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ABSTRACT 

Plastic shrinkage cracking can become problematic especially in concrete elements with high surface to volume ratio such 
as slabs and pavements. In this paper two test methods commonly used when studying the phenomenon have been 
evaluated; ring test method (NORDTEST-method NT Build 433) developed in NTNU/SINTEF by Johansen and Dahl in 
order to study the effect of different materials and constituents on the cracking tendency at macro-level, and ASTM C 1579, 
mainly designed in order to map the influence of fibres. During this research, influence of coarse aggregate content on 
plastic shrinkage cracking of self-compacting concrete (SCC) was studied. Preliminary results show same tendencies with 
the two methods i.e. a lower plastic shrinkage tendency with higher amount of coarse aggregates.  

Keywords: Plastic shrinkage cracking, Capillary pressure, ASTM C 1579, NORDTEST-method, Coarse aggregate 
content.  

1. INTRODUCTION
Plastic shrinkage may cause early age cracking on the young concrete surface before the setting. It mainly occurs in concrete 
members with large surface to volume ratio such as pavements and slabs. The cracks start to form at the concrete surface 
and often propagate inwards, facilitating the ingress of harmful materials that eventually can negatively influence the 
aesthetics, durability and serviceability of the structure.  

This mechanical phenomenon occurs due to rapid and excessive moisture loss, mainly in form of water evaporation1-10. If 
the evaporation rate is higher than the bleeding rate, the thin water layer that commonly covers the surface of the fresh 
concrete disappears. In such case the evaporation takes place inside the pore system, in which the adhesive force and surface 
tension of water form menisci. These menisci cause negative pressure in the concrete pore system, which in turn applies 
tensile force on the solid particles.  Consequently, the inter-particle distances decrease and the concrete tends to contract. 
The developed shrinkage, then, leads to tensile strain accumulation, at the concrete surface. If the tensile strain exceeds the 
very low early age tensile strain capacity, the young concrete may start to crack4.  

Since, according to the Gauss-Laplace’s equation, capillary pressure is a function of the diameter of the pore, the 
microstructure of the concrete at the early age plays a decisive role in the capillary pressure build-up and the consequent 
shrinkage. In other words, the amount of the fines together with the arrangement by which the solid particles are placed 
(packing density) affects the rate of capillary pressure build-up. Thus, the influence of fine materials and the coarse 
aggregate content has been the subject for several studies. For instance, Esping and Löfgren11 investigated the influence of 
fly ash, silica fume and coarse aggregate content on the early age cracking in self-compacting concrete (SCC). They 
observed that increasing the amount of fly ash and silica fume significantly increases the cracking tendency of the concrete. 
Same conclusion was derived when the coarse aggregate content was decreased and replaced by fine aggregates (0-8 mm). 
The reason is that finer materials form thinner pores which leads to higher capillary pressure and more total shrinkage of 
the concrete. 

It ought to be noted that plastic shrinkage occurs as long as concrete is in the plastic stage which means that no significant 
chemical reaction takes place between the cement and water. Thus, the hydration rate of the concrete is another important 
factor by which the length of the dormant period can be determined. Evidently, the governing mechanism behind the early 
age cracking of concrete is a complex correlation between inter-connected parameters which emphasizes the necessity of 
having a comprehensive model of the behaviour of fresh concrete. 
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This paper reports results derived from experiments performed on SCC in order to evaluate two different test setups (i.e. 
ring test and ASTM C 1579). By the ring test method the influence of a wide range of parameters on concrete’s early age 
cracking tendency can be investigated.  ASTM C 1579, on the other hand, is mainly designed for studying the influence of 
fibres on the plastic shrinkage cracking. However, the application of this particular method is not restricted only to fibres’ 
influence and has been used in several studies to investigate the effect of other parameters13. During the tests the influence 
coarse aggregate content on the water evaporation rate, capillary pressure, hydration rate and crack area of SCC was 
investigated.  

2. TEST METHODS
2.1  ASTM C 1579

ASTM C 1579 (Fig.1), is a test method developed mainly in order to compare the plastic shrinkage cracking behaviour of 
different concrete mixtures containing fibre reinforcement under prescribed conditions of restraint and moisture loss up to 
and for some hours beyond the time of final setting12. However, as mentioned, its application is not limited to only fibre 
reinforced concrete and can be used to study other parameters as well (e.g. mixture proportions and amount and type of 
admixtures).  

Figure 1. Geometry of the mould designed according to ASTM C 1579, based on12. 

The big metal insert in the middle, is the stress raiser which initiates the cracking. The other two smaller metal inserts on 
the sides function as internal restraints. In the tests performed at LTU, in order to reduce bond between the concrete and 
mould, the inserts were coated by oil. A fan was used to generate 4.5 m/s wind velocity across the specimen surface. The 
mould was placed in a climate chamber where the temperature and relative humidity were 20 ± 1 ˚C and 35 ± 3%, 
respectively. Three load cells were used to measure the water evaporation every second. Capillary pressure at 4 cm distance 
from the concrete surface and internal temperature at 2 cm distance from the bottom were continually measured at 15 and 
1 s intervals, respectively. All the measurements started 60 minutes after the mixing and stopped 18 hours later. At the end 
of the test the crack width was measured by which the crack reduction ratio (CRR) was calculated according to Eq.1: 

CRR = 100
concrete control ofh crack widt average

concrete reinforced-fibre ofh crack widt average1 ×







−  (1) 

It should be noted that the first several tests performed by ASTM C 1579 at LTU resulted in no cracking, despite of the 
significant gap between the concrete and the mould sides which indicated that the specimen is not restrained enough. To 
solve the problem ten bolts were added to the two shorter ends of the mould which can be seen in Fig. 2. In the coming 
sections the term ASTM C 1579 refers to the above mentioned modified version. 
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Figure 2. Geometry of the modified ASTM C 1579 with the 10 bolts at the two ends. 

2.2 Ring test (NT Build 433) 

Ring test method also known as NORDTEST-method or NT BUILD 433 was developed by Johansen and Dahl14 at NTNU 
to determine the cracking tendency of young concrete (Fig. 3). The setup consists of three identical moulds with two 
concentric steel rings in each. The depth of the moulds is 80 mm and the diameters of the inner and the outer rings are 300 
and 600 mm respectively. Steel ribs (stress raisers) provide crack initiation points. Each mould is covered by a transparent 
air funnel with a suction fan which generates 4.5 m/s wind velocity across the specimen surface. Like the experiments 
performed using ASTM C 1579, the room temperature and relative humidity were 20 ± 1˚C and 35 ± 3% respectively. The 
water evaporation, capillary pressure and internal temperature were recorded continually, starting at 60 minutes after the 
mixing and up to 18 hours later. One of the moulds was placed on a scale in order to measure the weight of the evaporated 
water per second. The capillary pressure at 4 cm distance from the surface was measured and recorded in 15 s intervals 
using two wireless sensors. The internal temperature was recorded in 1 s intervals by using a thermo thread located at 2 cm 
distance from the bottom of the mould. A digital microscope (to an accuracy of 0.05 mm) and a digital measuring wheel 
(to an accuracy of ±1 mm) were utilized in order to measure the crack width and the crack length, respectively.  At the end 
of the experiments the average crack area of the three specimens was calculated, as suggested by Esping and Löfgren11, 
according to Eq.2: 

3
h)crack widt×length (crack  areacrack  Average Σ

=  (2) 

Figure 3. The ring test method setup for plastic shrinkage cracking tendency determination, based on7. All the dimensions are in mm. 
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2.3 Materials and mixing process 

Tables 1 and 2 show the mix design of the tested mixtures and the composition of the cement. A control mix (with 35% 
coarse aggregate content) was produced using Portland limestone cement (CEM II/A-LL 42.5R according to EN 197-1). 
Fine (0-4 mm and 0-8 mm) and coarse (8-16 mm) aggregates constitute 65 and 35% of the total aggregates volume. The 
coarse aggregate content was then increased to 40% in C40 in order to study the effect on the early age behaviour of the 
concrete. Sikament 56 with density of 1100 kg/m3 and 37% by weight of dry content and limestone (Limus 40) with density 
of 2700 kg/m3 were used as superplasticizer (SP) and mineral filler, respectively. The aggregates, cement and filler were 
first mixed together in a pan mixer for 1 minute, after which a solution of SP and water was added. Then, the mixing 
process continued for another 5 minutes.  

Table 1. Mix design of the tested mixtures, in kg/m3. 
Name Cement Water Agg. 0-8 Agg. 8-16 Filler SP W/C 
C35 (control) 380 171 1089.4 586.6 100 5.7 0.45 
C40 380 171 998 678 100 5.7 0.45 

  Table 2. Composition of the cement (produced by Cementa AB, Sweden). 

Name MgO 
(%) 

SO3 

(%) 
CI-

(%)
Density 
(kg/m3) 

Blaine 
(m2/kg) 

CEM II/A-LL 42.5R (Byggcement) 1.1-1.3 3.3-4.0 0.02-0.04 3080 430 

3. RESULTS AND DISCUSSION
The results of the experiments performed using ASTM C 1579 are plotted in Fig.4. The cracking occurred only above the 
stress raiser in the middle of the specimen which is the main difference between ASTM C 1579 and the ring test method 
in which cracks form in several locations (mainly initiated from the steel ribs).  

Figure 4. ASTM C 1579 tests: Influence of coarse aggregate content on (a) evaporation, (b) average crack width and crack initiation 
time (c) capillary pressure and (d) internal temperature . 
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In C40 the crack initiated around 6 hours after mixing which was around 2 hours later than the crack initiation time of C35. 
In both cases a single crack was formed and no small lateral cracks were detected in the surrounding area. However, 
increasing the coarse aggregate content clearly reduced the crack width to one-fourth (Fig. 4b). The measured average 
crack width in C35 was around 0.4 mm, which after increasing the coarse aggregate content, decreased to around 0.1 mm. 
In other word CRR is 75%.  

According to the results, increasing the coarse aggregate content leads to higher evaporation (Fig. 4a) as it improves the 
packing and facilitates flowability of the water. On the other hand, due to the probably wider pores, the rate of capillary 
pressure build-up decreases (Fig. 4c) which means lower tensile stresses are applied on the solid particles. Meanwhile, C40 
had lower hydration rate which again can be due to the higher evaporation which causes less water available to chemically 
react with the cement particles (Fig. 4d).   

Results of the experiments performed by the ring test method are in accordance with the outcomes of the ASTM C 1579 
standard to a large extent (see Fig. 5). The first crack was detected in C35 mixture 3 hours after mixing which was 2.5 
hours earlier than the first crack detection in C40. Unlike ASTM C 1579, the cracks were distributed all over the specimen 
surface, mainly initiated above or at the tip of the steel ribs (stress raisers). At the end of the test the width and the length 
of the cracks in all three moulds were measured. The average crack area of C40 (Eq.2), decreased to almost one-tenth in 
comparison to the control mixture (Fig. 5b). Evidently, despite of the higher evaporation (after 6 hours) the slower capillary 
pressure build-up causes less shrinkage which reduces the cracking tendency of the concrete.  

Figure 5. Ring test method: influence of coarse aggregate content on (a) evaporation, (b) average crack area and crack initiation time 
(c) capillary pressure and (d) internal temperature.

Despite of the similarities between the discussed test methods and the fact that both of them seem to be practical in studying 
the effect of coarse aggregate content on plastic shrinkage, several differences have been detected. First of all, it seems that 
the airflow across the specimens in the test methods are not similar. The fans in both ASTM mould and ring test setup was 
set at 4.5 m/s. However, the wind velocity measured by a portable digital anemometer, differed from one to another. This 
can be seen clearly by comparing the water evaporation curves in Fig. 4a and 5a, where the results show a difference. It 
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can be caused by the heterogeneous airflow across the ASTM mould, in which around 0.5 m/s wind velocity difference 
was measured between the two ends. 

In general the cracking tendency evaluation method differs between the ASTM C 1579 standard and ring test setup. When 
the former uses only the crack width as an indication of cracking tendency, the latter is based on the crack area.  

4. CONCLUSION
According to the above mentioned the following remarks can be concluded:

1. Cracking in ASTM C 1579 usually occurs above the stress raiser in the middle. However, no specific crack location
can be predicted in the ring test method.

2. The crack reduction ratio defined in the ASTM C 1579 standard is based only on the crack width. Since in some cases
it is possible to have shorter cracks, it is better to calculate this ratio based on the crack area instead.

3. The airflow across the mould designed based on ASTM C 1579 differs from the ring test method.
4. The airflow across the ASTM mould is heterogeneous. In this case, using a wind tunnel is recommended.
5. It has been observed that the ASTM mould is not restrained enough. Modifying the design by adding rebars or bolts

to the two ends can be a solution.

These concluding remarks are based on just four tests with only two mix designs. More tests are to be performed with 
variations of mix designs and test conditions to further study possible similarities between the methods and effects of mix 
design. 
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