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Abstract:  
Until recently, it was assumed that autogenous shrinkage in ordinary types of concrete is quite small, but 
in recent years there have been indications that it can be larger than previously thought. 
In this study data from practice of a large number of autogenous shrinkage measurements was collected 
and analysed to determine the magnitude of autogenous shrinkage and to gain insight in influencing factors. 
The database contains mainly concrete with ground granulated blast-furnace slag (GGBFS) cement and a 
water-to-binder (w/b) ratio of 0.45 – 0.50. The measurements were carried out for construction projects.  
In the data analysis it was found that autogenous shrinkage of more than -0.1 mm/m can occur for ordinary 
GGBFS concrete with a w/b ratio ≥ 0.45. It was found that the variation in autogenous shrinkage in practice 
is considerable. The strongest correlations that were found in the database relate to the aggregates and not 
to the w/b ratio or concrete strength as was expected from literature. That not more or stronger relations 
were found is probably caused by the number of missing values (incomplete variables) in the database, that 
arose because not all data was collected in the same way. 
In this paper we present the insights that the analysis of the autogenous shrinkage database gave. We also 
support the development of a standardised and widely adopted concrete data model that is suited for 
scientific research as well as for data from practice, and will facilitate and promote the use of state-of-the-
art data techniques in concrete research. 

Keywords: Autogenous shrinkage, data analysis, data mining, ground granulated blast-furnace slag, 
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1 Introduction  
Autogenous shrinkage occurs in concrete when cement hydrates and is linked to self-desiccation in the pore 
structure as it develops. It is the phenomenon of shrinkage at a constant temperature, without any loss or 
ingress of substances or application of an external force [1][2]. In ordinary types of concrete the autogenous 
shrinkage is thought to be small, always less than -0.1 mm/m when the water-to-binder (w/b) ratio is larger 
than 0.45 [3]. In concrete with ground-granulated blast-furnace slag (GGBFS) cement autogenous 
shrinkage is found to be higher and takes place over a longer period of time than in concrete with ordinary 
Portland cement [1]. In most studies where autogenous shrinkage of concrete with GGBFS was investigated, 
the w/b ratios were smaller than 0.45 [4][5][6]. The comprehensive database on creep and shrinkage of 
concrete by the Northwestern University [7], gives no records for autogenous shrinkage of concrete with 
slag and w/b ratios higher than 0.40. Lu [8] reports autogenous shrinkage values at day 28 of -0.14 mm/m 
and -0.12 mm/m for blast furnace slag concrete with a w/b ratio of 0.44 and 0.5 respectively. 
In recent years there have been indications in construction practice that autogenous shrinkage in ordinary 
concrete can be larger than previously thought. The Dutch institute CROW for infrastructure, public space, 
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traffic & transport, and work & safety has listed a number of projects where the measured crack width in 
concrete structures with restrained deformations exceeded the calculated crack width considerably [9]. It 
was suspected that autogenous shrinkage played a role in the excessive cracking, despite ordinary w/b ratios 
(≥ 0.45) were applied. 
In this study a large number of autogenous shrinkage measurements was collected, that were carried out for 
construction projects in the Netherlands. The data is brought together in an autogenous shrinkage database 
and analysed. The variations in parameters within the database are not preconceived and controlled by 
researchers, but a sample of variations that occur in practice. This method can be seen as data mining.  
The aim of this study was primarily to investigate the variation in autogenous shrinkage in concrete in 
practice. Secondly, it was investigated which correlations could be found between variables in the database 
and autogenous shrinkage and how this relates to the influencing factors that are known from literature. 

2 Description of the database 
A research group of Stutech, a Dutch study association for professionals in concrete technology, collected 
data from two commercial research institutes in the Netherlands from autogenous shrinkage tests that were 
carried out in the period 2016 - 2018 on concrete that was applied in construction projects. The data was 
made available retrospectively with the consent of the clients of the tests. All tests were carried out 
according to the same testing protocol [10]. According to this protocol the autogenous shrinkage is 
measured on sealed samples of 100 mm x 100 mm x 400 mm. Measurements were done from day 1 on a 
number of time steps, typically at day 2, 3, 7, 14, 28, 56 and 91.  
The autogenous shrinkage database was set up according to the tidy data format [11]. According to the tidy 
data semantics a dataset is a collection of values, being numbers (quantitative) or strings (qualitative). A 
variable contains all values that measure the same underlying attribute across units. An observation contains 
all values measured on the same unit across attributes. In the autogenous shrinkage database the unit is an 
autogenous shrinkage test for one concrete composition containing multiple, generally three, samples. An 
observation consists of data of the concrete composition, concrete characteristics, testing conditions and 
autogenous shrinkage data of the samples. The database contains 114 observations in total. A typical 
example of autogenous shrinkage data from one observation can be seen in Fig. 1. For the data analysis the 
autogenous shrinkage data from one observation is aggregated to one value by taking the mean autogenous 
shrinkage at a certain time step, mostly 91 days. The variations between the samples in one observation is 
generally small. The mean standard deviation for the three samples is 0.01 mm/m. 
In the database autogenous shrinkage is expressed in mm/m. Besides autogenous shrinkage also autogenous 
expansion occurs. Although autogenous deformation may be used as a more general term, autogenous 
shrinkage is more common and therefore used in the database as well. To define the direction of the 
deformation a negative value is used for autogenous shrinkage and a positive value for autogenous 
expansion.  

 

 
Fig. 1 An example of autogenous shrinkage data of three samples from one observation. 



The database is thoroughly checked and verified before the data analysis is started. Outliers in the data are 
investigated. Samples with more than +/- 0.04% mass difference during testing are ruled out, because it is 
seen as a measurement error or the sealing of the sample did not function. Also observations where the 
behaviour of the samples is not equal, due to a difference in direction (shrinkage or expansion) during the 
test, are ruled out. After the verification 110 of 114 observations were approved for data analysis. 
In total 153 variables, numerical, Boolean (True/False) and categorical, were part of the database. An 
impression of the variables can be seen in Table.1. To give an impression of the values for categorical and 
Boolean variables the (most) common values and the numbers of occurrence are given. For numerical 
variables the  five-number summary is given with the minimum value (min), the first quartile (q1), the 
median (m), the third quartile (q3) and maximum value (max). 
The database contains mainly concrete with GGBFS cement and a w/b ratio of 0.45 – 0.50, what is seen as 
ordinary concrete in the Netherlands. Most of the concrete is made with river dredged round aggregates, a 
smaller part contains light weight aggregates or recycled concrete aggregate. 
During testing not all variables were registered, or registered in the same way. In addition some clients of 
the tests, the owners of the data, did not agree to reveal all data of the concrete composition. Although many 
efforts have been taken to retrieve as much data as possible and fill the database as completely as possible, 
the number of missing values (incomplete variables) in the database is considerable. In Table.1 the number 
of missing values can be seen for the listed variables. 
 

Table.1 Impression of variables in the autogenous shrinkage database. 
Variable Type Missing 

values 
Impression of values 

Concrete composition known Categorical 0 Yes (68), Partly (16), No (26) 
Cement type Categorical 39 CEM III/B 42,5 N (39),   

CEM III/B 42,5 L (17),  
CEM III/A 42,5 N (4), 
Other CEM III (2), 
CEM I 52,5 N (3), 
Other CEM I (3) 
Mix CEM III and CEM I (3) 

Cement content (kg/m³) Numerical 26 min=290, q1=325, m=340, q3=340, 
max=450 

Portland clinker content (kg/m³) Numerical 42 min=41, q1=85, m=99, q3=102, max=340 
Ground granulated slag content 
(kg/m³) 

Numerical 42 min=0, q1=224, m=238, q3=256, max=360 

Water-binder-ratio Numerical 26 min=0,31, q1=0,45, m=0,46, q3=0,5, 
max=0,55 

Fine aggregate content (kg/m³) Numerical 26 min=547, q1=706, m=791, q3=903, 
max=1076 

Coarse aggregate average density 
(kg/m³) 

Numerical 61 min=2150, q1=2650, m=2650, q3=2650, 
max=2710 

Coarse aggregate content (kg/m³) Numerical 26 min=582, q1=952, m=1050, q3=1168, 
max=1306 

Water absorption (kg/m³) Numerical 67 min=6, q1=7, m=7, q3=19, max=115 
28-days cubic strength (N/mm²) Numerical 80 min=28, q1=46, m=50, q3=53, max=70 
Contains air entraining agent Boolean 19 True (4), False (87) 
Contains fly ash Boolean 42 True (6), False (62) 
Contains light weight aggregates Boolean 19 True (5), False (86) 
Contains limestone Boolean 19 True (9), False (82) 
Contains limestone powder Boolean 42 True (2), False (66) 
Contains plasticizer Boolean 19 True (28), False (63) 



Contains recycled concrete 
aggregate 

Boolean 19 True (16), False (75) 

Contains retarder Boolean 19 True (3), False (88) 
Contains river dredged round 
aggregate 

Boolean 19 True (82), False (9) 

Contains shrinkage reducing 
agent 

Boolean 19 True (4), False (87) 

Contains superplasticizer Boolean 19 True (24), False (67) 
 
Although the database contains mainly ordinary concrete with GGBFS cement and a w/b ratio of 0.45 – 
0.50, many observations have some kind of special characteristic, like containing light weight aggregate, 
containing recycled concrete aggregate, the use of shrinkage reducing agent or a w/b ratio < 0.45. To 
investigate the variation in similar GGBFS concrete, a subset of similar GGBFS concrete of observations 
without any special characteristic is identified within the database. The subset is defined as observations 
containing only cement of type CEMIII/B 42.5 N or CEMIII/B 42.5 L, a w/b ratio of 0.45-0.50, only river 
dredged round aggregate and no special admixtures or fillers. The subset contains 23 of the 110 observations.  

3 Results 
3.1 Variation of autogenous shrinkage in the database 
The median of autogenous shrinkage is -0.007 mm/m at day 2 and increases to -0.093 mm/m at day 91. The 
variation increases also over time. The distance between the first quartile and third quartile (the height of 
the box in a boxplot) increases from 0.05 at day 2 to 0.15 at day 91. If the outliers are neglected, the 
autogenous shrinkage at day 91 varies from -0.3 mm/m (shrinkage) to 0.1 mm/m (expansion).  
For the subset with similar GGBFS concrete the median of the autogenous shrinkage increases from 0.000 
mm/m at day 2 to -0.076 mm/m at day 91. The distance between the first quartile and third quartile increases 
from 0.06 at day 2 to 0.11 at day 91. For the subset the autogenous shrinkage at day 91 varies from -0.2 
mm/m to 0.0 mm/m. Boxplots of autogenous shrinkage of all observations and of the subset with similar 
GGBFS concrete can be seen in Fig.2. 

 

  
Fig.2 Boxplots of autogenous shrinkage over time, at day 2 until day 91 for all 110 observations 

(left) and for a subset of 23 observations with similar GGBFS concrete (right). 
 
3.2 Correlations in the database 
Correlations are investigated with the autogenous shrinkage at day 7, 28 and 91. Data points are considered 
as an outlier if they are more than 1.5 times the interquartile range from the median. In a boxplot those are 
the data points outside the whiskers. Outliers are not taken into account in the correlations. 
Single correlations between autogenous shrinkage and other numerical variables were investigated using 
Pearson’s correlation coefficient for a sample (Pearson’s r) according to Eq. (1).  
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in which n is sample size, �� and �� are individual sample points, �̅ is the sample mean 
�
�∑ ������  and �� is 

the sample mean 
�
�∑ ������ . 

A Pearson’s r from 0.5 to 0.7 (or -0.5 to -0.7) is considered to be weak, from 0.7 to 0.9 (or -0.7 to -0.9) is 
considered to be moderate and from 0.9 to 1.0 (or -0.9 to -1.0) is considered to be strong. 
Single correlations between autogenous shrinkage and Boolean variables were investigated with a two-
sided permutation test for the mean difference with 10,000 permutations (random shuffles). This statistical 
method is used to assess whether there is a significant difference between two groups. It involves randomly 
shuffling the observations between the groups, recalculating the mean difference for each permutation, and 
comparing it to the observed mean difference. The p-value is then calculated as the proportion of 
permutations where the absolute mean difference is as extreme as or more extreme than the observed value. 
This approach provides a robust assessment of significance without assuming any specific distribution for 
the data. 
For all investigated correlations the p-value is calculated as measure for the statistical significance. Only 
results under a significance level of 5% are regarded significant. If the p-value is higher than the significance 
level it cannot be ruled out that the correlation is based on coincidence. A significance level of 5% is 
commonly used and is found fitting to this study. 
 
No strong correlations were found between autogenous shrinkage and other numerical variables, only some 
moderate or weak correlations. The two strongest correlations can be seen in Fig.3. The blue line is the 
fitted correlation, the grey band is the 0.95 confidence interval for the correlation. The strongest correlations 
are with the ‘Coarse aggregate average density (kg/m³)’ with Pearson’s r = 0.70, p = 0.00 and ‘Water 
absorption (kg/m³)’ with Pearson’s r = 0.58, p = 0.00. 
‘Coarse aggregate average density (kg/m³)’ is the density of the coarse aggregates. If different coarse 
aggregates are used, the density is averaged by the mass. ‘Water absorption (kg/m³)’ is the amount of water 
that is absorbed by the aggregates.  
 

 
Fig.3 Correlations between autogenous shrinkage at day 91 and ‘Coarse aggregate average density 
(kg/m³)’ (left) and between autogenous shrinkage at day 28 and ‘Water absorption (kg/m³)’ (right).  
 
Correlations between autogenous shrinkage and ‘Water-binder-ratio’ or ‘28-days cubic strength (N/mm²)’ 
were found to be weak (low Pearson’s r) and uncertain (high p-value), as can be seen in Fig.4 and Fig.5, 
for all observations as well as for the subset of 23 observations with similar GGBFS concrete. 
 

 



 
Fig.4 Correlations between autogenous shrinkage at day 91 and ‘Water-binder-ratio’ for all 

observations (left) and for the subset with similar GGBFS concrete (right). 
 

 
Fig.5 Correlations between autogenous shrinkage at day 91 and ‘28-days cubic strength (N/mm²)’ 

for all observations (left) and for the subset with similar GGBFS concrete (right). 
 

In the permutation tests there were two Boolean variables with a consistent p-value lower than 5% with 
autogenous shrinkage at day 7, 28 and 91. These are the Boolean variables ‘Contains light weight aggregate’ 
and‘ Contains recycled concrete aggregate’. The distribution of values of autogenous shrinkage at day 91 
in the two groups (True/False) for these two variables can be seen in Fig.6. The red diamond is the mean 
autogenous shrinkage at day 91 for each group.  
 

 
Fig.6 Correlation between autogenous shrinkage at day 91 and ‘Contains light weight aggregate’ 

(left) and ‘Contains recycled concrete aggregate (right). 



Lasso linear regression was used to investigate the correlation between autogenous shrinkage and multiple 
variables. In the lasso linear regression the loss function according to Eq. (2) is minimised. 

�	
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with yactual is the actual value of autogenous shrinkage, ypredicted is the value of autogenous shrinkage 
predicted by the linear regression model, � is a tuning parameter to influence the number of variables in 
the model and � are the coefficient(s) in the model. Numerical, Boolean and categorical variables were 
used in the lasso linear regressions. Boolean and categorical variables are converted into dummy/indicator 
variables with values 0 or 1. All variables are standardised by removing the mean and scaling to unit 
variance, in order to transform the variables to a similar scale to ensure that all variables contribute equally 
to the model. 
In the lasso linear regressions R² was used as measure for the regression fit according to Eq. (3). 
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in which ymean is the mean autogenous shrinkage.  
The value of R² is always between 0 and 1, where 0 means that the model does not explain any variability 
in the variable (autogenous shrinkage in this case) and 1 meaning it explains full variability in the variable.  
The results of the lasso linear regressions are summarised in Fig.7. Models with less than 10 variables have 
a low R², models with 10 variables or more have higher R², but are likely overfitted because of relatively 
high number of variables in relation to the number of observations. The higher values of R² for similar 
GGBFS concrete than all observations is also probably caused by overfitting due to the limited number of 
observations (23 versus 110).  
The variables that appeared in the different models were not consistent. 
 

 
Fig.7 Summary of the results of lasso linear regression analysis. 

4 Discussion 
4.1 Variation of autogenous shrinkage in the database 
In our database with mainly ordinary GGBFS concrete autogenous shrinkage at day 91 varies from -0.3 
mm/m (shrinkage) to 0.1 mm/m (expansion). For a subset with similar GGBFS concrete autogenous 
shrinkage at day 91 varies from -0.2 mm/m to 0.0 mm/m. On the basis of Eurocode 2 [12], equations (3.11), 
(3.12) and (3.13), autogenous shrinkage at day 91 was calculated ranging from -0.04 to -0.07 mm/m for 
concrete strength classes C30/37 till C45/55, that match the concrete strengths in the database. The variation 
in autogenous shrinkage in the database and calculations according to Eurocode 2 can be seen in Fig.8. The 
measured autogenous shrinkage for concretes with a w/b ratio ≥ 0.45 can be larger than -0.1 mm/m, 
exceeding the calculated values and therefore cannot be neglected by definition. 
 



 
Fig.8 Variation in autogenous shrinkage in the database and calculations according to Eurocode 2 

(left) and comparison of variations in all observations and the subset (right). 
 

The observations with autogenous expansion (0.0 to +0.1 mm/m) contain light weight aggregate or recycled 
concrete aggregate, or a shrinkage reducing agent was used. The autogenous shrinkage decreasing effect of 
porous aggregates is consistent with previous research that reported that light weight aggregate can act as 
a water storage agent that mitigates the self-desiccation that is linked to autogenous shrinkage [4]. This 
effect will only manifest if the porous aggregates are absorbed with water before mixing. 
The observations in the database with the highest shrinkage (-0.2 to -0.3 mm/m) are from clients of the tests 
that did not agree to reveal all data of the concrete composition and can therefore not be explained. 
The variation in autogenous shrinkage in the subset with similar GGBFS (-0.2 to 0.0 mm/m) cannot be 
explained by variables in the database. This variation is larger than in most experimental studies. In [13] 
large composition variability is mentioned as uncertainty factor for random deviations. Most of the 
experimental research focusses on (ultra) high performance concrete (U)HPC [14][15][16]. In those studies 
the materials for the different samples often come from the same source. In addition the materials that are 
used for (U)HPC are generally from high, constant and controlled quality to be able to deliver the high 
performance. In our database, with ordinary concrete from construction projects, the source of materials is 
more divers. Another possible cause of variation is differences in working procedures that are followed to 
mix the concrete and make the samples.  
 
4.2 Correlations in the database 
A limited number and only weak to moderate correlations were found between autogenous shrinkage and 
other variables in the database. The variables that were found to have a statistical significant correlation 
with autogenous shrinkage are ‘Coarse aggregate average density (kg/m³)’, ‘Water absorption (kg/m³)’, 
‘Contains recycled concrete aggregate’ and ‘Contains light weight aggregate’. All these variables relate to 
same underlying mechanism of porous aggregates that act as a water storage agent that mitigates the self-
desiccation [4]. In a similar data-driven approach for autogenous shrinkage in UHPC, stronger correlations 
were found [16]. That not more or stronger correlations were found in our database can be explained by the 
high proportion of missing values. For the concrete strength, for example, 80 of 110 values are missing 
which makes it less likely that a correlation can be found. 
The correlations that are found only explain part of the variability in autogenous shrinkage in the database, 
as can be seen from the considerable variability in vertical direction in Fig.3. Therefore it’s expected that 
the interaction of multiple variables play a role in autogenous shrinkage. Lasso linear regression with 
multiple variables was carried out to investigate this further, but did not provide more insight. This is 
probably due to the high proportion of missing values and the relatively small number of observations in 
relation to the high number of variables. 
It was also considered whether variables may be missing from the database that have an important influence 
on autogenous shrinkage. Therefore, the database is compared with influencing factors mentioned in 
literature, but no obviously missing variables are identified. 



4.3 Recommendations for future databases 
Databases are set up to bring together scientific research on (autogenous) shrinkage of concrete [7][16]. 
The collection and analysis of data from practice can be a valuable addition to the scientific research. It can 
be used to validate experimental findings in practice. It is also an addition because scientific research is 
more focussed on new, innovative concrete types, while data from practice represents the concrete types 
that are most commonly used in the present. Also interesting is that unexpected relations or patterns may 
be found, because in data from practice the parameters and their variations are not preconceived and 
controlled and therefore less biased. Data from practice is useful but cannot be treated in the same way as 
peer reviewed scientific data. Therefore the source of the data shall always be clear if databases are formed. 
The collection of data from multiple sources, whether scientific research or from practice, comes with 
challenge. Not the same testing procedures may be followed, the testing procedures may not be documented 
well, not the same data may be collected, the data may be registered differently and/or different 
interpretations of data occur. These challenges were also encountered in this study, leading to the high 
proportion of missing values. To face these challenges and make more rich and complete databases in the 
future, a standardised and widely adopted concrete data model is necessary. The concrete data model shall 
prescribe what data is collected and how it is structured. A data model for concrete composition shall be 
general applicable for all concrete research, for each type of testing a specific data model can be developed. 
It may be considered that some data in the data model is made obligatory or highly recommended to collect 
and register, even if this data is not necessary for the research itself. This will facilitate and promote the 
reuse of concrete research data. It is advised that the concrete strength will be made highly recommended 
in all concrete research, because it’s so widely used as a characteristic for concrete and a commonly used 
parameter in models and standards.  
The International Federation for Structural Concrete (fib) has launched a wide and open initiative on test 
data management [17] including a standardised data model. The authors hope that this initiative will be 
widely adopted, that it will be used by concrete researchers worldwide and that it will be open for test data 
from practice too.  
A standardised and widely adopted concrete data model will stimulate researchers to combine their own 
data with data from other researchers to gain more insights. It also creates a solid basis for the application 
of state-of-the-art data techniques, such as AI. 

5 Conclusion 
The results are given and discussed of the data analysis of an autogenous shrinkage database with data from 
practice of concrete with mainly GGBFS cement and w/b ratios of 0.45-0.50. The major findings are: 

1) A standardised and widely adopted concrete data model, that is suited for scientific research as well 
as for data from practice, will facilitate and promote the use of data and state-of-the-art data 
techniques, such as AI, in the field of concrete research. 

2) The collection and analysis of data from practice can be a valuable addition to experimental, 
scientific research, because it represents the concrete types that are most commonly used in practice 
in the present and not only the newest and most innovative concrete types. 

3) If relevant for the structure, autogenous shrinkage cannot be neglected by definition for concrete 
with a w/b ratio ≥ 0.45. Autogenous shrinkage of more than -0.1 mm/m can occur for ordinary 
GGBFS concrete with w/b ratios of 0.45-0.50. 

4) In practice the variation in autogenous shrinkage is considerable. A variation of -0.2 mmm to 0.0 
mm/m was found for similar GGBFS concrete with w/b ratios of 0.45-0.50. The variation is 
attributed to the diversity in source of materials and working procedures in practice. 
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