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Summary  

Within the UK there has been a growing use in the past decade of vernacular earthen 
architecture. While this resurgence of earth construction is largely due to the growing 
awareness of climate change, earth construction within the UK has largely remained 
atypical. Modern earth masonry that utilises the current manufacturing techniques such as 
brick extrusion ensures consistency and high quality that can be easily adapted into current 
construction techniques. Extruded earth bricks typically have an approximate compressive 
strength of 3.5MPa, but the bricks lose all strength when fully saturated. This loss of 
strength due to plausible accidental or intentional wetting is the biggest barrier to the 
adoption of thin walled earth masonry within the UK. This paper discusses using cement 
and lime for the stabilisation of extruded earth masonry. Representative small scaled bricks 
with increasing mass fractions of stabiliser were manufactured by extrusion for testing. 
The compression strength of samples were measured both in the ambient conditions state 
and after 24 hours of submersion in water. The development of strength over 28 days as 
well as the loss of strength due to saturation is presented.  
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1 Introduction 

The heritage of earthen construction within the UK ended during the 19th century, which is 
attributed to the industrialisation of the construction industry [1]. A quarter of the carbon 
emissions of the UK can be attributed to the construction sector [2]. To meet the lawful 
reduction in carbon emissions of 80 % of 1990 levels by 2050, all buildings are required to 
be carbon neutral by 2019. Current regulations for carbon neutral buildings only account 
for the operational energy but the embodied energy of the materials used within the 
construction industry currently account for between 20 % and 60 % of a building’s carbon.  

Concrete production accounts for approximately 7 % of global CO2 emissions [3]. 
Within the UK, 55 million m2 of concrete blocks, including dense, lightweight and aerated 
blocks were produced during 2011 [4]. Heath et al. [5] showed that earth construction 
could be adopted and used structurally as a replacement for concrete blocks for some 
domestic buildings. This represents a significant potential saving with respect to national 
and global environmental impact if earthen construction can be adopted.  
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The paper is focused on suitable methods of stabilisation of extruded earth masonry. 
The critical design stress for a 100 mm thick wall for a typical domestic structure was 
calculated to be 0.5 MPa [6] and therefore the unit will need to maintain at least this 
minimal strength. Since durability of the bricks is key to the adoption, a successful 
stabilisation has been defined by in this study as one sufficient to maintain 1 MPa 
compressive strength after 24 hours of full submersion. Saturated performance of earth 
masonry remains one of the greatest barriers to commercial adoption [7], but testing under 
these condition will give confidence, as it is equivalent test method for concrete blocks 

2 Background 

Although rammed earth has shown the potential for contemporary earthen architecture, 
greater impacts are likely to come from earth masonry where current building practices can 
be easily adopted. Extruded earth bricks have been under development to offer the benefits 
of earth construction whilst maintaining traditional construction techniques. Extruded earth 
bricks can be produced following the well established manufacturing procedures as 
commercially produced fired bricks but without the firing.  

This allows the commercially produced extruded earth units to have about 14 % of 
the embodied carbon of equivalent fired clay bricks [1]. Maskell et al. [8] demonstrated 
that a 196 mm thick extruded earth wall has the similar embodied energy as a commercially 
produced dense concrete block wall, therefore there can not be a reliance on wall thickness.  

The loss of strength with increasing moisture content is identified as limiting the 
adoption of unfired earth bricks into the mainstream construction sector [6, 8]. The 
common response to the durability concerns is to stabilise the earth with various chemical 
additives. Typically cement or lime has been added to the earth [9]. The mechanism of 
stabilisation with cement and lime is well understood and both include; cation exchange, 
pozzolanic reactions and cement includes cementitious hydration in addition [10].  

Walker [9] tested a compressed earth block stabilised with 5 % cement identical 
testing conditions proposed here. The soil can be described as a silty sand with a plasticity 
classification of a low plasticity clay [11]. The sample achieved a minimum dry compressive 
strength of 8.5 MPa which when submerged in water for 24 hours reduced to 3.9 MPa. 

3 Materials and Methods 

A soil that is used for the manufacture of commercial fired bricks was used. (Heath 2009) 
demonstrated that the soil used for fired bricks was suitable for unfired clay bricks. The 
physical properties and mineral content of the chosen soil was investigated by Maskell et 
al. [7]. The soil can be described as dark brown sandy silt with a plasticity classification of 
a low plasticity clay [11].  

There has been limited research into the stabilisation of extruded earth that has been 
attributed to the complexities of laboratory scale manufacturing and testing [7]. Maskell et 
al. [7] demonstrated a suitable method to make and test unstabilised representative bricks, 
which will be adopted here. The method can be used with the addition of a stabiliser at the 
mixing stage to produce specimen bricks measuring 72 x 34 x 22 mm. The stabiliser 
amount is expressed as a mass fraction with respect to the soil dry mass. Following the 
extrusion of the bricks, the samples were cured for two days at 20 °C for two days following 
which half of the bricks were cured at 105 °C for two days, after which they were cured at 
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20 °C until testing at 28 days. The compression strength of samples were measured both in 
the ambient conditions (dry) and after 24 hours of submersion in water (wet). 

4 Results and Discussion 

The 28 day compressive strength results are averaged from a sample size of six specimens 
for each test and are presented in Fig. 1. The coefficients of variation for the measured 
compressive strength tests were all below 20 %. The control sample consisted of the same 
brick clay with no additional stabiliser added and prepared to the same moisture content. 

 
Fig. 1 28 Day compressive strength 

The addition of 3 to 8 % of cement and lime increased the compressive strength compared 
to the unstabilised samples with the exception of 5 % of lime cured at 20 °C. With this 
exception there is clearly an optimum of cement and lime at 5 %. The maximum dry 
compressive strength achieved was 7.2 MPa with the addition of 5 % cement and cured at 
20 °C. The specimen with 5% lime cured at 105 °C achieved the maximum wet compressive 
strength of 1.0 MPa. 

Fig.1 shows there is an apparent strength increase that could be achieved by 
controlling the temperature at which the specimens are cured. Only the 5% lime specimens 
show a statistical significant difference in compressive strength due to change in curing 
condition based on the two-tail t test.  

The addition of cement and lime will have a detrimental environmental impact on the 
unfired earth bricks [8]. A 5% addition of either cement or lime that are not cured at 
elevated temperature will have a lower embodied energy and global warming potential than 
equivalent concrete based block work wall.  
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5 Conclusion 

This work has shown that the addition of cement and lime will increase the compressive 
strength of the extruded earth masonry. There is an apparent optimum for this specific soil 
type and method of manufacture that is 5 % for both cement and lime. Although there is 
significant strength increase under dry conditions, the focus is the strength requirement 
under fully saturated conditions. While both 5 % of cement and lime achieved a wet 
strength greater than the typical design strength of 0.5 MPa, only the 5 % lime cured at 
105 °C achieved the required minimum design strength. The bricks stabilised with 5 % lime 
have a lower environmental impact the concrete blocks, representing a more sustainable 
form of construction that meets the same testing standards as concrete block work  
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