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Abstract. The prediction of delayed strains is particularly important for pre-

stressed structures. In modern codes like the fib MC2010, the delayed strains are 

split into four components: autogenous shrinkage, drying shrinkage, basic creep, 

and drying creep. Basic creep is the creep of a concrete sample in a test where 

drying is avoided. When drying is allowed, drying creep is the difference between 

the total strain minus the total shrinkage and the basic creep. 

However, in the drying creep test, the relative humidity (RH) is lower than the 

RH of the test performed to measure the basic creep. And there are several ex-

perimental pieces of evidence showing that, when the RH is lower, basic creep is 

reduced: micro-indentation tests and creep tests on large samples with an initial 

drying to lower the internal RH. In the first part of the paper, we analyze these 

tests and propose a relation for RH-dependent basic creep. In the second part of 

the paper, the consequences of this dependence on the evaluation of drying creep 

are discussed by using FEM simulations for the modelling of the total creep test 

and considering the drying phenomenon. 

Keywords: Concrete, creep, basic creep, relative humidity. 

1 Introduction – Influence of RH on basic creep  

The prediction of delayed strains is particularly important for prestressed structures like 

bridges or nuclear power plants. In modern codes like the fib MC2010 [1], the delayed 

strains are split into four components: autogenous shrinkage, drying shrinkage, basic 

creep, and drying creep. Basic creep is the creep of a concrete sample in a test where 

drying is avoided. It is the difference between the strain of a sealed loaded specimen 

and the autogenous shrinkage. When drying is allowed, drying creep is the difference 

between the total strain minus the total shrinkage and the basic creep. 

 

But, in the drying creep test, the relative humidity (RH) is lower than the RH of the 

test performed to measure the basic creep. And there are several experimental pieces of 

evidence showing that, when the RH is lower, basic creep is reduced. Abiar [2] has 

compared the basic creep of a sample that was pre-dried with the classic basic creep. 
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Figure 1 shows that when the sample was pre-dried the basic creep was very small. 

Wittmann [3] has also performed basic creep tests on cement paste samples that were 

pre-dried at 105°C then stored in climatic chambers at different relative humidities for 

at least 3 months and tested only the specimens that did not change their weight. The 

creep tests were also performed with the corresponding imposed RH for each specimen. 

It is also clear here that the initial relative humidity has a strong influence on the basic 

creep, i.e. see Figure 2. 

 

 
Fig. 1. Basic creep tests of sealed and pre-dried concretes (from Abiar [2]) 

 

 

 
Fig. 2. Basic creep tests of cement paste specimen at different RH (from Wittmann [3]) 
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 Indeed, the water content plays an important role in the delayed deformations of 

concrete. Concerning basic creep, several theories are existing to explain this phenom-

enon: Bazant et al. [4] explained it with the famous micro-prestress theory in which the 

origin of the creep is the shear slip at overstressed creep sites and, recently, Vandamme 

[5] has proposed basic creep originates from local microscopic relaxations. And the 

presence of water is an important factor in these phenomena. 

 

 The macroscopic  basic creep compliance follows a logarithmic evolution of the 

form: 

𝐽𝑏𝑐 =
1

𝐶
ln (1 +

𝑡−𝑡0

τ(𝑡0)
)           (1) 

 

where 𝐽𝑏𝑐 is the basic creep compliance, 𝐶 is a parameter that is homogenous to a basic 

creep modulus, 𝑡0 is the age at loading, t − 𝑡0 is the duration of loading, and τ(𝑡0) is a 

characteristic time depending on the age of loading. There is several experimental evi-

dence of this logarithmic evolution in laboratory tests, see for instance [6,7], in real 

structures like bridges [8], or nuclear containments [9]. 

2 Results of micro-indentation tests 

Vandamme [5] has also shown that micro-indentation allows the determination of the 

basic creep modulus 𝐶 in a short time because the characteristic time τ(𝑡0) is reduced 

thanks to the high stress generated during such a test. Several authors have studied the 

creep of concrete using a micro-indentation test with different relative humidities [10, 

11, 12, 13]. Of course, the magnitude of the creep modulus depends on the tested ma-

terials. But, it could be assumed that the variation of this parameter with RH is the same 

for all materials (i.e. the possible coupling between the material composition and the 

effect of RH is neglected). Figure 3 presents the evolution of the ratio C(𝑅𝐻)/C(100%) 

with RH. Despite a certain variability, there is a bi-linear trend in the evolution: between 

80% and 100% RH the variation is limited while it is larger for RH below 80%. Equa-

tion (2) gives a possible relation for this evolution: 

 

𝐶(𝑅𝐻)

𝐶(100%)
= {

1 + 0.1 
(100−𝑅𝐻)

20
, 80% < 𝑅𝐻 < 100%

1.1 + 2.1 
(80−𝑅𝐻)

80
, 0 < 𝑅𝐻 < 80%

         (2) 
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Fig. 3. Relation between the basic creep modulus and the relative humidity (creep tests from [2, 

3 and 14], micro-indentation tests from [10, 11, 12, 13]). 

 

3 Consequences for the creep of concrete 

The fact that the basic creep modulus increases when RH decreases implies that during 

a creep test where drying is allowed, there is less basic creep than in a test where drying 

is prevented. The first consequence is that, since basic creep is dependent on drying, 

there is also a dependence of basic creep on the size of the concrete element (scale 

effect). The second consequence is that when drying creep is deduced by the subtraction 

of the basic creep from the total creep, there is an underestimation of the drying creep. 

It is not possible to know experimentally the error that is induced. In the following part 

of the paper, we will estimate such an error by a numerical simulation of the creep test 

of a drying specimen. 

 

 After modelling the drying of a concrete sample, the basic creep of a sealed sample 

is adjusted on experimental results. The results of the concrete of the VeRCoRs exper-

iment are used here [9, 15]. Then the basic creep of the same concrete when drying 

occurs is estimated. 
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4 Modelling 

As an application of the above findings, we choose to simulate a VerRCorRs test: the 

drying of a cylindrical sample of diameter D = 16 cm and height H = 1 m, mechanically 

submitted to a constant compression of magnitude 12 MPa during almost two years. To 

this end, a coupled hydro-mechanical resolution procedure is performed; a hydric prob-

lem for the drying evolution part, followed by a mechanical part that takes into account 

the RH-dependent creep phenomenon. 

4.1 Modelling of the drying part of the test 

The primary unknown of the problem is chosen to be the RH-field that we denote here 

for convenience by h(x,t), and that is governed by the following transient equation, 

 
∂𝑆(ℎ)

∂ 𝑡
+ div[−𝑑(ℎ) ∇ ℎ]  =  0          (3) 

 

where S(h) is the saturation function deduced from the desorption isotherm curve. 

This latter is herein approximated by the Hailwood-Horrobin function as, 

 

S(ℎ) =  
ℎ

𝐹1 + 𝐹2 ℎ + 𝐹3 ℎ2             (4) 

 

with F3  =  1  −  F1  −  F2, and where 𝐹1 and 𝐹2 are adimensional constants. 

 

Moreover, in Eq. (3), 𝑑(ℎ) is the hydric diffusion coefficient that depends on the 

relative humidity. It is chosen as, 

 

𝑑(ℎ) = 𝐵𝑒𝐴ℎ               (5) 

 

where 𝐴 and 𝐵 are parameters to be fitted with the concrete weight loss data ob-

tained experimentally. To evaluate this water mass loss, we need to know the value of 

the water content at ℎ =100%, and that we denote by W100. 

 

For the finite element simulations, the axisymmetry of the problem is exploited. The 

sample domain we consider is of height 𝐻 =  1𝑚 and radius 𝑅  =  8 cm. The finite 

element discretization we use consists of 300 quadrilateral linear elements: 30 elements 

radially, and 10 elements along the axis of the sample. 

 

The initial condition is set to ℎ(𝒙, 𝑡 = 0)  =  100%. For the boundary conditions, a 

relative humidity ℎext  =  50% is prescribed on the lateral surface during the whole 

simulation, and the sample is isolated at the top and bottom faces. Hence, the diffusion 

problem is purely radial. Table 1 summarized the material parameters used for the dry-

ing part of the numerical simulation. 
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Table 1. Material parameters used for the hydric part of the problem. 
 

Parameters 
 

Saturation function 𝑆(ℎ), Eq. (4) 𝐹1 = 1.335 𝐹2 = 1.391 

Hydric diffusion 𝑑(ℎ), Eq. (5) 𝐵 = 11.75 10−9𝑚𝑚2/𝑑𝑎𝑦 𝐴 =  24.25 

Water content at ℎ = 100% W100 =  163 𝑙/𝑚3  

 

The predicted curve of water mass loss is plotted in Figure 4. A good agreement is to 

be noticed when comparing with the experimental data at our disposal. For the sake of 

illustration, Figure 5 shows the computed RH-field at two different times. 

 

 

 

Fig. 4. Water mass loss of the cylindrical concrete sample. 

Experimental data and simulated curve issued from the FEM computation. 

 

 

 

 

 

Fig. 5. Simulated relative humidity fields at two different times: at t = 10 days (left), 

and at t = 770 days (right). 
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4.2 Modelling of the basic creep when drying occurs 

For the mechanical part of the problem, the basic creep strain tensor εbc is here treated 

as an internal variable, see for instance [16, 17] for analogies. The way in which this 

internal variable evolves is motivated by the basic creep compliance given in Eq. (1). 

In this case the evolution equation that governs the basic creep strain in its one-dimen-

sional version is given by: 

 

𝜀ḃc +
E

C(t+τ)
 𝜀bc  =

E

C(t+τ)
 𝜀           (6) 

 

where ε is the total strain, and 𝐸 is the elastic Young modulus. Here 𝐶 is the basic creep 

modulus discussed above, and τ is the initial characteristic time. These two parameters 

must be identified from the experimental data. 

 

Now for the mechanical part of the problem, the above cylindrical sample is submit-

ted to a constant compression of 12 MPa. For the boundary conditions, the bottom face 

is simply fixed in the vertical direction, and the lateral surface is free. For the elastic 

parameters, we use 𝐸 =  36 GPa and a Poisson’s ratio ν = 0.2. We have identified the 

following creep parameters for an RH-independent analysis: 

 

𝐶 ≡ 𝐶(100%) = 149.6 GPa   and   τ =  11 days    (7) 

 

 

 
 

Fig. 6. Evolution of the longitudinal creep strain: (a) with the RH-independent creep model 

(blue curve), and (b) with the RH-dependent model as given by Eq. (2) (red curve). 
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With the parameters given in Eq. (7), the predicted creep evolution is plotted in Figure 

6, blue curve. It is in good agreement with the experimental curve (dotted curve). On 

the other hand, when using the RH-dependent creep law as proposed in Eq. (2), the 

creep evolution is slightly different, see the red curve in Figure 7. This difference 

appears to grow with drying.  

5 Conclusions 

In modern calculation codes such as the fib model code 2020, the creep is the sum of 

two components: the basic creep and the desiccation creep. The latter is estimated by 

making the difference between the total creep measured on a drying specimen and the 

creep measured on a non-drying specimen. Such estimation implies that the basic creep 

is the same in these two specimens, even though their water contents are different. 

However, tests on specimens, confirmed by micro-indentation tests, have shown that 

basic creep depends on the water content of the cementitious material tested. The mod-

elling framework described in this contribution allows considering the difference in 

creep amplitude with the RH-dependent evolution law. It shows that, in a test where the 

specimen dries, the basic creep is overestimated, which means that the drying creep is 

underestimated. As only the latter depends on the size of the parts, this can lead to an 

error in the prediction of delayed deformations in the very long term. 
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