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ABSTRACT 
Plastic shrinkage cracking is a mechanical phenomenon that occurs in the first few hours after 
casting the concrete in its mould. It is commonly believed that rapid and excessive moisture loss 
of the fresh concrete, mainly due to evaporation, plays a decisive role in the early age shrinkage. 
However, it is not always possible to justify all the plastic shrinkage incidents based on water 
evaporation solely. Instead, it seems that and interconnected correlation between evaporation, 
capillary pressure and hydration rate may offer better explanation. In this paper effect of water-
cement (w/c) ratio on plastic shrinkage cracking of self-compacting concrete (SCC) is 
investigates. Four recipes with different w/c ratios (0.38, 0.45, 0.55 and 0.67) are tested by using 
Ring test method (NT BUILD 433). During the experiments evaporation, capillary pressure and 
internal temperature of the specimens were recorded from 60 minutes after casting up to 18 hours, 
at which the length and width of the cracks were measured. The results show lower risk of 
cracking when w/c ratio is between 0.45 to 0.55. However, the specimens with 0.38 and 0.67 w/c 
ratio experienced higher cracking tendency, especially the latter, in which severe cracking was 
observed.     
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1. INTRODUCTION 
Plastic shrinkage in concrete occurs in the first few hours after mixing, due to rapid water 
evaporation which in turn increases the negative pressure in the pore system, known as capillary 
pressure. Consequently, tensile force will be applied on the solid particles close to the concrete 
surface which leads to reduction of the inter-particle distances and shrinkage of the whole mixture. 
Since this process occurs when the concrete is still in the plastic stage, the contraction is called 
plastic shrinkage. If the mixture is restrained in any way and the tensile stresses exceed the very 
low tensile strength of the young concrete, cracks may form at the surface from which they can 
propagate deep into the concrete element.  
 
The period of plastic shrinkage extends from immediately after mixing until the final setting of 
the concrete (i.e. sum of the plastic and the semi-plastic phase) [1]. However, since no significant 
chemical reaction between the cement and water takes place in the plastic stage (i.e. before the 
initial set), the shrinkage at this phase is considered to be predominantly physically induced [2]. 
 
According to Gauss-Laplace relation, capillary pressure in a pore is inversely proportional to the 
radius of the meniscus which forms as a result of evaporation [2]. In other words, finer pore system 
and faster evaporation will cause higher capillary pressure and more tensile stresses. Meanwhile, 
longer plastic phase (dormant period) means that the concrete will be prone for shrinkage without 
any significant resistance for longer time which eventually increases the cracking risk. Hence, 
early-age cracking can be highly problematic in self-compacting concrete (SCC), High 
Performance Concrete (HPC) and/or Ultra-High Performance Concrete (UHPC) due to the 
relatively low water/binder (w/b) ratio and high dosage of superplasticizer (SP) [3]. Accordingly, 
plastic shrinkage cracking is not limited only to hot and arid regions and has become a challenge 
even in the cold Scandinavia [2]. 
 
In this paper the influence of w/c ratio on plastic shrinkage cracking in SCC is investigated. 
Although similar study have been already performed by other researchers [3], in this research 
effort is made in order to explain the cracking incidents based on the relation between evaporation, 
capillary pressure and hydration rate. The presented paper is part of an on-going PhD project at 
Luleå University of Technology in Sweden which aims at deepen the knowledge about the 
mechanism of plastic shrinkage cracking in concrete. 
  
2. MATERIALS AND METHODS 
Table 1 shows the recipes of the tested SCCs of which the one with 0.67 w/c ratio is used as 
reference.  The mixtures were produced by Byggcement (CEM II/A-LL 42.5R). The SP and 
mineral filler are Sikament 56 and Limus 40 (Density 2670 kg/dm3 and Blaine 380 m2/kg) 
respectively. The dry materials are premixed for one minute before adding the water and SP. Then 
the mixing continued for another 5 minutes. 
 
Table 1: Mix design of the tested concretes  

ID Cement Water Agg. 0-4 Agg. 0-8 Agg. 8-16 Filler SP W/C 
W/C 0.38 420 160 0 1021 694 40 4.6 0.38 
W/C 0.45  380 171 0 998 678 100 5.7 0.45 
W/C 0.55 340 187 81 879 651 160 4.1 0.55 
W/C 0.67 
(Ref.2) 300 200 155 771 628 220 2.4 0.67 
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Moulds, designed based on Ring test method (NORDTEST-method NT BUILD 433), are utilized 
in order to determine the cracking tendency of young concrete (Fig. 1). The test setup consists of 
three identical moulds with two concentric stainless steel rings in each. Once the concrete is cast, 
the mould is covered by a transparent air funnel with a suction fan. The experiments took place, 
in 20 ± 1˚C room temperature and 35 ± 3% relative humidity. The weight of the evaporated water 
is measured using three load cells (only in one mould). Moreover, capillary pressure (at 4 cm from 
the surface) and internal temperature (at 2 cm from the bottom) are recorded continuously, starting 
at 60 minutes after the castings up to 18 hours later. Time of crack initiation was determined by 
visually inspecting the concrete surface every 30 minutes. At the end the average crack area was 
calculated, as suggested by [3], according to Eq.1: 
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Figure 1 - The arrangement of the test setup, from [3]. All the dimensions are in mm. 
 
3. RESULTS AND DISCUSSION  
The results show that the total accumulative evaporation increases by increasing the w/c ratio 
(Fig. 2.a). On the other hand, the largest average crack area was measured in W/C 0.67, followed 
by W/C 0.38, W/C 0.55 and W/C 0.45 (Fig. 2.b) which obviously does not correspond to the 
evaporation trend. In W/C 0.38, the radius of the curvature of the menisci in the pores decreases 
slower due to less evaporation, which leads to lower rate of capillary pressure build-up (Fig. 2.d). 
However, this reduction is compensated with faster hydration which eventually increases the 
capillary pressure build-up rate (Fig. 2.c). Hence, it seems that in this case the concrete cracks 
mainly due to autogenous shrinkage.  
 
With higher w/c ratio, the cooling effect of the evaporation prolongs the hydration, i.e. longer 
plastic phase. The lower capillary pressure build-up rate is then compensated with faster reduction 
of the menisci radius due to higher evaporation. However, in W/C 0.67, the very high evaporation 
together with narrower pore system due to the presence of large amount of fines (Tab. 1) rapidly 
increases the of capillary pressure. It can be interpreted that at any given time, the amount of 
shrinkage in W/C 0.67, is much larger than that which is experienced by the others. For instance, 
in Figure 2.d, it can be seen that the capillary pressure at 4 hours after starting the measurement 
is -40 kPa for W/C 0.67 and -25 kPa for the other three. This means that W/C 0.67 shrinks more 
in comparison.  
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Figure 2 - Influence of w/c ratio on (a) evaporation, (b) average crack area, (c) internal 
temperature and (d) capillary pressure. 
 
4. CONCLUSION 
• High capillary pressure build-up rate can increase the cracking risk when accompanied with 

high evaporation and long dormant period.   
• The reason that the cracking tendency increases after 0.55 w/c ratio is the presence of large 

amount of fillers which leads to faster capillary pressure development. 
• Cracking in SCC with high w/c ratio is mainly due to plastic shrinkage, while autogenous 

shrinkage is the main reason behind cracking in SCC with low w/c ratio. 
• The optimum range of w/c ratio in order to decrease the risk of early-age cracking is between 

0.45 and 0.55.  
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