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1 Introduction 

Assessment of strength and durability related properties can be performed by (i) time-
consuming and labour-intensive destructive testing of drilled cores and testing in lab and/or (ii) 
indirect methods by using non- or semi-destructive techniques on site. In this study, an 
experimental program was conducted on concrete slabs with an approximate age of 5.5 years, 
intended for various exposure classes based on a limestone inert matrix (Solís-Carcaño et al. 
(2008)). These slabs are investigated, both in 2014 and 2019, by means of destructive testing 
(compressive strength tests, chloride migration testing, and determination of carbonation rate), 
and non-destructive techniques: the rebound hammer, the ultrasonic pulse velocity tester, the 
Wenner probe for concrete resistivity and the air permeability tester. Best fit correlations 
between the output of these different techniques were established. The effect of age (e.g. 
carbonation) on the established predictive models is being evaluated (Kim et al. (2009)). 

2 Materials and Methods 

The study was initiated in 2013, with the casting of 14 non-reinforced slabs using 7 concrete 
mixtures with strength classes varying from C12/15 up to C50/60, as mentioned in (Craeye et 
al., 2017)). The slabs are stored in an outside, un-sheltered environment for 5 years. Out of each 
slab 7 cores (diameter 100 mm, height 100 mm) are drilled to perform compressive strength, 
chloride migration and carbonation tests. Prior to the drilling the slabs are examined in a non-
destructive way: ultrasonic pulse velocity (direct transmission), air-permeability, surface 
resistivity, and rebound hammer. 

3 General Findings 

- A slight strength decrease is found after 5.5 years, keeping in mind the samples were 
stored outside. Higher strength loss is found for higher strength classes. 

- Strength is linear proportional with rebound hammer (Figure 1a) and ultrasonic pulse 
velocity and inversely proportional with air permeability. Compared to the results of 
2014 (i) higher coefficient of determination on the obtained correlation curves is found, 
(ii) a shift on the correlation curves is noticeable, linked to the aging effect due to 
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carbonation (Figure 1a). This aging effect is more pronounced for the rebound hammer 
results. 

- The effect of strength class on carbonation rate is clearly noticeable for slabs of lower 
strength classes (up to C25/30). For higher strength classes the effect of cement type is 
more pronounced. 

- A linear correlation with high coefficient of determination is found between carbonation 
coefficient, air permeability (directly proportional, Figure 1b) and ultrasonic pulse 
velocity (inversely proportional). Note that the air permeability testes is a good non-
destructive alternative for the ultrasonic pulse velocity tester (Torrent et al. (2012)): 
elements with high permeability have a lower pulse velocity, mainly due to the 
scattering of the pulse through air present in the pores. 

- No trend is noticeable regarding effect of strength class on chloride migration and a 
higher chloride migration is found in case of higher air permeability or surface 
resistivity, however a clear correlation cannot be established. 
 

 
Figure 1. a) Correlation f*ccub150m-rebound number and the effect of carbonation, b) Correlation air permeability 
and carbonation rate. 
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