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The shrinkage deformations may lead to concrete 
 cracking with adverse effects on structural reliability, 
durability and aspect of the reinforced concrete elements 
and structures. For preventing and mitigation of shrinkage 
effects measures must be taken in structural design in 
determining the composition and in concreting. The paper 
presents theoretical, practical and experimental aspects 
related to shrinkage strains calculation, pointing out the 
differences between the values computed using the 
provisions of SR EN 1992-1-1 -„Design of concrete 
structures” and measured values. Due to these differences 
we consider that a new approach for computing the 
shrinkage deformations is needed. This need is emphasized 
by the large number of cases in our country of cracked 
structural elements short time after the concrete was cast.  

 
 
 
 

 

  
Deformaţiile împiedicate din contracţia betonului 

 pot provoca fisurarea acestuia, cu efecte negative asupra 
siguranţei structurale, durabilităţii şi aspectului 
elementelor şi structurilor din beton armat. Pentru 
prevenirea şi limitarea efectelor fenomenului de contracţie 
trebuie luate măsuri corespunzătoare la proiectarea, la 
stabilirea compoziţiei şi la punerea în operă a betonului. 
Articolul prezintă aspecte teoretice, practice şi 
experimentale privind calculul deformaţiilor din contracţie 
şi evidenţiază diferenţele constatate între rezultatele 
obţinute. Datorită acestor diferenţe, între valorile obţinute 
experimental şi cele recomandate în SR EN 1992-1-1 
„Proiectarea structurilor din beton armat”, este necesară o 
nouă abordare a modului de calcul al deformaţiilor din 
contracţie. Acest aspect este în concordanţă cu realitatea 
din ţară, unde, în ultima perioadă, au apărut numeroase 
cazuri de fisurare ale elementelor de construcţie după 
punerea în operă a betonului. 
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1. Introduction 

 
The concrete shrinkage is a type  of 

deformation characteristic for this material. Known 
from the beginning of the concrete history it is still a 
problem with significant implications on reliability 
and durability of RC buildings. 

Shrinkage, after hardening of concrete in 
open air (RH%<100%),  is the decrease with time of 
concrete volume. In saturated environment 
(RH%=100%) the converse of shrinkage is 
produced (swellage) which denotes volumetric 
increase due to moisture gain in the hardened 
concrete (Fig.1). Because in most cases concrete is 
not in saturated environment and shrinkage results 
in concrete cracking, this is the aspect that matters 
in structural engineering.  

 Drying shrinkage is a long term process, fast 
after the concrete hardening and progressively 
attenuated with time. Troxell`s experiments quoted 
by Neville [1] shows that at 28 days the shrinkage 
strain is about 40% of the strain at 20 years and at 
1 year is about 80% of the same strain (Fig.2). 

   
 

 
Fig. 1 – Shrinkage and swelling of concrete [1]. 

 
The main cause of shrinkage is the loss of 

adsorbed water in the pores which results in 
reducing the distances between the solid parts. The 
phenomenon in only partially reversible probably 
because of hydrated calcium silicate gels 
hardening (C-S-H). 
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4. Calculation of shrinkage strain according to 
code SR EN 1992-1-1 

 
In SR EN 1992-1-1 [3, 4] the total shrinkage 

strain is composed of two components, the 
autogenous shrinkade strain (develops mostly in 
the early days after casting) and the drying 
shrinkage which develops slowly in time. Thus, the 
total shrinkage strain is: 

cacdcs εεε +=                                    (1) 
where: 

csε - is the total shrinkage strain 

cdε - is the drying shrinkage strain 

caε - is the autogenous shrinkage strain 

The final value of the drying shrinkage 
strain: 

0,, cdhcd k εε ⋅=∞                                    (2) 

( ) 0,, , cdhsdstcd ktt εβε ⋅⋅=                    (3) 

where : 

 ∞,cdε - final value of the drying shrinkage strain 

tcd ,ε - value of the drying shrinkage strain at „t”, 
days 

hk - coefficient function of the element 
dimensions (Table 1), with values function of the 
mean radius 0h : 

uAh c /20 =                                      (4) 
Where: 

cA - concrete section area 
u - perimeter of that part of the cross section 

which is exposed to drying 
Table 1 

Values for kh in Expression (2) and (3) 
h0 kh 
100 1,00 
200 0,85 
300 0,75 
≥500 0,70 

 
 

( )sds tt,β - coefficient function of time and of 

mean radius 0h : 
 

( ) ( )
( ) 3

004.0
,

htt

tt
tt

s

s
sds

+−

−
=β               (5) 

where: 
 

 t- the age of the concrete at the moment 
considered 
ts - the age of the concrete in days at the beginning 
of drying shrinkage  

0,cdε - basic drying shrinkage strain (Annex B - SR 
EN 1992-1-1 [3, 4]): 
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where: 
 1dsα - coefficient which depends on the type of 
cement: 
             = 3.00 for cement class S 
 = 4.00 for cement class N 
 = 6.00 for cement class R 

2dsα - coefficient which depends on the type of 
cement: 
             = 0.13 for cement class S 
 = 0.12 for cement class N 
 = 0.11 for cement class R 

cmf - the mean compressive strength 

10=cmof Mpa 

RHβ - coefficient function of relative humidity: 
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where: 
RH - ambient relative humidity (%) 

0RH - 100% 
For concrete with age less than 28 days the 
compressive strength (fcm) is calculated according 
to SR EN 1992-1-1 with: 

cmcccm fttf ⋅= )()( β                              (8) 

where: 
)(tfcm  - mean compressive strength at age t, 

(in days) 

cmf  - mean compressive strength, according to 
tablei 3.1 in SR EN 1992-1-1 [3, 4] 

)(tccβ  - coefficient function of concrete age at 
time t (days): 
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Table 2 
Values for αds1 and εcd,0   

 Experimental SR EN 1992-1-1 Percentage [%] 
 

1dsα  0,cdε  1dsα  0,cdε  1dsα  0,cdε  

C40/50 7.92 0.61 4.00 0.38 98.08 58.53 
C45/55 7.64 0.51 4.00 0.36 90.96 41.12 
Average 7.78 0.56 4.00 0.37 94.52 50.08 

 

t - concrete age, in days, at the consided 
moment 

s  - coefficient with values function of the 
cement type: 
 = 0.20 for cement class: CEM 42.5 R, CEM 
52,5 N and CEM 52,5 R (class R) 
               = 0.25 for cement class: CEM 32.5 R şi 
CEM 42,5 N (class N) 
 = 0.38 for cement class: CEM 32.5 N 

(class S) 

5. Comparison between the experimental 
results and the results obtained using the 
SR EN 1992-1-1 provisions 

In order to determine the shrinkage 
deformations of concrete prisms, the same type of 
cement was used CEM II/A 42.5N class N. Also, 
the speciment were identical in terms of aggregate 
(blending, type, dimensions etc.), the only 
difference being the water-cemet ratio. In that case 
two values were used: 0.44 and 0.41. The 
instruments readings were made at 7 days (initial 
reading 0δ ) and at 14, 28, 90 and 180 days ( iδ ). 

Also, compression tests on cubes were 
made at the same period of time as shrinkage 
strains measurement. As expected, concrete with 
lower water-dement ratio showed bigger 
resistance. 

For the 100x100x500mm prisms, the basic 
drying shrinkage strain 0,cdε was determined based 

on tcd ,ε the measured value of the drying shrinkage 
strain at „t” days, using the methodology of SR EN 
1992-1-1 presented before. 

In equation (6) there are two coefficients 
whose value depend on the cement type, S,N or R: 

1dsα  and 2dsα . The value of 2dsα was taken 0.12 
as requires SR EN 1992-1-1 for cement of class N. 
The values of 1dsα were computed knowing the 

basic drying shrinkage strain 0,cdε and the 
compressive strength of the concrete obtained 
testing the concrete cubes and are presented in 
the Table 2. The mean value is 7,78. 

This value is almost double the value of 4,0 
given in SR EN 1992-1-1 Annex B [3, 4] for class N 
cement. 

After the test and interpretation of results 
resulted two concrete classes function of the water- 

 
cement ratio:C40/50- for a water-cement ratio of 
0.44 and C45/55- for a water-cement ratio of 0.41 

Using the provisions of Annex B of the code 
SR EN 1992-1-1 [3, 4], the basic drying shrinkage 
strain 0,cdε for each concrete class resulted with 
the values: 0,38‰ for C40/50 class and 0,36‰ for 
C45/55 class. The experimental values are on 
average with more than 50% bigger than those 
calculated using the Annex B provisions: 0,61‰ 
for C40/50 and 0,51‰ for C45/55 (Table 2). 
 
6. Conclusions 

The shrinkage strains can cause the 
concrete cracking with adverse effects on 
durability and the aspect of elements and 
structures of reinforced concrete. 

For the same type of cement, a bigger 
dosage of cement, using inappropiate admixtures 
and a high water-cement ratio, are the main 
factors related to composition that favor shrinkage. 
Regardless of the type of cement, for limiting 
shrinkage measures must be taken at design, at 
designing the cement composition and at the 
concrete casting. 

The study presents some theoretical and 
experimental aspects regarding shrinkage strains 
calculation, highlighting the differencies between 
the experimental values and those computed using 
the SR EN 1992-1-1 [3, 4] provisions. A 
reassessment of the values for  1dsα  and 2dsα  
coefficients appears as necessary considering the 
large number of cases in our country of structural 
elements cracked short time after the concrete 
was cast. 

REFERENCES 
 
1. A.M. Neville, Properties of concrete, Editura Tehnică, 2003, 

Bucharest. 820 p. 
2. ASRO (2009), SR 2833 Tests on concretes. Determination of 

the axial shrinkage of hardened concrete. Bucharest. 
3. ASRO (2004), SR EN 1992-1-1:2004 Eurocod 2: Design of 

concrete structures. Part 1-1: General rules and rules for 
buildings. Bucharest 

4. ASRO (2008), SR EN 1992-1-1:2004/ NB:2008 Design of 
concrete structures. Part 1-1: General rules and rules for 
buildings. National annex. Bucharest. 

 

********************************************************************************************************************************* 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


