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ABSTRACT 

Early age (< 24 h after mixing) behaviour of concrete is very critical as it may cause cracking, 
which eventually can dramatically influence the aesthetic, durability and serviceability of the 
structure. In order to have a general comprehension of the phenomenon and the governing 
mechanism, it is essential to measure and monitor various parameters. One of these parameters 
is the vertical displacement (settlement) of the concrete that can give a clue of the rheology, 
stiffening and approximate capillary pressure onset.  

After casting the concrete the solid particles of the mixture start to settle under the gravitational 
forces. This settlement starts immediately after placing the mixture in the mould and continues 
until the solid skeleton of the concrete is stiff enough to hold the weight of the particles. In such 
case the settlement either stops or increases with lower rate.  

This technical report, summarizes tests performed at Luleå University of Technology in order 
to evaluate the function of ILD2300-10 laser sensor (manufactured by Micro-Epsilon Snsotest 
AB) in measuring the settlement of fresh concrete.  The laser sensor was used to measure the 
vertical displacement of both conventional and self-compacting concrete (SCC) cast in a mould 
made according to the ASTM C 1579 standard. Both mixtures had 0.67 water-cement ratio 
(w/c). The results show very accurate readings of the concrete settlement which clearly shows 
the differences of the two concrete types. Moreover, it was found that the sensor is very practical 
on the moist concrete and the thin water layer that covers the surface after casting does not have 
any significant influence on the accuracy of the measurements. 

However, it was noticed that the sensor is not efficient to measure the vertical displacement 
when airflow blows across the concrete surface.  

 

 

 

 

 

 

 

 

 

 

 



1. INTRODUCTION 
 
Concrete consists of various constituents such as cement, water, admixtures, aggregates, etc. 
The mixture is very fluid at the beginning but gradually the chemical reactions between the 
cement and water builds a solid skeleton which increases the stiffness.  

Once the concrete is placed in the mould, its solid particles settle under the influence of gravity, 
forcing the water in the pore system up to the surface (i.e. bleeding). Consequently, the entire 
concrete surface is covered with a thin layer of water [1]. As soon as the evaporation rate 
exceeds the rate at which water is transported to the surface, the water layer disappears, and 
water menisci are formed in the pores. This is the onset point of negative pressure (capillary 
pressure) build-up in the concrete pore system [2].  

The progressive evaporation gradually decreases the radius of the menisci resulting in more 
negative capillary pressure build-up. The capillary pressure in turn causes more settlement by 
pulling the solid particles down and forcing the pore water to the surface [3]. Gradually due to 
the consolidation and continues water loss, the solid skeleton of the concrete becomes stiffer 
and eventually, the settlement stops [4]. 

This technical report presents he results of experiments performed at Luleå University of 
Technology in a collaboration with Micro-Epsilon Sentest AB, in order to evaluate the 
performance of ILD2300-10 laser sensor on measuring the vertical displacement of a fresh 
concrete surface. The main goal was to investigate whether the accumulated water at the surface 
has any influence on the measurements or not. Moreover, studying the effect of the gradual 
colour change of the surface on the results accuracy was another objective.  
 

2. MATERIAL AND METHOD 

2.1  Material and mixing process 

The sensor was tested on both conventional and self-compacting concrete (SCC). Tables 1 and 
2 show the mix design of the tested mixtures and the composition of the cement. The main 
difference between conventional concrete and SCC is the fluidity where the letter has higher 
slump than the former.  
 
The cement was a Bascemnt (CEM II/A-V 52.5N according to EN 197-1) produced by Cementa 
AB in Sweden. Fine (0-4 mm and 0-8 mm) and coarse (8-16 mm) aggregates, respectively, 
constitute 60% and 40% of the total aggregates volume. Sikament 56 superplasticizer (SP) with 
density of 1100 kg/m3 and 37% by weight of dry content was used. In addition, mineral 
limestone filler (Limus 40) with density of 2700 kg/m3 was utilized to stabilize the concrete. 
The dry material (aggregates, cement and filler) was premixed in a pan type concrete mixer for 
one minute before the water and superplasticizer were added. Then the mixing process 
continued for another 5 minutes.  
 
Table 1. Mix design of the tested concrete mixtures, in kg/m3. 
Name Cement Water Agg. 0-4 Agg. 0-8 Agg. 8-16 Filler SP W/C 
Conventional 300 200 155 771 628 220 1.9 0.67 
SCC 300 200 155 771 628 220 2.16 0.67 

 
 



Table 2. Composition of Bascement (produced by Cementa AB - Sweden). 

Name Total alkali 
(%) 

SO3  

(%) 
CI-  

(%) 
Density 
(kg/m3) 

Blaine 
(m2/kg) 

CEM II/A-V 52.5N (Bascement) 1.1 3.5 0.08 3000 450 

 
 
2.2 Test setup 

The concrete was cast in a mould, designed according to the ASTM C 1579 standard [5] (Fig.1), 
which 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 
setting [5]. However, its application is not limited to only fibre reinforced concrete and can be 
used to study other parameters as well. 

 
Figure 1. Geometry of the mould designed according to ASTM C 1579, based on [5]. 
 
The laser sensor was fixed to the mould side using a magnetic stand (Fig.2). It was located as 
close as possible to the concrete surface (as long as the LED indicator was green). Thus, the 
distance between the sensor and the concrete surface was close to the start of the measuring 
range (SMR) which in ILD2300-10 is 3 cm (for 20 kHz measuring rate used in the tests).  
 
The sensor was parallel to the specimen, so the laser beam could be directed perpendicular onto 
the surface. Diffuse reflection was used and the sensor was connected to a PC via a direct 
Ethernet connection. The timestamp was around 10 s.    



 

Figure 2. Test setup of the concrete settlement measurement via ILD2300-10 laser sensor. 
 
Once the concrete was cast, the sensor was set to zero and then the measurement started 
immediately after surface treatment. The experiments took place in climate chamber, where the 
ambient temperature and relative humidity were 20 ± 1˚C and 35 ± 3% respectively.  
 
Tables 3 and 4 respectively summarize the sensor settings and the ambient condition under 
which the tests were performed. 
 
Table 3. Laser settings. 
Name Value Unit 
Distance to the target ≈ 3 cm 
Measuring rate 20 kHz 
Measuring method Diffuse reflection - 
Time stamp ≈10 s 

 
Table 4. Ambient conditions. 
Name Value Unit 
Temperature 20 ± 1 ˚C 
Relative humidity 35 ± 3 % 
Wind velocity 0 m/s 

 
 
3. RESULTS AND DISSCUSION 
 
Figure 3 compares the measured settlement of SCC and conventional concrete up to 8 hours 
after casting. The results are very logical and agree to a large extent with the expectations as 
they clearly shows the difference between the settlement of the highly fluid SCC and the 



conventional concrete. The faster and larger vertical displacement in SCC can be attributed to 
the higher dosage of SP (see Table 1). 
 

 
Figure 3. Vertical displacement (settlement) of SCC vs. conventional concrete. 
 
In general, the sensor succeeded to measure the settlement with very high accuracy. However 
it ought to be noted that the results plotted in Figure 3 are gained when there was no airflow 
across the concrete surface. To check the influence of the airflow, wind was artificially 
generated across the specimen. Figures 4 shows the effect on the readings accuracy when the 
wind velocity was 8 m/s. As it can be seen the average offset is around 0.02 to 0.03 mm. The 
negative influence can be more comprehended by comparing Figure 4 to Figure 5 in which the 
measurement results with no airflow are plotted. 
 

 
Figure 4. Measurement with 8 m/s airflow across the concrete surface (Timestamp ≈1 s). 
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Figure 5. Measurement with no airflow across the concrete surface (Timestamp ≈1 s). 

 

4. CONCLUSION 
 
Based on the above mentioned the following remarks can be concluded: 
 

• ILD2300-10 laser sensor is very practical and accurate in regards to measuring the 
vertical displacement of fresh concrete (under the explained conditions). 

• The sensor can be utilized for measuring the settlement of both conventional concrete 
and SCC.  

• The gradual change in the surface colour seems to not have any effect on the results. 
• The laser beam can be pointed directly onto the concrete surface. Using other light-

weight materials (e.g. plastic, plywood, etc.) as target is not necessary.  
• Short measuring range sensors do not function accurately in case of airflow existence at 

the surface. In such case using sensors with longer measuring rate is recommended.  
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