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Abstract
Advances in concrete technology and the adoption of new materials have required the calibration of a new model for creep of
concrete in the fib Model Code 2010. The model covers also a wider range of concrete grades. The main factors affecting the
prediction of concrete creep are limited to code-type levels. To describe creep, a well-established concept for basic creep has
been developed. In the paper, for the presentation and comparison of creep deformation, creep coefficients and creep function are
used as the most common and comprehensive parameters for the time-dependent analysis of concrete structures. The presented
creep data are calculated using a standard computer spreadsheet program. The fib MC2010 model for creep introduces
improvements in the analysis and assessment of the time-dependent deformation of concrete structures. The complexity of creep
prediction is significantly reduced and a range of influencing parameters is excluded from the model for simplicity and easy
adoption at the design level. Simple comparison with previously used creep models allows it to be stated that the fib MC2010
generally gives even higher values of final creep deformation than Eurocode 2. The model predicts final creep coefficients for up
to 50 years of loading with good approximation, but results of recent practical observations show higher values of creep after 30
to 50 years in service.
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1. Introduction
The models developed in the fib Model Code 2010 by
International Federation for Structural Concrete (fib) are
based on a literature review, existing experimental data and
mainly on new sets of selected experiments [5, 8 to 14].
Improvements in concrete technology, higher grades of
structural concrete, new admixtures and additives along with
shrinkage reduction admixtures have resulted in changes in
the properties of concrete mixtures and hardened concrete.
These usually result in higher creep and shrinkage in concrete
and this should be taken into account in the design of new
concrete models [1 to 4, 9 to 12]. Creep of concrete is an
important consideration in design and construction for creep
sensitive structures. Complex creep behavior should be better
understood through a better understanding of the factors
causing the phenomenon. However, predicting the creep
behavior of concrete structures is still difficult and associated
with some uncertainty [1 to 5]. To give guidance and the

possibility of a reliable estimation of creep effects in
structures, code-related models have been introduced. This is
the case in the fib Model Code 2010 (MC2010).
Much research has been done over the last few decades,
resulting in many models for creep in concrete. Advances in
concrete technology resulting in the development of highstrength and ultra-high-strength concretes have required new
creep models adjusted and calibrated to the rheological
parameters of concrete currently in use or expected to be
developed. The range of applications for many old creep
models is limited because they do not take into account many
influencing parameters or properties which were unknown at
the time when they were elaborated. The MC2010 code
follows the trend of describing the rheological behavior of
concrete in a phenomenological manner, using a limited
number of influencing factors which are known at the design
stage.
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In the paper a general description of the creep model
developed in the MC2010 is given. The constitutive relations
describing creep of concrete are the same for ordinary and
high- strength concretes, with a wider range of high-strength
concretes included than in previous models. The magnitude
and development of creep over time are presented for selected
concretes and influencing factors. Predicted values for creep
in concrete and their comparison over other creep models
indicate that the calculated values may differ significantly, but
adopting an adequate procedure for rheological analysis in
creep-sensitive structures allows accurate time-dependent
analysis [5, 8, 9, 14].

2. Compressive Strength and Creep of
Concrete
Creep of concrete depends on many variable parameters
including concrete mixture, water and cement contents,
aggregate, type of cement, weather and climatic conditions,
time of loading, type of curing etc. Despite extensive research,
the complicated mechanism of creep in concrete structures
and the overall time behavior of concrete is sometimes
difficult to predict accurately. Many influencing parameters
make the time-dependent analysis of structures too tedious
and time-consuming, with no certainty of accuracy in the final
result [1, 2, 6, 7]. Even when advanced numerical methods for
such a structural time-dependent analysis are used, material
models should be cohesive and comprehensive. To obtain
concise models for creep in concrete and also other properties,
the number of influencing parameters is limited to give
constitutive relations of a phenomenological manner. Such an
attitude is called code-type modeling. Code-type models are
not formulated to give a detailed description of creep
mechanisms, but to give guidance for general design purposes.
The characteristic compressive strength of concrete fck at the
age of 28 days (the concrete grade) is a leading parameter in
code-type prediction models. In European codes, the concrete
strength class of normal weight concrete is marked by letter C
followed by compressive cylinder strength fck in MPa (N/mm2)
determined on cylinders 150/300 mm. This notation is used
throughout this paper for the strength classification of
concrete using the designation Cxx.
In the fib Model Code 2010, as in Eurocodes [6, 7] and the
CEB-FIB Model Code [4], to avoid using concrete mixture
parameters unknown to a designer at the design stage, the
compressive cylinder strength of concrete fck is developed as a
main parameter. This crude assumption may not meet the
desired reliability but simplifies the approach to a large extent.
In creep prediction, the only characteristics necessary to
declare are compressive strength fck, dimensions of a section
(notional size), ambient relative humidity, age at loading,
duration of loading and type of cement. The creep model was
calibrated on experimental data and new tests specially
selected for that purpose [5]. It is evaluated that the model
gives reasonably good approximation of creep values up to 50
years of loading for the specified conditions.

3. Creep Coefficient and Creep
Function
Code-related concrete models usually describe creep by
so-called creep coefficient ϕ, which represent the ratio of
delayed deformation - creep strain εcc(t,t0) to initial elastic
strain εci in concrete at the age of 28 days under the same stress
σc(t0) applied at the age of concrete t0. The same approach is
used in MC2010, but creep deformation is divided into the two
components of basic creep and drying creep for a clearer
representation of the different physical mechanisms. Basic
creep appears when the concrete is prevented from drying, and
drying creep is the additional creep that occurs due to the
drying process.
The division into two components is necessary to
accurately describe delayed deformations in high-strength
concrete. The creep model approach uses a product-time
function for each component and adds them together to
receive total creep deformation. Recent research has not
confirmed whether creep deformation can reach a finite value
or not. In MC2010, the time development of basic creep is
modeled by a logarithmic formula reaching no finite value
and drying creep is expressed by a hyperbolic formula
approaching finite value for time t = ∞. However, there is no
evidence if creep reaches the final value or not. Further long
time research is necessary to solve the problem.
As in other code-type models, for representation of creep
with time-dependent deformations the creep coefficient is
used as the most common and understandable parameter. The
creep coefficient ϕ(t,t0) is expressed as:
,
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where ϕ0,b and ϕ0,d are the notional basic and drying creep
coefficients, respectively. Functions βbc(t,t0) and βdc(t,t0) are
coefficients to describe the development of basic and drying
creep with time after loading, where t0 is the age of the
concrete at loading.
The relations given in MC2010 predict mean cross-section
behavior creep in a concrete section moist-cured for no longer
than 14 days. The procedure is valid for ordinary structural
concrete with mean compressive strength fcm = 20 to120 MPa
loaded to a compressive stress σc below 0.4 fcm(t0) at the time
of loading t0, climate conditions should be for relative
humidity RH = 40 to 100% and a mean temperature in the
range of T = 5 to 30°C. The age at loading should be at least 1
day. In this range of service stress creep is assumed to be
linearly related to the compressive stress σc.
When a structure requires more detailed time-dependent
analysis [2, 7, 14], the total stress-produced strain is calculated
using creep function J(t, t0)
,
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where Ec,i(t0) and Ec,i are the moduli of elasticity at the time of
loading t0 and at the age of 28 days respectively. Thus 1/ Ec,i(t0)
represents the initial strain per unit stress at loading.
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MC2010 states that test results confirm good approximation
given in the formulas for calculating creep development for up
to 50 years of loading. 50 years is also the specified (design)
service life in the design of new buildings, while for a large
bridge it is 100 years. For clarity in comments, MC2010
presents values of creep coefficient for up to 50 years of
loading for ordinary structural concrete and normal weight
high-strength concrete with different influencing parameters.
However, it is mentioned that recent practical observations
have given higher creep deformation than predicted and an
explanation for that phenomenon is not clear at present.
MC2010 shows advances in the creep approach compared to
the old creep models, but in future models, more calibration
and adjustment is expected.
In the code, two tables with final creep coefficients after 50
years of loading are presented for ordinary structural concrete
and for high-strength concrete [8]. Typical values of humidity,
notional size and age at loading are used to represent the range
of applications. The tables apply when lower accuracy is
sufficient. The final creep coefficients ϕ (50y+t0, t0) after 50
years of loading for concrete grades C20, C50 and C100 with
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characteristic compressive strength values fck = 20, 50 and 100
MPa, respectively, can be found in [14]. For other concrete
grades and member sizes, liner interpolation may be used.
Where more sophisticated time-dependent analysis of
creep-sensitive structures is required, then the time
development of creep should be taken into account.

4. Time Development of Creep in
Concrete
In the paper, creep development over time is presented for
limited values of the initial data. For consistency, the results
are presented for selected values of the parameters which are
the same for the concretes used for comparison. The creep
data are calculated using a standard computer spreadsheet
program developed by the author. Creep coefficients and creep
functions are presented for concrete loaded at t0 = 3, 5, 7, 14,
28, 60, 90, 180, 360, 700 and 1400 days after casting for C20
and C80 concrete grades, at relative humidity 50 and 80%, and
for notional member size h0 = 2Ac/u = 100 mm.

Fig. 1. Creep coefficient of concrete ϕ(t,t0) according to MC2010 for concrete grades: a) C20 and b) C80, at relative humidity RH = 50 and 80%.

62

Janusz Holowaty:

New Formula for Creep of Concrete in fib Model Code 2010

Fig. 2. Creep function J(t,t0) according to MC2010 for concrete grades: a) C20 and b) C80, at relative humidity RH = 50 and 80%.

Concrete grade C20 represents normal-strength concrete
and C80 high-strength concrete and their compressive
strength fck are equal to 20 and 80 MPa. However, variations of
creep coefficients over strength are also allowed.
Concrete mixture parameters are not required in creep
prediction, according to the fib Model Code 2010. For
presentation of creep development, the strength class of
cement R is used except for low-strength concrete, where the
type of cement N is used; R is for rapid hardening and N is for
normal hardening characteristics. Development of strength
over time and more pronounce development of modulus of
elasticity are dependent on the type of cement.
The time development of creep coefficients ϕ(t,t0) predicted
by the fib Model Code 2010 for the two concrete grades (C20
and C80) and the selected initial data are presented in Fig. 1.
The initial and the final values of creep are much more
significant for the lower strength of concrete and for dry
atmospheric conditions (RH = 50%, indoors) then for humid
atmospheric conditions (RH = 80%, outdoors). For the
concrete loaded at early ages the magnitude of creep is also
higher than the for mature concrete. These characteristics are
primary for creep.
The final creep coefficient values may be established at age
t = 50 years after loading for buildings and t = 100 years after

loading for structures of great importance e.g. major bridges.
50 and 100 years are the specified (design) service life of a
new structure according to MC2010. The model states that
formulas estimate with good approximation the time
development of creep up to 50 years of loading. The formulas
give increase in creep even after 50 years but the increase is
small not exceeding 10%. Due to describing the basic creep as
an infinite deformation process in MC2010 the total creep also
does not reach the final value. The fib Model Code 2010 is the
first modern model which developed this dependence. The
time development of creep functions predicted by MC2010 for
the two concrete grades (C20 and C80) and the established
initial data are shown in Fig. 2; for presentation,
dimensionless creep function Ecm28 J(t,t0) is used. The creep
functions development over time is similar to the creep
coefficient curves and the elastic deformations is included at
the beginning of loading. Creep functions present the total
load-dependent deformation of concrete
The bundles of creep curves in Figs 1 and 2 show that creep
does not approach its finite value even in t = 105 days. The
vertical dash lines on the graphs mark the 50 and 100 years
specified service life for buildings and structures of greater
importance, respectively. The 50-year period of loading is also
a reasonable time for the expected accuracy of the fib Model
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Code 2010 for creep. The figures show that creep magnitude
and range dependent on loading time are significantly lower
for high- strength concrete than for low and normal-strength
concrete. This means that higher concrete grades may be used
not only to increase durability but also to control creep. This
also indicates that creep deformability is reduced and positive
creep effects in high-strength concrete are lower.
A direct comparison of creep functions for concretes loaded
at time t0 = 7 days after casting with two standard relative
humidity is shown in Fig. 3. The creep for concrete grade C20
is approximately double that of concrete grade C80 in this
example. In the figure, basic creep components are also shown
(colored dashed lines) for comparison with total creep
deformations. For high-strength concrete, basic creep is a
dominant component. The basic creep component is also of
importance for normal-strength concrete at higher humidity
when the drying component is smaller. The fib Model Code
2010 describes creep as a sum of two components: basic and
drying. It should be note that the basic creep occurs when
concrete is prevented from drying. In conventional creep
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models developed for normal strength concrete the basic creep
is neglected as of small importance. This simplification is not
valid in the case of high-strength concrete.
To recognize other features of creep modeling in MC2010,
some other comparisons are presented in Figs 4 to 6 for final
creep coefficients ϕ(50y,t0) after 50 years of loading. Fig. 4
presents creep coefficient versus concrete grades at the time of
loading t0 = 7 and 28 days and for relative humidity RH = 50%
(Fig. 4a) and RH = 80% (Fig. 4b). The figures utilize the
Eurocodes and the fib Model Code 2010 classification of
normal weight concrete onto: NSC – normal-strength concrete
with fck < 55 MPa and HSC – high- strength concrete with fck ≥
55 MPa. The creep deformability of concrete is higher for low
and normal-strength concrete at lower humidity and early time
of loading. The graphs confirm that creep is lower for higher
concrete grades. The concrete strength dependence of creep
seems a little artificial, but concrete grade is used as a
parameter representing many concrete mixture parameters
which mostly influence creep. Concrete strength is a substitute
giving the more simple attitude.

Fig. 3. Creep function J(t,7d) for concrete grades C20 and C80 for relative humidity: a) RH = 50% and b) RH = 80%.

Fig. 4. Final creep coefficients ϕ(50y,t0) versus concrete grades for relative humidity a) RH = 50% and b) RH = 80%.
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Fig. 5. Final creep coefficients ϕ(50y,t0) for concrete grades C20 and C80 versus: a) time of loading t0 for two relative humidity RH = 50 and 80%; b) relative
humidity for the two times of loading t0 = 7 and 28 days.

Fig. 6. Final creep coefficients ϕ(50y,t0) for concrete grades C20 and C80 versus notional size h0 for relative humidity a) RH = 50% and b) RH = 80%.

Fig. 7. Final creep coefficients ϕ(70y,t0) versus concrete grades according fib MC10 and EC2 for relative humidity a) RH = 50% and b) RH = 80%.

Figs 5 and 6 show the values of final creep coefficients for
concrete grades C20 and C80 at different initial parameters.
Fig. 5a) shows the variations of final creep versus time of
loading t0 = 3÷180 days for two relative humidity RH = 50%
and 80% (dashed lines) and Fig. 5 b) shows the variations of
final creep versus different relative humidity RH = 40 to 100%

at the time of loading t0 = 7 and 28 days (dashed lines). Fig. 6
gives the final creep coefficients depending on the notional
size of a section h0 = 2Ac/u for the time of loading t0 = 7 and 28
days (dashed lines) and for relative humidity RH = 50%
(Fig. 6a) and RH = 80% (Fig. 6b). The figures confirm that
creep is lower for higher concrete strengths. The influence of

Open Science Journal of Materials Science and Application 2015; 3(5): 59-66

the time of loading diminishes as the concrete grade increases
(see also Fig. 4). Relative humidity significantly influences
creep in both normal and high-strength concretes. For
normal-strength concrete, where drying creep is the governing
component, it is more pronounced. The notional size of a
section is important for smaller sizes, lower strengths and
lower values of relative humidity. For high-strength concrete,
notional size has little influence on creep and this is obvious as
the basic creep component governs the total value of creep.
The fib Model Code 2010 follows the family of CEB-FIB
model codes and Eurocode 2 by introducing a wider range of
concrete grades up to C120 [1, 4, 6, 7]. For the first time, a
concrete model has been used to model time-dependent
behavior in the whole range of concrete grades including
normal and high-strength concrete. The latest creep models
were adopted in Eurocode 2 [6 to 7, 11] and the approach is
similar in MC2010 by avoiding concrete mixture parameters
and introducing basic creep components to all concretes. The
fib MC 2010 models for creep and shrinkage of concrete
include also higher ranges of concrete strengths.
Fig. 7 shows a comparison of final creep coefficients ϕ(70y,
t0) calculated according to MC 2010 and Eurocode 2 models
versus concrete grade [12]. The creep coefficients are
calculated for two times at loading t0 = 7 and 28 days and for
relative humidity RH = 50% and 80%. The concrete grade
ranges represent the applicability of both models, while the
time of load duration is taken according to EC2 as 70 years.
There is some discontinuity in creep coefficients according to
EC2 as independent models are developed for normal and
high-strength concrete [6, 7]. The possibility for comparison is
quite good with larger values of creep coefficients according
to MC2010 than in Eurocode 2. MC2010 also eliminates some
inconsistency in previous creep models [5, 13, 14].

cover a wider range of high-strength concrete where basic
creep is of great importance. Due to the small number of data
on ultra-high-strength concrete, the creep prediction for such
concretes is uncertain.
The fib Model Code 2010 follows its predecessors, the
CEB-FIB models, and gives more accuracy in the
time-dependent analysis and estimation of creep deformations.
The complexity of the previous models is significantly
reduced by adopting a code-type approach. Calibration of
creep prediction gives even higher values of final creep
deformation than Eurocode 2. As concrete technology
develops, new admixtures and additives will continue to
change the properties of concrete and the introduction of new
creep models will be necessary.
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