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Presented is a computer program for the input of creep and shrinkage properties for a
structural analysis program. The program either accepts numerical data on the compliance
Junction and the shrinkage function at discrete load durations and ages at loading, or uses
the recent BP Model for creep involving the double-power law. The most useful characteristic
is the availability of thirteen different options for specifying the creep and shrinkage
parameters; sealed conditions or drying conditions, creep values specified and inter-
polation to be used, parameter of a creep formula specified, or creep formula auto-
matically fitted to given creep data, short time data specified and extrapolation done by
a formula, etc. In addition to returning the compliance function, the program also calculates
the relaxation function and the age-dependent elastic moduli of a Maxwell chain model that
is equivalent to the given creep properties. The program is particularly suitable for the input

of creep characteristics for a large-scale finite element analysis.

INTRODUCTION

Development of numerical structural analysis
methods for creep and shrinkage of concrete has greatly
enhanced our capability of realistic modeling and
prediction of structural behavior. Implementation of
such an analysis however requires the use of a realistic
model for creep and shrinkage properties (constitutive
equation) and optimum adaptation of this model to
available data on the material.

Extending the work briefly outlined in a recent
conference paper [1], we present here a complete listing
of a computer program which serves the afore-
mentioned purpose. This program allows for characte-
rizing the creep and shrinkage properties by a set of
measured or given values at discrete times or by
formulas recently presented in this Journal [2]. Various
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mixed modes of input, combining partial experimental
data and automatic fitting of a formula are also
available in this program. The most useful feature of
the program is the availability of numerous options for
the specification of creep (and shrinkage) properties by
the user and for the type of representation of the
compliance function. In addition to generating the
compliance function, the program also automatically
calculates discrete values of the relaxation function as
well as discrete values of the age-dependent elastic
moduli of a Maxwell-chain rheologic model — a model
which allows the most efficient analysis of large
structural systems by finite elements.

The FORTRAN IV listing which we present here
includes numerous comments defining the meaning of
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principal variables as well as the input. The output of
the program is also made self-explanatory by the
headings and comments. It is therefore possible to
understand and use this program without a separate
guide, which could not be anyhow condensed into a
short paper. However, a detailed guide is available {3],
as part of a manual for a complete finite element
program for concrete creep at variable temperature.

CONSTITUTIVE RELATION

The present program characterizes creep in terms of
a compliance function J (¢, ') (also called creep
function), which represents the strain at age ¢ caused by
a unit constant stress acting since the age .

By using this fonction, we assume the constitutive
equation to be linear, obeying the principal of
superposition [4]. The linearity assumption is acceptable
only at stresses less than about one-half of the strength
of concrete. One must be aware, however, that even
within this range significant deviations from linearity
are observed upon sudden unloading and generally in
regimes of decreasing strains. Further significant
deviations from linearity are caused by a drying
simultaneous with creep, chiefly due to microcracking
produced by the drying. By considering the compliance
function as a function of two variables (¢, ¢'), the aging
of concrete is taken into account.

To facilitate the analysis of large structural systems,
the program also generates the material parameters for
a rate-type constitutive law for the aging creep of
concrete. The well-known Maxwell chain model with
age-dependent elastic moduli is chosen for this purpose
([5], [6]). This formulation allows the storage of the
history of stresses or strains to be dispensed with, and
thus it greatly reduces the computational costs and
increases the size of the structural system that can be
handled on a given computer.

SIMPLIFIED FLOW CHART OF THE PROGRAM

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 the correspon-
ding 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 durations and various ages
at the start of relaxation. (This consists in a direct
numerical solution of a linear Volterra integral
equation.) (RELAX).
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4. Compute the discrete values of the Maxwell chain
moduli at all discrete ages (MAXWL 1).

5. As a check, compute discrete values of the
compliance function from the discrete values of Maxwell
chain moduli for various ages (CRCURY). 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 interpo-
lation from a given array of discrete values. The
interpolation is linear in the logarithm of elapsed time
and in the logarithm of the age at loading. For durations
and ages falling outside the range, extrapolation is
automatically used.

2. The compliance function is evaluated from a
formula corresponding to the double power law [7].

3. 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 discrete values of the moduli
of the Maxwell chain. For any specified age, the values
of the Maxwell chain moduli are computed (in
subroutine function EMUF) from these discrete values
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.

INPUT OPTIONS FOR MATERIAL CHARACTERIZATION

In practical applications, many different situations
can arise. Sometimes measured values of the creep
function for many different times and ages at loading
may be available, as is often the case in the design of
nuclear structures. For other than special sensitive
structures, the typical situation is that no measured
creep data are available for the concrete to be used in
the structure under design, and then some prediction
formulas for creep and shrinkage need be employed, for
which the BP model [2] is adopted here. Often, however,
at least some experimental information may exist for
the particular value of the elastic modulus, or even
measured short-time creep deformations for one loading
age or a few short load durations. Furthermore, even
when full or partial experimental data may be available,
they may be too scattered or uncertain, in which case
a smoothing of the data by a realistic creep formula is
appropriate. Similarly, the use of a creep formula is
inevitable for the extrapolation of short-time creep data
to long durations.



To treat the various possibilities just outlined, the
following options for the material characterization are
provided in the program MATPAR:

1. The compliance function is specified as an array
of discrete values for various load durations and various
ages at loading. No drying is considered.

2. 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.

3. The compliance function is given by the double
power law, for which all of its five parameters are read.
No drying is considered.

4. 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).

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

6. 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 [2]. A formula for
the shrinkage strain evolution in time (according to
Ref. [2]) is also specified. And all parameters for these
formulas are read.

7. Same as option 6 but all material parameters
except the 28-day elastic modulus and the final shrinkage
strain are predicted from the strength and the
composition parameters of concrete (and also from the
given ambient humidity).

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

9. Same as option 6 but all parameters are predicted
from the strength and composition of concrete.

10. Two of the five double-power law parameters
(namely, E; and ¢, see Ref. [2]) 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
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 given strength and composition of
concrete.

12. Same as option 10 but drying is considered.
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13. Same as option 11 but drying is considered.

The user selects his input option depending on the
amount of information 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. 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.

QUTPUT AND APPLICATION

The ultimate result of the program is the subroutine
EMUF which generates the values of the Maxwell
chain moduli, and in case that drying is specified, also
the subroutine SHRINK which generates the values of
the mean shrinkage strain of the cross section.
Subroutine EMUF may then be called from a structural
analysis program performing a step-by-step numerical
solution.

As an alternative in case of a structural system that
does not involve too many degrees of freedom, one may
prefer characterizing the creep properties in terms of the
compliance function J (¢, ) and performing the
structural analysis on the basis of the principle of
superposition, which leads to integral equations in time.
In that case, subroutines RELAX, MAXWLI,
CRCURYV, and EMUF can be discarded and the calls
for these subroutines eliminated from the main program
MATPAR.

CONCLUDING REMARKS

The present program would hopefully help increasing
the accuracy of material representation in' computer
creep analysis. Available finite element programs make
an accurate analysis of complex structures possible, but
this possibility can be realized only if the material is
characterized with a commensurate accuracy. It makes
no sense to carry out a sophisticated finite element
analysis and at the same time use some crude model for
representing creep, 2 model of the type intended for
hand calculations in a design office. In case of the
analysis of concrete structures for creep and shrinkage,
it is currently the material model which represents by
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far the greatest source of error. Thus, devoting more
effort to material modeling than to the structural
calculations has the greatest potential pay-off.

The salient feature of the present program is its
adaptiveness to the amount of information supplied. If
the user supplies very little information about his
concrete, the program automatically predicts reasonable
values of material parameters but the resulting
prediction of creep is of course crude. Various options
allow the user to supply more information with the
advantage of better prediction of creep.
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RESUME

Introduction des caractéristiques de fluage et de retrait
dans un programme d’analyse structurale. — On présente
Uinformatisation des propriétés de fluage et de retrait qui
entre dans un programme d’analyse structurale. Le
programme soit accepte les données numériques de la
fonction d’ adaptation plastique et de la fonction de retrait
pour des durées de chargement et des dges au chargement
discrets, soit utilise le récent modéle de fluage BP a loi
de double puissance. La caractéristique la plus utile est
qu’on dispose de treize options différentes pour spécifier
les paramétres de fluage et de retrait : conditions

d’étanchéité ou conditions de séchage, valeurs spécifiées
de fluage et interpolations, paramétres d'une formule
spécifiée de fluage ou formules de fluage telles qu’elles
donnent automatiquement les valeurs de fluage, valeurs
spécifiées pour de courtes durées et extrapolations d
partir d’une équation, etc. Outre qu’il restitue la fonction
d’adaptation, le programme permet aussi de calculer la
Sfonction de relaxation et les modules élastiques en relation
avec I'dge d’'un modéle HN de Maxwell, soit I'équivalent
des propriétés de fluage données. Le programme se préte
particuliérement a lintroduction des caractéristiques de
fluage pour umne analyse par éléments finis d grande
échelle.
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APPENDIX-FORTRAN IV listing of program MATPAR *

PROGRAN MATPARCINPUT,OUTPUT,TAPESSINPUT, TAPEG=OUTPUT)

GENERATES CREEP AND SHRINKAGE PROPERTIES FROM GIVEN DATA AND
CALCULATES DISCRETE VALUES OF RELAXATION MODULI ENV

INPUT

T1,TP1eSNALLEST LOAD DURATIDN AND AGE AT LOADING IN THE
STRUCTURAL PROBLEM.

FAUL=SMALLEST RELAXATION TIME MAY BUT NEED NDT BE GIVEN.

ATLsATPL=ARRAYS OF LOG(T-TPRIME) AND LOG{TPRIME} FOR DEFINING
ODISCRETE VALUES OF J» AND Ni=ND. OF DISCRETE (TPRIME), N2= NO.
OF DISCRETE (T=TPRINE),

NDECeNO. DEZADES IN LOG(T=TPRIME) AND JDECeND. OF STEPS PER
DECADE (FOR COMPUTING RELAXATION FUNCTION IN SUBROUTINE RELAX ).

NA-NO. OF DECADES IN LOG(YPRIME) AND JANO. OF STEPS PER DECADE

FOR CHARACTERIZING THE CREEP COMPLIANCE FUNCTION,

W1, W2eWEIGHTS FOR FITTING MAXWELL CHAIN.

NI,NJsND. OF DURATIONS AND AGES FOR INPUT AND PRINY OF CREEP FUNC.

HMUsNO. OF MAXWELL UNITS IN THE CHAIN WOOEL

NTSHRsNO. OF DISCRETE VALUES TO SPECIFY THE SHRINKAGE VARITATLON

IN TINME.

JOPT « DPTIONS FOR INPUT OF CREEP AND SHRINKAGE.

N1;N2eND, OF TIMES FOR PRINTING CALCULATED CREEP FUNCTION AT
REGULAR INTERVALS,

P4YSICAL DIMENSIONS ARE TIMES IN 0AYS , MOOULI IN PSI.

CREEP FUNCTION(=COMPLIANCE) IN 1,/PSI sHOWEVER,FDR GPTIONS WHICH

DEVERMINE NOTHING FROM COMPOSITION PARAMETERS{JOPTe1,253,0,10)

THEIR UNITS CAN BE USED INSTEAD OF PSI,THE CORRESPONDING DIMENSION

THEN APPLIES TOD THE OUTPUT,

LIST QF INPUT OPTIONS

JOPTel JIT,TPRIME) GIVEN BY AN ARRAY, NO DRYING
USE DATA CARDS A»BsCsDsEs FINJ=TIMES),
JOPT=2 JUT,TPRIME} GIVEN BY AN ARRAY, WITH DRYING.
USE DATA CARDS AsBsCsDrEsFINJ=TINES),GoH,
JOPT=3 J(T,TPRIME) GIVEN BY DOUBLE POVER LAW, NO DRYING,» ALL

PARAMETERS GIVEN.

USE DATA CARDS A,8,Cel.
JOPTs4 SAME AS 3 BUT ALL PARAMETERS EXCEPT E28 PREDICTED FROM
STRENGTH AND CDNFUSUION {828 GIVEN).

SE DATA CARDS A,8,CrIsK,

JOPT=3 SAME AS 3 BUT ALL PARAMETERS PREDICTED FROM STRENGTH AND
COMPOSITION,

USE DATA CARDS A»B,CsKe
JOPTe6 J(**) GIVEN BY DOUBLE POWER LAW WITH DRYING TERNS
SHRINKAGE, ALL PARAMETERS IN THE FORMULAS APE GIVEN.

USE DATA CARDS AsB»CrIsde
JOPT=? SAME AS 6 8UT ALL PARAMETERS EXCEPT E2B AND FINAL
SHRINKAGE PREDICTED FROM STRENGTH AN COMPOSITION
USE DATA CARDS AsBsColrdsksl
AS 6 BUT ALL PARAMETERS EXCEPT E28 PREDICTED FROM
COMPOSITION.
USE DATA CARD Ap8,Cslsds KoL
AS 6 BUT ALL PARAMETERS PREDICTED FROM STRENGTH AND

AND

JOPT=8 SAME
STRENGTH AND

JOPTe9  SAME
COMPOSITION.
USE DATA CARDS AsB,yCsdsist
JOPT#10 BEST FIT OF POUBLE POMER LAW TO LIMITED CREEP DATA INPUT
AS ARRAY AJ(I»J)a NO DRYING.CREEP FORMULA PARAMETERS DTHER THAN
EO AND PHI1 ARE GIVEN AS IN OPTVION 3,
N USE DATA CARDS A,B,CsDsEpFINJ=TIMES),I
JOPTall SAME AS 10 BUT PARAMETERS DTHER THAN EQ AND PHI1 ARE
DEVERMINED FRON STRENGTH AND CDMPOSITION AS IN OPTION 5,
SE DATA CARDS AsBsCoDsEsFINI=TIMES)>IsK
JOPTa12 SAME AS 10 BUT DRYING INCLUDED.
USE DATA CARDS AsB,CoDpbsFINI-TIMES)sGoHsIadsK |
JOPT=13 SAME AS 11 BUT ORYING INCLUDED.
€ DATA CARDS AsBrC DsEsFNJ=-TIMES)>GsHsIsJsKoL
THE FOLLOWING DATA CARDS MERE USEC IN YESTING THE PROGRAM
CARD

5 5 7 - 7 [
CARD B
0.1 5.0 0. 0.01 0.0%
CARD C
12.
CARD D
5 01 1.0 10.0 100.0 3000.0
CARD E
.0 90.0 730.0
CARDS F(! CARDS IN THIS CASE}
+26E-6 «45E=56 +59E=b «TTE=0 l.1E-6
«18E=~6 +29E=b «3T7E~6 4TE-b +T1E=b
«12E~6 +20E-6 +26E-6 «33E-6 48E-b
CARD &
8 0.1 1.0 1040 10040 302.0 1000.0 3000.0 1
CAR|
11.€E-6 35.B-6 108.8-6 300.8-6 424.E-6 526.E=6  572.E-6
CARD
4.E6 1.5 0.135 0433 +05
CARD J
14, 0.0006 0.5 1. 300, 10. 0.03 1.4 0.83
CARD
5,0 0l Vo5 5.0 2.0 145.0 1
CAR|
320.0

B EMEAANAPAANREAANAANNANANANANNONAENNNNNNNNNNNNAMRNANANPRANNNNNONNaNANNaANNNNNNAGNAANANNNNARNANANNNANgn

an

3001
3002

3016

3010
3009

3003

nfa oo

3004

SEERERERRS e * 134

COMMON/CRPAR/JOPT;5285E0»PHILSEXPNsGXPNsALFASDRYSTA, AVHUN, FINSHR,
1ESHINF, TAUSHs PHIDsCPsCDs AKS s VSsCToCITOSEPSKHs AKHPP s AKHP» EXPHZ s
2FKE,TAULO, TAULOO0,CON,CPK,E01,C0

COMMON/JFUNCT/ASL1698)ATLIL6)sATPLIAISNIINISAT(16),ATP(16),
ASHR{16)sTSHRI16), TLSHRL16), NTSHR

COMMON/STARTV/T1,TP1,TAUL

COMMON/RAXW/EMU(10,81, TPLIB),TP(B),NA

DIMENSION DDEF{30)5T(30},TT(30),ER(30,8),TAU(10)}

INPUT OF PARANETERS NEBDED FOR ANY INSUT OPTION JUPT
WRITE(6,002)

FORMAT(//19H0 INPUT DATA FOLLOW }

READ(5,3001) JOPT,NDEC,JDECsNA, JA)NMUs NTSHR

FOR OPTIONS WITH NO DRYING USE SOME DUMRY VALUE,E«G. NTSHR=0
WRITE(65,3002) JOPTANDECsJDECINASJAS NMUSNTSHR

FORMAT(1615)
FORMAT(//6HOJOPToI2,3X5HNDEC=12,5XSHIDEC=12s 5 X3HNA=T 2, 5X3HIACTI2,
L5X4HNNUSIZ »5X6HNTSHR=I2)

IFINDEC 56T+ (NHU=2)) WRITE(6,3016)

FORMAT(T9HONO,OF RELAX TIMES IS INSUFFICIENT TO GIVE GOOD ACCURALY
LOVER ENTIRE TIME RANGE 728H SHOULD BE NMU JGE o+ (NDEC+2) Al
READ(5530101T1,TPL,TAUL, W1s W2

WRITE(6,602)

WRITE(653009) T1,TP1,TAUL, W1, W2

FORMAT(5F10,3}
FDRNAT(IQNOTI'F),Z-5:8!6"1?1'?)2'51!XSHTAUI'FIZ-&:BXSMUl'FG.3)
18X3HW2=FB.3/)

THERMAL PROPERTYIES

WRITE{(bs» 602}

READ(5,3003)}ALFTEN

WRITEL6,3004) ALFTEM

FORMAT{8F10.3)

COEFFICIENT OF THERMALBILATATION USED ONLY IN SUBROUTINE TENDIL.
IF THE USER REPLACES TEMDIL BY HIS Owd SUBROUTINE WITH VARIABLE
ALFTEM » THEN ANY DUMMY VALUE MAY BE USED HERE
FORMAT(//31HOCOEF, OF THERMAL DIL. ALFTEH= lBFlo 3}

CHECK DIMENSIONS

1390

4

ana

non

[
¢
[

fnno o

nAnoeano

nonon

4
[4
4

(4

<
c

32
33

299

n

T2

100!

1050 FORMAT(/5X,56H

b!

106

1065 FORMAT{/5X,45H

7

603
301
301
300!

300
301
3ol
304
301
303
303.

1010 FORMAT(/5X,57H

10 IF (TP(1)

1020 FORMAT{/5X,5TH

o

5

0

0

3
1
8

7
2
5
]
4
1
2

IF(NALLE.B.AND.NMU.LE. 10} O TO 33
WRITE(6,32)
FORMAT(//747HOMA OR NMU OR BOTH EXCEED DINENSION OF EWU.STOP

stop
CONTINUE
T(1) = 11

TP(1) = TPl
TT(1) = 0.

DETERMINE TIME SYEP AND LAST DISCRETE TIME

DYR = 10.%%(1./FLOAT{JDEC))

AT = NDEC*JOEC

THAX & T{L)®(DTR¥¢(NT~1))

WRITE(Hs2995INT, THAX
FORMAT(//4H NT=14,10X, SHTHAX=,ELL.4/)

IFINT.LE.30)60 TOQ 72

WNRITE{b,71)

FORMAT(///52H STOPPED IN MATPAR BECAUSE DIMENSIONS OF T,TT,ER ARE
1,12H TOD SMALL. »740H EITHER INCREASE DIMENSIONS OR DECREASE
115H NDEC DR JDEC n
sTOP
CONTINUE

CHECK CHOSEN FIRST RELAXATION TIME TaUl
I1ERR = O

LF (TAUL .EQ.
TAULL) = Taul

0.} 6O TD 52

IF (TAU{L)} LLE. T(1)70.3) GO TO 60

TAULL) = T(11/0.3

IERR » 1

MRITE(6,1005)

FORMAT(/7/75%,344  o¥s WARNING FROM MATPAR )
WRIVE(6,1050) Taul1l}

SHALLEST RELAXATION TIME UNASSIGNED.CHOOSE - TAUL
1= ,E10.3)

INPLIED MAX. RELAXATION TINE

TAUN o TAULL)*(10,¢*{NNU-2))
IF{TAUN.GE.O.5%THAX.AND, IERR.£0.0) 6D TO 70

MRITE(651005})
WRITE(6,1060) TAUM
FORMAT{/5X,36H KIGHEST RELAXATION TIMNE @ TAUM = ,E10.3) -7

IF {IERR «£Q. O}
TAI = 0.5*TAULL)
THA  =0,50%TAUH
TPMI = 3,0*T1
MRITE{651065)

60 TD 70

THL, THA,TPHI
NOYE 1 FOR GIVEN RELAXATION TIMES,CREEP CAN BE

1/5X,28H REPRESENTED ONLY FROM T1=,E10.3,10H TD TMAX«,E10.3,
1/75X,50H. MAKE SURE THAT THE SMALLEST AGE TPl IS .GE. 2E10.3,
1/5X»53H  OR ELSE AGING OF YUQUNG CONCRETE DISTDRTS LONG-TIME
2/8Xs11H RESPONSE

THE REMAINING RELAXATION TIMES TAULMU} ARE SET IN MAXNLY
CONTINUE

NO% INPUT FOR VARIODUS OPTIONS

IF (JOPT ,GT.2 +AND. JOPT.LT. 10} 60
HERE JOPTel OR 2, OR .GE.10.INPUT OF
OF VALUES.

FOR OPTION JOPT=1 ARRAYS OF J=-VALUES
BE READ

HERE THE NUMBER OF ALL CARDS TO READ NUST BE NJ¢2. HOWEVER, FOR
OPTIONS OTHER THAN JOPT=3 TC @ THESE CARDS MUST BE OMITED.

T0 605
CREEP FUNCTION 8Y AN ARRAY

AND CORRESPONDING TIMES MUST

WRITE(6,603) JOPY

FORMAT{//29HD INPUT DATA FOR OPTIDN JOPTe
WRITE(6,3013}

FORMAT(// 4LHINPUT VALUES OF CREEP FUNCTION 4 PER PSI /)
READ(5,3011INI» (AT(I}sI=1,ND)

FORMATC(IL10, 7FL041/(8F103.1))

WRITE(6,3008}) NI

FORNAT (/504 ND, OF DISCRETE TIMES FOR INPUT AND PRINT...NI = ,I3)
READ(5, 3011 INJ, LATP(J),d21, N}

MRITE(6,3007) NJ

FORMAT(/50H ND., OF DISCRETE AGES FOR INPUT AND PRINT....NJ » ,13/)
WRITE(653012) {(AT(I),Iel,NI}
FORMAT(//13X, 6HAT(T )= BF13.4/26XsBF13.4)

0 3040 J=1,NJ

READ(552015) (AJ(I,J)r1=1sNI}

FORMAT(8F10.1}

WRITE(6,3014) JyATPL{JI,{AJII, )5 I=1,NI)

FORMAT(SH ATP{,12,2H}eFI.4,4X,8F13.4/21X8E13.4)
IFINILLE.16.ANDJNJLLELB) GO TO 3032

WRITE(6,3031)

FDRNAT(IIGBNONl 0 NJ 0% BOTH EXCELD DIMENSION DF AJ. STaP )

»13,2Xs6HFOLLON /)

CDNTXNUE

CHECK RANGE OF T AND TP. IT SHOULD NDT EXCEED RANGE OF AT AND ATP

CHECK STARTING VALUES OF T,TP
IF (T{1) .GE. 0.5¢AT{l)) ©O TO 10
WRITE(6,1008)

WRITE{6,1010) T(1)
STARTING TIME TOO SMALL FOR GIVEN CREEP DATA 1 T

11 = »E10.35 86X, 27H MUST EXTRAPOLATE(LEFTWARD))

+QE. 0.5%#ATP(1))
WRITE(6,1005)
WRITE{6,1020)

G0 70 20

TP(1}
STARTING AGE TOD SMALL FOR GIVEWN CREEP DATA 1 TP
11 o ,E10.3, 8X, 27H MUST EXTRAPOLATE (LEFTWARD))

20 CONTINUE

90
90.

1
2

00 901 Iwl,KI
ATL(1)=ALDGLO(ATIT)?)
00 902 Jal,NJ
ATPLUJ)=ALDGLOLATP{IN)
CHECK FINAL VALUES OF T,TP

IF {TMAX oLE. 2.%10.¢¢ATLIND) )
WRITE(6,1005)
WRITE (65,1030)

60 T2 30

THAX

1030 FORMAT{/5X,56H FINAL AGE IS BEYOND RANGE JF GIVEN CREEP DATAJ TPN

30 XX

1AX = »£1043,8X,17K MUST EXTRAPOLATE )

« 10.4%{1./FLOATLIA))
TPMAX = TP(1)s{XX**{NA=L)}
IF (TPMAX oLE. 2.¢10.,¢¥ATPLINJ)}
WRITE{6,1005)
WRITE(6,1040)

60 TO 40
TPMAX

1040 FORMAT(/5X,56H FINAL AGE IS BEYOND RANGE OF GIVEN CREEP DATA} TPM

1AX = ,E10.358X,17H MUST EXTRAPOLATE )

40 CONVINUE

605 1F(JOPT

«HE.2 +AND. JOPT.LT. 12) G0 TO 610
HERE JOPT«2 OR 12 OR 13
WRITE(65606) JOPT

606 FORMAT (//30H606 MUST BE JOPT=2 OR 12 OR 13, 3X5HJOPTel2 7/)
.

INPUT OF SHRINKAGE AS AN ARRAY OF VALUES

* Note that in all statements COMMON/CRPAR/the variable CITO contains the digit “zero”, not the letter “0".
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WRITE(65603)40PT

READ(5,3100) NTSHR) (TSHR(I)»Ia1,NTSHR)

WRITE{653101) NTSHR, (TSHR{I)»I=1,NTS4R)
FORMAT(I2,1XF7.1»{7F10.1))

FORMAT(1X//23H GIVEN SHRINKAGE VALUES ,3X,6HNTSHRe ,12//13H TIMES(
10AYS)e ,(BEl4c4))

READ(5,3105}) {SHR{I},I=1,NTSHR)

WRITE(H,3107}(SHR{I)»InL,NTSHR)

3105 FORMAT(6E1D.3)
3107 FORMAT(13+4054R.VALUESe 3EL6.4/(15X8E14.4))
3109 I=1,NTS4R
3109 TLSHR(I}aALOGLO(TSHR(I))
4
[
610 IF ({JOPT o NE + 3 , AND . JOPT . KE ., 4) o AND, (¢ JOPT , LT . &
1. OR o JOPT « 6T 4 B) o AND JOPT LT« 10)) 60 TO 620
[4
[4 FOR JOPTe3,4,b,759+10,12 FUNCTION J IS DEFINED BY DOUBLE POWER LAW
4 AND 1TS COEFFICIENTS ARE SPECIFLED. <OWEVER, FOR JOPT +EQ. 10 Of
[4 12 USE SOME NUMMY VALUES FOR E28 AND EO0268 BETAUSE EO AND PHI1 ARE
¢ LATER REDEFINED, AND FOR JOPT=11 OR 13 PLACE A BLANK (DUMMY) CARD
[4 FOR JOPT=8 OR 7 ONLY E23 1S NEEDED AND THE REST CAN BE BLANK SINCE
4 IT IS LATER REODEFINED BY INPUT FROM DATA CARD K
¢ !
WRITE(6,6030JDPT
[
[ DATA INPUT FOR DOUSLE POWER LAw.
4 NOTE THAT 0N DATA CARD THE cXPJNENT OF E=-FORMAT MUST AE RIGHT=-
[4 ADJUSTED.
[4
READ(5,44C1) E2dsEOE28,EXPNJEXPMsALFA
WRITE(6»4402)E28,EQE2B,EXPNJEXPMALFA
4401 FORMAT(ELQ.3,4F10.1)
4402 FORMAT(1X/7/734d GIVEN DOUBLE PUWEk LAW PARAMETERS//1X22M28=DAY EL.

4403

a0
@
~
-3

fe00na

4501

nOoooo

4502

c
630

neanon

32

891
892

810
11

813

6789

-‘1‘
¢

e9s

640

anonen o

288

LMODULUS E26=E154594H PSI//5Xs6HECERB=sFB.425X) 5SHEXPNOFT.0s5X,
L5HEXPMaF7.425Xs SHALFASFB,5//)

TF({JOPT.NE«3.AND. JOPT.NE.6),AND.JOPT.NE, 10} GO TO 620
ED=E28%EOE28
PHILa(EQE28=14}/{ (0, 1%EXPN}* {20, %*(~EXPH}+ALFA))
WRITE{5,4403)E0,PHIL

FIRMAT(1740 CALCULATED £0 = »E15.5510Xs5HPAIL",FB8.5//)
EOLl=1./EQ

IF({JOPT.LT. 6 4OR, uOPT GT. 9).ANDL,JOPT,LT.12) GO TD 630
HERE JOPTs6 TO 9 OJR 12 OR 13

FUNCTION J IS DEFINED AS DOUBLE POWER LAW, DRYING IS
CONSIOERED,AND SHRINKAGE AND ORYING CREEP IS GIVEN 8Y FORMULA.
DATA INPUT FOR SHRINKAGE:W AND CREEP TERM DUE TO DRYING

WRITE(6,623) JOPT

FORMAT{//37d623 MUST 3E JOPT=6 TO 9 OR 12 OR 13,3X»5HJAPT=12//)

WRITE(6,603)J0PT
READ{5,4501) DRYSTA,FINSHR, AVHUM AKS» VSsCTHPHIDCONCP

FORMATI9F8.1)

IF UNSURE ABOJT INPUT OATA USE ZERUS IN THE ABOVE CARL,

THE FOLLOWING AUTUMATIC ASSIGNMENTS ARE THEN MADg==.

LF{AKS ,EQes 04) AKSsl,

IFIC?  LEQ ,0.) C7 =10,

IF{PHID +EQs 04} PHID=0.03

IF(CD +EQe 0s) CDolu4

IFICP +EQs 0a) CP=0.83

OPTIONS B AND 9=FOR C7,PHID,CP AND FINSHR ANY OUMMY VALUES CAN BE
USED SINCE THEY ARE LATER DETERMINED FROM COMPOSITION.

FOR OPTION 7 THE SAME EXCEPT FINSHR IS NOT LATER REDEFINED .
WRITE {6r4502) DRYSTA,FINSHR)AVHUM» AKS»VS»CT5PHIDSCD,CP
FORMAT(1X///55H GIVEN PARAMETERS FOR SHRINKAGE AND CREEP DUE TO DR
1YING 777143 DRYING START= ,F8,1,4HDAYS,10X, L6HFINAL SHRINKAGE= ,

LF9.6,10Xs 1BHAVERAGE REL+HUMa® »FT.3//5Xs4H KSasF542,5X,17HVOL=SU
LRFe RATID® ,F943,10HMILIMETERS »9Xy3HC 78,F12.5514HMM~SQUARE/DAY
17/1Xs SHPHID®,F743,5Xs3HDusFT04s5Xs 34CPu,FTe4//)

IF (JOPY LT, & ,J%, (JOPT ,EQ.10 .OR.
IF (JOPT.EQe 12} 6O TO 640

JOPT .EQ. 6)) GO TO 640

PREDICT PARAMETERS OF DOUBLE POWER LAW WITHIUT ORYING TERMS FROM
STRENGTH AND COMPISITION, USING FORMULAS OF BAZANT=-PANULA (1978)
HERE JOPTe4 0OR 5 OR 7 0 8 OR 3 OR 11 OR 12 DR 13

WRITE(6,632) JOPT
FORMAT(//52H0
1s3Xp5HIOPT=,12/7)
WRITE{6,603)J0PT
READ(5,891) FCP,WCsAC,SCHRO,ITYPE

WRITE {(65892) FCP)WC,ACs SCrROsITYPE

FORNAT(5F10.1,110)

FORMAT{//1X» 44FCP=F10¢3,5X3HNC=F1043)5X3HACF10,3,5X3HSCuF10.3,
15X3HRO®F10.35114POUND/CU=FT,5X, 6HITYPE =, 15)

AGsl./(1le=5C/AC)

Al=1.0
IFLITYPE .EQ,
IF(ITYPE .EQ,
ALFA«0,025/WC
EXPM20.28414/(FCP#FCP)
Xol(21%ACI*(SCH¥(=1e4) )+ (0 LFFCP¥*1, 5 )0 ((WCH*0,3333333)2A63%2,2)}
1%al-4,

IF{X .LE. 0.) GO TO BlO

EXPN20.1240.07/(1445130./(X8%5)}

60 TO 811

EXPN=0,12

XmALFA+28. #*{-EXPM)

PHIL®{0.5% (1000, **EXPNI)/X

IF{JCPT.EQ.5.,0R.JOPT,EQ.9) G0 TO 813

HERE JOPTs4 DR 7 OR B OR 11 DR 12 OR 13

EO=1,5%E28

60 TD Ble

Z1=(0, 000054 (RORO) I *FCP

ED®1 E6/(0,0940.53824/(Z1%21})

£2B2E0/ (Lo +{PHIL* (D, O01**EXPN}I*X }

FOR CHECK

X=EQ/E28

WRITE(6,6789)X
FORMAT(//1Xp10H CHECK IF

MUST BE JNPT=4 OR 5 OR 7 2R 8 OR 9 OR 11 TO 13

3) Ale0.93
4) Al=1,05

#FB.432TH oNE.1.5 =ERROR- CORRECT IT //)
CONTINUE

EO0lw1,/EQ

WRITE(6sB95)E00PHIL,EXPNSEXPM,ALFA,E28

FORMAT{///5BHO00UBLE POWER LAW PARAMETERS PREDICTED FROM FCP AND
1COMPo/ 440EOmElés4s S5X)5HPHIL=FB.3, 5X)SHEXPN=FB.3, 5X,54EXPMaF8,3
45 5X,5HALFASF843,5X,4HE2Ba ,ELlé% /BOH HOWEVER FOR JOPT=7 OR 8 THE
1 ABOVE £26 IS NOT DETERMINED FROM CONPOSITION.

IF (JOPT.LT, 7-.0R. (JOPT .GT. @ .AND. JOPT .NE. 13)) GD 7O 630
HERE JOPT=? OR 8 DR 9 OR 13

PREDICT PARAMETERS FOR SARINKAGE AND DRYING CREEP FROM STRENGT+
AND COMPOSITION, DOUBLE POWER LAW PARAMETERS MUSY ALREADY BE
ASSIGNED.

a0

Ponnon

LT

acnn

noo

anna o000 aon

643

713
714

2z

723

715
716

718
650

653

4009

3990
4000

660

672

671

670

110
9999

c
1110

1100

WRITE(b,643) JDPT
FORRAT(//35H643
WRITE(6,603)J0PT
READ{5,713})CEM
WRITE (6)714) CEN
FORMAT(1F10.1)
FORMAT(1L6HOCEMENT CONTENT=FB,1s2X1BHKG PER CUBIC METER)

MUST BE JOPTe7? OR 8 QR 9 OR 13 ,3X,5HJOPT=I2//)

PARAMETERS FOR SHRLINKAGLE

CPat0.125%WC)#CEM=12,
IF(C7? oLTe 743 1707,
IFECT WGT. 2L.) C?7=21.
GS=AC/SC-1.

IF{JOPT .EQ. 7} GU YO 723
L {1.25%SQRTIAC) + 05 ¢
1SQRT(FCP)) = 12,

IF(Z LT, :0.) Z=0.
Yela/{390,#{Z4%(=0)) ¢+ 1,)
FINSHR=(1210.,=380,%Y}*1.E-¢6
WRITE{6,603)J0PT

MRITE(6,712) FINSAR,LT,5S
FORMAT(//71GH CALCULATED FINSHRe ,
1F7.37)

(GS*GSI)®(({(1as SC)/WC) #%0,33333333)%

E13.4510Xs3HCT®3E1344, 10X, 3HGSw,

PARAMETERS FJR DRYING CREEP

Re{56000,% ((FLPHISC/ACIIH%0,3))%((6S¥*1.31%((WC/ (FINSHR*1,E6)
1¥%1.5))-0.85

IF R JLE. 0.) 30 TC 715

USLo /{140, 78 (RO%1=146)0)  ,on -

PRID=0 b0t oo el CD=0.8=7.5 FEXPN

60 10 716

P41De0,008

CPa0,83

WRITE(6,718) PHID,CP

FORMAT(//17H CALCULATED PHID=) F8,4s1)Xs3HCP=,F7,37)

IF(JOPT oLTa 6 +0R4 (JOPT .GT. 3 LAND. JOPT oLT, 12)) GO T0 660

MERE JQPT=6 QR 7 OR
CALCULATE SHRINKAGE AND CRELP PaRAMETERS UF BAZANT-PANULATS
FORMULAS (MATERIALS & STRUCTURES, VOL.11,1378,P.308),
PARAMETERS FJR SHRINKAGE

8 DR 9 DR 12 QR 13

WRITE(6,653) JAPT

FORMAT (/74240MUST BE JOPT=5 OR 7 OR 3 OK 7 DR 12 DR 13,
11247

CLlTO=C7%(«05+3QRT{6.3/DRYSTA})
TAUSH=(600 ¥ (AKSH{VS/TS5, }#42) )% (10, /CLTO)

ESHINFoF INSHR*#SQRT(1.16742¢{.85+4,/{DRYSTA ¢ TAUS4)))
EPSKH WESHINF*{1.-AVHUM**3}

3X5HJOPT e

PARAMETERS FOR CREEP TERMS OUE TO ORYING

AKHPP =1, =AViiIH¥*2

AKHPs1 -Avuuuucx.s

EXPM2a~EXPH LEC

FKE-(AK%P/EQ)‘ESHINF

TAUL0®10. ¥ TAUSH *

TAULO0=10D. 'TAJSH

CONe=CO¥EXPN

CPKaCP*AKHPP

E01=14/E0

WRITE(6,603)40PT

XX*10o*$ (1. /FLOAT(IA)

DO 4009 TA=2,NA

FPOLA)«TP{TA=1)#xXX

DTRe104#€(1,/FLOATLJDEC))

WRITE(6,3990)(TP{IA))1A=1sNA»2

FORMAT(// /71340 TP(I&)=»,BEL2.3/(13X,8E12.3})

WRITE (654000}

FORMAT{//7040CREEP FUNCTION VALUES INTERPOLATED FROM GIVEN DISCRET
1E ARRAY AJ(I,J) /55H TO BE APPRIXIMATED BY DDUALE POWER LAW
1 UNITS {1./P5I) /42H IT TIT} AJ(IT, 1) AL1T,2) )

004020 IT=1,NT

IFCIT.6T,1) TCIT)sT(IT=-1)%0TR

DO 4010 IA=1,NAs2

ODEF{TAIaCREEP(TCITI,TP(IA))

WRITE(6,40303 1T, T{IT},(DOEF(IA},1A1,NAs2)

FORMAT (1K, 12,F1043,10E12.3/{13X,10E12,3))

ARITE{6,657) C1T0,TAUSHsESHINF, EPSKH, AKHPP yAKHP s CONyCPK

FORMAT(//6H CLTOmpE1204s 5Xs EHTAUSHe sy EL204»5X 9 THESHINF =2 EL20 655X 5
LOHEPSKHe E12,4/ T4 AKHPPa,E12.495Xs5HAKHPo,EL2, 45 5Ks 4HCDNTSFB L4y
15%54HCPK=, FBe4/)

IF(JOPT 4LT. 10) 6O TO 670

JOPT .67, 10, MODLFY cO AND PHI1 IN OOUBLE POWER Law TO GIVE BEST
FIT OF LIMITED DATA SET AJ(I,¥)

WRITE(6,603) J0°T

EOLl=1,

P4Ilel,

4120,

A22=0.

Ble0.

B2=0,

Al1sNI*NJ

00 672 J=1,NJ

03 672 I=1,NI
XTJ=CREEPB(AT(I),ATP(J}) -1,

Yehdtl, )

IF(JOPT 6T 11} Y=Y—DRTERM{AT(I},ATP{J})
AlZeAl2+4X1J

A2ZwA22+X1J%X14"

Blugl+y

82=B2+Y*X1J

DET=AL1*A22~-A12%Al2
EOLw{Bl¥A22-B2%A12)/DET

EO=1,/EOL

PHI1SEO*((AL1%B82-A12%B1)/0ET}
WRITE(6,671) EO,PH4]I1
FORMAT(//49H0JOPT,GT,10 OPTIMIZED FROM GIVEN DISCRETE AJ, EO= »
1E15.5,5X, SHPHI1=»FB.4522H{FOR DOUBLE POWER LAW) //}
CONTINUE

PRESCRIBED STRAIN INCREMENTS FOR RELAXATION

ODEF(1} » 1.

WRITE(6,9999)

FORMAT(//53H0 END OF INPUT AND OF GENERATION OF INPUT PARAMETERS )
COMPUTE OISCRETE VALUES ER OF THE RELAXATION FUNCTION

CALL RELAX(NDEC»JDEC,JA»DOEF,T,TT)NT,ER)

COMPUTE DISCRETE VALUES DF ELAS.‘,IC MOOULI EMU OF MAXWELL CHAIN
CALL MAXWLICER,T,TY,NToN1sW2»TAU, NMU)

IN DEBUGGING ARGUMENT NDEC AND JOEC AFTER TPL IN MAXWL1 WERE
REMOVEDs CHECK AGAIN LATER,

WRITE(6,1100)
WRITE(6,1110) (TAU(MU),HUS1sNNU}
FORMAT(/5X,10(EL10.3,2X})
FORMAT(///234 RELAXATION TIMES 1)

4180
4190
4200
4210
4220
4230
4240
4250
4260
4270
4280
4290
4300
4310
4320
4330
4340
4350
4360
4370
4380
%390

4620
4630
4640



c NOW PRINT SHRINKASE VALUE AS PRESCRIBED ABOVE,
IF(JOPT,LT,0)5TOP
1FLLIDPT.GT.9) (aND 4 1JOPT LT 412))STOP
WRITE (651415)

1615 FORMAT(//39HOPRINT SHRINKAGES VALUES &S PRESCRIBED /7

146X, FHAGE(DAYS) »11Xs6HSTRAIN /)
DO 1620 ITe1,NT
Az=wemee T(IT) + DRYSTA
B2sSHRINK(A2)

1620 WRITE{6,1625)42/82

1623 FORMAT(1X,39%,F12,2,5X,F12.8)

END
FUNCTION CREEP(X,Y)

s

¢
CDMMONJCRPAR/JOPT,E285EQ ) PHTL EXPN,EXPU,ALFA, DRYSTAS AVHUM, FINSHR,
1ESHINF)TAUSH)PHID,CPICD»AKS)VSSCTHCLTOPEPSKH AKHPPIAKHPPEXPM2,
2FKESTAULD, TAULO3,CON,CPK,EOL,CD
4

IFLJOPT GTs 2) 60 TO 10
CREEP=CREEPALX,Y)

RETURN

CREEP = CREEPBLX»Y)
RETURN

END

1

=3

FUNCTION CRESPALX,Y)

PREEEROEEN ey s

CREEP RETURNS THE CREEP COMPLIANCE FUNCTION. J{X¢Y,Y}eCREEP{X,Y)
1S EVALUATED 8Y DOUBLE LINEAR INTERPOLATION OF DISCRETIXIZED DATA
AJ IN LOG-SCALE. INTERPOLATION OR EXTRAPOULATION IS DONE LINEARLY
IN LOGARITHMIC SCALES OF TIMES AT LOADING AND LOAD DURATIONS

X ¢ TIME ELAPSED FROM LDADING
Y t AGE AT LOADING

INPUT

AJ(16,8)=DISCRETE VALUES OF COMPLIANCE FUNCTION
ATLIK)®VALUES OF DEC, LOGARITHNS OF tOAD DURATIONS
ATPLIL)=VALUES OF DEC. LUGARITHMS OF AGES AT LDADING
Nle=ND, OF AGES AT LOADING

N2sND. DF LOAD DURATIONS

AFTER BAZANT, MATERIALS AND STRUCTURES (PARIS) VOL.5,ND. 7, 1972
P.13%

LA L L T T e A PR S T S LT FERAE RN RS

NONARAMARNOACNNAMRONNOD0

COMMON/JFUNCT/AS (1658} pATLLL6)s ATPLEB) sNI, NI, ATI16T,ATP{16},
1SHR(16},TSHRU16)>TLSHR(16} s NTSHR

THIN = 10.##(ATL(1))
YL ® ALOGLG(Y)
L=1
Wwee=Ll+1
A = ATPLILY - YL
IF (A otTe 0o oaND. L oLT. NJ} GO TO 10
AA = YL = ATPLIL-1}
IF (X +6T, TMIN) 60 TOD 20
CREEPA® (AJ(l,L=1)%A + AJ{1,L)*AA)/(ATPL(L) ~ ATPLIL-1))
RETURN

2

o

XL = ALOG10(X)}

-

K =
30 K = +1

B = ATLIK} - XL
IF (8 «LT. 0. +AND. K (LT, NI} 6D TO 30

CREEPA® ({AJ{K=~1sL=1)%4 * AJ{K=1sL)%AA)%B +
(AJ(KsL=12%A + AJUK,L)%AA)*BB)/
2 COATLAK) = ATLUK=1)M#(ATPLIL) = ATPLIL-1}}}
[4
100 RETURN
END
FUNCTION CREEPB(X,Y}

COPPEE RO R R ER R RN AR AT SRR R RO NI E NSRRI SRS R RS AR R AR R EF IR ARG II R RS AR R NG %
c

¢ DETERMINES CREEP FUNCTION J FRON DDUBLE POWER LAW WITHOUT OR WITH
¢ ORYING TERNS.

¢ YaT-PRIME=AGE» XeT NINUS T-PRINE=LDAD DURATION,

c
3

L T R L I T I e A Y P PSR 1)

SEEERRE RS LTI

COMMON/CRPAR/JOPTSE2B,EOSPHILIEXPNSEXPMIALFALDRYSTAJAVHUN S FINSHR,
LESHINF,TAUSH)PHID)CPoCOD,» AKSpVSsCPpC1TO EPSKH, AKHPP s AKHP,EXPNZ,
LFKE» TAULO0» TAULOO0»SON,CPKEOL,CO

IF(JOPT (LV. 3) WRITE(6,99) JOPT
99 FORMAT{6H0JDPTaI5,6HaWRONG)
4 OOUBLE POWER LAW {BAZANT=PANULA, MATERIALS AND STRUCTURES, 1978}
CO ® (PHI1® ((ALFA+Y**(=EXPM))*X®4EXPN))I*EQL
CREEPB=£01+C0
4 ADD THE DRYING TERMS
IF{JOPT .GT. 5 LAND, (JOPT .NE. 10 .&ND. JOPT ,NE. 11}) CREEPS=
1CREEPB4DRTERM(X,Y)
RETURN
END

FUNCTION DRTERM(X,Y}
[4
[ L R e e T Y L L L D L e e R L e I T ¥
CALCULATE DRYING TERM TD BE AODED TO DOUBLE POWER LaW,

erraeh L4

sebavnkany tEavERREYE

nfnooo

COMMON/CRPAR/JOPTSEZESEQ»PHILSEXPN)EXPM)ALFA,DRYSTASAVHUNSFINSHR,)
LESHINF,TAUSH, PHIDSCPsCO»AKS»¥SsCTCLTISEPSKHAKHPP S AKHPSEXPHZ,
2FKE»TAULO, TAUL00,CON,CPKIEDLSCO

PHIDPL=SQRY(L4#(Y=-DRYSTA)/TAULO)/PHID
CAPCOS{(Y#*EXPH2)/PHIDPLI*(FKE*(1,+TAUTO/X)€eCDN)
IeX+Y=DRYSTA

IF{ZeLT,1.E=6) ZnlsE-b
DRTERM=CAPCD={CPK*CO)#{{1.+TAULQO/Z)** (~EXPN)}
RETURN

END

FUNCTION SHRINK(T)

LT A T PR T P T

LLTIT L2 skny

COMPUTES THE SHRINKAGE STRAIN FOR GIVEN DRYING DURATION T.

e rex e ”" .

moannon

COMMON/CRPAR/ JOPT,E2B,E0»PHILSEXPN,EXPMsALFA,ORYSTASAVHUN, FINSHR,
LESHINF2TAUSHs PHIDSCPsCDs AKS»¥S,C72CITOSEPSKH)AKHPP ) AKHPSEXPMZ,
2FKE,TAUL0, TAUL00,CDN,CPKSEOL,CO

IFL(JOPT LEQ. 2)¢DR.(JOPTLGY110)60 TO 10
IF (JOPT LT, & DRs JOPY . £Q0, 10) WRITE(6,11) JOPT
11 FORMAT(6HOJOPT=I5,17H e WRONG.CORRECT)

Z. P. BaZant

SHRINK = EPSKH®SQRT(T/(TAUSH+T))
RETURN

SHRINK = SHRDATIT)

RETURN

END

1

°

FUNCTION SHRDAT(T)

e (31 FERERERRS EREEE

INTERPOLATES OR EXTRAPOLATES THE VALUES OF SHRINKAGE FROM A
PRESCRIBED ARRAY SHR OF SHRINKAGE VALUES

AR AL R R L R L L L e e I L I e LT T

nfooAonoo

COMMON/JFUNCT/AJ(L6,8)5ATLILE)sATPL{B) sNLoN2,AT(16),ATP(10),
1SHRU10)sTSHRUL6)»TLSHR{16), NTSHR

TL=ALDGLO(T)
L=

10 Lspel
A=TLSHR(L)=TL
IF (A «LTe O «AND, L .LT. NTSHR) 60 T3 10
AA=TL-TLSHR(L=~1)
SHRODAT=(SHR(L=~1}#A+SHR(L)#AA)/(TLSHR(LI=TLIHR(L=-1})
RETURN
END
EUNCTION TEMDIL(TEM)

il e

(A Ty T e L T R R L AR e S TP P AL e L AR TN )

[
c COMPUTES THERMAL DILATION
4
[ R L L e R e I S e R T A e R L L L T L L
4
COMMON/ALFT/ALFTEN
4
TEMDIL=ALFTEMSTEM
RETURN
END

SUBROUTINE RZLAX(NDEC,JDcCs»JASDDEF,THTToNTHER)

LR LR L e L e e T L L L T R e T LT

RELAX COMPUTES STRESS RESPONSE TD A SIVEN STRAIN HISTORY ,
IN GENERAL , AND DISCRETE VALUES ER OF THE RELAXATION FUNCTION 4
IN PARTICULAR.

FUNCTION CREEP(X,Y) MUST 3E SUPPLIEU.
TION JEX¢Y,Y)
X+YeCURRENT AGE.
CAUTION. s s NOTE THAT IN SOME OTHER PROGRAMS ARGUNENT
X IS USED FOR T4E AGE.

CREEP{X,Y)=COMPLIANCE FUNC=
WHERE Y#AGE AT LOADING,X=LOAD DURATION{T=TPRIME),

INPUT

NDEC»ND. OF DECADES OF TIME IN LOG-SCALE

JDEC=NO. OF STEP3 PER LOG(10)

NAsND. OF AGES AT LOADING

JAsND, OF AGES PER LOG(10)

TUL)=FIRST DISCRETE TIME

TP(L1)=FIRST AGE AT LOADING

ODOEF(IT)wPRESCRIBED STRAIN INCREMENT PER STEP FROM IT-1 TO IT
MINUS PRESCRIBED SHRINKAGE INCREMINT PER STEP

(FOR RELAXATION SEY DDEF(I)»le» ALL JTHER DDEF(IT)»O0u} TT(I)=0.

uTPUT

ER({IT,IA)=DISCRETE VALUES OF RELAXATION FUNCTION

TCLT)»JORRESPONDING DISCKETE TIMES FROM TAE INSTANT DF IMPOSING
UNIT STRAIN AND TP(IA)=DISCRETE AGES AT THIS INSTANT

NTeNO. DF DISCRETE TIMES FDR EACH AGE AT LDADING

DIMENSIONS MUST 3E AT LEAST DSTRUNTI,ODEF{NT),T(NT),TT(NT}, P inA),
TPLINA) JERINT,NA)

FROM - BAZANT ANO ASGHARI = CEMENT AND CONCRETE RESEARCH,BUT Tw0
MISPRINTS IN PU3LISHED LISTINGS ARE CORRECTEDL HERE VOL.451974,
PP.56T=579.

L T AL L S T I

RO NENONEANOANOACAOANANMAND0NANACNaNONON

COMMON/NAXW/EMU(10,8)»TPL(B)TPIB),NA
OIMENSION DDEF(30),T(30),TT(30},ER(30,8),D3TRI30)

XX = 10.%*(1./FLOAT(JA}}
DO 10 IA=Z,NA

TPIIA) = TP(IA=1)#xX
TPL{{A) = ALD310(TP(14a})
TPLI1) = ALOS1O{TP(L1)}

-
°

DTR & 10.%*(1./FLIAT(JDEC))
NT = NDEC*JDEC
D3 20 IT=2,NT
TUIT) = TCIT-1)*DTR
20 TTLIT) = SQRT{T(IT)*T(IV~1))

WRITE(6,1000} {TP(IA), IAa=1,NA)

DD 50 IAel,NA

COMPUTE THE FIRST STRESS VALUE USING EFFECTIVE MODULUS,

nfoo o o

OSYR(L} = DDEF(1)/CREEP(TI1)»TP{IA})}
ER(1,1A) = DSTR{1)

ODEPP = INELASTIC STRAIN INJREMENT FROM JT«1 TD JT
DSTR{JT) « STRESS INCREMENT FROM JT-1 TO JT

nono

D0 40 ITe2,NT
11 s 17T -1
DEPP = 0.
00 30 JTel,11
30 DEPP = DEPP ¢ D3TRUJTI®LIREEPUTIITI-TTLITI,TPLIAI+TTLITI) =~
ACREEPITIIII=TT(JTI,TPLIAITTLITIN)
OSTR(IT) e (DDEF(IT)} = DEPF)/CREEP(T(ITI-TT(IT),TPLIAI+TTLIT}}
40 ER(ITsIA) = ER(IL1,IA} + DSTR{IT)
50 CONTINUE
WRITE(651010}

00 60 IT=1,NY

60 WRITE(6,1020) IT) T(IT} ,(ER(IT,IA},

°

IAs1,NA)

oo

000 FORMAT{50HOTASLE OF CALCULATED RELAXATION FUNCTION ER{IT,IAN/TXTHT
1P{IAI=10E12.47(14XEL2.4])
1010 FORMAT{41HOIT Ty ER(IT,1)
1020 FORMAT(1X12,F1143»10E12,4/(13X10E12.41})
[4

ERLIT,2} o0s)

100 RETURN
END

SUBROUTINE MAXWLI(ER,T,TT,NT,WlsW2,TAUSNNU)

Ladd]

MAXHL1 COMPUTES RELAXATION SPECTRA (VALUES OF ELASTIC MODULL EMU
IN MAXWELL CHAIN) FOR VARIDUS AGES AT LOADING TP(IA).

nonan
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€ .
4 CALCULATES DISCRETE VALUES EMU(MU,IA} FOR VARIDUS RELAXATION
t TINES TAUIKMUY AND AGES TR{IA),
[4 INPUT
c ERCITHIA) »TOITITTA(IT)I»TPLIA)»TPLOIAYSNDEZ)JOECH)NToNA=ALL FRDM
[4 SUBROUTINE RELAX(SEE DEFINITIONS TVHERE}.
c WlpW2=CHOSEN WEIGHTS(SUITABLE VALUES W1e0,01,#2e0,08)
[ NMU=ND. OF RELAXs TINES TAU(MU).
4 QUTPUT
4 EMUCRUSTA)wMAXWELL CHAlN MODULI FOR TAU(MU} AT AGES TP{lA)
[+ TAU(NUISRELAXATION TIMES OF MAXWELL CHAIN
<
4 {FROM 3 BAZANT AND ASGHARI ¢ CEMENT AND CONCRETE RESEARCH,
c VOLe%sNDe4s5197462PP.56T7579)
[
[ PR EN ERINBRERERY
t
COMMUN/MAXW/ENUCL10»6)5TPLIB),TP(B))NA
DIMENSION ER(30,8},T(30),TT{30),TAU(LI0)
DIMENSION NKC&),D(B)oCECG},AAACLO),MUEX(10)» IXEX{10)
DIMENSION ALBsB),WKAREACS)»BIB, 1) NJIB) AL(4r4)pBa(4)y1)
c
WRITE(Hs 77701, W2
777 FORMAT(//7324 WEIGHTS USSD IN MAXWLL ARE Wle FB.4s%XsTHAND W2x
1FB.4/1)
[4
c CHOOSE RELAXATION TIMES Tau
4
MMU = NMU - 1
IF (TAUCL) +EQs Oe¢) TAULL) = T(1)/0,3
DO 10 MU=2,nMy
10 TAUCMU) = TAU{MU~1)%*10.
TAULNML) » 1.£30
€
4 PRINT RELAXATION TIMES
[
WRITE(65401){TAUIHU) »MU=1,NHU)
401 FORMATU//26HORELAXATION TIMES TAU(MUI=TEL4.4//7)
e
4 COMPUTE COEFFICIENTS A AND 8 OF LEAST SJUARE METHOD
c
DB 100 IA=l,NA
00 50 NUsl,Nwy
DD 30 AU=1,NNQ
Sun = 0,
D0 20 ITel,NT
KT (ITI/TAUIMIISTLITI/TAUCINU}
20 IF(XaLEL504) SUMaSUNSEXP{=X)
30 A(NUSMU) = SUM
Sum = 0.
00 40 ITel,NT
X=sTL1T)I/TAUINY)
40 TF{XaLE+50,s) SUMSSUM+ER(IIT, LAY*EXP(=X)
50 B(NU,1) = SUM
¢
4 ENFORCE A SMJIOTH SPrCTRUM BY ADDING WEIGHTS Wlsw2 ON 1-ST
4 AND 2=ND DIFFERENCES OF EMU AS FUNCTIDN OF 1]
4
W2z . Z2o¥d2
W26 . 4,02
Alls2) = AQLsL1Y + W1
Alls2) = AL1,2) = W)
At251) = Al(2,1) - W
Al2,2) = A(2,2) + W)
LLI"3 LALL]
NMU2 = NMU - 2
NMU3 s NMU = 3 -
4
D0 60 NUs1,NMU3
l(NUpNU) s A{NUsNU) ¢ W2
= NU ¢ 1
uuu.nu, - AlNUpHU) - w22
+ 2
60 A(NU:HUI - A(NU;NJ) + W2
4
DD 70 NU-Z;NHUZ
Ny = 1
A(IU:HU) » A(NUsMJ) = W22
ACNUSNU) = ACNU,NU)Y + W1l + w24
L1 = NU + 1
70 AINUSMU) = ALNURMUY = Wl =~ w22
c
00 80 NUs3,NMUL
L11) = NJ -
ACNUSMU) = A(NUSNU)} + W2
w = N =1
A(NUSMU) = AINUSMU) = Wl = W22
80 A{NU»NUL = A(NUSNU)Y + NI + W2
<
[ SOLVE THE EQUATIONS BY A LIBRARY SUBRIUTINE LEGQTIF,
(4
CALL LEQTIF(A,1,NHU»BsBs0s WKAREASIERR)
4
14 ARGe ND. 2 = N3 DF RHS
c ARG, ND. 3 = NO, OF EQS.
4 ARG, NDos 4 = DIMENSION OF MATRIX &
c ARG. ND, 5 - RHS, ON OUTPUT THE SOLUTION
4 ARGs NOs & = 0 FOR NO ACCURACY TEST
[+ ARG. NO, 7 = WORK AREA, DIMENSION .5k, NO, OF EQS.
[ ARGs NO. 8 = JERR = 128 ¢ Ny N = 1 SINGULAR.
[
DO 90 MUel,NMU
90 EMULMU,IA) = B(MU,1)
14
100 CONTINUE
4
MRITE(6,1000) T{1),TINT)
0 110 IAel,NA
110 WRITE(6,1010) IA,TPL{IA)» (EMUIMUSIA), MUel,NMU)
c
14 AS A CHECK » COMPUTE CREEP FUNCTION VALUES FROM EMU
[4
CALL CRCURVIT,TT,TAUSNT,NNU )
RETURN
¢
1000 FORMAT(43HOMAXWELL CHAIN MODULI FDR TIME RANGE FROM E11.3,3H TQ »

1010

1E11+30224 (UNITS PSI)/40HOIA

TPLIA)
USE DATA CARDS A»BsCaKols™
FDRNAYHHZ,F!O.L(8511-3)

EMUCL»TA)  EPUC25TA) eee )

SUSBROUTINE CRCURV(T,TT,TAUSNT,NNU)

CRCURV  COMPUTES DISCRETE VALUES BJ OF CREEP COMPLIANCE

FUNCTIDN AJ FROM RELAXATION MODULI OF MAXWELL CHAIN.

CFROM ©t BAZANT AND ASGHARI t CEMENT AND CONCRETE RESEARCH,
VOL+4sND 4»29T4, PP 567-579)

INPUT=T,TT)TPoNToNA» TAUs MMU,NNU» FROM SUBRIUTINES RELAX AND
MAXWL] {SEE DEFINITIONS THERE)

OUTPUT=-VALUES 8J(IT,IA} OF CREEP FUNCTION CALCULATED FROM MAXWELL
CHAINy TO BE COMPARED WITH ORIGINALLY GIVEN VALUES DJ(IT,IA)

NoNeaonnanonaanon

290

nan

oo

o ooo

nonNn

Haeono0n o o

902
903

904

1

o

9031
9041

9045
9046

10

-3

150
200

30

-1

990
1000

310
1010

1020
<

o

s
w

11 EMU/Z&249 IT

CURHON/MAXW/ENU(L058)) TPLIBI,TP(8)sNA

DIMENSION T(30),TT(30),TAU{L0),CE(4),4AAL10),MUEX(10},IXEX(10)

DIMENSION ELAMIL10),SMUL20),EX(10),830¢30,80,DJ130,8)

IF(NT.6T,30)60 TO 202

IF(NALGT.8)G0 TI 902

IF{NMU,GT,.10)30 TO 902

60 TO 904

MRITE(60903)

FORMAT(62HOMESSAGE FROM CRCURV.«NT OR NA DR NMU EXCEEDS DIMENSINN,
)

sTap
CONTINUE

LOOP OVER CREEP CURVES FOR VARIOUS AGES TP(IA) AT LOADING

0D 300 IA=l,Na
ROw INITIALIZE VARIABLES.

DEF = 0,
00 10 MU=1,NMY
SMUTHU) = 0. -
or = T, :
LODP OVER DISCRETE TIMES

T(IT) FROM LOADING

00 200 IT=1,NT

IF {IT o6T. 1) 0T = T{IT) = T(IT~1)

D0 100 Mus1,NYU

= DT/TAU{MY)
I‘(I.LY.SO 0) &3 TQ 9031
EX(MU)=0.0
60 TO 9041
EXIMY) = EXP{-X)
80 = 1, = EX(NY)
IF(X-LT 1.E-7) GU TD 9045
= BD/
GQ TD 9046

#HEN X TENDS TN ZERO , LIMIT{3DA} = 0./0.
COMPUTE BDA FROM TAYLIR SERIES ABOUT X = 0.

BOA=1,={0.5=0.1666666T2X)*X

ELAM{MU) o BOASERUF(MU,TTLITIHTPIIAN)
EPP = EPP ¢ ELAM(MU)

SUM = SUM ¢ BD¥SHU(MU)

CONTINVE

IF (IT +EQ. 1} SUM = SUM ¢ 1,

HERE 1e.aVALUE OF STRESS INCREMENT AT INSTANY OF LOADING (ALL LATER
INCREMENTS = Do)y DEwSTRAIN INCREMENT, DEFeSTKAINs SMU(MU)aSTRESS
IN SPRING ND, MU, 3DAsLARIDA, EPPsE-DIUBLE PRINE, DTsTINE STEP,

pl3 e« SUM/EPP
= GEF + OF

34{IT,1A) = DEF

00 150 MJ=1,NMU

SMULMU) o SMUCMUI*#EX(MUY + ELAM(MU}#DZ
CINTINUE

CONTINUE

WRITE(6,390)4TP({IA},IACLl N

FORMAT(//7 /1340 TP{IA)» BE1Z243/(13X,B8EL2.3))

WRITE{6,1000}

FORMAT(GLHOCREEP FUNCTION VALUES COMPUTED FROM MAXWELL CHAIN MIDUL
an AJ(IT, 1) AITH2) .}

DD 310 IT=1,NT

WRITE(6,1010) IT,TCIT), (3J(ITsIA)» IAsI,NA )

FORMAT(1X12,F1043,10E12,3/(13X10E12.3))

WRITE(6,1020)

FORMAT(50HOCOMPARE CREEP FUNCTION VALUES AS ORIGINALLY GIVEN/)

WRITEL6,993)
FORMAT{9TH HERE T(IT)s JUKRENT TIME MINUS T-PRIMEsSTRESS DIIRATIDN

1S TPCIA) = T=PRIME = AGE AT LDADING

320
330

410

2010

420
430
2015
2020

500

111HJ=VALUES IS

0D 330 IVal,NT

DO 320 IA=1,NA

DI(IT,IA) = CREEPITLIT)»TP(IA))
WRITE(5,1010) IT,TC(IT), (DJ(IToIA)» TAs1leNA )

CALCULATE DEVEIATIONS FROM GIVEN CREEP FUNCTION AND STATISTICS.

J=0

X=0,0

DD 410 ITs1,NT

09 410 IAsl,NA

Jedel

W X+0J(ITH1A)

XeX7§

WRITEL6,2010)

FORMAT(4740 DEVIATIONS DIVIDED B8Y MEAN OF GIVEN J VALUES/)
SUN=),0

DO 430 ITwi,NT

03 420 IAs1,NA

DEVIATLIONS

DE=BJLIT,IA)=DJ(ITs M)

SUNRSUM+DE *DE

BJLIT,IAY=DE/X

WRITE(652015) IT,T(IT),(B3(IToIA),IAR1,NA)
FORMAT(1X,12,F10,3,10F12.5/(13X,10F12,5)}
DEw(SQRTLSUM/JI}I/X

WRITE(6,2020)0E

FORMAT(S1HOCOEFF., OF VARIATION FJR THE DEVIATIONS FROM GIVEN »
»FB.4/7)

RETURN

END

FUNCTION EMUE(NU,TPA)

LAl L]

EMUF RETURNS THE ELASTIC MODULUS EMU OF UNIT NO. MU IN THE MAXWELL
CHAIN, CORRESPONOING TD AGE TPA,

I

n Pooocoon

20
30

o
COMMON/MAXW/ENUCL0,8),TPLLB)»TPIB),NA

TPLA = ALOGLO(TPA)

D0 20 I =2,NA

1a»]

AsTPLULIA}=-TPLA

IF{A)20,30,30

CONTINUE

JAsIA=]

EMUF=(EMUCHU, JADPA+ENUCMUS TAIR(TPLA-TPLIJAIIIZUTPLIIA)=-TPLIJA))

RETURN
END

100€0
10090
10100
10110
10120
10130
10140
10150
10160
10170
10180
10190
10200
10210
10220
10230
10240
10250
10260
10270
10280
10290
10300
10310
10320
10330
10340
10350
10360
10370
10380
10350
10400
10410
10420
10430
10440
10450
10460
10470
10480
10490
10500
10510
10%20
10530
10540
10550
10560
10570
10580
10590
10600
10810
10620
10630
10640
10650
10660
10670
10680
10690
10700
10710
10720
10730
10740
10750
10760
10770
10780 -
10790
10800
10810
10820
10830
10840
108%0
10860
10870
10880
10890
10900
10910
10920
10930
10940
10950
10960
10970
10960
10990
11000
11010
11020
11030
11040
11050
11060
11070
11080
11090
11100
11110
11120



