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In Annex e of the new Model Code of C.E.B. (Comitd Europden du Bdton), a 
creep function of the following form will be allowed to be used for concrete 
(see Eq.e.3 on p. 249 of [i] or Eq.e.4 on p. 233 of [2]): 

with 

1 ~( t , to )  
J(t'to) = Ec(t o) + E (1) 

c28 

~ ( t , t  o) = CdBdCt-t o ) + Cf[Sf( t )  - efCto)].  (2) 

Here J(t,t 0) = strain at time t due to a unit stress acting since time t o 
(creep function), ~(t,t0) - creep coefficient, ~d = 0.4 - coefficient of the 
so-called "delayed elasticity," #f - coefficient of the so-called "delayed 
plasticity" (flow, irreversible creep), 84 - function of time(t- t 0) given by 
a graph, Ec~ - elastic modulus of concrete at the age of 28 days, and Ec(t0) 
- elastic mo--dulus of concrete at age t 0. 

The foregoing creep function is based on the assumption that both the 
shape of the creep curve and the effect of age at loading can be determined 
from one and the same time ftmction, Sd(t), which is a very crude simplifica- 
tion of the reallty [3]. For Ec(t) - const. = E28 and coefficient values in- 
dicated in Ref. 1 and 2 (taking coefficient I from [i] for sealed specimens as 
29), comparisons of Eq. (2) with the experimental curves of creep of specimens 
loaded at widely different ages are indicated by the solid lines in Figs. 
if-j, and 2f-J. These figures include all of the well-documented data avail- 
able in the literature on the age effect in creep (sea Eels. 6-ii). For the 
actual, time-varlable elastic modulus Ec(t), the comparisons are shown in 
these figures by dashed lines. Because C.E.B. does not indicate the age- 
dependence of the elastic modulus, the AC1 Committee 209 recommendation [5] 
has been used to calculate strength fc' at time t~ from whlch the elastic 
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modulus, Ec(t) as well as Ec28 
(fc in MPa): 

has been evaluated using the C.E.B. formula 

tO 
(to) = 9500 3/~ ,(tO), f '(t O ) = f ' (3) 

Ec c c c28 4 + 0.85t 0 

It should be noted, however, that the comparison with test data, as apparent 
from the figures, is inferior to that attainable with other forms of the creep 
function, including the previous C.E.B. creep function (1970). Nevertheless, 
the use of Eq. (2) will be allowed by the next edition of C.E.B. recommenda- 
tions, for reasons other than experimental comparisons. Therefore, any pos- 
sible amelioration within the capability of the creep function in the form of 
Eq. (2) is highly desirable. Indeed, some degree of amelioration is possible. 

In their previous discussion, RHsch et el. reduced the disagreement with 
test data by shifting the creep curves vertically, the carves for young ages 
at loading being shifted upwards and the curves for old ages at loading being 
shifted downwards (see Fig. i on p. 633 of Vol. 5, Ref. 4). Such vertical 
shifts are equivalent to replacing the actual elastic modulus Ec(t0) by some 
other fictitious modulus values. These values, as implied by the vertical 
shifts of RUsch et al., were indicated in Fig. i0 on p. 122 of Vol. 7, Ref. 3. 

Following up this idea, it is now proposed to embody the vertically 
shifted creep curves of R~sch et al. [4] in the C.E.B. formulation. The ac- 
tual elastic modulus Ec(t0) will be replaced by modulus Eic(t0) called initial 
creep modulus, i.e., 

l ~(t,t~) (4) 
J(t,to) = mic(tO ) + Ec2 8 

Modulus Eic(t0) is a fictitious quantity which has physically nothing in com- 

mon with the actual elastic modulus; it merely serves to set the initial 
value of the creep curves, such that optimum fit for longer creep durations 
which matter most be obtained. 

Formally, however, Eic(t0) may be treated in structural creep analysis 
as an elastic modulus, and so Eqs. (i) and (2) retain the same form. Thus, 
all formulas based on them remain applicable, i.e., introduction of Eic would 
not preclude the use of the traditional Dischinger-type methods of creep 
structural analysis, such as the improved Dischinger method (which has been 
the main motive for taking over Eq. (2) from German DIN specifications). As 
far as the variation of elastic modulus is concerned, RUsch et al. stated [4] 
that it does not make the application of the improved Dischinger method any 
more difficult. The fact that Eic does not represent the actual elastic 
modulus (as defined by codes) is ~--,-terial, for two reasons: (a) E is a con- 
ventional value anyhow, and it itself includes about 30% of true creep strain; 
(b) The subdivision of the total strain between the elastic and cree-p com- 
ponents of the creep function is irrelevant for structural analysis, as long 
as the total strain, J(t,t0), is correct within the period of interest. 

Forcing the ratio Eic(t0)/E to be the same for all data sets, the 
c28 

optimum fits of experimental creep curves, with the proposed amelioration, 
are shown by the solid lines in Figs. la-e, and 2s-e. It is seen that the 
disagreement with test data is indeed appreciably reduced, although the for- 
mulation still remains to be distinctly inferior to certain other formula- 
tions. Note also that the improvement is not limited to small ages of con- 
crete. The expression for Eic which corresponds to these optimum fits of 
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FIG i. Comparisons with Creep Test Data Available in the Literature 
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test data is given by 

i o 46 r F28) o. 4j 
" E" Ll+°'sSL oJ Elc(tO) c28 

(s) 

where Ec28 is the elastic modulus at the age of 28 days, as defined by C.E.B. 

[1,2]. Fig. 3 shows a plot of Eic(t 0) in comparison to the curve of actual 

1 
Lo --'-'-'-'-'-'-'-'-~~- r/,/E~(t.)/V E=,, 

~ I I  Eic ( t . ) / l l  Eca 
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FIG. 3 Variation of Elastic Modulus 
and Initial Creep,Modulus 

modulus Ec(tO) according 
to ACI Committee 209 rec- 
ommendation [5]. The 
values of Eic(t0) are also 
very close to those em- 
ployed by R~sch et al. in 
Fig. 1 on p. 633 of Vol. 5, 
Ref. 4. It is now proposed 
that Eq. 5 be introduced 
in Annex e of the new edi- 
tion of C.E.B. Model Code. 

Concludln~ Remark 

It must be emphasized 
that the present proposal 
does not imply an endorse- 
ment of the creep function 
in the form of Eq. (2). 

However, given the fact that Eq. (2) is now adopted by C.E.B. and will for 
some time form part of C.E.B. Model Code, a constructive attitude must be 
taken and the formulation must be optimized at least within the imposed liml- 
tations. The proposal is made strictly in this spirit, while the previous 
criticism [3] remains valid. 
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