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Towards simplified grading of reclaimed fired clay bricks: 
links between density, water absorption, and strength 
Seyedmohammad Kahangi Shahreza, Inge Rörig-Dalgaard 
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Abstract: Reclaimed bricks are increasingly considered in circular construction; however, their substantial var-
iability highlights the need for improved characterization and grading to enable reliable reuse. This study inves-
tigates the relationships among net density, 24h water absorption, initial rate of absorption (IRA), the water 
absorption coefficient (Aw), and compressive strength (fb) in reclaimed bricks, with the aim of evaluating net 
density and 24h water absorption as practical screening parameters for mechanical performance. The results 
show strong correlations between fb and both net density and 24h water absorption, while net density and 24h 
water absorption are themselves very strongly correlated. In contrast, Aw shows only moderate correlation with 
fb, indicating that it is less representative of mechanical performance. These findings suggest that net density 
and 24h water absorption are suitable practical screening parameters for strength assessment, supporting the 
development of simplified grading approaches for reclaimed bricks in circular construction. 

1 Introduction 
The transition from a linear to a circular construction model places reuse above recycling in the hierarchy of 
material circularity [1]. Fired clay bricks represent a promising candidate for reuse, as they often retain their 
properties after demolition. However, reclaimed bricks originate from buildings with varying exposure condi-
tions, production methods, and firing conditions, resulting in considerable variability in properties [2]. For re-
claimed bricks to be reused safely and compete effectively with newly manufactured bricks, their suitability for 
different applications needs to be assessed based on relevant material properties. These include parameters 
such as compressive strength, density, and moisture-related properties, which together govern both structural 
performance and durability. In particular, water absorption parameters are closely linked to pore structure and 
are relevant to frost and salt resistance [2]. This study focuses on the relationships among net density, 24h water 
absorption, IRA, Aw, and fb to facilitate the grading of reclaimed bricks for reliable reuse with a statistical ap-
proach. 

2 Materials and methods 
Four groups of reclaimed fired clay bricks were investigated, each group corresponding to one pallet supplied by 
the manufacturer. The bricks were delivered as one red pallet and one yellow pallet with a modified Swedish 
format (nominal dimensions approximately 250 × 90 × 65 mm) and one red pallet and one yellow pallet with a 
Danish format (nominal dimensions approximately 228 × 108 × 54 mm). Within each pallet, substantial variation 
in colour, shape, quality, and dimensions were observed, indicating that each group consisted of heterogeneous 
bricks sourced from multiple origins. Thus, the groups represent supplier-defined colour–format categories ra-
ther than uniform brick types. The reclaimed bricks were CE-marked and documented in accordance with the 
relevant European Assessment Documents [3]. From each pallet of reclaimed bricks (120 units), 30 bricks were 
selected for initial testing of net density and 24h water absorption using a combined random and subjective 
approach. First, every sixth brick was selected, yielding 20 bricks through random sampling. An additional 10 
bricks were then selected subjectively based on visual characteristics, primarily colour. Of these 30 bricks, 10 
were chosen for further testing, including IRA, Aw, and fb. The 30 bricks were ordered according to net density, 
and the 10 bricks for extended testing were selected to span the full density range, including the bricks with the 
lowest and highest densities. The following properties were determined according to European standards: net 
density (EN 772-13), 24h water absorption (EN 772-21), IRA (EN 772-11), Aw (EN 1925), and fb (EN 772-1). 
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3 Results and discussion 
Figure 1 shows the relationships among selected properties of reclaimed bricks, along with a Pearson correlation 
heatmap summarizing their correlation coefficients. The results from 40 bricks reveal substantial variability in 
density, water absorption, and fb. This variability is noteworthy, as in the current market reclaimed bricks from a 
given supplier are typically marketed under a single product sheet, even though they originate from different 
sources. 

 

Figure 1: Relationships between selected properties of reclaimed bricks, together with a Pearson correlation 
heatmap; numbers indicate correlation coefficients. 

A very strong negative correlation was observed between net density and 24h water absorption (r = -0.95), con-
firming that these parameters describe complementary aspects of the same underlying pore structure. Both pa-
rameters also showed strong correlations with fb, with a positive correlation between net density and fb (r = 0.74) 
and a negative correlation between 24h water absorption and fb (r = −0.73). These relationships are physically 
consistent with the Ryschkewitch concept, which describes an exponential reduction in strength with increasing 
porosity. Since porosity is directly related to net density and, consequently, to 24h water absorption, both pa-
rameters can be regarded as indirect measures of the pore volume fraction [2]. An increase in density, therefore, 
corresponds to a reduction in porosity, resulting in higher compressive strength, whereas higher water absorp-
tion reflects a larger accessible pore volume and thus lower strength. 
Nevertheless, despite these strong correlations, neither net density nor 24h water absorption can be considered 
a fully reliable standalone predictor of compressive strength. The observed correlations do not fully capture the 
influence of additional microstructural factors, such as clay composition, internal cracks or damage, and pore-
size distribution. However, they may still serve as useful proxy indicators of mechanical performance when de-
structive testing is not feasible. 
Only a moderate negative correlation was observed between Aw and fb (r = −0.60). This indicates that Aw, which 
characterizes moisture transport kinetics and is primarily governed by pore-size distribution and pore connectiv-
ity, cannot be used as a reliable predictor of mechanical performance. The IRA represents the first measurement 
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point in determining Aw and therefore shows a very strong positive correlation with Aw (r = 0.97). IRA also showed 
strong correlations with net density and 24 h water absorption, though weaker than those observed for Aw. Given 
that IRA can be determined within 1 minute of testing, it may nevertheless be of practical relevance as a rapid 
screening parameter when time-consuming Aw measurements are not feasible.  
The observed variability among the tested bricks further indicates that the number and selection of test speci-
mens are critical to achieving representative material documentation. Future work should address both the min-
imum number of samples required and the development of systematic sampling capable of capturing the inher-
ent variability of reclaimed bricks. The obtained results highlight the need for a systematic methodology for grad-
ing reclaimed bricks, which inherently exhibit large variability in their properties. Such variability poses significant 
challenges when assessing the hygrothermal performance and durability of masonry walls.  

4 Conclusions 
Reclaimed fired clay bricks exhibit substantial variability in properties, despite being classified under the same 
product designation. This study shows that net density and 24h water absorption, both closely linked to porosity, 
correlate strongly with fb and serve as practical screening parameters for mechanical performance. In contrast, 
Aw shows only moderate correlation with fb and should not be used as a standalone strength indicator. IRA, while 
primarily linked to Aw, may offer value as a rapid proxy when full Aw measurement is not feasible. These findings 
highlight the potential to develop simplified, non-destructive grading methodologies for reclaimed bricks based 
on density and water absorption measurements. 
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