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Admixtures are commonly used nowadays in the mix composition of concrete. These additions affect concrete 

properties and performance especially creep deformations. This paper shows the effect of admixtures on creep of 

concrete. In fact, creep deformations have prejudicial consequences on concrete behaviour; an incorrect or 

inaccurate prediction leads to undesirable consequences in structures. Therefore, an accurate estimation of these 

deformations is mandatory. Moreover, design codes do not consider admixtures’ effect while predicting creep 

deformations, thus it is necessary to develop models that predict accurately creep deformations and consider the 

effect of admixtures. Using a large experimental database coming from international laboratories and research 

centres, this study aims to update the Eurocode 2 creep model by considering the type and percentage of 

admixtures using Bayesian Linear Regression method. The effect of two types of admixtures is presented in this 

paper; the water reducer and silica fume.
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1. INTRODUCTION

Concrete has been used since eighteenth century as a primary material in construction. With the 

evolution in construction field, an improvement in the performance of concrete material became 
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necessary [1]. For this purpose, admixtures and additives are added to the mix composition of 

concrete to ameliorate its properties and performance [2, 3]. These additions affect also concrete   

deformations especially the creep, defined as the time-dependent deformations which reduce the 

volume of concrete with the impact of external load applied to the concrete element.  

Since creep deformations have prejudicial consequences on the long-term behavior of structures, it 

is mandatory to be predicted accurately [4]. But design codes do not consider admixtures effects’ 

while predicting concrete creep, therefore, multiple studies were undertaken in this field. In their 

study, Gong et al. (2016) have proposed a creep model for a concrete member subjected to axial 

compression and suffering from sulfate attack [5]. In model B4 [6], the effect of admixture type and 

percentage is taken into consideration by adding scaling factors to p2, p3, p4 and p5 parameters [7]. 

Also, Choir et al. (2015), in their study, have proposed a model for the creep phenomenon of 

hardened cement mixed with expansive additives [8]. As for the Eurocode 2 (EC2), it does not 

consider the effect of admixtures on creep of concrete, therefore, this study aims at updating it by 

considering the admixtures’ effects, precisely, the water reducer (WR), the silica fume (SF) and the 

water reducer and silica fume (WR+SF) added simultaneously to the mix composition of concrete. 

The water reducer is a chemical admixture that decreases the water content required to achieve a 

given degree of workability for a concrete mixture. It can be used in normal-,mid-, and figh-range 

to increase the durability of concrete, primarily by decreasing permeability and improving 

mechanical properties [9]. Silica fume is added to concrete to improve its properties, particularly, its 

compressive strength and abrasion resistance. These ameliorations stem from both the mechanical 

improvements resulting from adding a very fine powder to the cement paste mixture as well as from 

the pozzolanic reactions between silica fume and the free calcium hydroxide in the paste. 

To study the effect of these admixtures, a large experimental database coming from international 

laboratories and research centers is applied to evaluate the EC2 model [10] by comparing the 

predicted creep compliance to the experimental measurements using CEB mean deviation and 

residual methods. An inaccurate estimation of the EC2 creep compliance is noted for all 

admixtures’ types. Therefore, it is mandatory to calibrate the EC2 model by implementing 

correction coefficients according to the type and percentage of admixtures. Using these correction 

coefficients will help to predict accurately creep deformations at the design stage for concrete with 

admixtures and hence, the long-term deflection. These correction coefficients are identified by 

applying the Bayesian Linear Regression method. 
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2. EUROCODE 2 CREEP EVALUATION

2.1. EUROCODE 2 CREEP PREDICTIONS 

According to Eurocode 2 model [11], the compliance function can be predicted using Eq. (1.1):
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where: 

J (t, t0) - the compliance function, Ecm28 and Ecm(t0) -the modulus of elasticity of concrete at 28 days after 

casting and at the loading age t0 respectively, Φ (t, t0) - the creep coefficient. 

This study treats the long-term creep compliance. Therefore, the creep deformations are calculated 

after 3000 days of applying the external load to the concrete element, it is the time when the creep 

curves have reached their asymptotic value. 

2.2. EXPERIMENTAL DATABASE 

Rush and Wagner have compiled the first data collection at the Technical University of Munich. 

This limited database became the basis for the first CEB creep and shrinkage model. Branson and 

Christiason’s paper underlying the 1971 ACI-209 Model, included another collected data. 

The first large world-wide creep and shrinkage database was collected at the Northwestern 

University (NU) by Bažant and Panula [12]. This database established from American and 

European institutions consisted of approximately 400 creep tests and 300 shrinkage tests and was 

included in the papers presenting the BP Model [12]. A joint ACI-RILEM committee was 

organized, during the international ACI Fall 1979 Convention, to extend the Northwestern 

University database. This work was pursued and led to the RILEM-ACI 209 database in 1992. 

Some further additions to the database were done, at NU, by Bažant and Li [13] and by Kim [14]. 

The latest database was assembled at NU during 2010-2013 [10]. Information was extracted from 

many reports, conference proceedings and journal articles. This database is constituted of 

approximately 1433 creep tests and 1827 shrinkage tests. The tests in this database are performed 

using different concrete mix composition (such as: water over cement ratio (w/c); aggregate content 

(a/c); cement content; aggregate type; admixtures type and percentage; compressive strength; 

applied stress; specimen geometry) and placed in various environmental conditions (temperature; 

relative humidity). 
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2.3. EVALUATION METHODS 

To study the accuracy of EC2 compliance predictions using this experimental database, the EC2

compliance is calculated for each test in the database. Then the predicted values are compared to 

the experimental measurements using the CEB mean deviation (MCEB) and the residual methods. 

2.3.1. THE CEB MEAN DEVIATION MCEB 

The CEB mean deviation method calculates an average gap [15], using the following formulas:  
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With: 

Obs Xij - the experimental measurements, Cal Xij - the Eurocode 2 creep predictions, n - the number of 

measurements for each test, Mi - the average gap of the ith experiment, N - the total number of tests. 

When MCEB coefficient is near 1, then the model predict accurately experimental measurements. If 

MCEB exceeds 1, this means that the model overestimates the experimental measurements. Contrary, 

if the MCEB coefficient is less than 1, then the model underestimates experimental measurements. 

2.3.2. THE RESIDUAL METHOD 

The residuals are calculated by the difference between experimental measurements and theoretical 

predictions, as given in the following equation: 

� �ijCalXijObsXijR ��

The below graphical representation of residuals versus the observed values shows that the scatters 

located near the X-axis indicates an accurate estimation since the residual in close to zero. The 

scatters located below the X-axis indicate that the model overestimates experimental measurements, 

while the scatters located above the X-axis indicate an underestimation of experimental 

measurements 
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Fig. 1. Residual scatter plot 

2.3.3. RESULTS OF THE EVALUATION OF EUROCODE 2 CREEP MODEL 

These evaluation methods were applied first for concrete without admixtures and have shown that 

the Eurocode 2 estimates accuratly the creep in this case (MCEB = 1.09). Then the effect of 

admixtures is studied as shown in this paper, where the above evaluation methods were applied to 

study the accuracy of EC2 model in predicting the compliance function when admixtures, precisely 

water reducer (WR) and silica fume (SF) are added separately and simultaneously to the concrete 

mix composition (Table 1). 

Table 1. The CEB mean deviation results for concrete creep predictions according to the type of admixture 

Eurocode 2 Admixture Type MCEB (expected value 1)

J (t, t0)
Water Reducer (WR) 0.88

Silica Fume (SF) 1.9
WR + SF 0.86

It can be noticed that EC2 model underestimates creep predictions in the case of concrete with WR

and with WR + SF since MCEB value is less than one (the expected value). Contrary, EC2 model 

overestimates creep predictions for concrete with SF incorporated in the mix composition. These 

conclusions are verified in the below residual scatter plots. 
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Fig. 2. Residual scatter plot of the EC2 compliance function J (t, t0) for concrete with water reducer (WR), 
silica fume (SF) and WR and SF (WR + SF) added simultaneously to the mix composition.

It can be noticed from Fig. 2 that in the case of concrete with WR and with WR + SF, most of the 

scatters are located above the X-axis showing an underestimation of the compliance function. 

While, in the case of concrete with SF, all the scatters, except two points, are located below the X-

axis confirming the Eurocode 2 overestimation of the compliance function. 

3. BAYESIAN LINEAR REGRESSION (BLR) METHOD

To overcome this inaccurate estimation, correction coefficients are implemented in Eurocode 2 

formula according to the type and percentage of admixtures as shown in the below equations. 

Eq. (3.1) is applied in the case of concrete with WR, while Eq. (3.2) is applied in the case of 

concrete with SF and Eq. (3.3) in the case of concrete with WR +SF. 
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Where: 

D and E - the correction coefficients added in the case of concrete with water reducer and silica fume added 

separately to the mix composition, F and G - the correction coefficients implemented in Eurocode 2 formulas 

in the case of concrete with water reducer and silica fume added simultaneously to the mix composition. WR 

and SF - the percentage of water reducer and silica fume respectively. 

To quantify these correction coefficients, Bayesian inference, which is a way to get sharper 

predictions from data, is applied in this study. The Bayesian inference consists of multiplying the 

expert knowledge already known and named as the prior distribution, by the likelihood function 

coming from the database. Therefore, a posterior distribution is defined which is an update of the 

knowledge already known using the latest database [16, 17, 18]. More specifically, the Bayesian 

Linear Regression (BLR) method is applied in this study [19] which is an approach to linear 

regression in which the statistical analysis is undertaken within the context of Bayesian inference. 

The detailed procedure and calculations are presented for Eq. (3.1).

To apply the BLR method, a linearization of Eq. (3.1) needs to be established. Therefore, and since 

the linearization does not affect the results, the logarithmic transformation is applied to Eq. (3.1).

Also, by taking the error εi into consideration in calculations, the equation of the ith observation is: 
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Yet the correction coefficient shall be positive since creep compliances are always positive, then the 

prior of θ1 is normally distributed with a mean of μθ1 and a variance of σθ1
2, and the a priori

function for θ1 can be written as: � � � �
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By multiplying the likelihood and the prior, the posterior will be equal to: 
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Since the terms outside the exponential are normalizing constants with respect to θ1, they can be 

dropped. By using some algebra, the posterior can be re-expressed as a normal distribution with 

mean μθ1p and variance σθ1p
2 that can be calculated as follows: 

� �
2
εσ2

1θ
nσ

2
εσ1θμ

n

1i
aiβiΔ2

θ
σ

p1θμ
1

�

��
�

�

�                             2
εσ2

1θ
nσ

2
1θ

σ2
εσ2

p1θ
σ

�
�

Knowing μθ1p and since θ1p = μθ1p then the correction coefficient D is equal to: 
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Similarly, the above procedure is applied to Eqs. (3.2)-(3.3) and leads to the following expressions 

for the correction coefficients: 
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4. RESULTS

To quantify these correction coefficients using the Bayesian Linear Regression (BLR) method, the 

largest number of tests having the same following properties: age of concrete at loading (t0),

notional size (h0), relative humidity (RH) and duration of loading (t-t0) and with different values for 

the concrete strength and percentage of admixtures have been selected from the database for each 

type of admixtures. The results of the application of the BLR method are shown in the following 

tables. 

4.1. CONCRETE WITH WATER REDUCER (WR)

Table 2 shows the parameters of the selected tests while Table 3 shows the prior and posterior

distribution parameters respectively in the case of concrete with water-reducing admixture.  

Table 2. Parameters and constant results for concrete with water-reducing admixture 

n t0 (days) h0 (mm) RH (%) t – t0 (days) Cst
7 29 44.44 99 3000 0.0015

7 tests were selected from the database to quantify the correction coefficient implemented to EC2

model in the case of concrete with WR admixtures. These specimens with a common notional size 

of 44.44 mm are loaded at the age of 29 days. They are maintained in an environment where 

relative humidity is equal to 99%. Also, this study targets to update the long-term creep which is 

considered to be equal to 3000 days in this case. 

Table 3. Parameters of the prior and posterior distribution and the results of the correction coefficient in the 

case of concrete with water reducer (WR) 

Prior parameters Posterior parameters Correction coefficient
μθ σθ

2
μθp σθp

2 D
-12.2231 11.41834 -6.219 0.0285 1.35

To evaluate the correction coefficient efficiency, the updated creep compliance is calculated for all 

tests in database and the results are compared to the experimental measurements using statistical 

method as shown in the below table. 
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Table 4. The CEB mean deviation (MCEB) results for concrete creep predictions before and after correction in 

the case of concrete with water-reducing admixture 

Concrete with water-reducing admixture MCEB (expected value 1)
Before correction 0.88

After correction (D=1.35) 1.05

It can be noticed that after applying the correction coefficient D = 1.35, the mean deviation MCEB is 

almost equal to the target value 1 (MCEB = 1.05).

Fig. 3 Residual scatter plot of the Eurocode 2 compliance function J (t, t0) at long-term for concrete with 
water reducer (WR) before and after applying the correction coefficient.

The residual scatter plot shows that after applying the correction coefficient, the scatters are 

distributed equally around the X-axis. 

4.2. CONCRETE WITH SILICA FUME (SF) 

Similarly, Table 5 shows the parameters of the selected tests while Table 6 shows the prior and 

posterior distribution parameters respectively in the case of concrete with silica fume.  

Table 5. Parameters and constant results for concrete with silica fume (SF) 

n t0 (days) h0 (mm) RH (%) t – t0 (days) Cst
12 7 40 70 3000 0.00196

Since Bayesian Linear Regression method requires constant values for t0, h0, RH and t-t0 parameters, 

12 tests are selected from the database with constant value for these parameters as shown in Table 5. 

Table 6. Parameters of the prior and posterior distribution and the results of the correction coefficient in the 

case of concrete with silica fume (SF) 

Prior parameters Posterior parameters Correction coefficient
μθ σθ

2
μθp σθp

2 E
-15.4502 14.64544 -6.4796 0.01664 5.2
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The correction coefficients efficiency evaluation shows that MCEB has decreased towards the 

expected value by adding correction coefficient to EC2 creep compliance for concrete with SF

(Table 7). 

Table 7. The CEB mean deviation (MCEB) results for concrete creep predictions before and after correction in 

the case of concrete with silica fume (SF) 

Concrete with silica fume MCEB (expected value 1)
Before correction 1.9

After correction (E=5.2) 1.4

In the case of concrete with SF, the creep can be predicted more accurately by adding the above 

correction coefficient to the creep compliance formula. It can be noticed from Fig. 4 that after 

correction the scatters are distributed near the X-axis. 

Fig. 4 Residual scatter plot of the Eurocode 2 compliance function J (t, t0) at long-term for 
concrete with Silica fume (SF) before and after applying the correction coefficient.

4.3. CONCRETE WITH WATER REDUCER AND SILICA FUME 

Similarly, Table 8 shows the parameters of the selected tests while Table 9 shows the prior and 

posterior distribution parameters respectively in the case of concrete with WR +SF 

Table 8. Parameters and constant results for concrete with water reducer (WR) and silica fume (SF) 

n t0 (days) h0 (mm) RH (%) t – t0 (days) Cst
13 28 74.08 101 3000 0.001515

13 tests have been selected from the database with constant values for t0, h0, RH and t-t0 parameters 

as shown in Table 8. 

Table 9. Parameters of the prior and posterior distribution and the results of the correction coefficients in the 

case of concrete with water reducer (WR) and silica fume (SF) 

Prior parameters Posterior parameters Correction coefficients
μθ σθ

2
μθp σθp

2 F G
-11.9798 11.17507 -6.45823 0.003076076 0.927 0.988
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The evaluation of the correction coefficients efficiency shows that by adding correction coefficient 

to EC2 creep compliance for concrete with WR and SF, the mean deviation value has increased 

towards the target value which is 1 (MCEB = 0.98) as shown in Table 10. 

Table 10. The CEB mean deviation (MCEB) results for concrete creep predictions before and after correction 

in the case of concrete with water reducer (WR) and silica fume (SF) 

Concrete with water reducer and silica fume MCEB (expected value 1)
Before correction 0.86

After correction (F=0.93; G=1) 0.98

In the case of concrete with WR + SF, the creep can be predicted more accurately by applying the 

above correction coefficients to Eurocode 2 formula.  

Fig. 5 Residual scatter plot of the EC2 compliance function J (t, t0) for concrete with Water 
reducer and Silica fume (WR+SF) before and after applying the correction coefficient.

5. CONCLUSIONS

The addition of admixtures to the mix composition of concrete affects its behavior and properties 

especially creep deformations, the aim of this study. But design codes and specifically Eurocode 2 

model does not consider the effect of admixtures while predicting concrete creep. Therefore, 

correction coefficients are implemented to Eurocode 2 formula to consider the admixtures’ effect. 

These correction coefficients differ according to the type of admixture and take into consideration 

the percentage of admixtures. In this paper, the Bayesian Linear Regression method is applied to 

identify these correction coefficients added to the Eurocode 2 compliance formula. 

It can be noticed that the implementation of correction coefficients to Eurocode 2 formula allows to 

predict accurately creep and to consider the effect of admixtures. This study shows that the 

Bayesian model assessment is an important procedure applied to update the Eurocode 2 creep 
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model. The long-term serviceability of structures subject to creep is well improved by adopting 

such a design approach. 

In the future, the Bayesian Linear Regression method may be applied to predict creep for concrete 

incorporating different types of admixtures and additives other than water reducer and silica fume. 
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