDATES TOTAL LOAD VECTOR, AND INITIALIZES

PSUEDO-LOAD INCREMENT AND DISPLACEMENT VECTORS. FEPARCSS

3k 3k 3 2k 3k ok 3k 3k 3k 3k oK k- k >k 3k ok 5k ok K 3k 3k ok 3k 3K 3k ok 3k %k 3K K 3k 3k 3k 3K 5k 3k 3K 5K 3K 3 3K 3k vk sk ok %k ok 3k %k 3k 5k >k 5k % sk ok %k %k

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

COMMON /PROBCV/ NSTIF IPRST,ISTYP,IMTYP,ITRAT, ILNGR, IHOPR
* ILNGP, IHOPP, IDSLD,ISTRS, IGRLD,NMNOD,NMELM,
* NMEBE ,NCMAT ,NSMAT ,NMPAR, ITEMP, ICNLD,NITRT

COMMON /BBB/ BBB( 1)

COMMON /POINTR/
*11,12,13,14,15,16,17,18,19,110,
*J1,d2,43,d4,d5,d6,d7,U8,49,d10,
*K1,K2,K3,K4,K5,K6,K7,K8,K9,K10,
«L1,L2,L3,L4,L5,L6,L7,L8,L9,L10,

COMMON /DATA1/ CD,CL,CT,CPN,CPT,

COMMON /FILES/ IN,IO0,INS,I0S,IST

COMMON /TOLER/ PT,FNUO,FNPO,KDIV

ITRAT 0

ND 2*NMNOD

WRITE(IO, 1600) ISTEP,IPRST,NI,KI,RX,TU,TP,CD,CL,CT,CPN,CPT
* , CP

IF(IMTYP.NE.O) WRITE(ID,1700)

INITIALIZE LOAD INCREMENT AND TOTAL DISPLACEMENT INCREMENT
CALL CLEAR (BBB(K10),2*ND)
IF(IPRST.EQ.1) GO TO 1500

FORM LOAD INCREMENT VECTOR

DEAD LOADS(GRAVITY, CONCENTRATED AND/OR HYDROSTATIC)
IF{DABS(CD).LT.1.D-6) GO TO 200

DO 100 I=1,ND

BBB(K10+I1-1) = CD*BBB(K2+I-1)

0
0
0
0

LIVE LOADS(CONCENTRATED)

IF(DABS(CL).LT.1.D-6) GO TO 400
DO 300 I=1,ND
BBB(K10+I-1) = BBB(K10+I-1) + CL*BBB(K3+I-1)

NORMAL SURFACE PRESSURE
IF(DABS(CPN).LT.1.D-6) GO TO 600

DO 500 I=1,ND

BBB(K10+I-1) = BBB(K10+I1-1) + CPN*BBB(K8+I-1)

TANGENTIAL SURFACE PRESSURES .
IF(DABS(CPT)..LT.1.D-6) GO TO 800

DO 700 I=1,ND '
BBB(K10+I-1) = BBB(K10+I-1) + CPT*BBB(K9+I-1)

TEMPRATURE LOADS

IF(DABS(CT).LT.1.D-6) GO TO 1100

DO 900 I=1,ND

BBB(K10+I-1) = BBB(K10+I-1) + CT*BBB(K7+I-1)
DO 1000 I=1,NMNOD
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1600
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BBB(K17+I-1) = CT+*BBB(KG6+NMNOD+1-1)

PRESCRIBED NODAL DISPLACEMENTS
IF(ICNLD.LT.10) GO TO 1300

DO 1200 I=1,ND

BBB(K10+I-1) = BBB(K10+I-1) + CP*BBB(K16+I-1)

UPDATE TOTAL LOAD VECTOR
DO 1400 I=1,ND
BBB(K11+I-1) = BBB(K11+I-

1) + BBB(K10+I-1)
CALL VCMLT (BBB(K11),BBB(K11)

PT,ND)
RETURN

FORMAT STATEMENTS -

FORMAT(" 1" ,/,51X,28('*"),//,51X," OUTPUT OF LOAD STEP NO.’,
15,//,51X,28(' %" )///,’ IP NI KI',5X,'RXx", 11X,
"TUC, 11X, TR, 11X, CDY L, 11X, CLY L, 11X, CT/ .
10X, CPN’ , 10X,’ CPT’ ,10X,'CPD' //,315,9D13.6//)

FORMAT (' ITRATE NO. FNU’ , 12X,’ FNP’ ,9X,'PT/UT' /)

END
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SUBROUTINE PRESTS _
THIS SEGMENT CONTROLS THE PRESTRESSING PROCESS. FEPARCSS

3k 3K 2k 2k 3k ok ok 3k 3k 3k 2k 3k %k 3 3k %k ok 5k ok k 3k K 3k Sk 3k ok ok 3k 3K 5k ok ok sk 3k 3 3k sk 3k 5K 3k 3K 3K 3K 3 3k ok ok 3k 3k sk %k o Sk 3k ok ok o ok

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

COMMON /PROBCV/ NSTIF IPRST,ISTYP,IMTYP,ITRAT,ILNGR, IHOPR,
* ILNGP, IHOPP, IDSLD, ISTRS, IGRLD,NMNOD,NMELM,
* NMEBE ,NCMAT,NSMAT ,NMPAR, ITEMP, ICNLD,NITRT
- COMMON /II1/ III(1)

COMMON /JuJd/ Jdud (1)

COMMON /AAA/ AAA(1)

COMMON /BBB/ BBB(1)

COMMON /POINTR/
*]1,12,13,14,15,16,17,18,19,110,
*J1,d2,d3,d4,d5,06,d7,d8,U9,410,
*K1,K2,K3,K4,K5,K6,K7,K8,K3,K10,K
*L1,L2,L3,L4,L5,L6,L7,L8,L9,L10,L

COMMON /TOLER/ PT,FNUO,FNPO,KDIV

COMMON /FILES/ IN,10,INS,10S,IST,ILD

DIMENSION PRSLD(24),TEL(12)

REWIND INS
REWIND I0S

LOOP OVER ALL ELEMENTS

DO 500 ME=1,NMELM

CALL ELMDT4 (ME,IC,NS,NGL,NG,III
CALL ELMDT3 (ME,NS,III(J6),BBB(K
ME1 = ME - 1 ' .
CALL CLEAR (PRSLD(1),NS*2)

BYPASS SOLID ELEMENT INFORMATION
CALL PRSTSE (ME,IC,NGL,NG,Jdd(L1))

BYPASS LONGITUDINAL REINFORCING ELEMENT INFORMATION
IF(ILNGR.EQ.0) GO TO 100

NL = III(J7+ME1)

IF(NL.EQ.0) GO TO 100

X+

I(J2),I11(J3),111(J4))
6),TEL(1))

IC = TII(J8B+MET1)

NM = TIII(J18+ME1)

LS = III(J17+NM-1)

CALL PRSTLH (IC,NG,NS,NL,0,0,LS,NM,ISTYP,TEL(1),dJJd(L2),
* AAA(TI16),AAA(I17),PRSLD(1)) '

BYPASS HOOP REINFORCING ELEMENT INFORMATION
IF(IHOPR.EQ.0) GO T0 200

NL = TII(J9+ME1)

IF(NL.EQ.0) GO TO 200

IC = III(d10+ME1)

NM = TIII(J1Q+MET)

LS = III(J17+NM-1)

CALL PRSTLH (IC,NG,NS,NL,1,0,LS,NM,ISTYP,TEL(1),ddu(L3),
* AAA(I16) AAA( 17),P SLD( ))
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PRESTRESS LONG. TENDONS AND OBTAIN CORRESPONDING LOADS

IF(ILNGP.EQ.0) GO TO 300

NL = III(J11+ME1)

IF(NL.EQ.0) GO TO 300

IC = III(J12+ME1)

NWM = III(J20+ME1)

LS = III(J17+NM-1) -

CALL PRSTLH (IC,NG,NS,NL,0,1,LS,NM,ISTYP,TEL(1),dJd(L4),
AAA(I16) AAA( T 117), PRSLD(1))

PRESTRESS HOOP TENDONS AND OBTAIN CORRESPONDING LODADS.
F(IHOPP.EQ.0) GO TO 400

NL = III(J13+ME1)

IF(NL.EQ.O0) GO TO 400

IC = IIT(J1 14+ME1)

NM = TII(J21+MET1)

LS = III(J17+NM-1)

CALL PRSTLH (IC,NG,NS,NL, ,1,LS,NM,ISTYP,TEL(1),ddd(L5),
AAA(I16) AAA(I17),PRSLD(1))

FORM ICREMENT OF LOAD VECT
CALL PRSTLV (ME,NS,PRSLD(1
CONTINUE

— 0
=

/BBB(K10),I11(J6))

FORM TOTAL LOAD VECTOR
ND = NMNOD=*2
DO 600 I=1,ND

KC10 = K10 + I - f
BBB(KC10) = -BBB(KC10)

BBB(K{1+I-1) = BBB(KC10)

CALL VCMLT (BBB(K11),BBB(K11),PT,ND)
RETURN

END
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- SUBROUTINE PRSTLH(IC,NG,NS,NL,IH,IP,LS,NM,ISTYP,TEL,INF11I,
* STSS,STNS,PRSLD)

THIS SEGEMNT PRESTRESSES LOGITUDINAL OR HOOP TENDONS AND
CALCULATES THE CORRESPONDING LOADS. FEPARCSS
2k 2k 2k 2k ok 3k 3k 2k Ak 3K Xk 5k ok 3k ok ok oK K 3K 3K 2k 3k sk ke ok ok Sk ok ok ok sk ok 3k 3k 3k 3k %k %k 3k K 3k %K ok 3K 3K K K ok %K K %K 5K % % % % K
IMPLICIT REAL*8(A-H,0-Z)
INTEGER*2 LENT,LEN2,LEN3
COMMON /FILES/ IN, IO INS I0S,1
DIMENSION Q(36), PHI( 2), SG(24)
* P(10),STSS ? ),STNS
)
(

OO0

{
EQUIVALENCE (SIGT,P(1
* (SIGP,P(5
* (PHI(1),Q
ND = NS*2

KS (LS-1)/ 1
INFO(1) = IN (IC)
CALL POINT(1 FO, 1)

C LOOP OVER ELEMENT LAYERS
DO 700 MRB=1,NL
READ(1) AREA
IF(AREA.LT.1.D-10) GO TO 700

C LOOPPOVER GAUSSIAN POINTS

DO 600 JG=1,NG

T = 0.D0

READ (1) XG1,YG1,XX,YY,W

CALL READ (Q(1),LEN1,0,LNUM, 1)
CALL READ(P(1),LEN2,0,LNUM, INS)

—k S —

2 +
F11
, IN

C PRESTRESS TENDON AT GAUSSIAN POINT
IF(IP.EQ.0) GO TO 500
DO 100 J=1,NS
100 T =T+ PHI(d)*TEL(d)
EPST = EPST - T=TC
CALL .STRSST (EPST,EPSP,SIGT,SIGP,YC,YI,KS,STSS(1,NM), STNS{

* - 1,NM))
C
C FORM CORRESPONDING LOAD VECTOR
W = WxSIGT
IF(IH.EQ.0) GO TO 300
DO 200 .I=1,NS
IT = I*x2 - 1
200 PRSLD(I1) = PRSLD(IT) + PHI(I)*W
GO TO 500

300 IF(ISTYP.EQ.1) W = W%XG

DO 400 I=1,ND
400  PRSLD(I) = PRSLD(I) + SG(I)*W.
500  CALL WRITE(P(1),LEN2,0,LNUM,I0S]
600  CONTINUE
700  CONTINUE
| RETURN

END
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SUBROUTINE PRSTSE (ME,IC,NGL,NG,INF11)

THIS SEGMNT BYPASSES SOLID ELEMENT INFORMATON AS PART OF
THE PRESTRESSING PROCESS. FEPARCSS
ok >k 3 3k ok 5k >k oK %k K K 5k %K K 2K 3K K 5k ok 3k 3k 3k 5Kk 3k 5k 3k 3k 5k 5k %k 5K 5k %k 3k 3k 3K 5k ok 5k 3k 3k 3k 5k %k ok sk %k >k 2k 3k ok ok %k 3k ok 2K %k Xk
IMPLICIT REAL*8(A-H,0-Z)
INTEGER*2 LEN1,LEN2

COMMON /FILES/ IN,IO,INS,IO0S,IST,
DIMENSION INFO(4),INF11(1),Q(36),

OOOO0

ILD
P(55)
INFO(1) = INF11(IC)
CALL POINT (1,INFO,1)
DO 200 JG=1,NG
DO 200 IG=1,NGL
READ(1) XG,YG,XX,YY,ANGLE,W
"CALL READ(Q(1),LENT,0,LNUM, 1)
CALL READ(P(1),LEN2,0,LNUM, INS)
CALL WRITE(P(1),LEN2,0,LNUM,I0S)
200  CONTINUE >

RETURN
END
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SUBROUTINE PRSTLV (ME,NS,PRSLD,DP,NDELW'

THIS SEGMENT FORMS THE PRESTRESS NG .il™ .UZNEWT VECTOR.

- FEPARCSS
K 3k 3k 3 3k 2k % 3 3k ok 5k 5k >k 2k 5k 3k 3k 5k 3k 3k 5k 3k %k 3k 3k 2k 2k 5k %k %k %k A ok kK %k %k Hokik ez ok o A e sk ok ok K ok ok ok %k ok %k ok
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION PRSLD(1),DP(1),NPELM(12,1)

DO 100 I=1,NS
NODE = NPELM(I,ME)

N2 = NODE=*2

N1 = N2 - 1

12 = %2

11 = 12 - 1

DP(N1) = DP(N1) + PRSLD(I1)
DP(N2) = DP(N2) + PRSLD(I2)
CONTINUE

RETURN

END
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SUBROUTINE STIF (IXS)

THIS SEGEMNT CONTROLS FORMULATION OF ELEMENT STIFFNESS AND
STRESS MATRICES, AS WELL AS ASSEMBLY OF STRUCTURE STIFFNE
SS MATRIX. FEPARCSS
**********************************************************
IMPLICIT REAL*8(A-H,0-Z)

COMMON /PROBCV/ NSTIF,IPRST,ISTYP,IMTYP,ITRAT,ILNGR,IHOPR,
* ILNGP, IHOPP, IDSLD,ISTRS, IGRLD,NMNOD,NMELM,
* NMEBE , NCMAT ,NSMAT ,NMPAR, ITEMP, ICNLD,NITRT

COMMON /III/ III(1)

COMMON /JJd/ Judd(1)

COMMON /BBB/ BBB(1)

COMMON /CCC/ CCC(1)

COMMON /AAA/ AAA(1)

COMMON /POINTR/

*11,12,13,14,15,16,17,18,19,110,111,112,113,114,115,116,117,
*J1,d2,d3,d4,d5,d6,d7,d8,d9,J10,J11,d12,J13,J14,d15,J16,J17,
*K1,K2,K3,K4,K5,K6,K7,K8,K9,K10,K11,K12,K13,K14,K15,K16,K17,
*1,L2,L3,L4,L5,L6,L7,L8,L9,L10,L11,L12,L13,J18,J19,J20,421

DIMENSION STIFF(576)

REWIND IXS
CALL CLEAR(CCC(1),NSTIF)

LOOP OVER ALL ELEMENTS

DO 500 ME=1,NMELM

CALL ELMDT4 (ME,IC,NS,NGL,NG,III(d2),111(J3),111(d4))
ME1 = ME - 1 =

FORM ELEMENT STIFFNESS FOR SOLID ELEMENT
CALL STIFSE (IC,NS,NGL,NG,ISTYP,IXS,JJdJ(L1),STIFF(1))

FORM ELEMENT STIFFNESS FOR LONGITUDINAL REINFORCING ELEM.
IF(ILNGR.EQ.0) GO TO 100

NL = III(J7+ME1)

IF(NL.EQ.0) GO TO 100

IC = III(JB+MET) -

CALL STIFLE (IC,NS,NG,NL,ISTYP,IXS,0,JdJd(L2),STIFF(1))

FORM ELEMENT STIFFNESS FOR HOOP REINFORCING ELEMENT
F(IHOPR.EQ.O0) GO TO 200

NL = TII(J9+ME1)

IF(NL.EQ.0) GO TO 200

IC = IIT(J10+MET)

CALL STIFHE (IC,NS,NG,NL,IXS,0,JJd(L3),STIFF(1))

FORM ELEMENT STIFFNESS FOR LONGITUDINAL PRESTRESSING ELEM.
IF{ILNGP.EQ.0) GO TO 300

NL = III{J11+MET1)

IF(NL.EQ.O0) GO TO 300

IC = ITI(J12+ME1) -
CALL STIFLE (IC,NS,NG,NL,ISTYP,IXS,IPRST,Jdd(L4),STIFF(1))
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C FORM ELEMENT STIFFNESS FOR HOOP PRESTRESSING ELEMENT
300 IF(IHOPP.EQ.0) GO TO 400

NL = ITI(J13+ME1)

IF(NL.EQ.O0) GO TO 400

IC = IIT(J14+ME1) S

CALL STIFHE (IC,NS,NG,NL,IXS,IPRST,Jdd(L5),STIFF(1))

C ASSEMBLE ELEMENT STIFNESS INTO STRUCTURE STIFFNESS MATRIX
400  CALL STIFAS (ME,NS, I1I(J6),111(d15),CCC(1),STIFF(1))

500° CONTINUE

C
C ADD BOUNDARY CONDITIONS TO STRUCTURE STIFFNESS MATRIX
- CALL STIFBC (NMEBE,III(J1),ILI(J15),AAA(I3),AAA(I4), AAA(IE
* ' ),ccc(t)) :
C . .
RETURN
C
END



OO0

300
400

116

SUBROUTINE STIFAS (ME,NS,NPELM,MAXA,A,STIFF:
THIS SEGMENT ASSEMBLES STRUCTURE STIFFNESS WATRIX.FEPARCSS

********************************************:’,f‘.“************

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

‘DIMENSION NPELM(12,1) ,MAXA(1),A(1),STVEC(300),STIFF(24,1),

LM(24)
ND = NS=2

SPREAD LOWER HALF OF STIFNESS MATRIX INTO A VECTOR
L =20 '

DO 100 I=1,ND

DO 100 J=I,ND

L=L + 1

STVEC(L) = STIFF(J,I)

DO 200 I=1,NS

12 = 2%] |
LM(I2) = 2+NPELM(I,ME)
LM(I2-1) = LM(I2) - f
CONTINUE

ASSEMBLE ELEMENT STIFFNESS VECTOR INTO STRUCTURE
STIFFNESS MATRIX USING SKYLINE STORAGE ADDRESSES.
NDL = O

DO 400 L=1,ND

LL = LM(L)

ML = MAXA{LL)

KS = L

DO 300 N=1,ND

NN = LM(N)

LN = LL - NN
IF(LN.LT.0) GO TO 300
KK = ML +LN

KSS = KS

IF(N.GE.L) KSS = N + NDL
A(KK) = A(KK) + STVEC(KSS)

—~—

KS = KS + ND - N
NDL = NDL + ND - L
RETURN |
END



117

SUBROUTINE STIFBC (NMEBE.NPEBE,MAXA,XPEBE,YPEBE,STEBE,A)

- THIS SEGMENT ADDS BOUNDARY CONDITIONS TO STRUCTURE STIFFN
ESS MATRIX IN THE FORM OF HIGH STIFFNESS SPRINGS. FEPARCSS
0 ok K e K o 3 ok oK ok 3K ok o oK 3 ok 3 oK 3 ok ok oK 3K oK ok oK ok 3 ok oK ok oK ok 3 ok ke ok ok 3 ok o ok ok sk ok ok ok ok ok sk ok ok ok ok ok ok ok ok
IMPLICIT REAL*8(A-H,0-Z)

DIMENSION NPEBE(1),MAXA(1),STEBE(1),A(1),XPEBE(1),YPEBE(1)

OO0

DD 200 M=1,NMEBE
NPEBE (M)

N2 24N

N1

co
SI
BS
K22
K12
K1t
A(K22) =
A(K11)
A(K12)
200  CONTINU

" RETURN
END

Wi mwunnnn e
—<
'U
m
w
m

)

2) + BS*SI*SI
1) + BS*CO*CO
2) + BS=*CO=*SI

mun
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SUBROUTINE STIFHE (IC,NS,NG,NL,IXS,IPRST,INF1I,STIFF)
THIS SEGMENT EVALUATES STIFFNESS AND STRESS MATRICES FOR

- HOOP REINFORCING(PRESTRESSING) ELEMENT. FEPARCSS

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

IMPLICIT REAL*8(A-H,0-Z)
INTEGER*2 LEN,LEN1,LEN2,LEN3 :
DIMENSION PH1<12>,0(36),1NF0(4) STIFF P(10),INF1I(1)
EQUIVALENCE (YM,P(4)),(XG,P(8)), (PHI{ )

ND : 2xNS

INFO(1) INF1I(IC)

CALL POINT (1,INFO,1)

LOOP OVER ELEMENT LAYERS

PO 400 MRB=1,NL

READ(1) AREA
IF(AREA.LT.1.D-10) GO TO 400

LOOP OVER GAUSSIAN POINTS

DO 300 JG = 1,NG

READ(1) XG1,YG1,XX,YY,W

CALL READ (Q(1), LEN1 O LNUM, 1)

CALL READ (P(1) LEN2,0,LNUM, IXS)
F(IPRST.EQ.1) GO TO 300

FORM LOWER HALF OF STIFFNESS MATRIX.
S = YM*W/XG

DD 200 I=1,NS

I1 = 2x1-1

PPHI = S*PHI(I)

DO 200 J=I,NS

Ji = 2*xJ-1

STIFF(J1,I1) = PHI(J)*PPHI + STIFF(J1,I1)
CONTINUE '
CONTINUE

CONTINUE

RETURN
END
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SUBROUTINE STIFLE(IC,NS,NG,NL,ISTYP,IXS, 1PRST, INF1I,STIFF)

THIS SEGMENT EVALUATES STIFFNESS AND STRESS WATRICES FOR

LONGITUDINAL REINFORCING(PRESTRESSING) ELEMENT. FEPARCSS
**********************************************************
IMPLICIT REAL*8(A-H,0-2Z)

INTEGER*2 LEN,LENT, LEN2 LEN3

- DIMENSION PHI(12) SG(24) STIFF(24,1),Q(36),INFO(4),INF1I(1)

,P(10) :
EQUIVALENCE(YM,P(4)),(XG,P(8)),(PHI(1),Q(1)),(SG(1),Q(13))
ND = 2%NS ‘

INFO(1) = INF1I(IC)
CALL POINT (1,INFO,1)

~ LOOP OVER ELEMENT LAYERS

DO 400 MRB=1,NL
READ(1) AREA
IF (AREA.LT.1.D-10) GO TO 400

LOOP OVER GAUSSIAN POINTS

DO 300 UG = 1,NG

READ(1) XG1, YG1 XX, YY, W

CALL READ (0(1) LEN1 O LNUM, 1)
CALL READ (P(1),LEN2,0,LNUM,IXS)
IF(IPRST.EQ.1) GO TO 300

W = WxYM

IF(ISTYP.EQ.1) W = - WxXG

FORM LOWER HALF OF STIFFNESS MATRIX.
DO 200 I=1,NS

12 = I%2
I2 - 1
SG(I1)
SG(I2)
00 d=1I,
2*J
J1 Jy2-1
STIFF(J1,11)
STIFF(uJ1,12)
STIFF(J2,11)
STIFF(J2,12)
CONTINUE

—
sy
]

*W
*W
NS

o
o
(TR TR T

nuaun
O
N
*
wn
(@]

CONTINUE

RETURN
END
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SUBROUTINE STIFSE (IC,NS,NGL;NG,ISTYP,IXS,INF11,ST)

THIS SEGMENT EVALUATES STIFFNESS AND STRESS MATRICES FOR
SOLID ELEMENT. FEPARCSH
Sk 3 sk sk K ok K ok K ok 3 ok 3k oK oK oK oK oK ok oK ok K ok 3 ok K ok 3 oK ok oK ok ok ok o oK o ok o ok ok ok K ok K ok ok ok oK ok o ok 3k K ok ok ok
IMPLICIT REAL=*8(A-H,0-Z)

INTEGER*2 LEN,LEN1,LEN2,LEN3

DIMENSION PHI(12), PHIX(12) PHIY(12),Q(36),INFO(4),SG(4,24)
* ,ST(24,1) CM(4,4) INF11(1),P(55)
EQUIVALENCE (CM(1,1),P(34)), (PHI(1),Q(1)),(PHIX(1),Q(13))
* (PHIY(1),Q(25)), (XG,P(51)),(ZETA,P(53))
ND = 2%N§

INFO(1) = INF11(IC)

CALL POINT(1,INFO,1)

CALL CLEAR (ST(1, ),576)

LOOP OVER GAUSSIAN POINTS

DO 400 JG=1,NG

DO 400 I1G=1,NGL

READ (1) XG1,YG1,XX,YY,ANGLE,W

CALL READ (0(1) LEN1,0,LNUM, 1)

CALL READ(P(1),LEN3,0,LNUM,IXS)

CALL TRANSF (CM(1,1),-ZETA, ISTYP)

IF(ISTYP.EQ.1) W = W%XG
" FORM C-B MATRIX FOR GAUSS POINT

DO 100 J=1,NS

J2 = 2%y

J1 = J2-1

PX = PHIX(J)

PY = PHIY(U)

PZ = PHI(J)/XG

SG(1,d1) = CM(1,1)*PX + CM(1,3)*PZ + CM(1,4)*PY

SG(2,Jd1) = CM(2,1)*PX + CM(2,3)*PZ + CM(2,4)*PY

SG(3,d1) = CM(3,1)*PX + CM(3,3)*PZ + CM(3,4)*PY

SG(4,J1) = CM(4,1)*PX + CM(4,3)*%PZ + CM(4,4)*PY

SG(1,d2) = CM(1,2)*PY + CM(1,4)=*PX
'SG(2,d2) = CM(2,2)*PY + CM(2,4)*PX

SG(3,d2) = CM(3,2)*PY + CM(3,4)*PX

SG(4,J2) = CM(4,2)*PY + CM(4,4)=*PX

CONTINUE

FORM LOWER HALF OF ELEMENT STIFFNESS(SUMMATION OF BT-C-B)
DO 300 I=1,NS

12 = 2%]

I1 = 12-1

PX = WxPHIX(I)
PY = WxPHIY(I)
PZ = WxPHI(I)/XG
DO 300 J = I,NS
J2 = 2%J
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) *PY

’
'

(4,1
2)*%PZ+SG(4,J2)*PY

1)*PZ+SG

i B e Rae |

CONTINUE
RETURN

END

400
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SUBROUTINE STRESS

THIS SEGMENT CONTROLS EVALUATION QOF STRESSES AND UPDATING
OF STRAINS AND MATERIAL PROPERTIES. FEAPRCS3
ok 2k ok 2k ok 3k 2k ok 2k 3K K ok 3k 3k 3k ok sk %K 5K kK ok ok %k %k 5k 5k ok ok 3K 3K 3k %k ok ok %k 3K ok 3k ok 3K %k 5k ok Ak ek ke vk ok ok Ak %k ok ok ok Kk %k
IMPLICIT REAL*8(A-H,0-Z)

COMMON /PROBCV/ NSTIF,IPRST,ISTYP,IMTYP,ITRAT,ILNGR,IHOPR,

x ILNGP, IHOPP, IDSLD, ISTRS, IGRLD , NMNOD , NMELM,
* NMEBE ,NCMAT ,NSMAT ,NMPAR, ITEMP , ICNLD,NITRT

COMMON /II1/ I11(1)

COMMON /Jud/ JJu(1)

COMMON /AAA/ AAA(1)

COMMON /BBB/ BBB(1)

COMMON /POINTR/
«11,12,13,14,15,16,17,18,19,110,111,112,113,114,115,116,117,
*J1,J2,03,04,J5,U6,J7,d8,d9,d10,Jd11,d12,d13,J14,J15,J16,U17,
*K1,K2,K3,K4,K5,K6,K7,K8,K9,K10,K11,K12,K13,K14,K15,K16,K17,
xL1,L2,L3,L4,L5,L6,L7,L8,L9,L10,L11,L12,L13,J18,J19,4d20, J21

COMMON /FILES/ IN,I0,INS,10S,IST,ILD v

DIMENSION DEL(24),TEL(12)

REWIND INS
'REWIND 10S

LOOP OVER ALL ELEMENTS

DO 500 ME=1,NMELM

CALL ELMDT4 (ME,IC,NS,NGL,NG,II1(J2),111(J3),111(u4))

CALL ELMDT2 (ME,NS,DEL(1),I111(J6),BBB(K14))

ME1 = ME - 1 |

IF(ITEMP.EQ.0) GO TO 100

CALL CLEAR (TEL(1),12)

" CALL ELMDT3 (ME,NS,II11(U6),BBB(K17),TEL(1))

UPDATE STRESSES AND MATERIAL PROPERTIES FOR SOLID ELEMENT

NM = III(J5+ME1)

LS = III(J17+NM-1)

CALL STRSSE (ME,IC,NS,NGL,NG,NM,LS,DEL(1),TEL(1),dJdddlL1),
* BBB(K1),AAA(116),AAA(I17))

UPDATE STRESSES AND MATERIAL PROPERTIES FOR LONGITUDINAL
REINFORCING ELEMENT
IF(ILNGR.EQ.0) GO TO 200

NL = III(J7+ME1)

IF(NL.EQ.0) GO TO 200

IC = III(d8+ME1)

NM = III(J18+ME1)

LS = III(d17+NM 1)

CALL STRSLH (IC,NS,NG,NL, O LS,NM,DEL(1),TEL(1),dJdd(L2]),
* AAA(IT6) AAA 117),0,ITEMP) :

UPDATE STRESSES AND MATERIAL PROPERTIES FOR HOOP
REINFORCING ELEMENT

IF(IHOPR.EQ.O0) GO TO 300

NL = III(J9+ME1)
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NL.EQ.0) GO TO 300
IC = IT1(J10+ME1)
NM = TII(J19+ME1)
LS = III(J17+NM-1)
CALL STRSLH (IC,NS,NG,NL,1,LS,NM,DEL(1),TEL(1),ddd(L3),

AAA(TI16),AAA(I17),0,ITEMP)

UPDATE STRESSES AND MATERIAL PROPERTIES FOR LONGITUDINAL
PRESTRESSING ELEMENT

IF(ILNGP.EQ.0) GO TO 400

NL.= III(J11+MET)

IF(NL.EQ.0) GO TO 400

IC = ITI(J12+ME1)
NM = TII(J20+ME1)
© LS = IIT(J17+NM-1) n
CALL STRSLH (IC,NS,NG,NL,0,LS,NM,DEL(1),TEL(1),ddd(L4),

AAA(I16) AAA( 17),IPRST ITEMP)

~ UPDATE STRESSES AND MATERIAL PROPERTIES FOR HOOP

PRESTRESSING ELEMENT
IF(IHOPP.EQ.0) GO TO 500
NL = III(J13+MET1) -
IF(NL.EQ.0) GO TO 500

IC = III(J14+MET)
NM = II1I(J21+ME1)
LS = ILI(J17+NM-1) |
CALL STRSLH (IC,NS,NG,NL,1,LS,NM,DEL(1),TEL(1),Jdd(L5),
| AAA(T16),AAA(I17),IPRST,ITEMP)
CONTINUE |
 RETURN
END.
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SUBROUTINE STRSLH

(IC,NS,NG,NL,IH,LS,NM,DEL,TEL,INF11,STSS
, STNS, IPRST, ITEMP)

THIS SEGMENT CALCULATES STRESSES AND UPDATES STRAINS AND
MATERIAL PROPERTIES FOR LONGITUDINAL(HOOP)ELEMENT.FEPARCSS

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

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

INTEGER*2 LEN1,LEN2,LEN3

COMMON /FILES/ IN,IO,INS,I0S, IST ILD
DIMENSION Q(386), PHI( 2),5G(24),
STSS(9 1
EQUIVALENCE

KS = (L
INFO(1)

CALL POINT

LOOPPOVER ELEMENT LAYERS
DO 900 MRB=1,NL
READ(1) AREA
IF(AREA.LT.1.D-10)

LOOPPOVER GAUSSIAN POINTS

DO 800 JG=1,NG

XG1,YG1, XX, YY, W
Q(1),LENT,0,LNUM, 1)
,LEN2,0,LNUM, INS)

READ (1)

CALL READ
CALL READ(P(1 ,
IF(IPRST.EQ.1) GO TO 700
IF(IH.EQ.1) GO TO 200

OBTAIN STRAIN INCREMENT FOR LONGITUDINAL ELEMENT:
DO 100 J=1,NS

'EPST = EPST + SG(J1)*DEL(J1)

J2 = 2%J
J1 = J2 -
GO TO 400

OBTAIN STRAIN INCREMENT FOR HOOP ELEMENT
DO 300 J=1,NS

- EPST = EPST + PHI(J)*DEL(J*2-1)/XG
IF(ITEMP.EQ.O0) GO TO 600

T =0.D0

DO 500 I=1,NS

T = T+ PHI(J)*TEL(J)

EPST = EPST - T*TC

CALL STRSST
CALL WRITE(P(

CONTINUE
CONTINUE
RETURN
END

GO TO 900

+ SG(J2)*DEL(J2)

(EPST,EPSP,SIGT,SIGP,YC,YI,KS,STSS(1,NM)
,LEN2,0,LNUM, I0S)

, STNS
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SUBROUTINE STRSSE (ME,IC,NS,NGL,NG,NM,LS,DEL,TEL,INF11,EMP
y STSS,STNS)

" THIS SEGMENT LOOPS OVER STRAIN SUBINCREMENTS 7O CALCULATE

AND ACCUMULATE INCREMENTS OF EQU. U. STRAINS AND TO UPDATE
STRESSES ANDMATERIAL PROPERTIES FOR SOLID ELEMENT.FEPARCSS

3 3k K 2K oK 3K 3 o ke A sk ok 3k 3k ok 3k 5k 3k 3k ke 3k 3k ok 3k %k 3k ok 3k 3k %k 3k 3k 3k 3k 3k 3k %k 3K 3K 5k 5k 3K 3K K ok 5K 3K 3K >k 3k 3 %k 3 %k K K K %

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

B J

<k

* X % X

% ¥ X X X

INTEGER*2 LEN1,LEN2,LEN3

COMMON /PROBCV/ NSTIF,IPRST,ISTYP,IMTYP,ITRAT,ILNGR, IHOPR,
ILNGP, IHOPP,IDSLD,ISTRS, IGRLD,NMNOD,NMELM,
NMEBE ,NCMAT,NSMAT ,NMPAR, ITEMP, ICNLD,NITRT

CDMMON /FILES/ IN, IO, INS IOS IST, ILD

COMMON /DATA1/ CD,CL,CT, CPN CPT CP EP,TU,TP,RX,IS,MI, NI,KI

DIMENSIDN SIGT (4), SIGL(4) SIGP(3) SIGC(4) EPSQ( ), EPSL(4)

EPSC(4),EMDC(4),EMDI(4), PRTC(3),PRTI(3),SIGD(4),
EPSI(4),TECI(3) IBRK(4),SIGQ(4),CM(4,4),INFO(4),
INF11(1),DEL(1),TEL(1),PHIY(12),PHIX(12),PHI(12)
,P(55),Q(36),STSS(9,1),STNS(8,1),EMP (NMPAR, 1)
EQUIVALENCE (SIGT(1),P(1)),(SIGL(1),P(5)),(SIGP(1),P(9)),
-~ (EPSQ(1),P(12)), (EPSC(1),P(16)),(SIGC(1),P(20)),
(EMDC(1),P(24)), (PRTC(1),P(28)),(TECI(1),P(31)),
(CM{1,1),P(34)),{(GAMA,P(50)), (XG,P(51)),(YG,P(52)
), (ZETA,P(53)), (IBRK(1),P(54)),(PHI(1),Q(1)),
- (PHIX(1),Q(13)),(PHIY(1),Q(25))

NSINC = NI

IF(LS.LE.11) NSINC = 1

INFO(1) = INF11(IC)

CALL POINT(1,INFO,1)

(LS.LE.11) GO TO 150

FCU = EMP(12,NM)

ECU = EMP(19,NM)

FTU = -FCU*EMP (14 ,NM)

ETU = -ECU*EMP(21,NM)

DO 100 I=1,3 -

EMDI(I) = EMP(I,NM)

PRTI(1) = EMP(I+4,6NM)

EMDI(4) = EMP(4,NM)

LOOP OVER GAUSSIAN POINTS
DO 900 JG=1,NG
DO 900 IG=1,NGL

CREAD (1) XG1,YG1,XX,YY, ANGLE,W

CALL READ (Q{1),LENT,0,LNUM, 1)
CALL READ (P(1),LEN2,0,LNUM,INS)

CALCULATE TOTAL STAIN INCREMENT AND SUBINCREMENT
CALL CLEAR (EPSI(1),4)
DO 200 Jd=1,NS

VJd = DEL(2*J)

UJd = DEL(2%y-1) ’

EPSI(1) EPSI(1) + PHIX(J)=*UJ
J

(
EPSI(2) EPSI(2) + PHIY(J)=*Vy
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EPSI(3) EPSI(3) + PHI{J
EPSI(4) EPSI(4) + PHIY(
IF(ITEMP.EQ.0) GO TO 350
T =0.D0

DO 250 I=1,NS

T =T + PHI(I)*TEL(I)

DO 300 I=1,3

EPSI(I) = EPSI(I) - T=TECI(I)

) *UJ*DFLOAT(ISTY )/XG
J)*UJ + PHIX( J)*

DO 400 I=1,4

CEPSI(I) = EPSI(I)/DFLOAT(NSINC)

TRANSFORM STRAIN SUBINCREMENT INTO LOCAL COORDINATE SYSTEM
CALL TRANSS (EPSI(1),EPSL(1),ZETA)

LOOP OVER STARIN SUBINCREMENTS
DO 800 N=1,NSINC

UPDATE LOCAL STRESSES

DO 500 I=1,4

SIGQ(I) = SIGL(I)

DO 450 J=1,4 :

SIGL(I) = SIGL(I) + CM(J,I)=*EPSL(J)
CONTINUE

CHECK IF MTERIAL IS LINEAR
IF(LS.LE.11) GO TO 800

MATERIAL IS NONLINEAR
UPDATE EQUIVALENT UNIAXIAL STARINS

DO 550 I=1,4
IF(IBRK(I).EQ.2) GO TO 550

)
IF(SIGQ({I)=SIGL(1).LT.0.D0) EMDC(I) = EMDI(I)
EPSQ(I) = EPSQ(I) + (SIGL(I) - SIGQ(I))/EMDC(I)
IF(EPSQ(I)*SIGL(I).LT.0.DO) EPSQ(I) = SIGL(I)/EMD ( I)

CONTINUE

UPDATE STRENGTH AND DEFORMATION PARAMETERS

CALL STREN(SIGL(1),SIGL(1),STSS{1,NM),SIGC(1),FCU,FCU,FTU)
CALL STREN(SIGL(1),EPSQ(1),STNS(1,NM),EPSC(1),FCU,ECU,ETU)

'CHECK FOR LOCKING

*

*

DO 600 I=1,4 .
IF(IBRK(I).EQ.2) GO TO 600
IF(DABS(SIGC(I)).GT.DABS(EMDI(I)*EPSC(1))) EPSC(I1)=SIGC(I)

/EMDI(I)

CONTINUE '
UPDATE STRESSES AND MATERIAL PROPERTIES
DO 650 I=1,4
IF(IBRK(I).EQ.2) GO TO 650
CALL SAENZ (SIGL(I), EPSQ( },SIGC(1),EPSC(I),EMDC(I),

EMDI(I),IBRK(I),I,ISTYP)
CONTINUE
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- DO 700 I=1,3

PRTC(1) = POISN (PRTI(I),EPSQ(I),EPSC(I)f

FORM CONSTITUTIVE MATRIX
CALL CONSTM(EMDC(1),PRTC(1),CM(1,1))

~CONTINUE

TRANSFORM LOCAL STRESSES INTO GLDBAL COORDINATE SYSTEM AND
OBTAIN  PRINCIPAL STRESSES.

CALL TRANSS (SIGL(1),SIGT(1),-ZETA)

CALL STRSSP (SIGL(1),SIGP(1),GAMA)

WRITE UPDATED INFORMATION ON FILE.
CALL WRITE (P(1),LEN2,0,LNUM,I0S)

CONTINUE
RETURN
END
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SUBROUTINE STRSSP (SIGL,SIGP,GAMA) .
THIS SEGMENT CALCULATES PRINCIPAL STRESSES. FEPARCSS

a4 3k ok 3k K oK 3 oK o oK o 3K K oK 3k oK K 3 ok K ok K ok K oK 3K ok o oK oK 3K ok ok ok K ok 3k oK K oK o sk ok ok sk sk ok ok ok e ok ok ok ok o ok ok
IMPLICIT REAL*8(A-H,0-2Z)
DIMENSION SIGL(1),SIGP(1)

SIGM = (SIGL(1) + SIGL(2))/2.D
SIGN = (SIGL(1) - SIGL(2))/2.D

RADS = DSQRT(SIGN**2 + SIGL(4 )**2)
SIGP(1) = SIGM + RADS

SIGP(2) = SIGM - RADS

SIGP(3) = SIGL(3)
IF(SIGL(4).EQ.0.DO.AND.SIGN.EQ.0.D0) GO TO 100
GAMA = DATAN2(SIGL(4),SIGN)/2.D0
GO TO 200

GAMA = 0.DO

RETURN

END
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SUBROUTINE STRSST (EPST,EPSP,SIGT,SIGP,YC,YI,KS,STSS,STNS)

THIS SEGMENT UPDATES STRESS AND MATERIAL PROPERTIES FOR
REINFORCING STEEL OR PRESTRESSING TENDONS. FEPARCSS -
4 o K 3 3 ok 3k ok ke oK K 3K 3K 3k 3K K ok K 3 ok K ok K 3K ok 3 ok K ok Sk ok oK o Sk K ok ok ok K ke sk ok ok 3k ok o ok ok ok o ok ok ok ok sk ok ok oK
IMPLICIT REAL=*8(A-H,0-Z)

DIMENSION STSS(1),STNS(1)

CHECK FOR UNLOADING.

~EPSE = EPST - EPSP

SIGE = EPSEx*YI
IF(DABS(SIGE).LT.DABS(SIGP)) GO TO 300

OBTAIN NEW STRESS POINT AND TANGENT MDDULUS

'DO- 100 I=2, KS

J = ]
EPSD = DABS(EPST) - STNS(I)
IF(EPSD.LT.0.D0) GO TO 200

-CONTINUE
STRAIN HAS EXCEEDED MAXIMUM ALLOWED. **BREAK**
SIGT = 0.DO :
SIGP = 0.DO
YC = 0.D0
"~ RETURN
YC = (STSS(dJ)-STSS(J /(STNS(J)-STNS(dJ-1))

SIGT

EPSP
SIGP
RETURN

-1))
STSS(J-1)*DSIGN{1.DO,EPST)
+ YC*(EPST-STNS(J-1)*DSIGN(1.D0,EPST))
EPST - SIGT/YI
DABS(SIGT) .-

UNLOADING IS VERIFIED
SIGT = SIGE .
YC = YI :

RETURN

END
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SUBROUTINE SUDOLD

THIS SEGMENT CONTROLS FORMATION OF PSUEDD-LOAD VECTOR FROM
THE CURRENT STRESS CONDITION. FEPARCS5
3k 5K 2k %k 2k 3k 3k ok 3k 3k 3k 3k 2k %k 5 5k %k %k 3k 5k ok ok 5k 3k vk 3k 3k 3K 2k >k ok 3k 3k %k ok 3k %k 3K vk Sk 5K %k %k 3k 5k 5K 3k %k 3k s 2k K ¥k ok 3k ok % Kk
IMPLICIT REAL*8(A-H,0-Z)

COMMON /PROBCV/ NSTIF,IPRST,ISTYP,IMTYP,ITRAT,ILNGR, IHOPR,
* ILNGP, IHOPP, IDSLD, ISTRS, IGRLD,NMNOD , NMELM,
* NMEBE, NCMAT ,NSMAT ,NMPAR, ITEMP, ICNLD,NITRT

COMMON /I111/ I11(1) |

COMMON /JJd/ JJd (1]

COMMON /AAA/ AAA(1)

COMMON /BBB/ BBB(1)

COMMON /POINTR/

x11,12,13,14,15,16,17,18,19,110,111,112,113,114,115,116,117,
*J1,J2,d3,d4,d5,d6,d7,d8,d9,J10,Jd11,d12,d13,J14,d15,J16,J17,
*K1,K2,K3,K4 ,K5,K6,K7,K8,K9,K10,K11,K12,K13,K14,K15,K16,K17,
*1,L2,L3,L4,L5,L6,L7,L8,L8,L10,L11,L12,L13,J418,J19,4J20,4J21
COMMON /FILES/ IN,IO,INS,I0S,IST,ILD

DIMENSION PSDLD(24)

REWIND I0S
CALL CLEAR (BBB(K13),2*NMNOD)

LOOP OVER ALL ELEMENTS

DO 500 ME=1,NMELM

CALL ELMDT4 (ME,IC,NS,NGL,NG,III(J2),I11(dJ3),I111(J4))
ME1 = ME - 1

CALL CLEAR (PSDLD(1),NS*2)

OBTAIN PSUEDO-LOADS OF SOLID ELEMENT STRESSES
CALL sSUDOLS (ME,IC,NS,NGL,NG,ISTYP,ddd(L1),PSDLD(1),10S)

OBTAIN PSUEDO-LOADS OF LONG. REINF.ELEMENT STRESSES
IF(ILNGR.EQ.O0) GO TO 100 :

NL = III(J7+ME1)

IF(NL.EQ.0) GO TO 100

IC = III(JB+ME1) ‘ ‘
CALL SUDOLL (IC,NG,NS,NL,ISTYP,0,ddd(L2),PSDLD(1),I0S)

OBTAIN PSUEDO-LOADS OF HOOP REINF.ELEMENT STRESSES
IF(IHOPR.EQ.0) GO TO 200

NL = TII(JS+MET)

IF(NL.EQ.0) GO TO 200
IC = III(J10+NMET)

CALL SUDOLH (IC,NG,NS,NL,0,JJd(L3),PSDLD(1),I0S)

OBTAIN PSUEDO-LOADS OF LONG. PREST. ELEMENT STRESSES
IF(ILNGP.EQ.0) GO TO 300

NL = III(J11+MET)

IF(NL.EQ.O) GO TO 300

IC = TIT(J12+ME1)

CALL SUDOLL (IC,NG,NS,NL,ISTYP,IPRST,JJdJ(L4),PSDLD(1),10S)
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OBTAIN PSUEDO-LOADS OF HOOP PREST. ELEMENT STRESSES.

- IF(IHOPP.EQ.0). GO TO 400

NL = TII(J13+ME1)

IF(NL.EQ.O) GO TO 400

IC = III(J14+NME1) ' :

CALL SUDOLH (IC,NG,NS,NL,IPRST,dJJJ(L5),PSDLD(1),10S)

FORM PSUEDO-LOAD VECTOR(QT)

~ CALL SUDOLV (ME,NS,PSDLD(1),BBB(K13),I11(J6))

CONTINUE | |

'SUBTRACT BOUNDARY REACTIONS FROM PSUEDO-LOAD VECTOR
CALL SUDOLXJ(NMEBE,III(J1),AAA(IB),AAA(I4),AAA(IG),BBB(K12

* . ),BBB(K13))

- RETURN

END
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SUBROUTINE SUDOLH (IC,NG,NS,NL,IPRST,INF1I,PSDLD,I0S)

- THIS SEGMENT CALCULATES AND ACCUMULATES WORK EQUIVALENT

PSUEDO-LOADS FOR A HOOP REINFORCING(PRESTRESSING) ELEMENT.
- FEPARCS5
**********************************************************
IMPLICIT REAL*8(A-H,0-Z)
INTEGER*2 LEN1,LEN2
DIMENSION INFO{4),INF1I(
EQUIVALENCE (PHI(1),Q(1)

INFO(1) = INF1I(IC)

1),PSDLD(1),PHI(12),Q(36),P(10)
), (SIGT,P(1)),(XG,P(8 )) .

CALL POINT (1,INFO,1).

LOOP OVER ELEMENT LAYERS

DO 300 MRB=1,NL

READ (1) AREA
IF(AREA.LT.1.D-10) GO TO 300

LOOP OVER GAUSSIAN POINTS

DO 200 JG=1,NG

READ(1) XG1,YG1,XX,YY,W

CALL READ (0(1) LEN1 O LNUM, 1)
CALL READ (P(1),LEN2,0,LNUM,I0S)
IF(IPRST.EQ.1) GO.TO 200

W = WxSIGT S

- DO 100 I=1,NS

12 = 2%]
I1 = 12 - 1
PSDLD(I1) =
CONTINUE
CONTINUE
CONTINUE

PSDLD(I1) + PHI(I)=W

RETURN
END
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SUBROUTINE.SUDOLL(IC,NG,NS,NL,ISTYP,IPRST,INF1I,PSDLD,IOS)
THIS SEGMENT CALCULATES AND ACCUMULATES WORK EQUIVALENT

- PSUEDO-LOADS OF A LONGITUDINAL REINFORCING(PRESTRESSING)

ELEMNT. _ FEPARCS5
K-k 3k 3k 3k 3k M 3k dk 2k 3k sk ok sk ok 3K 5k ok ok 3k 3K 2k ok ok sk ke 3k vk 3k vk vk Sk 3 3k ok vk vk K vk 3k 3k 3K ok 3k ok 5Kk k3K ke 3k K Kk e sk sk %k k
IMPLICIT REAL*8(A-H,0-2)

INTEGER*2 LEN1,LEN2 o :
DIMENSION ITFD§4).INF1I(1),PSDLD(1).PHI(12),SG(24),0(36),
* P(10) -
EQUIVALENCE (PHIéz ?(1)),(SG(1),0(13)),(SIGT,P(1)),

),
. © (xG,p(8]
ND = NS*2.
INFO(1) = INF1I(IC)
CALL POINT (T,INFO,1)

LOOP .OVER ELEMNT LAYERS

DO 300 MRB=1,NL -
READ (1) AREA
IF(AREA.LT.1.D-10) GO TO 300

LOOP OVER GAUSSIAN POINTS

DO 200 JG=1,NG

READ (1) XG1,YGT,XX,YY,W

CALL READ(Q(1),LENT,0,LNUM,1)
CALL READ(P(1),LEN2,0,LNUM,IODS)
IF(IPRST.EQ.1) GO TO 200

W = WxSIGT

IF(ISTYP.EQ.1) W = WxXG

DO 100 I=1,ND S
PSDLD(I) = PSDLD(I) + SG(I)+*W
CONTINUE o
CONTINUE

CONTINUE

RETURN
END
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SUBROUTINE SUDOLS (ME,IC,NS,NGL,NG,ISTYP, INF11 PSDLD, iOS)

THIS SEGMENT CALCULATES AND ACCUMULATES WORK EQUIVALENT
PSUEDO-LOADS FOR A SOLID ELEMENT. FEPARCSS
ke koK ook o o ko ok ok ok ke ok o o koo oK o o o o o kR s ok ook K oo o ok o o o o ok o ok ok o 3
IMPLICIT REAL*8(A-H,0-Z)

INTEGER*2 LEN1,LEN2

DIMENSION INFO(4) INF11(1),Q(38),PHI(12),PHIX(12),PSDLD(1)
* , PHIY(12),P(55)

EQUIVALENCE (PHI(1),Q(1)),(PHIX(1),Q(13)), (PHIY(1) Q(25)),
* (SIGT1,P(1)), (SIGT2, P( )) (SIGT3,P(3)),(SIGT4,
* P(4)),(XG,P(51))

INFO(1) = INF1 (IC)

CALL POINT (1, INFO, 1)

LOOP OVER GAUSSIAN POINTS

DO 200 JG=1,NG

DO 200 IG=1,NGL

READ (1) XG,YG,XX,YY,ANGLE,Ww
CALL READ (Q(1),LENT,0,LNUM, 1)
CALL READ (P(1),LEN2,0,LNUM,I0S)
IF(ISTYP. EQ 1) W=W*XG

DO 100 I= 1 NS
12 = I*2

12 -
PHIX(
PHIY(
PHI(I
PSDLD 1)

PSDLD(IZ)
CONTINUE

O
>
" an

e
~N

n
\vv

xe*w '
PSDLD(I1) + PX*SIGT1 + PZ*SIGT3 + PY*SIGT4
PSDLD(I2) + PY*SIGT2 + PX*SIGT4

W1 ~— bt

CONT INUE
RETURN
END
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SUBROUTINE SUDOLV (ME,NS,PSDLD,QT,NPELM)

C : .
C THIS SEGMENT FORMS THE PSUEDO-LOAD VECTOR. FEPARCSS
C **********************************************************
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION PSDLD(1) QT(1) NPELM(12, 1)
C
DO 100 I= 1 NS
NODE = NPELM(I ME)
N2 = NODE=x*2
N1 = N2 - 1
12 = I*2.
It = 12 -1
QT(N1) = QT(N1) + PSDLD(I1)
“QT(N2) = QT(N2) + PSDLD(I2)
100 CONTINUE
C _
RETURN
C
END -
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SUBROUTINE SUDOLX (NMEBE , NPEBE , XPEBE , YPEBE, STEBE, uT,Qm)

THIS SEGMENT SUBTRACTS EXTERNAL BOUNDARY REACTIONS FROM
TOTAL PSUEDO-LOAD VECTOR. FEPARCSS

3k ok 2k 2k ok 3k ok ok ok k3K ok ok ok sk 3K 3K 3 sk 2k 3k 3k 3k 3k >k 3k 3k 5k ok K 3k 3k 3K 3 3 5 5k 3k ok 2k sk ok 3k 3k ok ok 5k 3k 3k 9k sk K K K kK ok K K

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

"DIMENSION NPEBE(1),UT(1), QT(1) XPEBE(1), YPEBE(1),STEBE(1)

LOOP OVER ALL EXTERNAL BOUDARY ELEMENTS
DO 100 M=1, NMEBE -

N = NPEBE(M)

N2 = N*2

N1 = N2 - 1

C2 = XPEBE(M)#*x*2

S2 = YPEBE(M)=*=*2
CS = XPEBE(M)*YPEBE(M) |

QT(N1) = QT(N1) + STEBE(M)*(C2*UT(N1) + CS*UT(N2))
QT(N2) = QT(N2) + STEBE(M)*(CS*UT(N1) + S2*UT(N2))
CONTINUE

RETURN

END
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SUBROUTINE TCONVG (K)

THIS SEGMENT TESTS CONVERGENCE OF THE DISPLACEMENTS AND/OR
THE PSUEDOLOADS, USING FIRST NORMS. . FEPARCS5
**********************************************************
IMPLICIT REAL*8(A-H,0-Z)

COMMON /PROBCV/ NSTIF,IPRST,ISTYP,IMTYP,ITRAT,ILNGR, IHOPR,

x ILNGP, IHOPP,IDSLD, ISTRS, IGRLD,NMNOD,NMELM,

100

300

400
1000
1200

* NMEBE , NCMAT ,NSMAT, NMPAR ITEMP, ICNLD,NITRT
COMMON /BBB/ BBB( 1)
COMMON /POINTR/ '

*11,12,13,14,15,16,17,18,19,110,111,112,113,114,115,116,117,
*J1,02,J3,04,J5,U6,J7,U8,d9,010,J11,J12,J13,d14,J15,J16,J17,
*K1,K2,K3,K4,K5,K6,K7,K8,K9,K10,K11,K12,K13,K14,K15.K16.K17.
*L1,12,L3,L4,L5,L6,L7,L8,L9,L10,L11,L12,L13,J18,J19,420, y21

COMMON /DATA1/'CD.CL.CT,CPN,CPT,CP EP,TU,TP,RX.1S.MI.NI KI
COMMON /FILES/ IN,I10,INS,I10S,1ST,ILD
COMMON /TOLER/ PT,FNUO,FNPO,KDIV
= 2
ND = NMNOD*2
ITRAT = ITRAT + 1 | |
CALL VCMLT (BBB(K10),BBB(K10),DU,ND)
CALL VCMLT (BBB(K12),BBB(K12),UT,ND)

DO 100 I=1,ND : _ ‘
BBB(K10+I-1) = BBB(K11+I-1) - BBB(K13+I-1)
CALL VCMLT (BBB(K10),BBB(K10),DP,ND)

FNU = DU/UT
FNP = DP/PT
OV = DSQRT(PT/UT)

IF (DABS(FNU).GT. DABS(FNUO) AND.DABS(FNP).GT.DABS(FNPO))
* KDIV = KDIV + 1 '

RN = DFLOAT(ITRAT/KI)

IF(RN.GT. DFLOAT(ITRAT)/DFLOAT(KI) 1
IF(FNU.LT.TU.AND.DABS(FNP).LT.TP) K
WRITE(IO,1200) ITRAT,FNU,FNP,0OV

.D-4) K = 1
=0

IF(K.EQ.0) GO TO 300

- FNUOD = FNU

FNPO = FNP
IF(KDIV.GT.4) K = 4
IF(ITRAT.LE.NITRT) GO TO 400
WRITE(IO, 1000) NITRT

K= 4

IF(IPRST.EQ.1) CALL CLEAR (BBB(K11),2*ND)
RETURN

FORMAT(///, ’NUMBER OF ITERATIONS HAS EXEEDED’ I5)
FORMAT(I10,3D15.6)

- END



OOOO0

00 00 O

100

200

300

500

*11,12,13,14,15,16,17,18,19,110,111,112,113,114,115,116,117,

- *J1,d2,J3,d4,d5,U6,47,48,d9,d10,Jd11,d12,d13,d14,d15,d16,J17,
*K1,K2,;K3,K4,K5,K6,K7,K8,K9,K10,K11,K12,K13,K14,K15,K16,K17,
*L1,L2,L3,L4,L5,L6,L7,L8,L9,L10,L11,L12,L13,J18,419,J20,J21
COMMON /FILES/ IN,I0,INS,I0S,IST,ILD ,
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SUBROUTINE TOUT

THIS SEGMENT CONTROLS OUTPUT OF NODAL DISPLACEMENTS AND
ELEMENT STRESSES AT THE GAUSS POINTS. FEPARCS5
3k 3k ok vk 3k 5k vk 2k 3k 3Kk 3K 3k 5k 3k 3k 3k dk 2k 3Kk %k 3k 3K 2Kk %k 5k 3k vk Kk 3k 5k %k %K 3k 2k 3k 5K 5k %k 3k 5k 3k 5k 3K %k 3k K 5k %k 5k 3 3K %k %k k d *k kK %
IMPLICIT REAL*8(A-H,0-Z)

COMMON /PROBCV/ NSTIF,IPRST,ISTYP,IMTYP,ITRAT,ILNGR, IHOPR,

x ILNGP, IHOPP, IDSLD,ISTRS,IGRLD,NMNOD,NMELM,
* NMEBE ,NCMAT,NSMAT ,NMPAR, ITEMP, ICNLD,NITRT

COMMON /III/ III(1)
COMMON /AAA/ AAA(1)
COMMON /BBB/ BBB(1)
COMMON /POINTR/

REWIND IOS

OUTPUT NODAL DISPLACEMENTS
CALL TOUTDP (NMNOD,10,BBB(K12),BBB(K14))

LOOP OVER ALL ELEMENTS TO OUTPUT STRESSES
WRITE(IO, 1100)
IF(ILNGR.EQ.0) GO TO 100
WRITE(10,1300)
WRITE(10,1200)
IF(IHOPR.EQ.0) GO TO 200
WRITE(11,1400)
WRITE(11,1200§

)

)

)

)

)

IF(ILNGP.EQ.O0) GO TO 300
WRITE(12,1500
WRITE(12,1200
IF(IHOPP.EQ.O
WRITE(13,1600

WRITE(13,1200

GO TO 400

DO 800 ME=1,NMELM
MEt1 = ME - 1

OUTPUT SOLID ELEMENT STRESSES
CALL TOUTSE (ME,NG,III(J3))

- OUTPUT LONGITUDINAL REINFORCING ELEMENT STRESSES

F(ILNGR.EQ.0) GO TO 500

NL = III(J7+ME1)

IF(NL.EQ.O0) GO TO 500

CALL TOUTLH (ME,NG,NL,10,AAA(I8))

OUTPUT HOOP REINFORCING ELEMENT STRESSES
F(IHOPR.EQ.0) GO TO 600
NL = III(J9+MET1)
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IF(NL.EQ.0) GO TO 600 .
CALL TOUTLH (ME,NG,NL,11,AAA(I10))

C OUTPUT LONGITUDINAL PRESTRESSING ELEMENT STRESSES
€00 IF(ILNGP.EQ.0) GO TO 700

NL = III(J11+ME1)

IF(NL.EQ.O0) GO TO 700

CALL TOUTLH (ME,NG,NL,12,AAA(I12))

C. - OUTPUT HOOP PRESTRESSING ELEMENT STRESSES
700 IF(IHOPP.EQ.O0) GO TO 800

NL = III(J13+ME1)

~IF(NL.EQ.0) GO TO 800

~CALL TOUTLH (ME,NG,NL,13,AAA(114))

c
800 CONTINUE
C
- RETURN
C .
-~ C FORMAT STATEMENTS

1100 FORMAT(’ 1’ ,’ STRESS STATE AT THE GAUSS POINTS FOR SOLID ',

* "ELEMENTS’ ,/,51('*")//," ELEMENT GAUSS '/
* " COORDINATES' ,14X,’ GLOBAL STRESSES', 10X, ' LOCAL "
* * STRESSES’, 12X ’PRINCIPAL STRESSES CRACKING ',
* ' FLAGES' //)

1200 FDRMAT(’ ME NL JG',5X,’XG',10X,’YG',10X,’ SIGT', 10X,
* - "EPST' //)

1300 FORMAT(’ 1’ ," STRESSES AT THE GAUSS POINTS FOR LONG REINF',
* " ORCING ELEMENTS' ,/,58('*")//)

1400 FORMAT(’ 1’ ,’ STRESSES ‘AT THE GAUSS POINTS FOR HOOP REINF',
* ! ELEMENTS’ /,52( )/ /)

1500 FORMAT(’' 1, "STRESSES AT THE GAUSS POINTS FOR LONG. PREST’,
* ' RESSING ELEMENTS' ,/,80(' =" )//)

1600 FORMAT(’ 1’ ,” STRESSES AT THE GAUSS POINTS FOR HOOP PREST',
* "RESSING ELEMENTS' ,/,59('*")//)} .

C .
END

C
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SUBROUTINE TOUTDP (NMNOD,I0,UT,DU}
THiS SEGMENT PRINTS OUT'NODAL DISPLACEMENTS. FEPARCSS

**********************************************************
IMPLICIT REAL=*8(A-H,0-Z7)
DIMENSION UT(1),DU(1)

WRITE(I0,1000)

DO 200 N=1,NMNOD

N2 = N2
Ni = N2 - t

WRITE(IO, 1100) N,UT(NT), UT(N2) DU(N1),DU(N2)
CONTINUE

RETURN

FORMAT (1’ ," NODAL DISPLACEMENTS' /,19('*')//,
' N 7X, U’ 14X,V ,13X,’DU’ ,13X,'DV' //)
FORMAT(15,4D15.6)

END

f—
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SUBROUTINE TOUTLH (ME,NG, NL,101,AREA)

THIS SEGMENT QUTPUTS STRESSES AT THE GAUSS POINTS FOR THE
LONGITUDINAL (HOOP) ELEMENTS. ' FEPARCSS

3 %K 3k 3k 3K 3k %k 3k 5k ok 3K >k ok 3k ok 3k ok 3k 3k 3 ok ¢ %k Fk 3k ok %k ok sk 5k %k ok ok 3k 3K >k ok ok 3k 3k ok 3k 3 3k ok %k 3 ok 3k %k ok 3k kK %k %k %k

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

INTEGER*2 LEN

COMMON /FILES/ IN,IO,INS,I0S,IST,ILD
DIMENSION‘P(10),AREA(4,1)

LOOP OVER ELEMENT LAYERS o
DO 200 MRB=1,NL -
IF (AREA(MRB, ME) LT.1.D-10) GO TO 200

'LOOP OVER GAUSS POINTS

DO 100 JG=1,NG
CALL READ (P(1) LEN, O, LNUM 10S)
WRITE(IO1,1000) ME, MRB JG, P(8)

P(8),P(1),P(2)
CONTINUE - |

"CONTINUE

WRITE(IO1,1100)

" RETURN

FORMAT(314,2D12.4,2D14.6)
FORMAT (' )

END
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SUBROUTINE TOUTSE (ME,NG,NGELM)

THIS SEGMENT OUTPUTS THE STRESS STATE AT THE GAUSS POINTS

IN THE GLOBAL AS WELL AS THE PRINCIPAL DIRECTIONS FOR THE

SOLID ELEMENT. FEPARCSS
*****************_*****************************************
IMPLICIT REAL*8(A-H,0-Z)

INTEGER*2 LEN , :

COMMON /FILES/ IN,I10,INS,10S,IST,ILD

DIMENSION P(55),IBRK(4),NGELM(1)

EQUIVALENCE (IBRK({1),P(54))

NGL = NGELM(ME)
NG = NGL/10
NGL = NGL - NG*10

DO 100 JG=1,NG
DO 100 IG=1,NGL
CALL READ (P(1),LEN,0,LNUM,IOS)

ZETA = P(53)=%1.8D2/3.1415926536D0
GAMA = P(50) 802/3.141592653600
WRITE(IO,1000) ME,IG,P(51),P(1),P
WRITE(IO,11O JG, P(52).P(2),P(6)
WRITE(IO, 120 ZETA P(4),P(8),P(1
WRITE(I0, 1300) GAMA,IBRK(4)

CONTINUE
WRITE(IO, 1400)
RETURN

FORMAT(I5,’ IG
D15.6,'
! IXI
FORMAT (8X, ' JG =
D15.6,'
! IETA
FORMAT(19X,’ ZETA = ' ,D
' SIGXIET=",D

! XG = ',D15.6,' SIGR =",
",D15.86,"  SIG1 =',D15.86,

YG = ',D15.6,’ S1GZ =’
’,D15.6,’ SIG2 =',D15.6,

w - wn
— - L]
SN

w

—

w

' 0
N
non

D15.6,
D15.6,

| ITHETA = 13] |
FORMAT (92X, GAMA D15.6,"  IXIETA =',13/)

FORMAT(" ')
END
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SUBROUTINE SOLV  (K)

" THIS SEGMENY FORMS COLUMN HEIGHTS AND ADDRESSING ARRAYS
FOR STRUCTURE STIFFNESS MATRIX, TRIANGULARIZESZES STIFFNE
SS MATRIX, REDUCES R.H.S. AND BACKSUBSTITUTES FOR NODAL
DISPLACEMENTS. FEPARCSS
sk 3k 3k 3k ok sk ok 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k kK 3k 3k 3k ok 5k 3k 3k >k vk 2k Kk vk s 5k 5k 3K >k 3k 3K K %k 3k 5 K %k 3 K 3k kK A K 3K %k 5k %k K kK %k %k %k
IMPLICIT REAL=*8(A-H,0-Z)

COMMON /PROBCV/ NSTIF,IECHO,ISTYP,IMTYP,IDRUN,ILNGR,IHOPR,
* ILNGP, IHOPP, IDSLD,ISTRS, IGRLD,NMNOD ,NMELM,
* NMEBE , NCMAT ,NSMAT ,NMPAR, ITEMP, ICNLD,NITRT

COMMON /III/ III(1)

COMMON /BBB/ BBB( 1)

COMMON /CCC/ cCC(1)

COMMON /POINTR/
*11,12,13,14,15,16,17,18,19,110,1
*J1,J2,J3,d4,J5,U6,d7,d8,d9,d10,d
*K1,K2,K3,K4,K5,K6,K7,K8,K3,K10,K
*1,L2,L3,L4,L5,L6,L7,L8,L9,L10,L1

11
11
11
1

COMMON /FILES/ IN,I0,INS,IO0S,IST,ILD
GO TO (100,300,400) ,K

J15 = ISPAC(4HMAXA, (2*NMNOD+1),2)
J16 = ISPAC(3HMHT,2*NMNCD,2)

CALL ICLEAR(IIL(J16),2%*NMNOD)

FORM COLUMN HEIGHTS ARRAY

DO 200 ME=1,NMELM

NS = III(J2+ME-1)*4

CALL SOLVCH (12,NS,2*NS,2,ME,III(J16),
CONTINUE

FORM DIAGONAL ELEMENTS ADDRESSING ARRAY
CALL SOLVAD (III(J15),II1(J16),NMNOD,2,NSTIF)
WRITE(IO,1000) NSTIF ’
RETURN

ITI(J6))

TRIANGULARIZE STIFFNESS MATRIX
CALL SOLVTR (CCC(1),III1(J15),2*NMNOD,IQ)
RETURN. :

REDUCE R.H.S. AND BACKSUBSTITUTE FROM THE TRIANGULARIZED
STIFFNESS AMTRIX FOR THE CORRESPONDING NODAL DISPLACEMENTS.

ND = 2*NMNOD

CALL SOLVRD (CCC(1),BBB(K10),III(d 5) ND)

CALL SOLVBS (BBB(K10), CCC(1) I(J15),ND)

DO 500 I=1,ND

11 =1 -1 :

BBB(K12+II1) = BBB(K12+II) + BBB(K10+II)*RX
BBB(K14+11) = BBB(K14+II) + BBB(K10+II)*RX

RETURN

FORMAT(//, 40(1H*)// "SIZE OF STIFNESS MATRIX =',I18//,
*40( 1H*) )

END
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SUBROUTINE SOLVAD (MAXA,MHT,NN,ID,NWA)

THIS SUBROUTINE CALCULATES THE ADDRESSES OF THE DIAGONAL
ELEMENTS AND LENGTH OF A STIFFNESS MATRIX UPPER TRIANGLE
STORED COLUMN-WISE UNDER A SKYLINE. FEPARCS4

**************-*********************************»***********

DIMENSION MAXA{1) ,MHT(1)

NEQ .= NNx*ID
NM = NEQ + 1
MAXA(1) = 1

IF(NEQ.EQ.1) GO TO 30

DO 20 I=1,NEQ

MAXA(I+1) = MAXA(I) + MHT(I) + 1
CONTINUE

NWA = MAXA(NM) - 1
GO TO 40

NWA = 1
RETURN

END
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" SUBROUTINE -SOLVCH (NB,NODES,ND, ID,ME,MHT ,NP)

C :

C THIS SUBROUTINE IS CALLED PER ELEMENT, OR PER SUBSTRUCTURE
C TO FORM AND UPDATE THE COLUMN HEIGHT ARRAY(MHT). FEPARCS4
C
C

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

DIMENSION MHT (1) ,NP(NB,1),LM(24)

DO 100 I=1,NODES
IT = I*ID + 1

N = NP(I,ME)*ID + 1
DO 100 d=1,ID
Ju = II - J
100 LM(JJ) = N - U
C
LS = 10000
c |
DO 200 I=1,ND
IF(LM(1).GE.LS) GO 10 200
LS = LM(I)
200 CONTINUE
c
DO 3oo 1=1,ND
IT = LM(I)
MB = 11 - LS

IF(MB.GT .MHT(II)) MHT(II) = MB
300 CONTINUE

RETURN
END
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SUBROUTINE SOLVTR (A,MAXA,NEQ,IO)

C .
C THIS SEGMENT TRIANGULARIZES A STIFFNESS MATRIX STORED
C COLUMNWISE UNDER A SKYLINE. FEPARCS4
C ******************************_****************************
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION A{1),MAXA(1)
C
DO 1000 N=1,NEQ
KN = MAXA(N)
KL = KN + 1
KU = MAXA(N+1) - 1
KH = KU - KL
IF(KH) 900,500, 100
100 K = N - KH
IC =0
KLT= KU
DO 400 J=1,KH
IC = IC + 1
KLT= KLT - 1
KI = MAXA(K)
ND = MAXA(K+1) - KI - 1
IF(ND.LE.O) GO TO 400
KK = IC
IF(KK.GT.ND) KK = ND :
CALL VCMLT(A(KI+1),A(KLT+1),C,KK)
A(KLT) = A(KLT) - C
400 K = K + 1
C
500 K =N
C = 0.D0
DO 600 KK = KL,KU
K = K - 1
KI = MAXA(K)
D = A(KK)/A(KI)
C = C + D*A(KK)
A(KK) = D -
600  CONTINUE 4
A(KN) = A(KN) - C
900  IF(A(KN)) 950,950, 1000
950  WRITE(IO,3000) N,A(KN)
CALL TOUT
STOP
1000 CONTINUE
C .
RETURN
C .
3000 FORMA;(’ZERO OR NEGATIVE ELEMENT ON MAIN DIAGONAL NO.’,14,
*D15.6
C
END

C
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SUBROUTINE SOLVRD (A,B,MAXA,NEQ)

THIS SEGMENT.REDUCES A LOAD VECTOR USING A TRIANGULARIZED
SKYLINED STIFFNESS MATRIX. FEPARCS4

sk ke sk K o sk K ok K 3k ok K o K K ok ok 3k oK e ok ke sk K ok 3k 3K o 3k 3 ok K ok 3K 3K oK 3 ok K oK oK ok ok K sk ok ok ok ok ok K e ok ok ok ok K
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION A(1),B(1),MAXA(1)

DO 300 N=1,NEQ

K

KN = MAXA(N)
= KN + 1
KU = MAXA(N+1) - 1
KH = KU - KL |
IF(KH) 300,100,100
= N
E = 0.D0
DO 200 KK=KL,KU
K

K -1
E = E + A(KK)*B(K)
CONTINUE

B(N) = B(N) - E
CONTINUE
RETURN

END
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SUBROUTINE SOLVBS (B,A,MAXA;NEQ)

THIS SEGMENT BACKSUBSTITUTES FROM TRANGULARIZED STIFFNESS
MATRIX INTO VECTOR OF REDUCED INCREMENT OF PSUEDO-LOAD TO
OBTAIN CORRESPONDING INCREMENT OF DISPLACEMENT.  FEPARCS4
**********************************************************
IMPLICIT REAL*8(A-H,0-Z)

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

N = NEQ

KL
KU
IF(
IF(

0 TO 600
D0) GO TO 600

S HO=Xn

o
I

ZWXOO X
— O
n
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C - ROUTINE VCMLT
C | -
C THIS SEGMENT CARRIES OUT A VECTOR PRODUCT IN ASSEMBLER.
C***************************************************************
VCMLT CSECT

USING VCMLT, 12

STM  14,12,12(13)

LR 12,15

LA 11,SAVE

, 11,8(0,13)
ST 13,4(0,11)
13,11

Py \ PP iigngy

QW — —a

e s, e, St et
~—

RET LD

SAVE DS 18F
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SUBROUTINE ARGYRS (X,C)

THIS
FIVE

SEGMENT CALCULATES THE CONTROL PARAMETERS OF THE

~CONSTANT ARGYRES FAILURE SURFACE. FEPARCS5

3 3k 3k 3k 2k ok ok ok 2k sk 5k 3k 3k 3k 3K 5k 5K >k 3k 3k 3k 3K 3K 3k K %K 3K 3k 3 %k %k 3k 3K 3k 3k 3k 3k ok ok ok ok %k 3k 3k sk 5k 3k 3K 3k 3K 5k 3K 3K e ok Kk ok K

IMPLI

CIT REAL*8(A—H,O-Z)

DIMENSION X(6),C(9)

DATA
*1.,085

AC =
AT =
SIT
RO1
SI12
RO2

*

AT
AO

SO
B2

*

B1
BO

RI

*

RM =

IF(A2.

¥.o¥X ¥ ¥ ¥
o o]
K]

OOOCOOOOOO0
-— OCONJOUBDBWN -

pro)
m
(e
P

WRITE
FORMA
STOP

- END

c1,C2,C3, C4 ¢5,¢6,C7/1.D00,2.D0,3.D0,4.D0,9.D0,

44511500, . 3651483716D0/

X(1)
X(2)

X(3)

X(4)

X(5)

X(6) _ '
(C6*SI1*(AT-AC) - CB*AC*AT + RO1*(C2*AC+AT) )/

((C2*AC+AT)*(SI1-AC*C2/C3)*(SI1+AT*C1/C3))
A2%(C2*AC-AT)/C3 + CB*(AT-AC)/(C2*AC+AT)
AC*A1xC2/C3 - A2xAC*AC*C4/C5 + CT7*AC

(-A1 -DSQRT(A1*A1 - C4%*A0*A2))/C2/A2

(RO2%(S0+C1/C3) - C7*(S0+SI12))/
((SI2+S0)*(S12-C1/C3)*(S0+C1/C3
(SI2+C1/C3)*B2 + (CB-C3%R0O2)/(C
-S0*B1 - SO0*S0*B2

(-(B1-A1) + DSQRT((B1-A1)**2 - C4x(B2-A2)*(B0-A0)))/
(B2§A2)/C2
-S1

GT.0.D0.0OR.
.GT.0.D0.OR.

.LE.0.DO0.OR.

.GT.0.D0.0OR.

.GT.0.DO.OR. )
.LE.0.DO) GO TO 999
A2

A

))
3*S12-C1)

SO - 1.D-6

" uw wHnuuwnn
@
—t

RM + 1.D-6

=

(6
(

999) (X(I),I =
(/77

1 1,6),(C(1),
///," ERROR. . CDNVE 1TY' //,6D
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'SUBROUTINE ARGYRV (XA,DVG,HVG,CTH, XH,XD)

THIS SEGMENT CALCULATES A CONTROL POINT IN PRINCIPAL STRE

- SS(STRAIN) SPACE ON A FAILURE SURFACE. - FEPARCSS

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

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

COMMON /DATA1/ CD, CL CT,CPN,CPT,CP,EP,TU,TP,RX,IS,MI,NI,KI
COMMON /FILES/ IN,I0, INS IOS IST ILD

DIMENSION XA(1) '

XB = 1.D0

CTH2 = 4.DO0*CTH*CTH
IF(DABS(HVG).GT.1.D-6) GO TO 100
XD = 0.D0 - :

XH = 0.D0

IF(DVG.LT.1.D-6) GO To'1ooo

XD = ARGYRX(XH,CTH,CTH2,XA(1))
GO TO 1000

IF(DVG.GT.1.D- 6) GO TO 200

XD = 0.D0 '

XH = XA(7)

IF(HVG.LT.0.DO) XH = XA(9)

GO TO 1000

XH = HVG*XB

XD = DVG*XB
IF(XH.GT.XA(9)) GO TO 300
XD =" XD*XA(S)/XH

XH = XA(9)

GO.TO 400
IF(XH.LT.XA(7)) GO TO 400

- XD = XD*XA(7)/XH

XH = XA(7)
Y1 = XD - ARGYRX(XH,CTH,CTH2,XA(1))

- IF(Y¥1.GE.0.DO) GO TO 500

XB- = XB*2.D0

Y2 = Y1

XD2 = XD

XH2 = XH

GO TO 200

IF(XB.GT.1.D0) GO TO 600
XB = XB/2.DO -

Y2 = Y1

XD2 = XD

XH2 ‘= XH

XH = HVG*XB

XD = DVG*XB

Y1 = XD - ARGYRX(XH,CTH,CTH2,XA(1))
IF(Y1.GE.0.DO) GO TO 550 -
XH1 = XH

XD1 = XD

K=20
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= -1 D6

(DABS(Y1 Y2).LT.1.D-6
= (Y1%xXH2-Y2%XH1)/(Y
= XD1*xXH/XH1

TEST = DABS(XD-P)/XD
IF(TEST.LT.EP) GO TO 1000

Y3 = XD - ARGYRX(XH,CTH,CTH2,XA(1))
P = XD

IF(Y1*Y3. GT 0.D0). GO TO 800

6) GO TO 1000
Y1-Y2)

XH2 = XH
XD2 = XD
Y2 = Y3
GO TO 900
XH1 = XH
XD1 = XD

Y1 = Y3

K = K + 1

IF(K.LE.MI) GO TO 700
WRITE(IO,2000) MI,HVG,DVG, XH, XD
STOP

RETURN

FORMAT (' MAX. ITER. NO. IS EXCEEDED'

END

,13,4D15.6)
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FUNCTION ARGYRX (XH,CTH,CTH2,XA)

THIS SEGMENT OBTAINS AN AVERAGE SHEAR STRESS POINT ON THE
ELLEPTIC TRACE OF THE 5-PARAMETER ARGYRIS SURFACE,CORRESP
ONDING TO A HYDROSTATIC STRESS XH AND AN ANGLE OF SIMILAR
ITY CTH. , FEPARCSS
sk 3k ok 5k 5k ok 3k vk 2k sk 3k 3k vk 3k Ak Ak 3K ok 5k 3k 3K 3k 5k ok 2K 3k 3k ok 3k 2Kk oKk ok ok 3k ok Sk 3K 3 ok oKk 3 2Kk ok vk dk ok 3k Ak ok kK K ok %k k kK
IMPLICIT REAL*8.(A-H,0-Z]

DIMENSION XA(1)

R1 = XA(3) + (XA(2) + XA(1)*XH)*XH
"R2 = XA{B) + (XA(5) + XA(4)*XH)=*XH
IF(XH.LT.XA(8)) R1 = R2
R3 = R2*R2 - R1*R1
R4 = 2.D0*R1 - R2
‘RS = R3*CTH2 + (5. DO*R1 - 4. DO*R2)*R1
R = R2x(2. DO*R3*CTH + R4*DSQRT(DABS(R5)))/
(R3*CTH2 + R4x*R4)
ARGYRX = R
RETURN
~END
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SUBROUTINE CONSTM (EMDC,PRTC,CM)

THIS SEGMENT PREPARES. AN AXISYMMETRIC CONSTITUTIVE MATRIX

FOR AN ORTHOTROPIC 3-D MATERIAL. FEPARCSS
o oKk sk o ok ok o ko K o o ok o ok ok ook KK o o ok oK o K s ok o sk o ook o o o K oK K S oo o o
IMPLICIT REAL*8(A-H,0-2)

DIMENSION EMDC(1), PRTC(T),CM(4,1)

FDRM MATERIAL STIFFNESS MATRIX

P23

P21
Y12

I
DSQRT(PRTC(2)*PRTC(3))
DSQRT(PRTC(1)*PRTC(3))
DSQRT(PRTC(2)*PRTC(1))
DSQRT (DABS(EMDC( 1)*EMDC(2
DSQRT (DABS(EMDC(2)*EMDC(3
DSQRT(DABS({EMDC(3)*EMDC( 1
1.D0 - P23%P23 - P13%P13

EMDC(1)=*(1.D0-P23%P23)/PHI
Y12%(P23*P13+P21)/PHI
Y31*(P23%P21+P13) /PHL

cm(1,2) _ :
1.00-P13*P13)/PHI

EMDC (2 )  (

Y23 ( ? *P13+P23) /PHI
2.3)
(3)

1))
)
- P21xP21 - 2.D0*P21%P23%P13

CM(1
m(2

2
P
3
3
EMDC 3

*(1.D0-P21%P21)/PHI

OO-
- W

UU

oo

EMDC (4)
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SUBROUTINE ORDER (SIGP,SIGD)

THIS SEGMENT REARRANGES THE PRINCIPAL STRESS VECTOR IN
ASCENDING ORDER OF MAGNITUDE. ' FEPARCSS
oK ok ok ok ok ok K 3k oK K oK e K oK 3 K oK 3 3K K K ok 3K ok K ok o ok ok ok ok 3 ok ok ok K 3k ok 3k ok K ke K ok ok ok ok ok ok ok K ok K oK K oK K
IMPLICIT REAL=*8(A-H,0-Z)

DIMENSION SIGP(3),SIGD(3)

SMIN = SIGP(1)

SMAX = SIGP(1)

IMIN = 1

IMAX = 1

DO 100 1=2,3 '
IF(SMIN.GT.SIGP(1)) IMIN. = I
IF(SMAX.LT.SIGP(I)) IMAX = I
SMIN = SIGP(IMIN) |

SMAX = SIGP(IMAX)

SIGD(1) = SMIN

SIGD(3) = SMAX

DO 200 I=1,3
IF(IMIN.EQ.I.OR.IMAX.EQ.I) GO TO 200
K = I

GO TO 300 |
CONTINUE

SIGD(2) = SIGP(K)

RETURN

END
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FUNCTION POISN (PRTI,EPSQ,EPSC)

THIS SEGMENT CALCULATES POISSON’S RATIO AS A FUNCTION OF
CURRENT EQUIVALENT UNIAXIAL STRAIN. ‘ FEPARCSS

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

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

IF{DABS(EPSC).LT.1.D-12) GO TO 400

EE = EPSQ/EPSC

IF(EPSQ.GT.0.D0) GO TO 100

PRTC = PRTI*(1.D0+1.3763*EE-5. 36D0*EE**2+8 58BDO*EE**3)
IF(PRTC.LT.PRTI) PRTC = PRTI

IF(PRTC.GT.0.49D0} PRTC = 0.49D0

GO TO 400

IF (EE.GT.0.5D0) GO TO 200
PRTC = PRTI

GO TO 400

IF(EE.GT.1,D0) GO TO 300
PRTC = PRTI*2.DOx(1.D0 - EE)
GO. TO 400

PRTC = 0.DO

POISN = PRTC

RETURN

END
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SUBROUTINE SAENZ (S1GQ,EPSQ,SIGC,EPSC,EMDC,EMDI, IBRK,I,1IT)

THIS SEGMENT CALCULATES STRESS AND YOUNG'S MODULUS AS FUN
CTIONS OF CURRENT EQUIVALENT UNIAXIAL STRAIN AND CURRENT
MATERIAL PROPERTIES. FEPARCSS
**********************************************************
IMPLICIT REAL*8(A-H,0-Z)

COMMON /DATA2/ EPSY EDBR

IF(DABSéSIGC) .LT.1.D0-6.0R. DABS(EPSC) LT.1.D-12) GO TO 800
IBRK

EE = EPSQ/EPSC
ES = SIGC/EPSC
RE = EMDI/ES

IF(EE.GT.1.D0) GO TO 200
SAENZ THREE PARAMETER EQUATION UP TO PEAK

AA = 1.D0 + (RE - 2.DO)=*EE + EE=EE
SIGQ = EMDI*EPSQ/AA

EMDC = EMDI=*(1.D0 - EE*EE)/(AA*AA)
GO TO 800

PIECEWISE LINEAR DEGRADING CURVE BEYOND PEAK
IBRK = 1

IF(I+IT.EQ.5) GO TO 500

AY = DFLOAT(IDINT(EPSY/DABS(EPSC)))
AX = AY + 1.DO

IF(EPSQ.LT.0.D0) AX = 2.D0
IF(EE.GT.AX) GO TO 300

EMDC = -EDBR*ES

SIGQ = SIGC*(1.D0 - EDBR*(EE - 1.D0))
IF(SIGQ*SIGC.LE.0.DO) GO TO 400

GO TO 800 |
1F(EPSQ.LT.0.D0) GO TO 400

BS = 1.D0 - EDBR*AY

1F(BS.LE.0.DO) GO TO 400

ED EDBR/1.D2 -

AZ BS/ED + AX

IF(EE.GT.AZ) GO TO 400

SIGQ = SIGC*ED*(AZ - EE)

EMDC = -ED*ES

GO TO 800

CONCRETE HAS COMPLETELY DETERIORATED
SIGQ = 0.D0

EMDC = 0.DO

IBRK = 2

GO TO 800

SHEAR STRESS STRAIN CURVE

SIGQ = SIGC+(1.D0 - EDBR*(EE - 1.D0)/1.D1)
EMDC = -EDBR*ES/1.D1
RETURN

END
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SUBROUTINE STREN (SOTN,SOTO,STSP,SOTC,XCU,SCU,STU)

THIS SEGMENT CALCULATES MAXIMUM STRESSES CORRESPONDING TO

A GIVEN STATE OF STRESS, OR THE CORRESPONDING EQUIVALENT

UNTAXIAL STRAINS. FEPARCSS

(SOT = SECOND ORDER TENSOR)

K 2k 2k sk 2k ok sk sk ok 3k K sk 5k Sk 3k K 3k 3k 3k 3k ok ok vk ok kK %k sk 3k 3k >k 3k %k 3k 3k 5K 3K 3 3k %k ok 3k ok 3K ok 3k 3k 5k 3k 3K K K 3K 3k K K >k K kK

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

DIMENSION SOTF(3),SOTO(1),SOTN(1),SOTP(3),STSP(1),S0TC(1),
S0TQ(3),Cs(3) .

OBTAIN PRINCIPAL STRESSES
CALL STRSSP (SOTN(1),SOTP(

1), GAMA)
CALL STRSSP (SDTO(1),SOTQ(2
(

),
), GAMA)
2;**2+SOTP(3)**2)
2

SN .= DSQRT(SOTP(1)**2+SOTP :
**2+50TQ(3)*x2)

SO = DSQRT(S0TQ(1)**2+507Q

CHECK FAILURE MODE

K= 1

DO 100 I=1,3
IF(SOTP(I).GE.0.DO) K = K + 1
IF(K.LE.2) GO TO 300

TENSION-TENSION-(TENSION/COMPRESSION)

DO 200 I=1,3

IF(SOTP(1).GT.0.D0) SOTF(I) STU
F(SOTP(I).LE.0.DO) SOTF(1) SCU

GO 7O 800

COMPRESSION-COMPRESSION- (TENSION/COMPRESSION)

OBTAIN MEAN NORMAL STRESS(HVG), MEAN SHEAR STRESS(DVG),
AND COSINE ANGLE OF SIMILARITY(CTH).

CALL ORDER (SOTP(1),SOTF(1))

n.n

SDV = (SOTF(1)-SOTF(2))**2+(SOTF(2)-SOTF(3))**2+(SOTF(3)
~SOTF (1)) **2

DVG = DSQRT(SDV/15.D0)/DABS(XCU)

HVG = -(SOTF(1) + SOTF(2) + SOTF(3))/3. DO/XCU

CTH = 1.DO

IF(SDV.LT.1.D-12) GO TO 400 '

CTH = -(SOTF(1) + SOTF(2)-2.D0*SOTF(3))/DSQRT(SDV*2.D0)

DO 500 I=1,3 ‘

CsS(I) = SOTP(I)/SN

FIND MAGNITUDE(SD) OF FAILURE VECTOR

CALL ARGYRV({STSP(1),DVG,HVG,CTH,HS,DS)

SD = DSQRT(HS*HS*3.D0 + DS*DS*5.D0)*DABS(SCU)
DO 600 I=1,3

SOTF(I) = CS(1)=*SD

IF{K.EQ.1) GO TO 800

COMPRESSION-COMPRESSION-TENSION
DO 700 I=1,3
IF(SOTF(1).LT.0.D0O.AND.SOTF(I).GT.SCU) SOTF(I) = SCU
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DSQRT(SOTF (1) *%2+SOTF (2)*%2+SOTF (3)**2)

800 SD =
SQ = SD/SO
DO 900 I=1,3

SOTC(I) = $0TO(1)%SQ
900 IF(SOTC(1).GT.STU) SOTC(I) = STU

SOTC(4) = DSQRT(SD**2-((SOTF(1)+SOTF(2)+SOTF(3))/3.D0)**2)
* *DSIGN(1.D0,S0T0(4)) '
RETURN '

END
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SUBROUTINE TRANSF (CM,GAMA,ISTYP)

OO0

C .
C THIS SEGMENT TRANSFORMS MATERIAL STIFFNESS MATRIX AND THE
C RMAL PROPERTIES VECTOR INTO GLOBAL COORDINATES. FEPARCSS
C *********************************7*************************
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION CM(4,4),TR(4,4),CT(4,4)
FORM TRANSFORMATION MATRIX
CO = DCOS(GAMA)
SI = DSIN(GAMA)
C02 = CO*CO
SI2 = SI*SI
CS = COx*SI
TR(1,1) = C02
TR(1,2) = SI2
TR(1,4) = CS
TR(2,1) = SI2
TR(2,2) = c02
TR(2,4) =-CS
TR(4,1) =-2.D0*CS
TR(4,2) = 2.D0*CS
TR(4,4) = Cc02 - SI2
DO 100 I=1,4
TR(I,3) = 0.DO
100  TR(3,I) = 0.DO
IF(ISTYP.EQ.1) TR(3,3) = 1.DO
C
C TRANSFORM STIFFNESS MATRIX
DO 300 I=1,4
DO 300 U=1,4
C = 0.D0
DO 200 K=1,4
200 ¢ = C + CM(K,J)*TR(K,I)
300 CT(J,I) = ¢
DO 500 I=1,4
DO 500 d=1,4
C = 0.D0
DO 400 K=1,4
400 ¢ = C + TR(K,J)*CT(K,I)
500 CM(J,I) = C
C
900  RETURN
C
END
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SUBROUTINE TRANSS (SIGO,SIGR,GAMA)

THIS SEGMENT TRANSFORMS CURRENT PRINCIPAL STRESSES INTO

GLOBAL COORDINATES. FEPARCS5
S o ok ok ok o Sk 3k 3k o ok 3k K ok K ok K ok K ok 3 ok 3 oK ke sk ok sk ok K o K ok ok ok o ok ok oK ok ok ok 3K ok ok ok ok ok ok K ok K ok K ok ok
IMPLICIT REAL*8(A-H,0-2Z)
DIMENSION SIGO(1),SIGR(1)

SIGM = (SIGO(1) + SIGO(2))/2.D0
~ SIGN = (SIGO(1) - SIGO(2))/2.D0
CO = DCOS(2.DO*GAMA)
SI = DSIN(2.DO*GAMA)
SIGR(1) = SIGM + SIGN*CO + SIGO(4)*SI
SIGR(2) = SIGM - SIGN*CO - SIGO(4)*SI
SIGR(3) = SIGO(3) -
SIGR(4) = SIGO(4)*CO - SIGN*SI
RETURN
END
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SUBROUTINE ELMDT1 (ME,NS,XEL,YEL,NPELM,XCORD,YCORD)
THIS SEGMENT LOCATES SOME ELEMENT VARIABLES. FEPARCSS

*************************‘*********************************

IMPLICIT REAL*8(A-H,0-Z) ,
DIMENSION XEL(1),YEL(1),YCORD(1),NPELM(12,1),XCORD(1)

DO 100 I=1,NS
NODE = NPELM(I,ME)

XEL(I) = XCORD(NODE)
YEL(I) = YCORD(NODE)
CONTINUE

RETURN

END
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SUBROUTINE ELMDT2 (ME,NS,DEL,NPELM,DQ)

THIS SEGMENT OBTAINS ELEMENT MATERIAL INFORMATION AND NOD
AL DISPLACEMENTS. FEPARCSS
S 3 ok sk o oK 3 ok o ok K ok K K ok K e ok ok ok 3 ok K ok K 3 ok K 3k oK K ok 3 ok K 3k 3K ok ok 3K oK oK K ok 33K ok 3 ok K 3K oK K ok o oK oK K
IMPLICIT REAL*8(A-H,0-Z) '
DIMENSION NPELM(12,1),DQ(1),DEL(1)

DO 100 I=1,NS
NODE = NPELM(I ME)

ND = NODEx*2

12 = 2%]

It = 12 - 1

DEL(I1) = DQ(ND-1)
DEL(I2) = DQ(ND)
CONTINUE

RETURN

END
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'SUBROUTINE ELMDT3 (ME,NS,NPELM, TEMPI, TEL)

THIS SEGMENT OBTAINS ELEMENT NODAL TEMPRATURE. FEPARCSS
o4 ke ok o sk ok sk ok 3 ok ok sk 3 ok ok ok ok ok ok K ok K K ok 3K 3 oK K ok K ok ok 3 o ok K ok 3 ok ok 3 ok K ok 3k ok ok ok ok 3K K ok 3k oK oK K
IMPLICIT REAL*8(A-H,0-Z) ‘

DIMENSION NPELM(12,1),TEMPL(1),TEL(1)

DO 100 I=1,NS

NODE = NPELM(-I,ME)
TEL{I) = TEMPI(NODE)
CONTINUE

RETURN

END
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SUBROUTINE ELMDT4 (ME,IC,NS,NGL,NG,NDELM,NGELM, ICLSE)
THIS SEGMENT IDENTIFEIES THE INTEGRATION SCHEME. FEPARCSS

**********************************************************
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION NDELM(1), NGELM( ),ICLSE( )

IC = ICLSE(ME)

NS = NDELM(ME)=4

NGL = NGELM(ME)

NG = NGL/10

NGL = NGL - NG*10
RETURN

END
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SUBROUTINE SHAPE1 (ETA,NDEG,PHI, PHIY)

THIS SUBROUTINE COMPUTES ONE DIMENSIONAL SHAPE FUNCTIONS
AND DERIVATIVES. FEPARCSS

ke ok 2k ok ok ok ok 2k ok 3k 3k 3k %K 3K ok Sk ok 3k ok ok 3k 3k vk %k 3K 3k 5K ok 3k 3k ok 3k 5K 5k 3k 3k 3k ok %k ok ok ok ok K 5k 3K 3k 3k 3K 3K 5K 5K 5k K 3K oK kK K

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

DIMENSION PHI(1),PHIY(1), ICORD(4,3)
DATA ICORD/-1,1,2%0,-1,0,1,0,-3,-1,1,3/
GO TO (100,300,800),NDEG

LINEAR SHAPE FUNCTIONS AND DERUVATIVES

K =20

DO 200 LJ = 1,2

J = ICORD(LY,1)

RU = DFLOAT(J)

K = K+1 |

PHI(K) = .5D0*(1.DO+RU*ETA)
PHIY(K) = .5DO0*RY

CONTINUE

RETURN

QUADRATIC SHAPE FUNCTIONS AND DERIVATIVES
K = 0

ETA2 "= ETA*%2
DO 500 LJ = 1,3
J = ICORD(Ld,2)
JA = IABS(J
RJ = DFLOAT(
IF(JA.NE. 1)

1

)
J)

GO TO 400

END POINTS

K = K+1

PHI(K) = .5DO*ETA*RJ*(1.DO+ETA*RU)

PHIY(K) = .5D0*RJx*(1.D0+2.D0*ETA*RY)
GO TO 500

MID.SIDE POINT

K = K+1

PHI(K) = 1.D0 - ETA2
PHIY(K) = -2.DO*ETA

CONTINUE
RETURN

QUBIC SHAPE FUNCTIONS AND DERIVATIVES
K 0

ETAZ = ETA*x%2

C16 1.00/1.6D1

C916 8.D0*C16

DO 800 Lu = 1,4

J ICORD(LY
JA (IABS(J)+
RJ DFLOAT (J
IF(JA.NE. 1) GO

3
700

, 3)
1)/
)/3.D
0
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END POINTS

K = K+1

PHI(K) = C16*(S.D0*ETA2-1.D0)=*(1.D0O+RJU*ETA)
PHIY(K) = C16*(1.8D1*ETA-RJ+2.7D1*RJ*ETA2)
GO TO 800

SIDE POINTS

K = K+1

PHI(K) = C916*(1.D0+9.D0*RJ*ETA)*(1.D0-ETA2)
PHIY(K) = C916*(9.D0*RJ-2.DO*ETA-2.7D1*RJU*ETA2)
CONTINUE ’

RETURN

END
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SUBROUTINE SHAPE2 (XI,ETA,NSR,NDEG;PHI,PHIX,PHIY)

THIS SEGMENT FORMS THE SHAPE ‘FUNCTION AND DERIVATIVES WITH
REPECT TO NONDIMENSIONAL COORDINATES, AT THE GAUSS POINT
SPECIFIED BY(XI,ETA). FEPARCS5S

*******’_k*'********************************‘*****************

- IMPLICIT REAL*8(A-H,0-Z)
‘DIMENSION PHI(1),PHIX(1),PHIY

1 ICORD(4,3),NPORD( 12, 3)
3

(1),
DATA ICORD/-1,1,2%0,-1,0,1,0,-3,-1,1,3/
,NPORD/1,4,2,3,8%0,1,8,7,2,6,3,4,5,4*0,
‘ 1,12,11,10,2,9,3,8,4,5,6,7/

GO TO (100,400,700), NDEG

SHAPE FUNCTIONS AND DERIVATIVES FOR LINEAR DISPLACEMENT

K=20

DO 200 LI =

I L

RI = DFLOAT
L

"
—
O
o
e
O

RU = DFLOAT

= K+1

= NPORD(K, 1)
(1.DO+RI*XI)
(1.DO+RJU*ETA)

N) = 2.5D-1*X1*Y1

SR.EQ.1) GO TO 200

(N) = 2.5D-1*RI*Y{

2.5D- 1*Ry*X1
CONTINUE :
RETURN

SHAPE FUNCTIONS AND THEIR DERIVATIVES FOR QUADRATIC DISPL
ACEMENTS.

K =20

X12 = XI*%2
ETA2 = ETA**2
DO 600 LI = 1,3
I = ICORD(LI,2)
IA = IABS(I)

RI = DFLOAT(I)
DO 600 Ly = 1,3
J = ICORD(LJ,2)
JA = IABS(J)

RJ = DFLOAT(J)
IF(IA.NE.1.0R.JA.NE. 1) GO TO 500

CORNER POINTS

K = K+1

N = NPORD(K,2)

X1 = 1.DO+RI*XI

Y1 = 1.DO+RU*ETA

PHI(N) = 2.5D-1*X1*Y1*(X1+Y1-3.D0)
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IF(NSR.EQ.1) GO TO 600

PHIX(N) = 2.5D-1xY1%(2.DO*X1+Y1-3.D0)*RI
PHIY(N) = 2.5D-1%X1%(2.D0*Y1+X1-3.D0)*RJ
GO TO 600 A ' g

C AT INTERIOR POINTS ON SIDES
500 IF(IA.EQ.0.AND.JA.EQ.0) GO TO 600
K = K+1

N = NPORD(K,2)

IF(IA.EQ.0) GO TO 550

X1 = 1.DO+RI*XI

Y1 = 1.D0-ETA2

PHI(N) = .5D0*X1*Y1
IF(NSR.EQ.1)GO TO 600
PHIX(N) = .5DO*RI*Y1
PHIY(N) = -ETA*X1 .

GO TO 600

550 X1 = 1.D0-XI2

Y1 1.D0+RJ*ETA
PHI(N) = .5DO*X1*Y1
IF(NSR.EQ.1) GO TO 600
PHIX(N) -XI*Y1
PHIY(N) .5D0*Ry*X1

600  CONTINUE
RETURN

C SHAPE FUNCTIONS AND THEIR DERIVATIVES FOR CUBIC DISPLACEM
C ENT
700 K=0

XI12 = XI*x*2

ETA2 = ETA=*%2

C32 = 1.D0/3.2D1

C932 = 9.D0/3.2D1.

JA
RJ = DFLOAT /3.D0
IF(IA.NE.1.0R.JA.NE. 1) GO TO 750

c CORNER POINTS
K = K+1
N = NPORD(K,3)

1.DO+RI*XI

.DO+RU*ETA

.DO* (ETA2+XI2)-1.D1

= C32*X1*Y 1*XY
.EQ.1) GO TO 900
) = C32%Y1x(RI*XY+1.8D1%XI%X1)

14
e
>
w
w
—~C.

1
9
)
>R
N

MXZ—~1n
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PHIY(N) = C32*X1*(RU*XY+1.8D1*ETA*Y1)
GO TO 800 ' '

AT INTERIOR POINTS ON SIDES
IF(IA.EQ.0.AND.UA.EQ.0) GO TO 900
= K+1
= NPORD(K, 3)
(IALNE.1) GO TO 800

DO+RI*XI

.DO-ETA2

.D0+9.DO*RJ*ETA

= CO32xY1xX1*xY2

.EQ.1) GO TO 900

) = C932xY1*xY2%R]

) = C932*X 1% (9.DO*RU*Y 1-2 . DO*ETA*Y2)
900

1.D0-XI2

1.DO+RUJ*ETA

1.D0+9.DO*RI*XI

) = C932%X1*xY{xX2

R.EQ.1) GO TO 900 _

N) = C932*Y1*(9.DO*RI*X1-2,D0*XI*X2)
N) = C932*RU*X1%X2

—

ZZ0~—-rca.a

-
T
—
—H<>XXZ—~unan
O—~—~wun=

o

I

—t
Z—~nuun

N
IF{NS
PHIX(
PHIY (

CONTINUE

RETURN
END




171

FUNCTION ISPAC(NAME,LENGTH,K)

C .
C A SIMPLE MANAGER WHICH WORKS WITH 5 FIXED LENGTH COMMON BLO
C CKS, A 5-COLUMN NAME DIRECTORY AND POINTER DIRECTORY.
C***************************************************************
REAL*8 NAMES, NAME
COMMON /D IMCOM/ NAMES(5,30),LAST1,LAST2,LAST3,LAST4,LASTS,
*MAXDIM, IPT(5,31),ICOM(5)
c .
C CHECK IF NAME ALREADY EXISTS.
ISPACE = LOCOM(NAME,K)
IF(ISPACE.EQ.0) GO TO 10
GO TO 100

C
C  ENTER NEW NAME IN DIRECTORY
10 - GO TO (20,30,40,50,60),
20  LAST1 = LAST! + 1
LAST = LAST{
GO TO 70
30  LAST2 = LAST2 + 1
LAST = LAST2
GO TO 70
40  LAST3 = LAST3 + f
LAST = LAST3
GO TO 70
50  LAST4 = LAST4 + f
LAST = LAST4
GO TO 70
60  LASTS = LASTS + 1
LAST = LASTS
c
70 IF(LAST.GT.MAXDIM) GO TO 200
NAMES (K,LAST) = NAME
ISPACE = IPT(K,LAST)
IPT(K,LAST+1) = ISPACE + LENGTH
IF((IPT(K,LAST+1)-1) .GT.ICOM(K)) GO TO 300
ISPAC = ISPACE
c
RETURN
c

C EXITS RESULTING FROM DIAGNOSED ERRORS
100  WRITE(6,1000) NAME
1000 FORMAT ( 22H***NAME ALREADY EXISTS 10X, A8)

- GO TO 400
200 WRITE({6,2000) NAME,K
2000 FORMAT(17H***TABLE7OVERFLOW , 10X, A8,14)

GO TO 400

300 WRITE(6,3000) NAME,K,IPT(K,LAST),LENGTH
3000 FORMAT (23H***COMMON ARE A OVERFLOW ,A8,314)
400  CALL EXIT

C
END
C
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FUNCTION LOCOM(NAME, K)
C ,
C LOCATES INDEX OF A GIVEN NAME IN NAMES DIRECTORY.

o sk ok ok sk sk sk ok o o o 6 K sk oo ok o ok K sk sk ok ok o o K Kok sk sk sk sk sk o o o o 3 K K o o ok ok ok o 3 K K K 3K sk ok o o o K oK
REAL*8 NAME,NAMES
COMMON /DIMCOM/ NAMES(5,30),LAST1,LASTQ,LAST3,LAST4,LAST5,
*MAXDIM, IPT(5,31),1COM(5)

GO 10 (10,20,30,40,50),K
10 LAST = LASTT

GO 70 60

20 LAST = LAST2
GO TO 60

30 LAST = LASTS3
GO TO 60

40 LAST = LAST4
GO TO 60

50 LAST = LASTS

60 IF(LAST.EQ.0) GO TO 200
DO 100 M=1,LAST
IF(NAMES (K, M) .NE.NAME) GO TO 100
LOCOM = M
RETURN

100 CONTINUE

200 LOCOM = 0

RETURN
END
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SUBROUTINE REMOV (NAME,K)

REMOVES NAME, IF IT IS THE LAST VARIABLE IN COLUMN K, IN
DIRECTORY, AND UPDATES POINTERS ACCORDINGLY.

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

c .
C
C
C

10
20
30
40
50
60

70
80
90
100
110
120

150
1500

REAL*8 NAME,NAMES
COMMON /DIMCOM/ NAMES(5,30),LAST1,LAST2, LAST3 LAST4,LASTS,

*MAXDIM, IPT(5, 31) 1COM(5]

GO TO (10,20,30,40,50),K

- LAST = LAST1
GO 7O 60
LAST = LAST2
GO TO 60
LAST = LAST3
GO TO 60
LAST = LAST4
GO TO 60
LAST = LASTS

IF (NAMES(K,LAST).NE.NAME) GO TO 150

LAST VARIABLE IN DIRECTORY COLUMN K IS NAME; REMOVE IT.

IPT(K,LAST+1) =.0
NAMES(K LAST) 0
GO 10 (70 80, 90 100 110)
LAST1 = LAST1

GO TO 120

LAST2 = LAST2 - 1
GO TO 120

LAST3 = LAST3 - 1
GO TO 120

LAST4 = LAST4 - 1
GO TO 120

LASTS = LASTS - 1

RETURN

WRITE(6,1500) NAME,NAMES(K,LAST)
FORMAT ( 37H***NAME IS NOT LAST VARIABLE IN NAMES ,2A8)
CALL EXIT

"END
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SUBROUTINE REMOV2 (K)
C
C INITIALISES COLUMN K IN NAMES AND IPT, AND LASTK

C***************************************************************
REAL*8 NAME,NAMES
COMMON /DIMCOM/ NAMES(5,30),LAST1,LAST2,LAST3,LAST4,LASTS,
*MAXDIM, IPT(5,31),ICOM(5) '

GO T0 (10,20,30,40,50),K
10 LAST = LASTT
LAST1=0
GO TO 60
20 LAST = LAST2
LAST2=0
GO TO 60
30 LAST = LASTS3
LAST3=0
GO TO 60
40 LAST = LAST4
LAST4=0
GO TO 60
50 LAST = LASTS
LAST5=0

60 LASTN = LAST + 1
DO 100 J=2,LASTN
J1 J -1
NAMES(K,d1) 0
IPT(K,J) 0

00 CONTINUE

RETURN
END
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SUBROUTINE CLEAR (A,LEN)

C
C THIS SEGMENT CLEARS A DOUBLE PRESC. ARRAY OF LENGTH LEN.
C o ok ok ok Sk ok ok Sk o ok Sk ok e ok K Sk K ok ok o oK ok ok 3 ok K 3k 3K o ok K ok K ok 3K o oK K oK K 3 ok 3 ok K o oK ok oK oK 3 ok ok ok oK Ok
IMPLICIT REAL*8(A-H,0-Z) .
DIMENSION A(LEN)
C
DO 100 I=1,LEN
A(I) = 0.DO
100 CONTINUE
C
RETURN
C
END
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SUBROUTINE ICLEAR (d,LEN)
THIS SEGMENT CLEARS AN INTEGER ARRAY OF LENGTH LEN.

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

DIMENSION J(LEN)
DO 100 I=1,LEN
J(I) = 0
CONTINUE

RETURN

END
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SUBROUTINE BLKSTR (A,LENGTH, 10F)

THIS SEGMENT BLOCKS AND STORES A REAL=*8 ARRAY ON FILE.
FEPARCSS

2k 2k 3k 3k sk ok 3k ok 3k ke 3k 3k 3K K 3 3k 3k 3k 3k 3k ok sk ok ok ok ok 3k ok vk ke sk 3k ok 3K 3k ok 3k 3k 3k %k 5K K 3k 3K 3k 3k 3k ok K oK ok ok ok ok ok ok %k

IMPLICIT REAL*8(A-H,0-Z)
INTEGER*2 LEN
DIMENSION A(1)

NBLK = LENGTH/4000 -

IF(NBLK.EQ.O0) GO TO 200

DO 100 K=1,NBLK

LEN = 32000

NOE = 4000*(K-1) + 1

CALL WRITE (A(NOE),LEN,O0,LNUM,IOF)
LEN (LENGTH - 4000%NBLK)*8

NOE = 4000*NBLK + 1

CALL WRITE (A(NOE),LEN,O,LNUM, I0F)

RETURN
END
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SUBROUTINE BLKRTV (A,LENGTH, INF)

THIS SEGMENT BLOCKS AND- RETRIEVES A REAL*8 ARRAY FROM FILE.
FEPARCS5

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

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

INTEGER*2 LEN

DIMENSION A(1)

NBLK = LENGTH/4000
IF(NBLK.EQ.0) GO TO 200
DO 100 K=1,NBLK

NOE = 4000*(K-1) + 1

~ CALL READ (A(NOE),LEN,O,LNUM, INF)

NOE = 4000*NBLK + 1
CALL READ (A(NDE),LEN,O,LNUM,INF)

RETURN
END




OOOO

179

SUBROUTINE STORE (K)
THIS SEGMENT STORES VARIABLES, ARRAYS AND POINTERS ON FILE

AT THE

END OF A LOAD STEP. FEPARCSS

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

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

REAL=*8

NMS

INTEGER*2 LEN

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

/AAA/ AAA(
/I11/ 111
/BBB/ BBB(
/Jddd/ Judl(
/PROBCV/ KKK (
/POINTR/ LLL(
/FILES / IN,I
/DIMCOM/ NMS(

1)
1)
1)
1)
KK(21)

L(68) ‘

0,INS,I0S,IST,ILD
150),L1,L2,L3,L4,L5,MX,IPT(155),ICM(5)

IF(K.EQ.1) GO TO 100

REWIND
LEN =

IST

421

CALL WRITE (KKK(1),LEN,O,LNUM,IST)

LEN =

468

CALL WRITE (LLL(1),LEN,OQ,LNUM,IST)

LNT =

ICM(1)

WRITE (IST) LNT '
CALL BLKSTR (AAA(1),LNT,IST)

LEN =

ICM(2) x4

CALL WRITE (III(1),LEN,O0,LNUM,IST)

LNT =

(LLL(44)-1)

WRITE (IST) LNT
CALL BLKSTR (BBB(1),LNT,IST)

LEN =

ICM(4)=4

CALL WRITE (JJdd(1),LEN,O,LNUM,IST)

REWIND
LNT =

ILD

2% (LLL(46)-LLL(45))

WRITE (ILD) LNT
CALL BLKSTR (BBB(LLL(45)),LNT,ILD)

RETURN

END *
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'SUBROUTINE RSTORE

THIS SEGEMNT RESTORES VARIABLES, ARRAYS AND POINTERS FROM
FILE AT THE BEGINNING OF A LOAD STEP. FEPARCS5
**********************************************************
IMPLICIT REAL*8(A-H,0-Z)

INTEGER*2 LEN

COMMON

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

REWIND
REWIND

/AAA/ AAA(
/I11/ I11(
/BBB/ BBB(
/JJd/ Jddd
/FILES / 1
/PROBCV/ K
/POINTR/ L

ILD
IST

1)
1)
1)
1) , :
N,IO0,INS,I0S,IST,ILD
KK(21)
LL(68)

CALL READ (KKK( 1),LEN,0,LNUM, IST)
CALL READ (LLL(1),LEN,O0,LNUM,IST)
READ (IST) LNT

CALL BLKRTV (A ? (1),LNT,IST)

CALL READ ({

1),LEN,0,LNUM, IST)

READ (IST)

CALL BLKRTV

BB(1),LNT,IST)
(1) ,LEN,0Q,LNUM, IST)

READ (ILD)

CALL BLKRTV

RETURN
END

ITI

LNT

(BBB

CALL READ (dJuu
LNT

(B

BB(LLL(45)),LNT,ILD)




APPENDIX E

EXAMPLE PROBLEM

As part of the research program mentioned in Chapter 1, a
reinforced and prestressed concrete test structure composed of a dome,
a ring beam, a cylinder and a massive base was built and tested to
destruction under increasing internal pressure at the I.F. Morrison

Structural Laboratory, University of Alberta in 1978. A finite element

' model of the test structure was analyzed by Elwi and Murray (1980)

using FEPARCSS. The results of the analysis were compared with
the test results and with the results of an elastic plastic analysis
éarried out by Murray, et al. (1978) using a modified version of
program BOSORS5.

:Figs. E.l1 to E.4 show the layout and the details of

reinforcing and prestressing of the test structure. Figs. E.5 to E.9

"show the details of the finite element model. The finite element mesh

shown in Fig. E.5 is controlled by the locations of the prestressing
tendons, the shape of the ring beam and the anticipated stress gradients

at the juncture of the ring beam and the cylinder wall. The details

" of the mesh at the ring beam, the boundary elements and the locations

of the reipforcing and prestressing layers are shown in Figs. E.6 to
E.8 respectively. Fig. E.9 shows the local coordinate directions of
the finite element mesh. Tﬁose directions are governed by the
description of the element connectivity in Section 1.7.2 of

Appendix A. The order of Gaussian integration rule is 2x2 for the solid

181
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elements and a two point rule is automatically assumed for each
reinforcing or prestressing layer within a solid element.

The dome prestressing layers have been transformed from the

actual orthogonal geodetic mesh shown in Fig. E.2 into an equivalent
circumferential meridional mesh (Elwi and Murray, 1980). The stress
strain curves for the different kinds of rebars and prestressing
tendons are shown in Figs. E.10 and E.11. The prestressing tendons

are assigned thermal properties corresponding to the required level

of prestressing. There are three levels of prestressing; 137.5 ksi in
the circuﬁferential tendons in the cylinder wall and the ring'beam,
90.0 ksi in the vertical tendons in the cylihder wall and 113.1 ksi

in the dome tendons. The first two levels are induced in 0.5"¢ tendons.
Therefore, two different material types with two different thermal
expansion coefficients are defined to simulate those tendons. The

dome prestressing tendons are 0.62"¢ tendons and these have a different
thermal expansion coefficient.

Two different types of concrete are used in the body of the
model. Normal cast in place concrete is used in the lower half of the
cylinder wall and in the ring beam and the dome. Gunite concrete is
used in the upper half of the cylinder wall. The properties of those
two types of concrgte are shown in Tables E.l.a and E.l.b.

The model is subjected to a variety of loads. The pretensioning |
equivalent loads are applied in the first load step. Friction losses
in the dome are simulated by meridional tangential tractions on the
middle surface. Hydrostatic pressure is simulated by a normal pressure

distribution on the inside surface. Those two types of loads are added
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to the gravity load to form the second load step. A normal pressure
distribution of 1.0 psi on the inside surface is used to form a load
vector which is factored to apply internal pressure in all subsequent

load steps.
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Ultimate Strength

Equivalent Uniaxial

Initidl Elastic

Surface Parameters Strain Surface Para. Moduli

£ -5680.0 € -0.00217 Eo: 3.1 * 107
cu cu

a 1.2 a 1.3 Eg2 3.1 * 107
c c

o, 0.032 o, .055 Eg3 3.1 * 107

£, 13.75 £, 22.5 Go12 1.3 * 107

P1 0.0 P1 0.0 Vo1 0.2

Eo 3.75 Eo 22.5 Vo2 0.2

P2 0.0 P2 0.0 Vo3 0.2

(a) Material No. 1 (Normal Concrete)

~Ultimate Strength Equivalent Uniaxial Initial Elastic
Surface Strain Surface Moduli
-3540.0 £ ~0.00238 Eo1 1.8 * 10’
cu cu
a 1.2 o 1.3 Eg2 1.8 * 107
c c
* 7
at .048 at 0.05 Egs 1.8 10
£, 13.75 1 27.5 Goi2 0.75 * 10’
o] 0.0 P1 0.0 Vo1 0.2
Es 3.75 Es 22.5 Vo2 0.2
P2 0.0 P2 0.0 Vo3 0.2

(b) Material No. 2 (Gunite)

Table E.1 Concrete Material Properties of Test Structure
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Fig. E.6 Boundary Condition Simulation




191

81 86 899498 107 113

137

138 139 140

143

142T (35 @ (36) #144

146 | 148
147

@ | @
—L

145 149

Fig. E.7 . Detail of Finite Element Model

~of Ring Beam Area



N ——

192

et

TSPOW JUSWSTY 23TuTd JO sxakeT butssoayseaig pue burozoyutey gy

//

Buissasisaiy
[enuasajwnong

/]

Buissauysaliy
feuocipuaiy

Buiosoguray
|enualayunoigy

*brg

Buioiojuiay
leuopliaiy




193

Y
-

-

M

g

il

n

iy | ~ef—

¢

|,

Fig. E.9 Local Coordinate Directions of

Finite Element Mesh




STRESS (KSI)

STRSS (KSD)

75.0

76.0 ‘100.0

60.0

194

-

Fig. E.10

i T - 1 T T T T T T
0.000 0.010 0.020 0.030 0.040 0.050
STRAIN
(a) #3 Rebar
i + + + } 4 1 :
) g
= -+
i
9 T U T T ¥ 7 T
0.00 0.02 0.04 0.06 0.08
STRAIN

(b) 6 mm ¢ Wire

Stress Strain Curves for Rebars




STRESS (KST)

STRESS (KSI)

300

250

195

(b) 0.62" ¢ strands

Fig. E.11 Stress Strain Curves for Tendons

¥ T 1 1 | T T i L]
0.000 0.010 0.020 0.030 0.040 0.050
STRAIN
(a) 0.5" ¢ Strands
} + + } } t t } +
9
-
- 1 i 1 1 I 1 L R
0.000 0.010 0.020 0.030 0.040 0.050
STRAIN



196

Input to the Preprocessing Run

(File U5)
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Input to the Pretensioning and Production Runs

(File U5'"')
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Output of the Preprocessing Run
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Output of Load Step No. 4 Run

(Internal pressure increment is 20.0 psi. Total pressure at

end of run is 40.0 psi).
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