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ABSTRACT

v A new finite element program for the analysis of creep effects
in concrete structures, is briefly described. The program, known
as CREEP80, may be used independently or as an added feature of
the general purpose finite element code NONSAP developed at the
University of California at Berkeley. The program uses a rate-type
creep law based on expanding the relaxation function in Dirichlet
series. The creep law is linear, the aging is accounted for,
and the temperature effects on creep rate as well as the rate of
aging are considered. Material properties can be input either as
empirical creep test data or as the double power law for creep. The
program can automatically set up the creep parameters from partial
empirical information. The program uses a step-by-step integration

in time. Applications are envisaged chiefly for nuclear structures.



INTRODUCTION

With the increasing public concern about the safety of nuclear
reactors, it is becoming imperative to evaluate the strengths and
deformations of nuclear reactor vessels and containments very care-
fully and realistically, taking into account the actual inelastic
behavior of the material. In concrete reactor containments as well
as vessels acting as energy-absorbing barriers, the major source of
inelastic behavior during the service life is the creep of concrete.
During the past decade the knowledge of this phenomenon advanced
tremendously and methods that allow an accurate and realistic analysis
on the service conditions have been developed.

A general purpose finite element code for the creep analysis of
nuclear concrete structures has recently been developed by Anderson
and coworkers [1,7,10]. This program utilizes a rate-type creep
law proposed in 1971 by BaZant [3]. which is based on expanding the
compliance function for aging concrete (also called creep function)
into a series of real exponentials, called Dirichlet series. Sub-
sequently, it was found, however, [8] that this formulation has some
theoretical disadvantages from the point of view of thermodynamic
restrictions resulting from the aging of concrete, Although the general
form of the creep constitutive relation is correct from the thermodynamic
viewpoint, when the experimental creep data for concrete are fitted
some parameters of the model can be negative while sccording to
thermodynamic limitations they should be positive. This is not
necessarily incorrect, since these are internal variables while the
thermodynamic restrictions must be satisfied only in total by the
ensemble of the internal variables. However, such a feature is a matter
of concern and it appears therefore safer to use a constitutive relation
where the fulfillment of the thermodynamic restrictions is assured.

This appears to be the case for an analogous rate-type formulation which
is based on a Dirichlet series expansion of the relaxation function
rather than the compliance function and is modeled by an aging Maxwell

chain model [2,4,5,6].



The foregoing formulation has been implemented in the present
two programs.

This report presents a complete description of the mathematical
basis, input and program structure for the CREEP80 program and the
NONSAP form of the program. The report is conceptually divided
into four parts. The first part is a general description of the
programs with a discussion of the essential features of their
mathematical and theoretical basis. The second part gives a detailed
description of CREEP80 along with the input for the program. The
third part is a detailed description of the NONSAP version of the
program with an input description. Finally the listing of input,
output and results of several test problems for CREEP80 and the NONSAP
version is presented. A list of references is included at the end
of the réport.

The CREEP80 program and the NONSAP form of the program are intended
for use in obtaining the response of axially symmetrical concrete
structures. The program accommodates structures with reinforcing
steel, prestressing steel and axially symmetrical thin shell elements
(with no bending behavior), called liner elements. Structures may
be subjected to external static time~dependent loads and temperature
changes. Temperature changes may have either fixed or variable spatial
distributions with time in the structure. The concrete may be plain
or reinforced,with or without prestressing steel. A fixed time and

spat.ial distribution of relative humidity in the concrete is permitted.

CONSTITUTIVE RELATION FOR CREEP

The creep law is assumed to be linear, i.e., following the pripciple
of superposition {2]. The linearity assumption is acceptable for
concrete only at stresses less than about one-half of the strength,
which is typical of nuclear vessels and containments under service
conditions. Even within this range, significant deviations from
linearity are observed upon unloading and in a regime with decreasing
strains. In such cases, the program cannot yield very good results.

Another phenomenon which spoils the linearity even within the service



stress range is the simultaneous drying; however, this is not severe
for nuclear concrete structures because they are massive and also
protected by the steel liner on the interior face.

The aging of concrete, particularly the gradual change of creep
properties as a function of age, is taken into account. This phenomenon
causes the parameters of Dirichlet series expansion of the relaxation
function, representing the elastic moduli of the Maxwell chain model, to
be - dependent on the age of concrete.

The effect of temperature variations (limited to temperatures under
80%¢c) upon the creep behavior is taken into account. This includes
both (a) the increase of the creep rate due to heating, and (b) the
acceleration of aging, as modeled by the equivalent hydration period
(maturity) [4,2]. Both of these effects are modeled using the activation
energy concept, with different activation energies for the creep rate and
for the process of aging (hydration).

The creep formulation used in the program is not capable of handling
the general effects of time-variable pore humidity in concrete. These
effects bring about a major complication of the constitutive relation
[2] and require many additional variables to be used to characterize
partial stresses in solid and water components, and they also require
a good model for tensile cracking due to hygral stresses. Nevertheless,
omission of moisture effects appears to be admissible for massive
structures such as nuclear vessels and containments. This is because
of their thickness, as well as the use of the steel liner on the interior
face, which does not permit any significant drying to occur except in a
narrow layer near the exterior surface.

An approximate consideration of the humidity effect which does
not cause any major complication of the mathematical formulation, is,
however, possible with the present program. The user is allowed to specify
for each finite element the mean ambient humidity (not the pore humidity
in concrete, and not a time-variable quantity). The coefficients of
the creep law are then adjusted to give a creep function that corresponds
to concrete cylinders exposed to this environmental humidity, kept con-

stant for the duration of the creep test. The approximate practical creep



prediction model given in parts I and [I1 of Ref. 7 is used for this
purpose. As for the definition of shrinkage, the program can use the
formulas from Ref. 7 or a set of experimentally observed shrinkage values
can be specified. It must be remembered that the foregoing consideration
of humidity effects is very crude and yields realistic values only for the
overall internal force resultants caused by humidity effects within the
cross section of the structure. The method does not permit evaluating the
distribution of the stresses produced by humidity effects throughout

the cross section.

NUMERICAL ALGORITHM

As has been clearly demonstrated before [e.g., 2], a rate-type
creep law allows a much more efficient finite element analysis than the
integral-type creep law based directly on the principle of superposition.
As already mentioned, the present program uses a rate-type creep law
based on expanding the relaxation function of concrete into a series of
real exponentials called Dirichlet series. This creep formulation may
be visualized by the Maxwell chain model, the elastic moduli of which
depend on the age of concrete, more precisely the equivalent hydration
period. This creep formulation is completely specified by a set of
relaxation times, which are automatically selected in the program
according to the rules given in Refs. 2 and 5, and by the age-dependent
elastic moduli of the Maxwell chain. These moduli are automatically
generated from the relaxation function, which itself is automatically
determined from the compliance function (creep function). The program
also makes a check by reproducing the creep curve on the basis of the
Maxwell chain model (as presented in Ref. 6).

The rate-type creep law [6,2] consists of a set of first-order
differential equations for the partial stresses of the Maxwell chain
and for the total strain of the Maxwell chain. It has been shown before
that the usual step-by-step methods for ordinary differential equations

cannot be applied to this system of equations. This is because either



a numerical instability or a gross loss of accuracy results when the

time step of these methods greatly exceeds the shortest relaxation time,
which is a necessity when the long-time values, corresponding for

example to a 40-year service lifetime, are to be reached. The problem

is completely avoided by the so-called exponential algorithm [4,5.2],
which is based on an exact solution of the differential equations for the
Maxwell chain under the assumption that all parameters are constant
within the time-step. This exponential algorithm was proven and demonstrated
to be unconditionally stable, and highly accurate even for very long time
steps. This allows increasing the time -step roughly in a geometric
progression, keeping it approximately constant in the log-time scale.
Experimentation with the program confirms, however, that good results

are also obtained using other types of time step variation.

FLOW CHART OF THE PROGRAM

Instead of exhibiting the flow chart graphically, it is sufficient
to describe it as follows.

The program implements a step-by-step stable integration procedure.
A typical time step consists of estimates of the incremental gquantities
for the step computed using the material properties at the midstep.
The flow of the program is outlined below (the subroutines involved

in each step of the program are mentioned in the parentheses):

1. Read and check the input data (INPUT, MATPAR).

2. Compute the material parameters for the Maxwell chain
model (MATPAR, PRINTI).

3. 1Initialize and set the step number to zero (MAINC).

4. Increment the step number and check whether the final
step is completed. If it is, the final output is printed
and the program ends (MAINC, PRINT2)

5. TFor the current time step, the age of the concrete, applied
external loads and temperature are determined at midstep

time (MAINC, CONSTI).



6. The material properties are established based on the mid-
step age of concrete (CONSTI, TEMHUM, DIFFUS, EMUF).

7. The instantateous stiffness matrix is established for
each element. (ASREEK).

8. The incremental inelastic strains and the corresponding
load vector are evaluated for each element (ASREEOQ).

9. The linear equation system for the nodal displacement
increments of the structure and the load vector are
assembled. (MERGE).

10. The prescribed boundary constraints are imposed and the
equation system is solved for the incremental displacements
(BOCOND, BANSOL) .

11. The incremental strains and stresses, as well as the total
stresses, strains and displacements, are computed and
selective output is ﬁrinted. The program then returns to
step 4. (RETRCK, STRESS, PRINT2)

The foregoing flow chart is, of course, routine, used in many in-

elastic computer programs.

DETERMINATION OF CREEP PROPERTIES

The creep properties are determined by the following subroutine
(MATPAR), calling for further subroutines as specified.

1. Read the number of decades in log-time scale to be considered,
the number of steps per decade, the number of elements in
Maxwell chain, the time for the start of the first time
step and the first relaxation time.

2. Read the input option number and read the corresponding
material data from which the characterization of the compliance
function is developed. When the case of drying is specified,
read also the characteristics for shrinkage and drying creep.

3. Compute the discrete values of the relaxation function for
various strain deviations and various ages at the start of
relaxation. (This consists in direct numerical solution

of a linear Volterra integral equation.) (RELAX).



Compute the discrete values of the Maxwell chain moduli at
all discrete ages (MAXWLI1).

As a check, compute discrete values of the compliance
function from the discrete values of Maxwell chain moduli
for various ages (CRCURV). Print the resulting values of
the compliance function and of their deviations from the
initially specified values of the compliance function.
Also calculate and print the coefficient of variation of

these deviations.

During the determination of the relaxation function, a subroutine

for the compliance function is repeatedly called. This subroutine has

three options to be specified by the user.

1.

The compliance function is evaluated by interpolation from

a given array of discrete values. The interpolation is linear
in the logarithm of creep duration and in the logarithm of

the age at loading. For durations and ages falling outside
the range, extrapolation is automatically used.

The compliance function is evaluated from a formula corre-
sponding to the double power law [71].

If drying is specified, the compliance function is evaluated
from a formula consisting of the double power law enhanced

by a drying term [7] .

The ultimate result obtained in the subroutine MATPAR is the array

of the discrete variables of the moduli of the Maxwell chain. For any

specified age, the value of the Maxwell chain moduli is computed

from the discrete values (in subroutine function EMUF) by a linear

interpolation in the logarithm of the age of concrete. For arguments

falling outside the time range, a linear extrapolation from the two

values at the end of the array is used.

MATPAR:
1.

INPUT OPTIONS FOR MATERIAL CHARACTERIZATION

The compliance function is specified as an array of discrete
values for various load durations and various ages at loading.

No drying is considered.



10.

Drying is considered, and the mean compliance function for the

cross section is specified as in option 1. Also, the values
of the mean shrinkage strain of the cross section are specified
for various durations of drying and the given age at the

start of drying.

The compliance function is given by the double power law,

for which all of its five parameters are read. No drying

is considered.

Same as option 3 but all double power law parameters except
the 28-day elastic modulus are generated from the given
strength and composition parameters of concrete (the mix

ratio of water, cement, sand, and gravel, the cement-type,

and the unit weight of concrete).

Same as option 4 except that the 28-day elastic modulus is also
predicted from the strength and composition parameters.

Drying is specified and the compliance function is defined

by the double power law enhanced by the term for the creep
increase due to drying [7]. A formula: for the shrinkage
strain evolution in time (according to Ref. 7 ) is also
specified. And all parameters in these formulas are read.
Same as optibn 6 but all material pavameters except the 28-day
elastic modulus and the final shrinkage strain are predicted
from the strength and the comvosition parvameters of concrete
(and also from the given ambient humidity).

Same as 6 but all parameters except the 28-day elastic modulus
are predicted from the strength and composition of concrete.
Same as option 6 but all parameters are predicted from the
strength and composition of concrete.

Two of the five double power law parameters (namely, EO and
¢i’ see Ref. 7) are determined so as to obtain the best fit
(in the least-square sense) of the given array of discrete
values of the compliance function at various load durations
and various ages. The remaining three double power law
parameters are given. This option is used when the given array
of discrete values for the compliance function is of limited

range in time and/or age. No drying is considered in this
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option. As a check, the coefficient of variation for the
deviations of the formula from the given limited array of
values for the compliance function is automatically
computed and printed.
11. Same as option 10 but the remaining three double power law
parameters are not specified; they are predicted from the
given strength and composition of concrete.
12. Same as option 10 but drying is considered.
13. Same as option 11 but drying is considered.
The user selects his input option depending on the amount of in-
formation available to him before the analysis. If sufficient test
data have been obtained, as is frequently done for nuclear concrete
structures, then the measured discrete values of the compliance function
should be used. However, if the range of these available data is too
limited, it is preferable to approximate these values by the double
power law. If no experimental information is available the double power
law parameters are predicted from the strength and composition of concrete.
However, if there exists some information on the double law parameters
for a similar concrete, an adjustment of some of its parameters is
appropriate [11]. Moreover, if the short-time deformation (elastic
modulus) is measured, it should be also used to improve the parameters
of the double power law. The choice of the proper input option has

a great effect on the accuracy in representing the concrete properties.

MATHEMATICAL DESCRIPTION

The concrete is assumed to be a homogeneous and isotropic material
with time and temperature dependent properties. It is assumed in the
analysis that concrete does not crack. Mathematical details of the
model are found in [4,5], but pertinent equations describing the be-
havior of the concrete are given below. Instantaneous values of the
elastic constants at any point in the structure are obtained from the
incremental bulk modulus K" and the incremental shear modus G" for

the given time step. These values are evaluated as
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and te is the equivalent time at which the properties are computed.

This time is computed by the expression

t
_ r
t, = Sh IO ¢pdt (10)
where
By = [1+ (3.5 - 3.5n)4]71 (11)

and h is the relative humidity in the pores of the concrete at the

point in the structure being considered. In absence of drying (h=1),

which may be assumed for massive structures, one has ¢ =4 , t
Y

T e
¢Tdt. The parameter Uu is the activation energy of creep, which is

11
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usually constant although it could depend on p. R is the gas constant and
T the absolute temperature, with T being the initial or reference
temperature. The subscript u refe%s to the pth unit in the Maxwell chain
with all properties of the units defined by the input option of the
users.

The solution is marched out in time logarithmically [4], with the
properties of the concrete evaluated at a time that is at the midpoint
of the time increment pAt. The midpoint time tr—% (in log scale) is

given by

~ +! _ f1
by, =t + (e, - t') (.

_ !
1 -t

where t' is the age at which the first loading occurs. Since the

solution is incremental, the total displacement and stresses are given by

Yr T Y% + Aur
(13)
\' v v
= A
o 0. 1 + )or (14)
D _ D aA.D
% ~ Gr—l + ar (15)
where
v . v v"
Aar = 3K" ( Aer Aer ) (16)
D D D"
A = " -
o, 2G (Aer he ") (17)
and the inelastic strains are given by
-0 AT
Vll 1 o\ q)u
Aer = 3K E (1-e )Ou, | (18)
r-1
-6 At
D" _ 1 d)u D 19
Ael' = o E (1-e ) au (19)



The total and incremental stresses must be summed from the

corresponding stresses for each unit in the Maxwell chain.

COMPUTATIONAL FLOW OF THE PROGRAM

Both this program CREEP80 and the NONSAP program have the same
computational flow. The general flow chart is shown in Figure 1. 1In
Figure 2 the flow chart for the program CREEP80 is shown with all
routines listed in the manner in which they are called. Figure 3 shows
the storage allocation scheme for CREEP80 with the size of arrays

shown on the right side of each box.

13
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PROGRAM ROUTINE DESCRIPTIONS FOR CREEPS80

The functions of individual programs and the mathematical basis

for each is described below.

ASREEK

ASREE(Q

ASREEP

ASTR

BANS@L
B@CPND

BSTR

CONSTI

CRCURV

CREEP

CREEPA

CREEPB

The instantaneous axially symmetrical triangular element

stiffness matrix is established by this subroutine.

This subroutine establishes the B matrix for the triangular
element and calculates the vector of nodal forces due to

inelastic and temperature strains.

This subroutine computes the incremental strains due to

incremental displacements.

Axially symmetrical linear element stresses are computed by

this subroutine.

This subroutine solves a set of banded symmetric equations.
The specified zero displacement conditions are incorporated

into the final set of equations by this subroutine.
Bar and loop element stresses are computed by this subroutine.

This subroutine establishes the instantaneous constitutive
relations and the inelastic strains for axially symmetrical

concrete elements. See page 1l for mathematical details.

For a check, it computes the discrete values of compliance
function J(t,t') from the previously calculated discrete values

of EMU.

Calculates values of compliance function J(t,t') as a function of

stress duration X = t-t' and age at loading Y = t'.

Accomplishes the purpose of CREEP by double interpolation or
extrapolation from given adjacent discrete values J(t,t'). The
interpolation is linear in transformed scales log (t-t')

and log (t').

Accomplishes the purpose of CREEP by evaluating the double power
law (without or with the drying creep terms) from the given
material parameters and specified value of stress duration

X = t-t' and age at loading Y = t'.



CREEP80

DIFFUS

DRTERM

EMUF

EXPS

IBANDW

INPUT

INCSSR

MAINC

MATPAR

MAXWLI

MERGE

PRINT!

PRINT2

15

The arrangement and dynamic assignment of storage for each
problem is computed by routine. The storage map is shown
on page 77 with definitions of storage arrays given on page 17

The rate coefficients ¢Z = ¢E and the thermal strain for each

element of the Maxwell chain are computed by this subroutine.

Calculates from given material parameters the drying creep

term to be added to the double power law.

The time dependent value of elastic modulus Eu for each unit
of the Maxwell chain is computed by interpolation from an

array (table) by this function routine.

This subroutine calculates e * and (1 - e_x)/x'for a large

range of positive x.
Maximum bandwidth is calculated by this routine.

Structural geometry, element comnnectivity, loads, boundary
conditions, time steps, load and temperature factor and

selective output information is read in by this subroutine.

The instantaneous constitutive relation is established for each

element by this subroutine.

Overall control of the flow of the program and establishment of
the temperature and load conditions for each step of the

solution process is affected by this subroutine.

Generates creep and shrinkage properties from given data and

calculates discrete values of relaxation moduli EMU

Computes the relaxation spectra for various ages at loading and

various stress duration.

This subroutine controls the establishment of the instantaneous

stiffness matrix of the structure.
Input data is printed out by this subroutine.

Selective or final values of displacements, stresses and strains

are printed out by this subroutine.



RELAX

RETRCK

SHERDAT

SHRINK

SHSTF

ST@R

STRESS

TEMHUM

TEMDIL
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Computes the discrete values of the relaxation function from

the discrete values of the compliance function

This subroutine controls the calculation of the incremental

stresses and strains for each time step.

Computes the shrinkage strain for given drying duration
T = t-t by interpolation or extrapolation using a prescribed
0

array of discrete shrinkage values for various times.

Computes the shrinkage strain for given drying duration

T=t -t , using either the square-root hyperbolic law with
0

specified material parameters, or the discrete shrinkage

values for which subroutine SHRDAT is called.

The stiffness matrix and temperature nodal force vector is
established by this subroutine for axially symmetrical shell
elements (calling parameter N = 0:), bar elements (N = 2) and

hoop elements (N =1).

This subroutine superimposes the element stiffness matrices into

the global stiffness matrix.

The incremental stress in the concrete elements is computed

at the centroid by this subroutine.

The average temperature and humidity in each element, the
coefficients St and Bh and shrinkage strains are computed by

this subroutine.

Computes thermal dilatation as function of temperature TEM



NBAND
NB@UND
NDIS
NEPS
NL@AD
N@¢BE
N@LE
NSTEP
NSTR
NT@T
NUMEL
NUMNP

AREA

CHDAT
C@NST
DTIME
ETM
GL@BCY
IB@UND
1EG
1EPS
IL@AD
IDIS
ISE
ISTR
PPPR
RFAC
RLPAD
RREF

17

DICTIONARY OF MAJOR VARIABLES

Index and Control Parameters

Half bandwidth of equations

Number
Number
Number
Number
Number
Number
Number

Number

of
of
of
of
of
of
of
of

nodes with specified zero displacements.
nodes selected for displacement output
concrete elements selected for strain output
nodes with specified nodal loads.

bar and hoop elements

axially symmetrical liner elements

time steps

concrete elements selected for stress output.

Total number of equations

Number of concrete triangular elements

Number of nodal points

Arrays in Dynamic Storage

Liner, Bar and hoop element areas

Concrete element B matrices

Maxwell chain properties

Material constants and reinforcing steel ratios

Time increments

Element centroid equivalent times

Nodal coordinates

Specified zero displacement conditions

Concrete element connectivity

Element number of selected strains

Node numbers of loaded nodes

Node numbers of selected displacements

Liner, bar and hoop element connectivity

Element number of selected stresses

Nodal humidity

Load factor for each time increment

Nodal loads

Reference load vector



SDR
SIGMA
SKI

SR
STRAIN
TEMP
TFAC

Load vector/displacement vector

Concrete element stresses for each Maxwell chain unit
Global stiffness matrix

Total displacement vector

Concrete element strains

Beginning and ending nodal temperatures in each time step

Temperature factor for each time increment

18
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INPUT FOR CREEP80

Group I Control Cards

1 1015

Card

1- 5 (NDIS) No. of selected displacements
6-10 (NSTR) No. of selected stresses
11-15 (NEPS) No. of selected strains

16-20 Step no. of prestressing steel. (See Note 1)

21-25 Printing of input data. (=0 no printing)

26-30 Print switch (0 to 11) IPSW (See Note 2)

31-35 Data check (=0 data read and checked only)

36-40 Step at which user supplied temperatures are entered

(=0 set to NSTEP+1) (See Note 3)

2 1015

1- 5 (NSTEP) No. of time steps
6-10
11-15 Time step in real (=0) or log <{=1) time

3 1015

Card

1- 5 (NUMNP) Number of nodal points

6~10 (NUMEL) Number of concrete elements

11-15 (NL@PAD) Number of loaded nodes

16-20 (NB@UND) Number of nodes with specified displacement
21-25 (NPEL) Number of nodes per element (=3)

26-30 (NDF) Number of degrees of freedom per node (=2)
31-35 (N@LE) Number of liner elements.

36-40 (N@BE)  Number of bar and hoop elements.

4 1015

Card

1- 5
6-10
11-15
16-20
21-25 (NMU) No. of units in Maxwell chain

19
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Group 11 Element Cards (1615)

NUMEL cards in this group in numerical order

1- 5 Element No.
6-10 I Node
11-15 J Node
16-20 K Node

II(A) Liner Elements (3I5, F10.3) (Skip if N@LE = 0) (See Note 4)

1- 5 Element No. (N@LE Cards)
6-10 I Node
11-15 J Node

16-25 Area (in square inches)

II(B) Bar and hoop elements (skip if N@BE = 0)

1-5 Element No, (N@BE cards)
6-10 I Node
11-15 J Node (=0 hoop element)

16-25 Area (in square inches)

Group III Coordinate Cards (I15,2(5X,E15.7)

NUMNP cards in this group in numerical order

1- 5 Node No.
11-25 R Coordinate (in inches)

31-45 7Z Coordinate (in inches)

Group IV Boundary Condition Cards (161I5)

NB@UND cards in this group

1-5 Node No.
6-10 R Boundary (l=fixed,0=free)
11-15 Z Boundary (l=fixed,O=free)

Group V Load Cards (I5,2(5X,E15.7)

NLPAD Cards in this group (See Note 5)

1- 5 Loaded Node No.
11-25 R Load (in pounds)
31-45 Z Load (in pounds)



1-10
11-20

Card 1

1-10
11-20

21-30
31-40
41-50
51-60
61-70

Card 2

2-10
11-20
21-20
31-40
41-50
51-60
61-70
71-80

Card 3

1-10
11-20
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Group VI Thérmal Expansion Cards (8E10.3)

There are NMU (see Card 4 of control group) fields.

Coefficient of thermal expansion for Maxwell chain Unit 1
Coefficient of thermal expansion for Maxwell chain Unit 2

etc.

Group VII Material Properties Cards (8E10.3)

T Initial temperature of concrete (See Note 6)
o)

o Second Material temperature coefficient (See Note 7)

PR Second Material Poisson's ratio.

Entropy Density adsorbed water
U Activation energy of hydration

R. Gas constant

v Poisson's ratio

Radial Steel ratio (pR) (See Note 8)

Axial Steel Ratio (QZ) (See Note 8)

Hoop Steel Radio (QH) (See Note 8)

Second Material Modulus in pounds per square inch (See Note 7)

Tref Reference temperature for uniform temperature changes (See Note 9)

Href

First age at loading (in days) (See Note 10)

Group VIII MATPAR input

Card 1 = Card A (1615) (= a card for which READ statement is marked as

1-5
6-10

11-15

A in the program)
(JOPT) input option

(NDEC) No. of decades in log (t-t') for calculation of relax-
ation function in RELAX

(JDEC) No. of steps per decade for calculation of relaxation
function



16-20

21-25

26-30
30-36
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(NA) No. of decades in log (t-t') for characterizing
the creep compliance function J(t,t')

(JA) No. of steps per decade for characterizing the creep
compliance function J(t,t')

(NMU)No. of Maxwell units in the chain model

(NTSHR) No. of discrete values to specify the shrinkage
variation in time. TFor input options with no drying
use any dummy valué on input, e.g., O.

Card 2 = Card B(5F10.3)

1-10

11-20
21-30
31-40
41-50

Card 3 = Card C

(T1) Smallest load duration for which creep representation
is desired

(TP1) Age at loading
(TAU1l) Smallest relaxation time of Maxwell chain
(W1

W2) Weights used for optimizing the fits by Maxwell chain

(Values W1 = 0.01, W2 = 0.1 are usually suitable).

(8F10.3)

1-10 ALFTEM Coefficient of thermal dilation of concrete used by

TEMDIL. (Alternatively, the user may supply his
subroutine TEMDIL, and then some dummy value may be
used here for TEMDIL.)



The subsequent data cards for MATPAR

depend on input

For JOPT

For JOPT

For JOPT =

For JOPT =

For JOPT =

For JOPT =

For JOPT =

For JOPT

For JOPT =

option JOPT assigned above

Use

Use

Use

Use

Use

Use

Use

Card 4
Card 5
Cards 6 to Card

Card D
Card E

Card 4 = Card D
Card 5 E
Cards 6 to Card
Card (74NJ)
Card (84+NJ)

Card 4 = Card 1

Card 4 = Card I
Card 5 = Card K

Card 4 = Card K

Card 4 = Card T
Card 5 = Card J

Card 4 = Card I
Card 5 = Card J
Card 6 = Card K
Card 7 = Card L
Card 4 = Card I
Card 5 = Card J
Card 6 = Card K
Card 7 = Card L

Card 4 = Card J
Card 5 = Card K
Card 6 = Card L

(6+NJ)

(6 +NJ)

23

Card F...NJ-times

Card F...NJ-times
Card G
Card H
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"
)

10: Card 4 = Card D
Card 5 Card E
Cards 6 to (6+4NJ) - Card F...NJ-times
Card (7+NJ) = Card I

For JOPT

i

For JOPT

I

11: Card 4 = Card D
Card 5 = Card E
Cards 6 to (64NJ) = Card F...NJ times
Card (74NJ) Card I
Card (8+NJ) Card K

For JOPT = 12: Card 4 = Card D
Card 5 Card E
Cards 6 to (6+NJ) = Card F...NJ-times
Card (74+NJ) Card G
Card (8+4NJ) Card H
Card (94NJ) Card I
Card (10+N)
Card (114N)

Card J
Card K

For JOPT = 13: Card 4 Card D
Card E

Cards 6 to (6+NJ) = Card F...NJ-times

Card 5

Card (74NJ) = Card G
Card (8+NJ) = Card H
Card (94NJ) = Card I
Card (104NJ) = Card J
Card (114NJ) = Card K
Card (124+NJ) = Card L



Card D (I10, (7F10.0))

1-10

11-20
21-30
31-40

etc.

Card E

1-10

11-20
21-30
31-40

etc.

NI No. of load durations (t-t') for values of
compliance function J(t,t')
AT(1)
. , o
AT(2) - Discrete load durations (t-t') for values of

> compliance function J(t,t")
AT (3)

possibly continue on a second card if there are
7 more than 8 values to be read

(110, (7F10.1)

NJ No. of Ages at loading t' for values of compliance
function J(t,t').

~

ATP(1) |

ATp(z)l Discrete Ages at loading t' for values of compliance
? function J(t,t').

ATP(3)§

|

i

J possibly again continue on a second card if needed

Card F (8F10.1)

1-10
11-20
21-30

etc.

AJ(1,1)]
AJ(2,1)& values of compliance function J(t,t')

AJ(3,1)
!

2nd Card F (8F10.1)

1-10 AJ(2,1)
11-20 AJ(2,2)
same
21-30 AJ(2,3)
etc.
NJ-th Card F (8F10.1)
1-10 AJ(1,JN)
11-20 AJ(2,NJ)
same
21-30 AJ(3,JN)

etc.
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Card G (12,1XF7.1,(7F10.1))

1-2 NTSHR No. of discrete times TSHR(I)
3-10  TSHR(1) |
11-20  TSHR(2) |

21-30  TSHR(3) !

discrete times (drying durations for specifying
shrinkage values SHR(I) - in days

etc. .
-~

Card H (8E10.3)

1-10  SHR(1) |
11-20 SHR(2) L specified shrinkage values at various times, TSHR(I)
21-20  SHR(3)

t
N

etc. -

Card I (E10.2,4F10.1) Coeff. for double power law

1-10 E28 Young's elastic modulus at age 28 days
11-20 EOE28

EO/E28=Ratio of asymptotic modulus EO to E28, typically 1.5
21-30 EXPN = n = exponent of double power law

31-40 EXPM = m = exponent on age in double power law

41-50 ALFA = o = coeff. of double power law

Note: For JOPT

4 and 7 only E28 is needed; use dummy values for the rest.

For JOPT

10 to 14, only EXPN, EXPM and ALFA are needed; use some
dummy values for E28 and EOE28.

Card J (9F8.1) Coeff. for additional creep due to drying

1- 8 DRYSTA
9-16 FINSHR
17-24 AVHUM

fl

Age at start of drying (in days)

Final shrinkage strain

average relative humidity of the environment, (O<AVHUM<1)

25-32 AKS* = ks = cross section shape coefficient
33-40 VS = v/s = volume-to=surface ratio in mm
41-48 C7% = C7 = diffusivity in mmz/day

49-56  PHID* = ¢ }

57-64 CD* = cq4 ?‘ parameters for drying creep term
65-72  CP* = c )

Note: For JOPT=7,8,9-C7, PH1D, CP are not needed-use dummy values. For JOPT=8,9
FINSHR not needed, use dummy value.

*1f unsure input zero for these, and the program will then assign suitable

values automatically.
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Card K (5F10.1,110) Strength and composition parameters

1-10  FCP = fé = standard cylinder strength of concrete at age 28 days.
11-20 WC = w/c = water-cement ratio by weight in the mix
21-30 AC = a/c = aggregate cement ratio by weight in the mix
31-40 SC = g/c = sand-cement ratio by weight in the mix
41-50 R@ = p = unit mass of concrete in lb./ft3
51-60 ITYPE = ASTM type of cement (1,2,3, or 4)

Card L (F8.1)

1-8 CEM = ¢ cement content in kg per m 3 of concrete



Group IX Time Step Cards (8F10.3) (See Note 11)

1-10 At for time step 1 (in days)
11-20 At for time step 2

NSTEP values read in. (see group 1 card 2)

Group X Load Factor Card (8F10.3) (See Note 12)

1-10 Load factor for time step 1

11-20 Load factor for time step 2

NSTEP VALUES

Group XI Temperature Factor Cards (8F10.5) (See Note 13)

1-10 Temperature factor for time step 1

11-20 Temperature factor for time step 2

NSTEP VALUES

Group XII Selected Nodal Displacements (16I5)

his group included only if IPSW=1,7,8,9,10 or 11 and WDIS#£ 0

Card 1
1- 'S Node No. of First Selected Nodal displacement
6-10 Node No. of Second Selected Nodal displacement

NDIS VALUES

28
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GROUP XIII Selected Element Stresses (16I5)
This group included only if IPSW=3,7 or 9 and NSTR # 0

Card 1
1 -15 Element No. of first selected element
6 - 10 Element No. of second selected element

NSTR VALUES

GROUP XIV Selected element strains (16I5)

This group included only if IPSW=5,8 or 9 and NEPS # 0

Card 1
1 ~-15 Element No. of first selected element
6 - 10 Flement No. of second selected element

.

NEPS VALUES
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Notes on the input

Group I

Note 1:

Note 2:

Note 3:

Group 11

Note 4:

[ ]

The step number prestressing steel is entered as the step
following the application of the prestressing forces to

the structure

The following values of IPSW will cause printing of selected

quantities at each time step.

IPSW=

1. Selected nodal displacements

2. All nodal displacements

3. Selected element stresses

4, All element stresses

5. Selected element strains

6. All element strains

7. Selected nodal displacements and element stresses

8. Selected nodal displacements and element strains

9. Selected nodal displacements, element stresses and strains
0. Selected nodal displacements and all element stresses

1. Selected nodal displacements, all element stresses and strains

The step at which user supplied temperatures are entered is used when
spacial and temporal variation of temperature is arbitrary. The
temperatures are entered through TAPE 7, one temperature for each
node by means of a FORTRAN binary read. There must be a set of
nodal temperatures for each step of the analysis from the step

number specified until the, end of the analysis.

The liner elements are the axially symmetrical elements described and
the bar and hoop elements dare the prestressing steel elements.

The liner elements are assembled with the initial step of the analysis
with the bar and hoop elements being assembled at the step number
specified for the prestressing steel. Areas of liner, bar and hoopo

elements are numbered sequentially from 1 to N@LE + N@BE.



Group V

Note 5: The load cards appear for loaded nodes only, and the load
components are calculated for a one radian sector of the

structure.
Group VII

Note 6: The initial temperature is based on the absolute temperature
scale (Kelvin)

Note 7: The second material refers to the reinforcing steel.

Note 8: The steel ratios are gjven by area.

Note 9: The reference temperature is the temperature that is multiplied
by the temperature factor input in Group XI cards and added
to the temperature existing in all elements in the previous
time step. Thus, temperatures of the concrete which vary
with time but which do not change in spacial variations may be
conveniently treated.

Note 10: The age of first loading refers to t' in the theory and is

the age of the concrete at the first time step.
Group IX

Note 11: The time steps may be input in real time (card 2 of Group I)
or log time. The times entered are the lengths of time or

At for each time step.
Group X

Note 12: The load factors multiply the load vector entered in Group V

to obtain the incremental load for each time step.
Group XI

Note 13: The temperature factors multiply the reference temperature
in Group VII to obtain the incremental temperature change

for each time step.



N@PNSAP Version of CREEP80

Implementation of CREEP80 into N@NSAP requires very few changes.
The propram CREEP80 becomes the main program for an additional segment,
link or overlay depending on the computer operating system being used.
The existing N@NSAP program is only slightly modified, with the
modifications listed in the Appendix of this report.

Input to the N@NSAP program for a CREEP80 run is now a combination
of the two programs. Since CREEP80 is used for long time variation
analysis it cannot be used for dynamic analysis in N@NSAP. It can
be used with other linear and, with certain restrictions, nonlinear
elements of the N@PNSAP program that are used for static axially
symmetrical analysis.

The input separates into two phases. The first follows the
input as listed in the N@NSAP manual (2) which includes control
information, nodal coordinates and boundary conditions, nodal loads
and element group information. The second phase provides the additional
information necessary for the CREEP80 program which includes additional
control information, material parameters, time step, temperature,
load, selective printing and element definition information.

The complete input for a CREEP80 run is listed for the convenience
of the user below. Notes on input in the N@NSAP manual (2) and at the
end of this listing should be referred to by the user when preparing

a run.

32



NONSAP INPUT

I Heading Card (12A6)

II Master Control Card Group

Card 1, (15, 611, I4, 3I5, 2Fl00, 215)

(1-5) NUMNP

6 IDPF(1) = 1
7 ID@F(2) = O
8 IDGF(#) = O
9 ID@F(4) = 1
10 IDGF(5) = -1

11 IDPF(6) = 1

12-15 NEGL Number of linear element groups
16-20 NEGNL Number of nonlinear element groups
21-25 M@DEX Flag indicating situation mode
26-30 NSTE Number of solution time steps
31-40 DT Time increment = 1.0

41-50 Blank

51-55 IPRI ( = NSTE)

Card 2 (415) Blank
Card 3 (Is5) Blank
Card 4 (415, E10.4)
1->5 ISREF (=1)
6-10 NUMREF (=0)
11-15 TEQUIT Set equal to NSTE+l

16-20 Blank
21-30 Blank
Card 5 (110, 2F10.0) Blank
Card 6 (415) Blank
Card 7 (16I5) Balnk

IIT Nodal Point Data Group
(Al, 14, Al, 14, 5I5, 3F10.0, I5)

1 CT Blank
2-5 N Node Number
6 PSF Blank
7-10 ID(1,N) Blank



11-15 ID(2,N) R Translation code

16-20 ID(3,N) Z Translation code

21-25 ID(4,N) Blank

26-30 ID(5,N) Blank

31-35 ID(6,N) Blank

36-45 Blank

46-55 R(N) R Coordinate

56-65 Z(N) Z Coordinate

66-70 RN Node number increment for node data generation

IV Applied Loads Data Group

Card 1 (315)

1- 5 NL@AD Number of load cards
6-10 NLCUR (=1)
11-15 NPTM (=2)

Card 2 (215)
i- 5 NTF (=1)
6-10 NPTS (=2)

Card 3 (8F10.0)

1-10 Blank

11-20 1.0
21-30 Set equal to (NSTE+1)*1.0
31-40 1.0

Nodal loads group (315, F10.0).
There are NL@AD Cards in this group.
If NL@ADS = O no cards are input.
1- 5 N@D Node number to which load is applied
6-10 IDIRN =2 for R direction
=3 for Z direction
11-15 NCUR =1

16-25 FAC magnitude and direction (+) of load.



Card 4 (15)
ICON 0

V Creep Element Group Control Card (2014)

1- 4 NPAR(1) =4
5- 8 NPAR(2) = NUMEL
9-12 NPAR(3) =1
13-16 NPAR(4) =N@LE
17-20 NPAR(S) =N@BE
21-14 NPAR(6) =NDIS
25-28 NPAR(7) =3 No.of nodes/element
29-32 NPAR(8) = NSTR
33-36 NPAR(9) =NEPS
37-40 NPAR(10) =NMU
41-44 NPAR(11) =J@PPT
45-48 NPAR(12) =NDEC
49-52 NPAR(13) =JDEC
53-56 NPAR(14)  =NA
57-60 NPAR(15) =JA
61-64 NPAR(16) =NTSHR
65-68 NPAR(17) =Step No. Pre St. Steel)
69-72 NPAR(18) =IPSW
73-76 NPAR(19) =Step No. of user supplied temp.
77-80 NPAR(20) =Time steps in real or log time.

VI Element cards (16I5)

NUMEL Cards in this group in numerical order

1- 5 Element No.
6-10 1 Node
11-15 J Node

16-20 K Node



VI(A) Linear Elements (315, F20.3)

1- 5 Element No (N@LE Cards)
6~10 I Node

11-15 J Node

16-25 Area

VI(B) Bar and Hoop Elements

1- 5 Element No (NPBE Cards)

6-10 I Node
11-15 J Node (=0 hoop element)
16-25 Area
VII Material Properties Card (8E10.3)

There are NMU fields. Enter caefficient of linear temperature

expansion for each unit of Maxwell chain.
VIII Material Properties Cards (8E10.3)

Card 1
1-10 T Initial temperature of concrete
0
11-20 = Second material temperature coefficient

21-30 PR Second material Poisson's ratio

31-40

41-50 Entropy density of adsorbed water
51-60 U Activation energy of hydration
61-70 R Gas constant
Card 2

1-10 Blank

11-20 v Poisson's ratio
21-30 Blank

31-40 (pR) Radial steel ratio
41-50 (pz) Axial steel ratio
51-60 (pH) Hoop steel radio

61-70 T Reference temperature for uniform temperature changes.

ref
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Card 3
1-10
11-20

H ref

First age at loading
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IX MATPAR input (option 3 input is listed. See P. 21 for other options)

Card 1

1-10
11-20
21-30
31-40
41-50

Card 3

1-10

Card 4

1-10
11-10
21-30
31-40
41-50

(5F10.3)
(T1) Smallest load duration
(TP1) Age at loading
(TAU1) Smallest relaxation time
Wl

W2 Weights for fitting Maxwell chain

(8F10.3)
ALFTEMP

(E10.3, 4F10.1)
(E28)

(EOE28)

(EXPN)

(EXPM)

(ALFA)

X Time step cards (8F10.3)

1-10
11-20

NSTE

At for time step 1

At for time step 2

\J

values read in

XI Load factor card (8F10.3)

1-10
11-20

Load factor for time step #1

Load factor for time step #1

1
1
!

|

NSTE Values



XII Temperature factor cards (8F10.5)
1-10
11-20

Temperature factor for time step #1

Temperature factor for time step #2

\l

NSTE Values

XIIT Selected Nodal displacements (1615)

This group included only if IPSW = 1, 7, 8, 9, 10, 11 and

NDIS # 0
Card 1
I-5 Node No. of first selected element
6-10 Node No. of second selected elenent

1
t

NDIS wvalues

XIV Selected element stresses (1615)

1- 5 Element No.
6-10 Element No.

XV

1- 5 Element No.
6-10 Element No.

This group included only if NSTR £ @)
of first selected element

of second selected element
1

1

'

NSTR Values
Selected element strains
This group included only if (NEPS # 0)
of first selected element

of second selected element
L}

1

NEPS VALUES
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Notes on N@NSAP Input

Group II Master Control Cards.

The time increment is artifically set to 1 since the in-
crementing time is controlled by the CREEP80 portion of the
program. This permits the variable time steps required for
efficient use of the program.

The variable IEQUIT is set equal to the total number of time

steps plus one since equilibrium iteration is not needed.

Group IV Applied Loads Data.

Only a single load curve is introduced. This load curve
is equivalent to a constant value of the applied nodal loads.
Since the time increment has been set to 1 (DT=1.0), the second
and last point of the load curve is at the fictitious time of

(number of time steps + 1) X D T.

Group V Creep Element Input

The card for the NPAR array lists control parameters for
both the N@PNSAP and CREEP80 portions of the program. NPAR(1l) = 4
since this represents a new element type in N@NSAP. The remaining
input on this card is described in detail in the CREEP80 portion

of this report.

Group IX MATPAR Input
Option 3 input is listed here. Refer to pages 21 tp 30 for

detailed input description for all 13 options.
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TEST PROBLEMS

A series of simple test problems and one large reactor problem
are used to illustrate the program capabilities. The small problems
have been run on both the N@PNSAP and CREEP80 versions of the
program while the reactor problem has only been run on the CREEP80
version. The test problems are listed in order of increasing
sophistication with the results of some of the problems plotted
for presentation. The listing of complete input and selcted output

is also included.

Test Problem 1

Axially loaded thin cylinder.

The structure is a thin cylinder of internal radius 100", wall
thickness 1" and height 1". It is assumed to be very long and
is loaded with an axial compressive load of 1000 psi. The material
is input under option 3 double power law with 28 day modulus
of 4 x 10° psi and age of loading of 5 days. (see Fig 4) for other
material parameters).

This problem is run for three different conditions.

1. Axial load only. This loading reproduces the creep function
for the material which is listed as part of the basic
material property output from MATPAR. The time steps are
nonuniform and yield times of loading that coincide with

creep function values reported. The displacements are

plotted in Figure 5. Stresses in the elements are constant
(OZ = 1000 psi, 0, =04 = 0) and strains follow the creep
function for I (Er = Ee = - Ug and Y = O).

z r

2. Axial load wit% temperature change, no h?dration effects.
This problem is the same as the first, but a +lOOOC
temperature change occurs at age 6 days (1 day after loading).
The activation energy of hydration (U) is set to zero
which uncouples the effect of hydration on rate of creep.
The net result 1is simply a displacement of the creep
curve equal to the temperature strain. Results are plotted

in Fig. 5.



3. Axial load with temperature change and hydration effects.
The effect of temperature on rate of creep is shown in

Fig. 5. The value of U is 5400 cal.

Test Problem 2

Radially loaded thin cylinder.
The structure is the same as test problem 1, but the loading is
a radial pressure load of 10 psi. The results for stresses and

strain are exact but are not plotted but only listed for this problem.

Test Problem 3

Concrete test cylinder (6 x 12)

This problem is not used for comparison with exact results but
rather as a means of testing various options of the program against
hand computations. Symmetry of the problem permits the use of
only one quadrant of the cylinder as shown in Fig. 6, With only
4 nodes and 2 elements the number of equations to be solved is
only 4. This permits the use of hand computations to check various
features of the element formulation and stiffness matrix for the
structure. The test problem has been run for the following conditions,
all of which have an axial compressive load of 2000 psi.

a) Concrete elements only

b) Concrete elements with reinforcing steel

c) Concrete elements with axially symmetrical steel liner
elements on the outside and bar at the center along Z axis.
d) Concrete elements with reinforcing bar elements at center

and outside and hoop reinforcing elements on outside.

The elements of these problems were compared with hand calculations
and are not plotted. Summaries of the results of C are given in the
output. Additional runs were made with this test problem with

temperature changes, but are not reported.
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Large Problem - Reactor Vessel

The vessel dimensions, finite element grid, ioad and
temperature history are shown in Figures 7 to 16. All length
units are meters, force units meganewtons and pressure units
megapascals. The model consists of 270 concrete elements, 22
axially symmetrical liner elements, 15 bars and 16 hoop prestressing
steel elements and 168 nodes. There are 19 time steps in the
analysis covering a period of time of concrete age of 180 days
(when prestressed) to 9220 days. The time steps are nmonuniform
with values of 1 hour (.0416 days), ! day and 2 days at the
time of temperature change. The initial temperature of this
vessel is ambient and the internal temperature of the vessel
changes by 75O at 730 days. The time and spacial
variation of the temperature in the reactor wall and top are
calculated from the exact solution for a rectangular body with
insulated sides subjected to a step temperature change on one side.
The coefficient of conductivity is taken as ,0022 Cal./Sec./cm./OC.
At the junction of the top and vertical wall of the reactor a
linear interpolation in polar coordinates for the time and
spacial variatién of temperature is made between the two rectangular
bodies. The temporal and spacial variation of the temperatures
in the vessel were entered by means of the tape 7 option in the
program.

The results of the analysis are presented in Figures 10 to 16
and are generally self explanatory. Deflections are exaggerated
for clarity and stresses at the sections are obtained by averaging
the stresses in the pair of triangular elements making up a
rectangular region. Temperature and stress profiles are shown
for the three time steps associated with the temperature shock

at 730 days in Figures 10 and 11.
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Implementation of CREEP80 into N@NSAP

Very few changes to the N@NSAP program are needed to implement
CREEP80. The routines ELCAL, ELEMNT and NEWDAV require a few changes
and the NYNSAP main program requires changes in size of storage
for large problems. A listing of changes in the routines and a
description of each is given below. The CREEP80 program is implemented
as a new overlay (link or segment) in the N@NSAP program. Changes in
N@NSAP are given in terms of the CDC operating system, but similar
changes on other operating systems can easily be made.

The structure of Blank Common in N@NSAP reserves the first
NUMEST locations for use with element development. This area of core
is saved during the remaining of a program on tape units 2 or 9 to
provide a continuity of flow of computations for each element group.
The size of this core area is defined by NUMEST at the beginning
of a run, and then reset to the largest size needed by any element
type during execution. The size and structure of this area of
Common is shown in Fig. 17. All variables have been defined
previously except NSTE the number of time steps in the solution, RZ
number array for the elements. Note that, as before, NUMEL refers
to the number of concrete elements. The size of NUMEST increases
significantly for large problems, and consequently the initial size
of NUMEST should be increased in the main program of N@NSAP before
attemting to run.

Changes in N@NSAP routines for CREEP80 are described below.



ELCAL

After the statement READ (5,1000) NPAR add the statement

IF (NPAR (1) . EQ . 4) Gp T@ 11
The second statement after statement 10 becomes
11 IF (NUMMAT . EQ . 0) NUMMAT =1
Finally, the statement G T@ (1,2,3), NPAR]l is replaced with
G¢ T (1,2,3,20), NPARI

ELEMNT
At the beginning replace the statement G@ T@ (i,2,3), NPARL
with the statement

GO T¢ (1,2,3,4), NPARI
Finally, add the following two statements just before the END card.

4 CALL @VERLAY (4HNSAP, 6, 0O, 6HRECALL)
RETURN

The modification of these two routines is required to implement
the new overlay (link or segment). The following routine is modified
to enable the computation of incremental stresses and strains needed

in CREEP80 and to initiate the selective output option.
NEWDAV
The following two Common statements must be added:

C@MM@N /TAPES /NREAD ,NWRITE
COMMON A(1)
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Following statement 40 DISP(I) = DISP(1l) + DISPI(I) and before state-

ment 70 RETURN, the following ten statements must be added.

REWIND NREAD
REWIND NWRITE
DY 65 N = 1,NEGNL
READ (NREAD) NUMEST, NPAR, (A(I),I = 1,NUMEST)
IF (NPAR(1).NE.4) GO T@ 65
CALL ELEMNT
65 WRITE (NWRITE) NUMEST,NPAR, (A(T).L
M = NWRITE
NWRITE = NREAD
NREAD = M

1 . NUMEST

Use of N@NSAP and CREEP80 Elements in Analysis CREEP80 deals with
nonlinear static problems only and may not be used with dynamic
optiornisiin NPNSAP. The elements in CREEP80 can be used with those
elements in N@NSAP that are compatible with axially symmetrical or
plane strain analysis i.e., the plane truss element and the 2-d continuum
element. For compatibility of displacements, the 4 node 2-d element
should be used. CREEP80 is compatible with these elements if they
are linear with no initial strains. CREEP80 can be used with nonlinear
forms of these elements if both of the following two conditions are met:

a) No equilibirum iteration is performed, i.e., the stiffness

matrix is reformed at each time step based on instantaneous

values of material properties; and

b) CREEP80 elements are the first group of nonlinear elements.
The errors in analysis for the nonlinear element groups which require
equilibrium iteration are minimized if time steps are chosen such that
incremental strains are small. This condition is fairly easy to meet
in most creep problems since the inelastic creep strains proceed

at a slow pace.
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2 1584,8913 -0 1059 - 3863 -.00€82 -, 0050 -.00473 -.0042,
3 2511.886 -2.22 ~e01742 =~W01649 -, 0122C -a01945 ~.€092.0
+ 39B1.072 .. _=.0ibb5 ~.02373 -=e01992 01892 -.Cl46l -et 129 . e -
% 6309.573 -.03984 -.03322 - 02804 ~40239% -.02074 ~eC1FZ"
JEFF. OF YARIATIUN FOR_THE DEVIATIONS. FROM_GLVEN. J-VALLES IS . . 0db4 O S
o
,,,,, .
RELAXATION TIMES ¢ i
+333E+0C +333E401 «333E+402 «3331403 ,333E406 333405

STARTING VALUES 1
CHOEBEERIEIIRIRYS

hn



—TIAE ST i

hidddabdbbhidi i SELECTIVE NODAL DISPLACEMENTS o T T T N
¢ PEEEEBRR RGN RSN GRS R GRS 02N
1
" SIZE OF TIME STEP ! 102 §
K=D1SPLACENENT 2=LISPLACEMENT
IOTAL TINE 3 L1c0 — U U -
LUAD INCREMENT t 1.000 NGDAL PUINT WO, 1 0. Ve
T Temp. INCREMENT 1 .00 T T o ) NODAL FOINT NOe 2 ¢ .265976E-03 u.
- 7: NODAL POINT NOo 3 8 Qe =254335E=~)2
: NODAL PGINT NO. 4 3 .268€326-03 ~e2T34THE-2
e e S : e e e e e e .
e % SELECTYIVE ELEMEN] STRESSES . . -
! LI SIS TSI SRS 2 2222 F ¥)
b
S _ e e e S1GM A=K —_SICMA=Z . L SIGME~TH
ELEMENT NO. 1.3 _eklGEte2 =ollobih _ _ #Zi9Eei2
ELERENT NO. 2 «243E+02 - 165 4C4 W115E492
- . SELECTIVE E(EMENT STRAINS - -
LTSI YIRS S22 22T 2L
T o ) T T T T B - T kpsem o Ebs-2 EPS=TH
T T T T ELEMENT ND. 1 1 J€87E=0&  =.424E=03 o Rd7L- 4
H
__ S SR ;_~_4~-.__vmELEﬁwr,ﬁu. 2 b WYL2E=C4 ~-,456E=-03 eY24E=Ub
1
e e e R ,f S o . _
]
B
_ S IS e I
3

49



1
!
ELEMENT STRAINS
FhERERR e SRy RS
__ _TIME _STEP NO. % __ 1k B} [ e - e
Sserdetsdtdtineitedd )
; EP S =R £FS-2 EPS=TF
TSIZE OF TIME STEP : 1000G.000 T
ELEMENT NO. 1 @ +209E=(3 -.9Cui=03 $279¢-33
- TOTAL _TIng 3 16616..0C0. o e E e e [ o
ELEMENT NO, 2 1t +190E-03 -e543E=03 e 199E=C2
LOAD INCREMENT t 0,000
TEMP. INCKERENT t  ©.060 B i ’ a 3
‘ ! 8¢ MAXIMUM NO, OF TIME STEP> REACHED #es
_ S SN e e
DISPLACEMENT VELTCR :
R TITTEITI Y IR EIELL TR . - ,:4;_,W.N_ I [ e
- ”4, R=LISPLACEMENT . 7-DISPLACEMENT . ) _ e -
)
. _NODAL POUINT NOe. .1 % _ .. .. oBaoo o . Ga. - I : e B
NODAL POINT NO. 2 3 +625€595=C3 0. "
NODAL POINT NO. 3 1 0. T llsasrade-c2 ’
e ADDAL_POINT NOa. - &-% . .. o¢569CG98E-03 . . _ . =,566021E=-02.. §p44,~_w- e _
i
i
. _ e e — o e
ELEMENT STRESSES
2322 RS RS S
S1GMA=R S16Ma=2 SIGMA-TH ;
ELEMENT M0, 1 3 «92BE402 —. 1568404 Z92BE4G2
- _REINE_ST STR . _ 1 [N Ou - I N e e
§
ELEMENT NO. 2 @ +1GEE+U0 ~ 1626406 C25TE+ 2 .
e __REINE ST SIR ____% 0 _ Qe YR, . . S —
|
.
i
"AXISYMMETRIC LINER ELEMENT STRESSES i
L2 ISR Z TR SIS RS R SES RS 222 RS 22 2 8 22 4
i e N

" EL.NO.  NA NE SIGMA  SIGHA=TH
1 3 4 .BI3EMU4  BI3E+04
2. .2 4 =.291E4U5 =.276E4C4

" BAR AND HDDP ELEMENT STRESSES ’
LR LR R P e R S Sl

CEL.NO.» NA  NB <1GMA

3 1 3 «,270E405



TWD ELEMENT CONCRETE CYLINDER WITH STRESS OF 2000 PSI, 2 NONSAP BAR AND 1 HOUP - ;
o atoo1ll 11 110 XeO X0 "
10 .1 : - I ;
1 o 1 1 0.0 S0 .
2 c o 1 3.0 Ga0 _
a3 0. 1. 0. ' Babo &0 ;
¢ 0 0 3.0 6.0 e o o
2 1 2
12 o _ o B
0.0 1.0 11.0 1.0 o ) o
3 3 1 ~2250.
& 3 __1 =t1:D. S ;
1 2 12 -
1 - _ e -
30660000,  .C225 L } B

2
300000004 . D645 . ... .. e e e et e e . -

1 1 3 1 1 o o
2 2 4 2 1
¢ 2 1 6 1 & 3 2 2 1 3 & 5 1 4 & 1 9
1 1 2 3 - o - ) B
4 3 L Z
1 LY ] .43
W1E=6 1E=% WlE-& J1E-4 WlE-§ if=4 J1E-4 5 i )
+298E3 WlE=4 «3EG 1.0E0 1,0€0 «54E4 W2€1 0.EC T
 QeE0  42E0  C.O0FL Gl 0EG 0.CEQ  0.CEQ W 3Eud - 023EG2 .
W1E1 W3E2
ol 5.0 0.0 (A Y 0.0¢60
_1209 e e e e e
4.0E6 1.5 0.135 0.33 0.¢5 o o )
0.1 (23] 1.0 5.0 1640 1CC.0 500D 1606, 9 . B
5002.0.  10LCUa0 — o . e o
100

Lad ol

o e

LR16  #999 RECREA® 774/ END OF LIST /711 : PACES .

9¢



LTERATIUNS PERMLTTED o o

 NUMBER OF NODAL MASSES o o v v s s s

~ NUMBER OF TIME STEPS BETWEEN

“FRECUENCTES SOLUTION CODE o v o o o o

T KRE DETERMINED

HAﬁSﬁSﬁ!ATﬁIX CODE " e e v o s o & b 8
EG.0» NO MASS EFFECTS
EQ.1ly LUMPED MASS

_EC+2y CONSISTENT MASS

s LIMASS) = O

[N SRS SN

DAMPING MATRIX CODE o + o o o o o o o
EQ.0» ND RAYLEIGH DAMPING
"EQ.1, RAYLEIGH DAMPING

NUMBER OF NCODAL DAMPERS o ¢ o o o o o

EQ+0, NO FREQUENCIES SOLUTION
€EQs1, FREQUENCIES AND MODE SHAPES

NUMBER OF TIME STEPS BETWEEN REFORMING

EFFECTIVE STIFFNESS MATRIX & o o o

IN EACH TIHE STEP o o » ©

ECUILIBRIUA ITERATIONS o o o o o o

MAXIMUM NUMBER OF ECQUILIBRILM

i3

~NUMBER OF ALLOWABLE STIFFNESS REFORMATIONS

T e (IEQUIT) =

s QINASSN) = O

, o (1E

o LIDAMP) . [4

o (IDANMPN) =

I6) = 0

To UISREFY = 1

L]
L[>

o (NUMREF) =

11

¢ o o o o o o o LITEMAX} = 1s
TWD ELEMENT CONCRETE CYLINDER W1TH STRESS DF 2000 PSI, 2 NONSAP BAR AND CONVERGENCE TOLERANCE o s o o o s o o o o o (RTOL)®  o10E=G2
CONTROL INFORMATION . - ANALYSTIS TYPE
e T e ( T e —— S _ .
NUMBER OF NODAL PODINTS e o s o 8 o o 5 o o UNUHNP) = 4 ! TIME DEPENDENCY CODE * o e e o " o«
e R FE R Y CTBANC I ATI RN FARE T T e i kTt ———— } wmh___AEQ.O) STATIC ANALYSIS * ¢ ISTAT) . 0
MASTER X ANSLATION C3DE v v o o o o o « o (IDOF(1)) = 1 l EQels OYNAMIC AMALYSIS —— Tt T e T
MASTER Y-TRANSLATION CODE o o o o o o o » o UIDOF(2)) = 0 _,{ NONLINEARITY COCE o « o « s o o o o o o » o (KLIN) . 1
TTTUUUEGL0, UINEAR ANALYSIY e — - -
MASTER Z~TRANSLATION CODE o o o o o o o o o CIDOF{3)) = ° | £0,1s NONLINEAR ANALYSIS
WASTER X=RATATICN CODE v s o o o o o « « UIDOF(4)) = 1 ‘”*“'~7Wr__‘”“““"“'""""‘*”'ﬁ”' T T T e e e e e -
DISP/VEL/ACC PRINTOUT
MASTER Y-ROTATION  CODE o o o o s o o o o (IDOF(3)) = 1 | CopE
. NUMBER OF BLOTUKS OF NODAU PRINTOUT . % v v v o ANPBY = —~ 17— =~ -
MASTER Z-ROTATION  CODE o « o o ¢ « o o o (IDOF(6)} = 1 | e e e INPRYE !
o o e DISPLACEMENT PKINTOUT CODE o & o o o o o o o o (IDC) = i
NUMBER GF LINEAR ELEMENT GROUPS & « o o o o (NEGL) - 1 i EG.0, NO PRINTING OF DISPLACEMENTS Lee e RARLD EL -
! EQsls PRINT DISPLACEMENTS
 NUMBER GF NONLINEAR ELEMENT GROUPS o o o+ o (NEGNL) = 1 i
l VELOCITY PRINTOUY TOGE 5 % » & PPN & U7 L s R —
SOLUTION MODE o o o o o o o o o o o o o ¢ o (MODEX}) ® 1 : EQ.0» NO PRINTING OF VELOCITIES
 EQ.0, DATA CHECK e EQels PRINT VELOGCITIES
£9.1, EXECUTION s SRR e _
£Qe2s RESTART | ACCELERATION PRINTOUT CODE o o o o o o s o o s (IAC) = 1
o - " ___EQ.0» NU PRINTING OF ACCELERATIONS
NUMBER OF TIME STEPS e« 5 o s o v« u s o o (NSTE) - 106 . EQJFPR—IN'rTCC'E[ERﬂ’IDNSWw""”—""‘ T T - . -
 TIME STEP INCREMENT o o o o ¢ o o » o o o » (DT} = »1000e402 = . Btock 21 = By
TIME AT SOLUTION START « o « o o o o o » (TSTART)® D, FIRST NODE OF THIS BLOCK o o o o « (IPNODE(1s1) = 1
“PRINTIRG INTERVEL o o v s o o o & o o v o « LIPRIV = 10 UAST RODE OF THIS BLOTK o ¢ o « » » {IPNODEI2,1) & 4~ T

LS



LoaDS NGODAL POINT DATA
NUMBER OF LODADS . i

NUMBER OF LDAD CURVES . ' INPUT NODAL DATA

i N
i

"TTRAX NUMBER GF PUINTS IN LOAD CURVES = - - “f' T T
NODE BOUNDARY CONDITION CODES NUDAL POINT COORDINATES

e e s oo ien e e e i e

TUXRTYY T i X I z

>
!
~l

LOAD FUNCTION NUMBER = 1 1
~ T NUNBER OF TINE POINTS ~& 2 T

3

0 0 ) 0.000 0sCCY 04000
OO0 T L0000 3,000 ¢.000
9 0 0,000 6.000
o0 _.04000 3,006 64000

;oooo
O F e
ceao

o

-

-}

<

o

_TIME VALUE = FUNCTION

0.00000 «1C00E+01
11,00000  .1000E+01 o GENERATED NODAL DATA i — e
NODE BOUNDARY CONDITION CUDES NODAL POINT COORDINATES
T ) T T T T T e e e e TTTTTTYTTTTY T T XK Y T T U T Y o z
CONCENTRATED LOADS
S 1 1 1 1 1 1 1 | €e000 0,000 0.00)
WBOE "~ DIRECTION ~"LOAD CURVE —LUAD CURVE WULTIPL TR T 171 1 “§.090 3,000 0.9
3 1 1 0 1 1 1 G.000 0.0C0 6,000
33} =e2250Ee0N 4 1 o 1 11 _€.000 3,000 €000
4 3 1 =.6T750E+04
EQUATION NUMBERS e
N X Y 4 XX Yy 144
o N ” o e S S - R R R I
2 0 1 ] 0 0 0
i 3 0 0 2 0 9 o N - -
3770 3 00 0

. o e - e e L ~ o L o e e — S -
N S e o o - I - i R e = - —
f
- i -
-y
oe}



ELERENT ¢ROUP DATA .E LEMENT G RO UP eeessscvsvesssrssstossssosne & 2 { NONLINEAR )
Flf'r‘HEA'R VTAAAE‘T‘O‘U P ...'..0"‘;.'.0.!....‘l.... - 1_‘ ‘ LINEAR )
ELEMNENT DEFINITION i
ELEMENT TYPE & o o o o o o ¢ o o o o of NPAR(L) )u o » 1

. €2.1, TRUSS ELEMENTS - . e e e i o T T

E3.2, 2-DIM ELEMENTS .

EQe3, 3~DIM ELERENTS

RUMBER OF ELERERNTS. ¢ v o 0 s o s ¢ of NPARI21 Vs + = 2

TYPE OF NONLINEAR ANALYSISe o o o o o of NPAR{3) )u 4 = 1 B o - e } o e

83,1, MATERIALLY NONLINEAR ONLY
EQ.2s UPDATED LAGRANGIAN FORMULATION

MATERIAL DEFINITION . o e . - —— e T S e s

MATERIAL MODELv « o « o o o o o s o o of NPAR{1E)), o = 1 Tt T
TEQLIy T T TINEAR ELESYIC U N

EQ.2) NINLINEAR ELASTIC

_ {STRESS~STRAIN LAW SPECIFIED) - - e e T T S S e S e T B

NUMBER UF DIFFERENT SETS OF MATERIAL
__CONSTANTS 4 o ¢ o o o o o ¢ o o o o0 NPAR(16))W o » 2 T T

NUMBER OF MATERIAL CONSTANTS PER SET, o( NPARIIT)). , = 0

TYPE 3 AREA DEN STRAIL . L U S S

1 +300000CE+G8B +2250000E=01 0. 0.

2 +300L000E*GE  .4500000E<01 0. 7 7 B. T T S
ELEMENT INFORMATTION
N 1 J TYee PRESTRESSING FORCE 1ps
D SR Gal 1 0. T 1 T T I
2 2 4 2 0. 1

6§



INFUL UATA FULLUN

CONTROL PARAMETERS 3

l11e «159uu

T ARERFRER GRS ERARAN S T T T

NO.
NJ.

OF SELECTED NODE DISP., '~
OF SELECTED ELEMENT STRESSES
N). DF SELECTED ELEMENT STRAINS

_INPUT DATA FOLLOW e -

PRINTING OF INPUT DATA
PRINT SWITCH

" DATA CHECK oo ’ TR
NO. OF TIME STEPS '
STEP NO. OF USER SUPPLIED TEMP. DIST.:

1
1
[
" STEP NU. FUR PRESTRESS STEEL 1
[
[

-

ALFTIEA= T 12.00

T T NTA T 28 TTMAX® T 6310E+04

T TIRE STEPS IN REML/LDG, SCALE 7
NJe OF ELEMENTS t
NJ. OF LINER ELEMENTS [

" ND. OF BAR AND HOOP ELERENTS —

i
;
|

NJe. OF D.O.F. PER NODAL POINT

_.#%%  WARNING FRDM MATPAR  #ee =~ =

SMALLEST RELAXATIGN TIME UNASSIGNED.CHOQSE = TAUle

N WHONO RO MO RN N

K
NO. OF NODAL POINTS PER ELEMENT !
1
t

"N, OF UNITS IN WAXVELL THAIN

ELEMENT CONNECTIONS ¢
LI IS RA R T ETT AT IE T

#4%  WARNING FROM MATPAR _ %4¢ I

«333E405

HIGHESYT RELAXATION TIME t TAUM =

Wl=

ELENENT NO. 1
ELEMENT ND, 2 @ 3 4 2

NOTE T FOR GIVEN RELAXATION TIMES,CREEP CAN BE
REPRESENTED ONLY FROM Tlx L10CE+00 TO THAX= L16TE+05
MAKE SURE THAT THE SMALLEST AGE TPl IS .GE. +3UDE+CL
“BR ELSE AGING OF YOUNG CONCRETE DISTORTS LDNG-TIME
RESPOUNSE

BAR/HDDP ELEMENTS

t
I T I T Y Yy T Ty Ty Y Ty
BAR/HOUOP ELEMENT 1

4 0

«0430000

_INPUT DATA FOR OPTION JOPT= 3 FOLLOW .

MATERIAL PARAMETERS 1t
AL T T I T T I
REFERENCE TEMPERATLRE '
ENTRUPY DENSITY (HIND. ADSB. !
ACTIVATION ENERGY OF HYDRATION 71
GAS CONSTANT 1
'
J
i
!

WATER)

POISSON'S RATIOD
RADIAL STYEEL RATIO
AXTAL STEEL RATIO
HOOP STEEL RATIU

" SECOND MATERIALMOBULUS —— T2
SECOND MATERIAL TEMP, COEF. [
SECOND MATERIAL POISSON'S RATID t PR
CHOSEN REFERENCE VALUE BF T [
CHOSEN REFERENCE VALUE OF H

Xz
(=]
~
Il..”llhllﬁ!l
i

INPUT DATA FOLLOW

«298000E+03
«100000E+01

ToB40000E+0¢

+200CCUE+0L

 4200000£400
0.

0.
00

«300000€408

J1UCCONE-04
+300000E+00
+250000€ 402
«16CLGOEDL

GIVEN DOUBLE POWER LAW PARAMETERS

“28=DAY ELMODULUS E26=  +40000E+07

EOE28» 1.5000  EXPNe ,1350 = E . ALFA=.

END OF INPUT AND GENERATION GF INPUT PARAMETERS

TABLE OF CALCULATED RELAXATION FUNCTION ERCIT,IA)
T TP{IA)e (5000£+01  .8B91E+01  L1561E+402  .2812E+02
ERCITS2) aae
+3525E+07
+343UE+07
+3334E407

ER(ITH, 1)

«3274E407
«3171E407
«30T3ELT

T T

1 <100
2 1538
3 251

+4002E407
¢3912E407
+3823E407

37738407
«3€TBE(T
«3EB6E+OT

. 05002

T 5000E¢32

2 4213E407
L4129E+027
L 404%E+07

«01C

+8891F

2440l 3E
«&327E
+4248BE

[ep}
o]



+ .;n:a e LI ILTAN eJCITRTVIE e3%v3CLYYY Y EFI LYY eavoikEty( eRLOYL 4% IYeOLL el (L=vD eIV IL=L 0 e IJEmUC s 0CL~UC
5 o3t vEOBOE*OT —53t e Ee 0T TINOOEvOT TISYE YT TITTRENOT 5 A2 1.3 48 4 634096 THIEE-OC THOLE=QE—— 78S CE-C 290t~ Ce
6 1.C00  ,27B4E+0T  ,3048E407  ,3306E+07 W3554E407  <3TBBECOT  +40G58 16 100,000 WE20E=06 +41TE-06 +347E-L6 +298E~06
7 1585  J26B7E407  L2952E+07  .3212E+07 «3462E407  o3699E437 39218 17  15B.489 +541E-06 +432E=006 +3EBE~06 +306E~C¢
8 2.512 WR25EBE+GT «2B55E4C7 «3116E+0:7 «3I6OE+LT «3609E+07 +3835¢; 18 251.189 «564E=06 s 449E-06 «369E~06 «315E~CH
9 3,981 L 24B8E+07  ,2757E+07  43020E407  J3275E407 «3518E+07 «3747€ 19 398,107 «591E=06 4 6BE=06 «383E-0¢ W325E-C6
19 T64310 7 J23B5E407 T U265TEYOT T ,2922Ev07  WI1TGEIOT  L3425E¢07 J3ecst 20 630,957 WE20E=-Nb @8BE=06 T L3G8E-0E  J336E=06 T
11 10.002 0 22T9E+07 «2554E4+07 «2622E407 «30BREDT? 23331E+07 «3567¢ 21 1000.0060 ob4EE=Q0 «508E=06 W412€-0¢ 034606
12 15,849 <216BE407  .2448€407  .2720E¢07  .2983E+07  .3236E+07 «3474E 22 1584,893 «6T5E=C6 W52TE-D6 426E=u6  J356E-06
i3 25.119  L2052E+57 ,233TE+07 WBBL5E40T  W2BB2E+0T  «3138E407  +33E0F 23 2511.886 T T04E=06  .54BE-06  .44CE-06  .36TE<CO
14 394811  J1929E+07  ,2221E+C7  ,2505E+07 V2TTBE4GT  +3038E+07  +3284E 24 3981.072 +736E-06 +5T0E=06 45TE-06 «379E=06
15 634096 J1799E407  .2099E+07  +2390E+C7 W2669E40T7  J2935E+0U7  .3166EF 25 309,373 « 769E~06 +594E-G6 «4T3E=06 +391E-C6
16 100,000 JIEBLE4OT  VISTIE®QT  L2269E3CT  L255¢E+07 W2ZB2BE+07  L3084E T T T e e N
17 158489  J1515E407  .1634E+07  .2142E+07 W2843TE+07  J271TE+07  +2980E COMPARE CREEP FUNCTION VALUES AS ORIGINALLY GIVEN
18 2514189 41360E407  J169JE+07  L2u08E+GT o 2312E4GT  J2600E+ul  L2870FE _ _ e R o
19 398,107  .1196E+407 ,1538E+407  L16L6E+CT C21B1E+07  J247BE*07  42756F L7 TVIEG T L305E-k6  J265E-06  .237E-0t  .21BE~08
20 6304957  J1023E¢07  J1376E+GT  J1TLTE407  2042E407  42349E+07  .2637FE 2 .158 «314E-06 W2T1E-06 «242E-06 $222E-L6
21¥V1000-_Q00_’_>.873995006 __e1206E+07  J1E59E407 «1896E407 22216E407 «2%128 3 w251 «324E=006 «278E=-06 «26TE=US «225E=0¢ o
22 1B354,893 JBRBTESOL  TLI026EDT T JI392E4CT  JAITAZEDT L20T1E+O0T7 T L23E0E & .358 J33RE-06 T J2B85E-C6 +252E=06 $229E-C6
23 2511.886  L4433E+06  ,B3T4E+06  L121TE+0T W158LE4DT  JL1G22E+3T L2242 5 «631 345 E=06 «293E=C6 $25TE-0C 2233E-06
24 3981.u72  J2296E+06  ,6388E+06  L1033E+407  ,1409E407 17656407 _ <2097E_ 6 1,000 «356E=-06 «301E-06 263E-UE W23TE-( &
2% T6309.573 . 5450E404 «4305E40¢6 «8402E406 VIZ231E407 o 1600€407 T W1945F 7T T 1.58% T L368E=06  J310E-06  J269E=06 . 242E-06
8 2.512 «381E=06 «319E-Ct 276E=06 W24TE=LE
. , 9 3,981 «39LE=06 «326E-G6 $283E=0¢ W252E=C6 o B
WEIGHTS USED TN WAXWLY ARE Wis 0100 AND WZ» 0800 10 T TEVII0 T LR10E=66  G339E=06  J290E-0&  .257E=C6 T
11 10,000 «425E-06 +350E~06 «298E=06 «263E-06
_ JE o e e 12 15.849  .442E-C6  J362E-0H  L307E-PE .269E-06
i3 25.119 459E-06 «374E-06 +316E-06 276E=G6
14 39,811 4 TEE=06 «387E=-06 «325E=06 +283E=06
. o e 15 63.096 4GBE-06 +4Q2E-06 +336E=086 290E-06
RELAXATION TIMES TAUIWUT® +3333E+00 «3333E+01 «3333E407 7 L I33FEA0T Ib ~100,000 «51SE=C6 241TE=08 e346E=0ET T J29EE=CH
17  158.489 «542E=06 «433E=06 «358E=00b +30TE=C &
P ; R o B 18 251.189 WS66E=-CE  4%0E-06 _ J3T70E-0¢  .316E-0¢
TTT19T 398,107 T W592E-06 46BE=06 «383E-C6 +325E=-06
RELAXATION MODULI FOR TIME RANGE FROM «100E+00 TO  +631E+04 20 630.957 «619E=0¢ 4 BTE=06 +397E~0C 23358=0¢
. - o . 21 1000.000 +b4EE~Db SUBE=US $412E-0¢€ W346E=06 )
IAN TTTPUTAY T ERUTITAY EMUGZ, IRY <. - - 27 I584.893  <6T9E=06 W H30E-08  .428E-06  .35EE-0€
1 5.030 JHBTE+SH  JATIEFDS  (S563E+0L JT6HEB6  J102E+07  +126E407 -, 23 25118686 +712E-06 W553E~(6 JAA4E-[I6 +ITCE-DE
2 BeBY1  J4BZE406  J4T2E06  o536E+06 JTL4E406  +950E+06 4 117E+07 =4 24 3981,072 +TATE=06 WSTBE=06  J462E~06 +383E-06
3 15.811 4758406 «464E+06 5126406 +665E+06 WBTBE406 L 10BE+07 =, 25 6309.573  LT84E~06  L6U4E=C6  L48LE=06 "73975—06
4 284117  L45BE+406 +454E 4006 492E406  J6Z0E+06  JELOE+0L  <993E+06
5 504000  4434E+06 . 441E406  JGTSE+06  o5B0E+06 L TATE06  (907E+06 .. DEVIATIONS DIVIDED BY MEAN OF GIVEN J VALUES
L3 BB.914  LROTE+DS 424406 J45BE+06  JBA6E+GE  LEBIE+06 BIBEYUE T 4 Tt T T T T s T e
T 1%8.114 L3TBE+D6  L404E+06  <44lE+06  L515E+06 L 636E+06  LT754E+06 . 1 «100 ~o00965 -.008¢9 -.0065¢ -.00511
R i} 2 o158 -.C1486 =.ull29 ~:858 -.00847
3 $251 -s01524 -.01296 -.J0801 ~e00593
4 «398 -.01140 ~+00766 ~.G0533 ~.0038¢
e - e e 5 4631 =CGb16 ~+00355 _=d00219 =elC1%2
T BT T 140007 T =L00348 7 T =.0C156 =.00073 7 =.00046
TP(IA)= «50CE+01 +158E+02 +500E 402 «198E403 7 1.58% -.004%59 -.00253 -3¢ ~.L{U98
o ) s 8 2.512 -~ G596 -.00373  =.00229  =.00150
CREEP FUNCTION VALUES COMPUTED FROM MAXWELL CHAIN MODULI &MU 9 3,981 =.00420 T =.00264 =4C014E - 0CCT9
IT 1IN AJ(1T, L) AJLITH2)  oes 10 64310 -.00082 -.00037 200007 L0003¢
1 ¢100  .3026-06  ,262E-06  ,235E-U6  ,217E-06 11 10.00C 00015 00011 2CG0L16 .00034
2 J158 7 TTVI09E-06 W2BTE-0E .238E<06 21906 T T T 12 7 18,649 7 S,00235 77 w.00195 =.00161 T =o0C112 T
3 251 «31BE=DS 2THE=DB +244E~00 W223E-C6 13 25.119 ~-.(C433 -.03348 -.09292 -.00221
4 +358  .330E=00 «282E=06  J25CE~0b $22BE=06 14 39,811 -.00245 -.00201 ~.00187 ~eCO14S
5 W631 +342E=06 «291E=-06 W257E~06 $233E-C 6 15 63,096 + 00089 T eGLOTE T L00029 2 (CC02
6 1.000 P ISEE-0E +300E~06 «263E~06 $237E=06 16 1004000 w6103 «00116 OUOTE 00C22
7 1.585  .3676=06  4309E-06 = 269E-u6 W242E=C6 17 158,489 -,00270 -.00131 -.C0098 ~.00128
B 2.512 «3T7SE~06 «3178-08 «2715E~00 W246E=C6 o 18 251,189 ~.L0Eu0 -4 00250 -,00211 T =.cC227 o
9 +981 «393E=N6 «327E-06 «282E~06 $252E=0¢ 19 398.107 ~wil22l - 00087 -.00055% ~.G0114
10 2310 ,409E-08 «339E=06 «290E~06  ,257E~-CO 20 63C.957 001064 PLUlsl «00159 20(C48
11 1t.6e 425E-u6 «350E-06  J298E~GE +263E-06 71 10004060 -.00066 «0002% LOL04T -, 00C2t
12 15,849 +441E-06 «361E-06 +306E-06 «269E=G6 22 1584,t93 -.0105%0 -.CL6T76 -.00469 -.0C627
13 254119 4 58E-06 .373E=0¢ W315E~08 W275E=C6 23 2511.886 -.02104 -401437 ~.0103¢ ~.0CEL4
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svae evel va
309 03950
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ewa i s TeawadNry
TO2T00 T0205¢e

~e\RaVve

5
7

sVITCU

INITI AL

COND ITI1ONS

COEFFs OF VARIATION FOR THE DEVIATIONS FROM GIVEN J=VALUES IS5 0086 |
DISPLACERENTS
RELAXATION TIMES L
R - T e s e e e “NOOE T X~DISPUACERENT Y=DiSPLACEMENT Z-DISPLACEMENT
+333E 400 +333E+01 +333E+02 +333E+03 «333E404 +333E40% «1001 . 0 ¢
1 . o e e e
- - 2 0. o 0. 00
3 0. 0. O
STARTING VALUES ¢+ e 4 O U T S )
T ARRERRR AR R RS AR S
FIRST TIME STEP 1. +100000E+00
FIRST AGE AT LDADING ¢ +300000E402 _
FIRST REUAXAYION TIRE & ,333333E+00
MAXWELL CHAIN DATA :
L E A1 Y Ty Y I _— - -
Mus 1 MU= 2 MU= 3 MU= 4 RU= 5 HU= 6
_ALFA=S 1 L100E=0A  4100€=04  ,100E=04  100E=04  .100E-2%  +100E-04 o - - -
TAURU §TG333E900 T L333E4017 T 333E4027 T L333E403 L333E404  .333E405
TIME STEPS
;‘7“‘7‘7"4‘"7 e - . e e e e —
DY LOAD FACT TEMP FACT
_ TIME STEP NO. t , 1 .100 1,000 0,000 L S -
T YIMESTEP ND. v 5 3 + 500 0.000 0.000
TIME STEP NO. 1 , 3 1.000 0.000 0.000
TIME STEP MO« t » & 5,000 0,000 Q000 — e = - -
TIHE STEP NO. T 5 5 i6.000 0.000 0,000
TIME STEP NO. ¢ ,» & 106.000 0.000 0.000
TIME STEP NOo 8 » 7 500,000 04060 0,000 - o _ . -
TIRE STEP RG. 7, 8 1000.000 0,000 0,000
TIME STEP NO. t , 9 5000.000 0.000 0.000
TIME STEP NO. ¢ » 10  10000,000 __ 0.000 __  o.000 . e S

T x~ROTAT

29



|
i
TIME STEP NG t 1 e o -
1 T A _— SELECTIVE NODAL DISPUACEMENTS
EI I IR R 222222222 2
TTUSTIE OF TINE STEF o .100 T ot - T T T T B
R=DISPLACERENT Z-DISPLACEMENT
TOTAL TIME : .100 o o
LOAD INCREMENT ! 1,000 NODAL POINT NOs 1t 0. 0.
. TEMP. INCREMENT @ 0.060 - 7T U7 NODAU POINT NO. T 2% . «225579E-03 o, T T ) )
NODAL POINT NO. 3 @ G -.250712E-02 N
NODAL POINT NO. 4 ¢ «2971176-03 ~.272317E=02
SELECTIVE ELEMENT STRESSES - o
- FEFFRERRRFEIS AR TR TR ER£&]
e - e o SIGMA-R _ SIGRMA=Z _ SIGMA=TH
ELEMENT NO. 1 - 4T4E+02 =e172E404  =.4T4E+02
ELEMENT ND. 2 «333E402 s 1B4E+06 -~ T19E+01
SELECTIVE ELEMENT STRAINS L B
- SEERTER I FTASHA SO TA RN TGOS -
e - S N EPS=R Eps=1 EPS-TH i
ELENENT NO. 1 s 752E=04 = 41BE-C3 T ,752E~04
o S - ) B _ ELEMENT NO. 2 ) «990E-C4 =, 454E-03 «871E=04

£9



PRINT ouT FOR TIMNE S TEP 10

NG EQUILIBRIUM ITERATION ON THIS TIME SYEP
TIME STEP NO. ' 10

E_STEP NO. . STIFFNESS REFORMED FOR THIS TVIME STEP
THEVAEREN RN IRE RN : - T T T T
DISPLACENENTS
SIZE OF TIME STEP 37 10000,000  ~~~ T TToTTTTommooommoo o cem o URBBE T T T T x-DISPUACENENT T Y=DISPULACEMENT  2-DISPLACERENT x=ROTAT
_ TOTAL TIME 1 16616,600 1 0. 0. P T
g 3 [ +46B0BTE-03 'S 0,
LOAD INCREMENT ! 0.000 3 O 0. =e525662E=02 0.
i : 4 O -  4t01360E-03  =,561231E=02 _ 0.
TEWP, TNCREMENT ¢ 0.000 — e - A R — T
S e /STRESS CALCULATIONS FOR ELENENT GRIUP 1 (
ELEMENT FORCE STRESS
1 = 531IT0E+0T <.262B31E+05 T
2 ~e126277E404 =¢280615E405
ELEMENT STRESSES L
FRIARFARRIREBA0 A
o — e — — SIGMA=R 7 S1GMA=Z © SIGHA=TH
- ECERENT NO. 1 ¢ BN TYIXIF TLTIBGENEE T T T S l4B2E402
REINF ST STR 1 0. 0. 0.
- - e e T T e CEMENT MO 2 1 T VITIEYe2 T S ielEe0s 7 = 1268462 )
REINF ST STR t 0. 0. 0.
. e _ BAR _AND HODP ELEMENT STRESSES
T oo e T TR R RN RS SR ARG SR AN RSB a kA
- __ ELeND., NA NB  SIGMA _ S - . .
1 4 +bO1E 404
ELEMENT STRAINS A e
i Y T T T YT P Y -
T N " EPS=R EPS=1 EPS=Th
o A - ELEMENT N, T 11 TO1EEE-03 T =.iET6E-03 7 J156E-03
. . ] ~ ELEMENT NO, 2t W200E-L3 -.935E~43 «176E-03

%9



FOUR ELEMENT CUNCRETE CYLINDER WITH STRESS OF 1000 PSI T T o T
5100111 0 1 1 8 1.0 8 o
I S - S S _
1 100.0 C. I

0
G 1 101.0 0.

e - O QT e - 10068 .. 05 -
o Y 10040 1.0 S U
0 D] 101.0 1.0

2

1 - .
2 e e = e - — - E— . - - —_—

1.0 9.0 1.0
—o3 . 1=.5L2486E5 . . PSS -

3 1-.502486E5 e e

i

NSO NRS W

(=]
.

5 3 4 4 1 1 5 5 7 4 6 11 9

«1E-4 «1E=-4 «1E=4 »1E=~4 «1E-¢
«3E0 1.0E0 1,0€E0 «54Eq «2E1 J.t
CoEOQ +2€0 0.0E0 ~U.0EC 0.,0E9 CCEQ «3EJ8 +25€0 U - -

ol Ze0 0.0 0.010 0,050

5 Y 1.0 10.0 100.0 3000.0
3 1.0  Glad . 730a( —_—
e26E=6 W45E-¢ «59E~6 «TT7E~6 141E=6 e -
«18E-p «29E=6 «37E=b e h7E=b «71E-6 R
_ al2E=f . . J20E=b  ___ W26E=b. ___ 433Eeb _  W&EBEe~b . _ . .. . ... I
0.l C.9 9.0 V.0 SLL.0 1511.886 1469.186 2328,501 . e e e . -

12 1 s 5 o L
1 2 3 &
e 23 & o .

_LRY6_ #55% RECREA® ///4 END OF LISY 4444 2  PAGESe .. .. ___ _
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« » s » (IDAMP)
EQ.3s NC RAYLEIGH DAMPING T
EQ.L, PAYLEIGH GCAMPING

__NUMBER CF NQDAL_MASSES

NUMBER OF NCDAL DAMPERS o o o ¢ o o o o » o (IDAMPN)

FREQUENCIES SCLUTIGN CODE « o o « o o » o » (IEIG)
EQ.Js NO FREQUENCIES SOLUTION
e _..-EQa1, FREQUENCIES. AND MODE SHAPES __ . .
ARE CETERMINEY

- .. NUMEER GOF TIME STEPS BLTWeEN. REFORMING
EFFICTIVE STIFFNESS MATRIX & o o o o o s« [ISPEF)
. .NUMEER GF _ALLCWABLE STIFFNESS REFORFMATIONS . R
IN EACH TIME STEP + o « o o« o« s o s o o o (NUMREF)

- --- NUMBER OF TIME STEPS BLTWEEN - . .. - -

ECUILIBRIUM ITERATIONS & o o s o o ¢ o o C(IEGUIT)

MAXIMUM NUMEER OF EQUILIBRIUM

e a s s a s s s s o {IMASSN) = 0

H
-

"
©

"
O

J ITERATICNS PERMITTED & o o o 4 o« o s « o LITEMAX) = 15
. |
FCUR ELEMENT CONCRETE CYLINDER WITH STRESS GF 10Cy PSI ! CONVERGENCE TOLERANCE & » 4 s o o o s s o o (RTOL)= L10E-02
i
_CONTITRCL I NFORYATIION . e ~——~—-7——-»—-—|,,,,,L.N.AA,L,,Y,_.-L,l R S 2 - I o _ B _ .
NUMBER GF NGDAL POINTS o o o o o o o o o o (NUMNP) =z S é TIME OZPENUENCY CODE « o o o o o o o o o o CISTAT) = L
. ey S - S s e e EQe 3y - STATIC ANALYSIS - oom - . - i}
MASTER X-TRANSLATICN COOE o o o o o o ¢ o« o (IDCFU1)) = i 1 EQals DYNAMIC ANALYSIS *
. _MASTER Y=TRANSLATION CODE_os o s _a o s o a o (IOCF(2)) = g e e NONLINEARITY CODE. s n s_a..00 .o 2.8 s_»_o_ o CKLIN). .= _ _%_ _ 3
£Qe¢3y LINEAR ANALYSIS
MASTER Z~-TRANSLATICN COOE « o ¢ o o v o +» o (IDCF(3)) = ¢ EQ.1s NCNLINEAR ANALYSIS
o ﬁAgTéQix;RETAfiaNm‘ wéan o o ¢ v o o 2 s o {(IOCF(H)) = 1 B e N T T i
DISP/ZVELZACTC PRINTOUT cCo00E
___ _MASTER Y~RCIATION _ CQCE o & o o s 2 2 o » (I0CFL5)) = 1 N e e i e
NUMBER OF BLOCKS OF NJ3UAL PRINTOUT s s o » o s (NP3) = 1
MASTER Z-ROTATION COCE o o » s o » « & o (IDCF(B)) = 1
e e e emmm s mm e~ QLSFLACEMENT PRINTOUT CCOE — 6 o -2 o o-o-v-s = .o {IDBCY = i
NUMBER GOF LINEAR ELEMENT GROUPS . s s o o UNEGL) = ¢ EG.0, NGO PRINTING 2F DISPLACEMENTS
_ EQely PRINT DISPLACEMENTS
______NUMPER GF_ NCNLINEAR ELEMENT SROUPS o s 2 o (NEGNL) = 4 S o I L
. VELCCITY PRINTOUT COOT o 4 o o o o o o o o o o (INC) = 1
SOLUTICN MCCE o & o o o o o o s » o o + o o (MODEX) = 1 EQ.Js NO PRINTING OF VELOCITIES
. EQ.0y DATA CHECK.- . e e e e EQely PRINL.VELOCITIES — o - - -
EQely EXcCUTION ‘
£EQ.2, RZISTART ! ACCELERATION PRINTOUT GCDZ & s o 2 ¢ o ¢ ¢ o o (IAC) = 1
e - e EQ40 4. NG PRINTING QF ACCELERATICNS . s B . -
NUMBER OF TIME STEPS & o s s s o o s o » o (NSTE) = 8 EQs %y PRINT ACCELZIATIONS
. ._TIME STEP INCREMENT- o o o o s s oo o oo dBTV . 2 W80BOE®DL ol BLOOK de o o _ B
TIME AT SOLUTICN START & ¢ o v o o o o » (TSTART)= Q. FIRST NCDE OF THIS 3LOCK e o v e s (IPNOOE(1,2) = 1
PRINTING INTERVAL o+ o o o o o o ¢ o v s v « (IPRD) = 8 LAST NOOE OF THIS 3LCCK « o o o o « (IPNOOE(Z244) = 5 -
__MASS MATRIX CODE  w-9 o-o o o s s-s o o o o AINASS) 2. & 0 e e e e
EQ.3, NO MASS EFFECTS
EGei, LUMPED MASS
e .. FQa.Z. CCNSISTENI MASS N e R
DAMPING MATRIX COBE o o o o o o o o = 0

99



TGENERATED NOGAL DATA

NODE ..

BCUNDARY CONOITION.CODES

Yy

_PQINT CCORDINAIES . . ...

X Y z

g.000
0.000
[PREENENIN -1 | pp—

103.030
104.0C0
1004560 .

CONCENTRATED LCAGS

NODE OIRECTION

A .3

LOAD CURVE  LCAD CURVE MULTIPL

- =+BU25E405 . -

100.000
131.C09

1,000
1,000

1 =45225C8455

EGUATION NUMBERS
N XY 7 oxx vy zz A T - S 7
S G RN GRR SRR S ) 3 _ R R e
2 o 2 o 0 0 ]
3 2 3 4 [ 9 0
A ... 5 6 S S N - PP
5 3 7 B 0 0 ¢ l

NODAL PCINT 0ATA Loacs
NUMBER GF LCADS = 2
INFUT_NCOAL DATA._ . . . . T oo . . NUMBER OF _LCAG CURVES _._ . _. . = _ 1 o o
} MAX NUMBER CF POINTS IN LOAD CURVES = 2
NOGE BCUNGARY COMGITION COUES NODAL POINT CCGROINATES |
T oy 1 oxx vz x 7 - S )
i
40 0t @ € 0 .. 0aC30 . 100.630_ 0000 . LOAG FUNCTICN. NUMBER _ = . 4 . __ _ S
2 & 6 1 0o ¢ @ 94690 101,019 0,398 NUMEZR OF TIME POINTS = 2
3 ¢ o 6 0 & 0 a.03c 103,500 (500
6 o PR S S SR S - 04233 - —- 106.000. 40800 - - — —. TIME VALUE . FUNCTION— — o o . -
5 D - B 0,000 101.000 1.00¢
2.5,480 J10CEsz
o Qaudali W ADGBEMCL B . _
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INITIAL CONDITIONS

—— —INITIAL CONCITIONS COQE . S
EQ.d, ZERO INITIAL CONOITIONS
EQs1s INITIAL CONDITICNS ARE REAQ

~—tICON =D

A8UT. RESTART OVER-RIOES.ICCN) ... .

Kk CuUP

AT A

Rouer MR TR YT Y PR,

/ 7 o

I
o e e

il
el e ’L_g - o
e N -
[ . T R S _A‘_M*AJL_%H_ - e . _
S ——— N o )

89



INPUT CATA FCOLLOW

|
T1= 10530 TPL= 5¢3€3236 TAUL: JeGLECC Wis= .0
___ CONIRCL PARAMETIERS.t - — R - - S B S _ _
BEBLBIBIPNITIREIFIEND '
. e [ ol IneuT caTa FoLLOW -~ . - . B
NO. OF SELECTED NODE DBISP. 1 5
NO, OF SELECTEC ELEMINT STRESSES LI
___ NO. .OF SELECTEQ ELEMENT STRAINS.. .. .1 4. _ e el e e I I
STEP NG, FOR PRESTRESS STEEL t 11 COEF. OF THERMAL OIL. ALFTEM= 12,000
PRINTING CF INPUT CATA ' 1
- PRINT. SWITCH . .. o ———t . 8 o s e e e e - S . I
DATA CHECK ' 1 ’ NT= 25 THAX=  (63LGE+0Y
NO, OF TIME STEPS t 8 .
. STEP NO. OF USER. SUPPLIED TEMP, DIST.t 9 S —en - _ o e . .
TIME STEPS IN REAL/LOG. SCALE ! C
NO. OF ELEMINTS t 4 i
. ._. NOs OF LINER ELEMENTS . . .8 Q.. . —_—— : e AR WARNING FROM MATPAR .. ®%% . ... —_ -
NO, OF BAR ANG HOOP ELEMENTS ! h| |
NO, OF NODAL FCINTS PER ELEMENT ' 3 SMALLEST RELAXATION TIME UNASSIGNED.CHOOSE - TAUL= $ 3332402
e _NOa. OF D,0.Fa PER NODAL_POINI 32 ; I L
NO, OF UNITS IN MAXWELL CHAIN | 7 i
I e e e i ef e b %% WARNING. FROM .MATPAR. . %% o L
ELEMENT CONNECTIONS 1t HIGHEST RELAXATIGN TIME t TAUM = +323E4CS
L wsavsresINaEERNRENLNS _— - U ,
NOTE ¢ FCR GIVEN RELAXATION TIMES,CRZEP CAN g2
1 2 3 : REPRESENTED ONLY FRUM Tiz L167E¢)7 TO TMAX= L167E+55
e e o e+ i e e e m ——— e & ne e e e ¢ o o e e — ! MAKE. - SURE THAT - THE SMALLEST - AGE TPL IS «GEs— - o300E4G3 - — 0 . . -
ELEMENT NOWw 1 8 1 o 3 OR cLSE AGING OF YOUNG CONCKETE CISTORTS LCNG-TIME
ELEMENT NO. 2 ! 1 3 2 RESFONSE
. ELEMENT NO. .3 1% 2 3 5 _ e
ELEMENT NG, & 1t 3 4 g

- [R—— e e e e e e e~ ———- IRPUT._OATA FOR OPTIQON JOPT= .4 _FOLLONW

MATERIAL PARAMETERS ¢

BRIV BBV YNRLI0S

REFERENCE TEMFERATURE \ 10 = .298000E+03 INPUT VALUES OF CREEP FUNCTIGN J PER PSI
ENTROPY CENSITY (HING. ADSBe WATER) t SH =  .100000E+01
 ACTIVATION ENERGY. OF HYORATION - - 8 U . = _ o56dO8BE4Ch o e e _
GAS CONSTANT PR = LZOULACECL NO. OF DISCRETE TIMES FOR INPUT &ND PRIAT..oNI = S
POISSON"S RATIC t PR = L210030E+00
. RADIAL STEEL RATIG. - o 0L RHGR. = _ Qe o . _NB. OF CISCREIE AGES FOR INPUT AND PRINTeeeaNJ = .3 . ..o . . :
AXIAL STEEL RATIO ' RHOZ = 0.
HOOP STEEL RATIO 1 GHOW = (.
SCCOND MATERIAL MOOULUS .. - . - .. 8 _E2..= _ _<30003CE#EB . - o e . , o . , . ,
SECOND MATERIAL TEMP. COEF. t ALFA = <100030E-04 AT(D) = 013% 143606 1340330 16308923 3300430
SECONG MATERIAL POISSON"S RATIO t PR = .370330E+0C ATPC 102 7uuulu CCBUDE-36 C451IE-06 J5930E-06  .77)cEes6 <110
CHOSEN _REEEFRENCE. VALUE QF T 8_TREF =. ._a250080E4C2 . . .. ATP{ 205 _80el0iG o . .2 B00E=LH . . ,2933£=06 - «37D0E~-D6. U230 2=06 . o710
CHOSEN REFERENCE VALUE OF H t MREF = +100000E+04 ATP( 3)= 730.0uc0 L1200E~i6 VZiCOE-06 \2637E-06 . 3330E-26 LG8
INPUT DATA FOLLOW "%« WARNING FRCH MATPAR  *+%
T N FINAL AGe IS BEYONO RANGE OF GIVEN CREEP DATA] TPM AX = .6313tus M
JOPT= .4 . __NDEC= 5. ._JCiC= 5 . . NA=.7Z Jhs & NMU= 7 . NTSHR=%+ - o
END OF INPUT AND OF GENERATION JF INPUT PARAMETERS o



7 1.585 W4SBE=T6 W421E-C6 2 34LE-CH #2BIE-06 TABLE OF CALCULATEC RELAXATIGN FUMCTION ER(IT,IA)
B 2.T17 BILE-LE CLZESTE < 36.E-36 «233E-D6 TPTTATE L 5o0CEsUL L 8891E+C1 LI581T]2 L CALZENT T LTINS T UREIL
9 3,984 .SSLE-CH JU66E-06 +379€E-26 +308E-C6
10 6.310 .588E~06 JUOLE-U6 JUDE-D6 «324E-06 { 1t TCIT) ERIIT,1) ER(IT,2) oss
11 10,750 +E23E-U6 +5222-06 W422E-06 W 341E-06 | 1 ST W2697EH)IT  LZ90IEHLT 31573427 L34525407  .38081¢07 L4245
42 . 15.843 _ J6B56E=L6.. _.a549E-(6.._ _ L U42E-G6 . J352E-06 .. ..l @2 2188 (2528EM07 _  WZ273LE4G7 . __.Z2Q7IZ407 . 432532407 435362437 _ .4l20
13 25,219 +€91E=-G6 .578E-06 WWELE=T5 «374E-06 3 . 251 +2398E+G7  #259LE+07 «282354L7  L3G963407 L 3429E+,7  .3843
14 15.81% «730E-06 «610E-06 4B3IE-16 »394E-06 4 2398  ,22B5E407  ,2473E4(7 226943437 429593407 L3I80Z+37 L3680
15 63.396 W77ZE=06 - o EL4SE@{H — . o5LTE~PE .- ey dEED6 e kB 4631 028828497 #23BLERLT 25785447 L 28353437  L31463437 .. 3535
16 100,034 +813E-C6 +679E-L6 «545E-06 +439E-06 6 14300 +2089E+07  J2265E+L7 W2473E4IT L27215407  J30243I437 L3402
17 158,489 «852E-06 W?13E-06 WS74E-06 46 IE-(6 4 535  L1SGTEI7 L 211BELT 223145407 L2551T407  ZA622+27 L3236
48 __ 2514183 L BY3E-LH .. 4TW9E-06 . 604FE-06___ ,4ARE=06 _t 8 22512 4 iB31E437___ L1993E4C7 . _L21B3ICeI7  _ L 24A23407. . .2HOLEHI7 L3042
19 398.147 4L E=CH «790E~06 +64JE-GE «517E-G6 } 9 3.381  J1726E+07  J1BB4EL7 20695437 ,2289Z447  L2%5BE+J7 L0898
26 6304957 +$93E-06 +836E-06 «679E-36 «551E-06 1 6320 L1E3ZE07  L17B5E+07 v19655¢57 L 21785407 ,24393497 L2758
@1 40000940 — JI0SECS . oBB3EeP6 o7 25E=G6 - oBBSEAB6- 14 1040 - o1BG3E4D7 . GLBSSESOT . J1B7UZHLT7 _ . 207T7E4L7  L233BEI7 L2650
22 1584,833 #116E=US +930E~06 2 76,E=(§ +619E-0p P12 15,849  J1423E437  JLST2EMLT WLTHIEHLT JLOU5EHGT  LZ13LEHIT L3502
23 2511.886 +115E=-L5 ' .978E-06 +B03E-CE «ESLE-CH i 13 25,119 JL31TEHQ7  JLLEBESG? JIE3LZH07 L 2B832E4(7 L ZUT7LEeT7 W 2377
_ 24 _3981,u72 W 122E-0S._____. +L03E~05 _ . _.B51E-06 __ ,BISE-06 S N 1 39,811 L 1ZI1TE$AT7  LA364%E#07  W1531FEe07_ 17265447 _ L1960ZH17 . J22€2
25 6309,573 +12BE-"S +149E-C5 «IJ4E=-T6 «73SE-06 18 €3.296  L1118Z407  L1266E+L7 WLU32E4IT L16ZuI4GT  J1A56I417 L2157
16 1ouadId W1019E437  LL1i67E+u7 +i333E+37  L15ZBECT7  Li757E437  .2CS7
COMPARE GREEP. FUNGTION VALUES AS ORIGINALLY GIVEN. - e AT 31584489 2B8G953E+16. L 1L3ITEH07 . 411368407 213802407, .15985¢57 - 1880
i 18 2514189  .7893E+426 . S265E+(6E WLUBIESYT L1ZSBE+07  L1U4EBEFDT L1734
1 148 $271E-CH +3L7E-06 +263E-06 .215E-Ch | 19 398,187 69075406 < 823BE+ub V37265406 411633407 L1345I4J7 L 1b6%1
e G138 W 391E=06 . W333E=G6 L 27S5E=06 ___o225E=06 21 6302957  .5953E+06_ _ JT24BEDG_ (BEILEN6_ W AGILEAGT7 (3229 #]7  .1475
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Fig. § Finite Element Mesh for the Reactor Vessel
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MAP

9F COMMON FQR CREEP80 IN NONSAP PROGRAM
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