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ABSTRACT

The Prediction of Concrete Creep

Shon, Howoong* + Kim, Youngkyung*
*Dept. of Civil and Geotechnical Engineering, Paichai Univertity, Daejeon 302-735 Korea

Creep deformation of concrete is often responsible for excessive deflection at loads which can compromise
the performance of elements within structures. Hence, the prediction of the magnitude and rate of
creep strain is an important requirement of the design process and management of structures. Although
laboratory tests may be undertaken to determine the deformation properties of concrete, these are
time-consuming, often expensive and generally not a practical option. Therefore, relatively simple
empirically based national design code models are relied upon to predict the magnitude of creep strain.This
paper reviews the accuracy of creep predictions yielded by eight commonly used international "code
type" models, all of which do not consider the same material parameters and yield a range of predicted
strains, when compared with actual strains measured on a range of concretes in seventeen different
investigations. The models assessed are the: SABS 0100 (1992), BS 8110 (1985), ACI 209 (1992), AS
3600 (1998), CEB-FIP (1970, 1978 and 1990) and the RILEM Model B3 (1995). The RILEM Model B3
(1995) and CEB-FIP (1978) were found to be the most and least accurate, respectively.
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1. Introduction
1.1 The Phenomenon of Creep

Creep is the time dependent increase in strain of a solid
body under constant or controlled stress.

Creep strain (at any time) can be divided into a basic creep
and a drying creep component. If the concrete is sealed or
if there is no moisture exchange between the concrete and
the ambient medium, only basic creep occurs. Drying creep
is the additional creep experienced when the concrete is al-
lowed to dry while under sustained load. The sum of basic
and drying creep is referred to as total creep.

The creep strain at any time, & c(t), is determined as:

e)=e(®)—e.—eu(d
where,
&c(t) = creep strain at any time t;
&(t) = total measured strain at any time t;
ee= average instantaneous elastic strain recorded imme
diately after loading;
esn(t) = drying shrinkage strain at any time t (determined
on unloaded specimens).
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1.2 The Effects of Creep

Creep of concrete is both a desirable and an undesirable
phenomenon. On the one hand it is desirable as it imparts
a degree of necessary ductility to the concrete. On the other
hand, creep is often responsible for excessive deflections
at service loads, which can result in the instability of arch,
or shell structures, cracking, creep buckling of long col-
umns and loss of prestress(RILEM Model B3, 1995).
Frequently the detrimental results of creep are more damag-
ing to non-load-bearing components associated with the
structure, such as window frames, cladding panels and par-
titions, than they are to the structure itself(Davis and
Alexander, 1992). Often, damaged structures are either
shut down or undergo extensive repairs long before the end
of their intended design life, resulting in signigicant eco-
nomic consequences. Creep strain is generally associated
with its detrimental effects.

2. The prediction of creep strain
2.1 Accuracy of Estimations

The magnitude of creep, which is required for design pur-

AnASd ;20044 109 112 ARSAY : 20049 129 14



Shon, Howoong - Kim, Youngkyung

poses, can be estimated at various levels. The choice of level
depends on the type of structure and the quality of the data
available for the design. In cases where only a rough esti-
mate of the creep is required, which is suitable only for ap-
proximate calculations, an estimate can be made on the ba-
sis of a few parameters such as relative humidity, age of con-
crete and member dimensions. On the other extreme, in the
case, of deformation-sensitive structures, estimates are
based on comprehensive laboratory testing and mathemat-
ical and computer analyses. Ideally, a compromise has to
be sought between the simplicity of the prediction proce-
dure and the accuracy of results obtained.

At the design stage, when often the only information
available is the compressive strength of the concrete, the
general environmental conditions of exposure and the
member sizes, the designer has to rely on a design code mod-
el to estimate the extent and rate of creep strains. Given their
nature, these models are not able to account for the full range
of factors that are known to influence the creep deformation
in concrete and simplicity of application is usually de-
manded by the users of the model. Nevertheless, the users
of the model require some confidence as to the accuracy of
the predictions as well as the range of error of the prediction.

2.2 Code Type Models Assessed

This paper assesses the accuracy of eight commonly used
international code type models that are used to predict creep
strains without the need for creep tests. These empirically
based models, which vary widely in their techniques, re-
quire certain intrinsic and/or extrinsic variables, such as
mix proportions, material properties and age of loading as
input. The models considered are listed in Table1, which
also shows the factors accounted for by each model.

With the exception of the RILEM Model B3 (1995), the
models considered derive from structural design codes of
practice and express creep strain as the product of the elastic
deformation of the concrete(at the tine of loading) and the
creep coefficient.

The creep coefficient accounts for the effect of one or
more intrinsic extrinsic variables. The RILEM Model B3
(1995) is, by relative comparison, more complex than the
design code models and has a different structure as it enables
the calculation of separate compliance functions for the ba-
sic creep and drying creep(in excess of the basic creep). All
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the methods employ one or more monograms and/or alge-
braic expressions to determine the creep strain.

The SABS 0100 (1992) code has adopted the BS 8110
(1985) method for predicting creep. However, the SABS
method uses specific values for the elastic modulus of the
aggregate type, as determined by Alexander Davis(1992).

3. Comparison of results from different investigations
3.1 Data Sources

The accuracy of the abovementioned code type pre-
diction methods was assessed by comparing the accuracy
of predictions from separate research projects by Ballim
(2000), Fanourakis (1998) Gilbert (1988), McDonald et al.,
Rogowdky and Soleymani (2003) and the RILEM Data
Bank.

In each of these investigations experimental data was
compared to the values predicted at the corresponding ages
by the different models.

Ballim (2000) considered the accuracy of the SABS 0100
(1992), CEB-FIP (1998) and RILEM Model B3 when ap-
plied to concretes made with aggregates specifically deriv-
ing from the Gauteng region of South Africa. This inves-
tigation comprised 720 data points.

The work of Fanourakis (1998) comprised the measure-
ment of creep on concretes of different strength grades made
with three commonly used South African aggregate type.
This investigation, which entailed 540 creep measure-
ments, assessed the accuracy of predictions made by all of
the eight code type models listed in Table 1.

The accuracy of predictions made by the ACI 209 (1978),
CEB-FIP (1970) and CRB-FIP (1978) was included in the
investigation by Gilbert(1988).

McDonald et al. (1988) assessed the accuracy of a num-
ber of creep prediction methods including the CEB-FIP
(1978) and AS 3600 (1988) methods. This investigation in-
cluded over 1000 data points from 29 creep tests (conducted
on Australian concretes) from five different sources.

The recent research by Rogowsky and Soleymani (2003)
assessed the accuracy of two Canadian models as well as
the CEB-FIP 1978 and 1990 models when applied to speci-
mens at three different loading ages. This investigation was
based on approximately 1000 data points.

In the case of the RILEM Model B3 (1995), comparisons
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were made between total creep predictions for the RILEM
Model B3 (1995), the ACI 209 (1992) and the CEB-FIP
(1990) methods (RILEM Nodel B3, 1995). The data used
in these comparisons derived from the RILEM Data Bank,
which was compiled by subcommittee 5 of RILEM
Committee TC-107 (1995), comprising approximately
15000 data points from twelve different investigations from
laboratories around the world.

3.2 Analysis

In order to provide a basis for comparing the creep strains

of concretes with different strengths and different applied
loads, the results are presented in the form of specific
creep(C.), which is defined as creep strain per unit stress
(Ce= (V) 0).

All comparisons were on the basis of total creep (basic
plus drying creep). As this investigation was of a general
nature, the specific intrinsic and extrinsic factors and differ-
ences in experimental techniques, pertaining to the differ-
ent investigation, were not compared.

The coeftficient of variation of errors ( @;), as defined by
Bazant and Baweja (1995), was used to quantify the extent
to which predicted specific creep values at different ages

Table 1 Summary of Factors Accounted for by Different Prediction Methods.
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Fig. 1 Statistics pertaining to coefficients of variation.

after loading (determined by applying a particular model)
deviated from the values measured at the relevant ages on
the specimens of a particular concrete mix. The more accu-
rate the prediction, the lower the value of w;.

3.3 Results and Discussion

The coefficients of variation resulting the different in-
vestigations, for the code model considered, are given in
table 2. The statistics of the comparisons are summarized
in Fig. 1.

The BS 8110 (1985) method was excluded from Fig. 1
as comparative predictions were not found. Referring to
Table 2 and Fig. 1, it is evident that the RILEM Model B3,
which yielded an overall coefficient (@) of 25.9, is the
most accurate of the prediction models. Although the As
3600 (1988) model was, for all intents and purposes, almost
as accurate ( @ a1=26), the latter analysis was based on the
results of two data sources as opposed to fourteen in the for-
mer case.

The CEB-FIP (1978) was the least accurate method ( wan
=67.4).

In addition, the lowest coefficient of variation (®j=5.8)
was yielded by the RILEM Model B3 in two different
investigations.

In view of the fact that at least fourteen data sets were
used in the comparisons in the case the RILEM Model B3
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(1995), CEB-FIP (1990) and ACI 209 (1992) models, fur-
ther emphasis is justifiably placed on the accuracy of these
models. The overall coefficients of variation ( @ an) and min-
imum coefficient of variations ( @ min) increase in the order
RILRM Model B3 (1995), CEB-FIP (1990) and ACI 209
(1992).

Furthermore, it is evident from Fig. 1 that the CEB-FIP
(1990) model is more accurate than its predecessor, the
CEB-FIP (1978) model. However, the CEB-FIP (1970),
that is relatively simple in comparison with the 1978 and
1990 models, yields the lowest coefficient of variation. This
trend was also evident in the work of Frnourakis (1998).

Further investigation on the accuracy of predictions us-
ing the AS 3600 (1988), CEB-FIP (1970) and BS 8110
(1985) methods is proposed in order to determine the accu-
racy of these methods when applied to more data sets than
in the above comparison. This proposed investigation is
warranted by the fact that all three of these methods are rela-
tively simple when compared to the RILEM Model B3. This
exercise would determine whether the accuracy of the
RILEM Model B3 is justified by its relative complexity.

4. Conclusions
This paper considered the accuracy of eight code type

creep prediction models. The RILEM Model B3 appears
to provide the most accurate predictions, with an overall co-
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Table 2 Coefficients of Variation from Different Investigation.
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efficient of variation of 25.9. The CEB-FIP (1978) was the
least accurate method, yielding an overall coefficient of
variation of 67.4. Further assessment of the accuracy of the
AS 3600 (1988), CRB-FIP (1970) and BS 8110 (1985)
models, which are significantly simpler in comparison to
the RILEM Model B3, is recommended.
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