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O ABSTRACT 0O

The paper starts by listing the requirements needed in any mathematical modeling of
the characteristics of creep and shrinkage in concrete, followed by describing the
characteristics of creep and shrinkage in high performance concrete (HPC) and comparing
these with normal strength (NSC).

The paper shows that creep of shrinkage for both HPC and NSC can be predicted
using a unified method, close to the mathematical model presented by CEB-FIP in 1990,
by simply introducing some modifications and extending the range of formulae used.

The developed mathematical model has been calibrated against an extensive data base
RILEM on creep and shrinkage. The paper includes a statistical study of applicability of
the model and the extent of variation upon its application.

The selected mathematical model was incorporated into a computer program that
calculates creep and shrinkage deformations over time, taking into considerations all the
variables that went into the mathematical model. The program enables the consideration of
time deformation curves for any given situation, representing an effective and flexible
analytical tool to compare the experimental results measured.

"Prof, Faculty Of Civil Engineering, Damascus University, Damascus, Syria.
**Doctorate Degree Student, Faculty Of Civil Engineering, Damascus University, Damascus, Syria.
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(1) sia

Gl b adinal) bl 7 isall) quua el pa GELASIYYY cial) il qlual QBASIC 4y caula gealiy

DECLARE SUB InputModule (fcm!, RH!, ts!, t0!, h!, CementType$)

DECLARE SUB ConstantsModule (fcmQ!, t1!, RHO!, hO!, t1T!)

DECLARE FUNCTION EPScas! (ALPHAas!, fcm!, fcmoOl, tl, t11)

DECLARE FUNCTION EPScs! (ALPHAas!, ALPHAdsl!, ALPHAds2!, fcm!,
fcmO!, RH!, RHO!, t!, ts!, t1!, h!, hO!)

DECLARE FUNCTION EPScds! (ALPHAdsl!, ALPHAds2!, fcm!, fcmQ!, RH!,
RHO!, t!, ts!, t1!, hl, hO!)

DECLARE FUNCTION BETAGdSs! (t!, ts!, t1!, h!, hO!)

DECLARE FUNCTION EPScds0! (ALPHAds1!, ALPHAdSs2!, fcm!, fcmO0!)

DECLARE FUNCTION BetaRH! (RH!, RHO0!, fcm!, fcmQ!)

DECLARE FUNCTION BETAsI! (fcm!, fcmO!)

DECLARE FUNCTION EPScas0! (ALPHAas!, fcm!, fcmO0!)

DECLARE FUNCTION BETAas! (t!, t1!1)

DECLARE SUB CreepCoeff (EPScc!, fcm0!, fcm!, SIGMAc!, RH!, RHO!, h!, h0!,
ALPHA!, s!, t!, t0l, t11, t1T!)

DECLARE SUB CementTypeParameters (CementType$, ALPHAas!, ALPHAds1!,
ALPHAdSs2!, ALPHAI, s!, fcm!)

Dim epa(200), eps(200), ept(200), EPScc(200, 3), SIGMACc(3)

Call InputModule(fcm!, RH!, ts!, t0, h!, CementType$)

Call CementTypeParameters(CementType$, ALPHAas, ALPHAds1, ALPHAdSs2,
ALPHA, s, fcm)

Call ConstantsModule(fcm0!, t1!, RHO!, hO!, t1T)

Open "Shrink.csv" For Output As #1

Fort=0 To 1000 Step 10

Counter = Counter + 1

epa(Counter) = EPScas!(ALPHAas!, fcm!, fcm0!, t!, t11)

If t >= ts Then eps(Counter) = -EPScds!(ALPHAds1, ALPHAds2, fcm!, fcmOQ!, RH!,
RHO!, t!, ts!, t1!, h!, hO!)

ept(Counter) = epa(Counter) + eps(Counter)

Print #1, t, ""; epa(Counter), ","; eps(Counter), ","; ept(Counter)

Next t

Close #1

SIGMACc(1) = 0.5 * fcm

SIGMACc(2) = 0.7 * fcm

SIGMACc(3) =0.9 * fcm

Counter =0

Open "creep.csv" For Output As #2

Fort=0 To 1000 Step 10

Counter = Counter + 1

Forj=1To3

If t >= t0 Then Call CreepCoeff(EPScc(Counter, j), fcm0, fcm, SIGMAc(j), RH,
RHO, h, h0, ALPHA, s, t, t0, t1, t1T)

168



L gine canad 35S 2 3l (e Bange Al asgie s1Y) e sy solad) sind) (LS5 Canjll i 23l

Next j
Print#2, t, ","; EPScc(Counter, 1), ","; EPScc(Counter, 2), ","; EPScc(Counter, 3)
Next t
Close #2
End
Function BETAas(t, t1)
BETAas =1 - Exp(-0.2 * (t/t1) ~ 0.5)
End Function
Function BETAdSs(t, ts, t1, h, h0)
BETAds = ((t-ts)/t1/ (350 * (h/h0)~2+ (t-ts)/t1))~ 0.5
End Function
Function BetaRH(RH, RHO, fcm, fcmO)
If RH >=0.99 * BETAsI(fcm, fcmQ) Then
BetaRH = 0.25
Else
If (RH >=40) And (RH < 0.99 * BETAsl(fcm, fcm0)) Then
BetaRH =-1.55 * (1 - (RH/ RHO0) " 3)
Else
Print " RH is out of range ", RH
End If
End If
End Function
Function BETAsl(fcm, fcmO)
LocVar = (3.5 * fcm0 / fcm) 2 0.1
If LocVar > 1 Then LocVar =1
BETAsI = LocVar
End Function
Sub CementTypeParameters(CementType$, ALPHAas, ALPHAds1l, ALPHAdSs2,
ALPHA, s, fcm)
Select Case CementType$

Case "SL" 'Slow Hardening Cement
ALPHAas =800
ALPHAds1 =3
ALPHAds2 =0.13
ALPHA =-1
s=0.2

Case "NR"  'Normal and Rapidly Hardening Cement
ALPHAas =700
ALPHAds1 =4
ALPHAds2 =0.11
ALPHA =0
s=0.25
Case Else  ™RS" Rapidly Hardening High Strength Cement
ALPHAas = 600
ALPHAds1 =6
ALPHAds2 =0.12
ALPHA =1
s=0.38
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End Select
If fcm > 60 Thens=0.2
End Sub
Sub ConstantsModule(fcm0, t1, RHO, ho, t1T)
fcm0=10 'MPa
t1=1 'Day
h0 = 100 ‘'mm
RHO =100  'Percentage
tiT=1 ‘Day
End Sub
Sub CreepCoeff(EPScc, fcm0, fcm, SIGMAc, RH, RHO, h, h0, ALPHA, s, t, t0, t1,
t1T)
'Equations 23, pp. 126
ALPHAL = (3.5 * fcm0 / fcm) ~ 0.7
ALPHA2 = (3.5 * fcm0 / fcm) 2 0.2
ALPHA3 = (3.5 * fcm0 / fcm) 2 0.5
'Equation 22, pp. 125
BetaH = 150 * (1 + (1.2 * RH/RHO0) ~ 18) * h / h0 + 250 * ALPHA3
If BetaH > (1500 * ALPHAS3) Then BetaH = 1500 * ALPHA3
'Equation 20, pp. 125
'Equation needs clarification
‘as it cannot be used as is

Rem t0 = tOT * (9/ (2 + (t0T / t1T) + 1) ~ ALPHA)
RemIFt0< .5 THENtO=.5

'Equation 21, pp. 125
BETACc = ((t-t0) /t1/ (BetaH + (t - t0) / t1)) ~ 0.3

'Equation 19, pp. 125
BETAtO =1/ (0.1 + (t0/t1)~0.2)

'Equation 18, pp. 125
BETAfcm = 5.3/ (fcm / fcm0) ~ 0.5

'Equation 17, pp. 125
FiRH=(1+ (1-RH/RHO0)/(0.1*h/h0)~ (1/3)* ALPHAL) * ALPHA2

'Equation 16, pp. 124
Fi0 = FiRH * BETAfcm * BETAtO

'Equation 15, pp. 124
Fitt0 = Fi0 * BETACc

'Equation 13, pp. 123
Ec = 21500 * (fcm / fcmQ) ~ (1 / 3)

'Equation 14, pp. 124

Ect=Ec*Exp(s/2*(1-(28 *t1/t)~0.5))
EctO=Ec*Exp(s/2* (1- (28 *t1/t0)~0.5))
nt0 = Ec / Ect0

‘Equation 12, pp. 123
j=1/Ec* (nt0 + Fitt0)

'Equation 11, pp. 123
EPScc = Fitt0 * SIGMAc / Ec
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End Sub

Function EPScas(ALPHAas, fcm, fcmo, t, t1)

LocVarl = EPScasO(ALPHAas, fcm, fcm0)

LocVar2 = BETAas(t, t1)

EPScas = LocVarl * LocVar2

End Function

Function EPScasO(ALPHAas, fcm, fcm0)

EPScas0 = -ALPHAas * ((fcm / fcmQ) / (6 + fem / fem0)) ~ 2.5 / 1000000

End Function

Function EPScds(ALPHAds1, ALPHAds2, fcm, fcmO, RH, RHO, t, ts, t1, h, h0)

LocVarl = EPScdsO(ALPHAds1, ALPHAds2, fcm, fcmO0)

LocVar2 = BetaRH(RH, RHO, fcm, fcm0)

LocVar3 = BETAds(t, ts, t1, h, h0)

EPScds = LocVarl * LocVar2 * LocVar3

End Function

Function EPScdsO(ALPHAds1, ALPHAdS2, fcm, fcmO)

EPScds0 = ((220 + 110 * ALPHAdSs1) * Exp(-ALPHAds2 * fcm / fcm0)) / 1000000

End Function

Function EPScs(ALPHAas, ALPHAds1, ALPHAds2, fcm, fcm0O, RH, RHO, t, ts, t1,
h, h0)

LocVarl = EPScas(ALPHAas, fcm, fcmo, t, t1)

LocVar2 = EPScds(ALPHAds1, ALPHAdS2, fcm, femO, RH, RHO, t, ts, t1, h, h0)

EPScs = LocVarl + LocVar2

End Function

Sub InputModule(fcm, RH, ts, t0, h, CementType$)

INPUT "Cement Type, SL, NR or RS ", CementType$

INPUT "Value of Concrete Compressive Stress fcm in MPa ™; fcm

INPUT "Value of Relative Humidity RH in Percentage "; RH

INPUT "Value of Age at Drying ts in Days " ts
INPUT "Value of Age at Loading t0 in Days " 10
INPUT "Value of Equivalent Height h in mm " h
End Sub
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