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Abstract 

The mechanical and thermal properties of lime-hemp concrete (hempcrete) made in three different mixtures 

were analyzed in the paper. These mixtures were prepared with a binder-to-filler (hemp and flax shives) ratio 

of 2.2:1, using quicklime as the primary binder. Some mixtures included a blend of binders, with 10% lime 

substituted by either cement or organic sapropel.  

The research findings were compared with those described in our previous research. Research of lime-

hemp concrete has shown - that for the mixtures prepared using binders and filler (hemp and flax shives) with 

a ratio 2.2: 1 hempcrete has a higher density compared with hempcrete than filler-only hemp shives. The 

results of the compressive strength testing have shown when flax shives were added to the mixture the strength 

significantly increased. Then part of the quicklime was replaced by cement (10%) the strength was slightly 

increased in hempcrete with hemp shives and drastically decreased the compressive strength than filler hemp 

and flax shives.  

The results of the thermal conductivity test show that hempcrete with a higher proportion of binder by 

weight has the highest conductivity, but that concretes with a sapropel admixture have a lower thermal 

conductivity. The mixtures prepared using binders and filler (hemp and flax shives) have higher conductivity 

compared with hempcrete than filler-only hemp shives. 
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Introduction 

In the construction sector, it is important to develop building materials that comply with the principles of 

sustainable construction, i.e. the use of renewable raw materials and the development of the most energy-

efficient materials and composites. Table 1 shows the mechanical properties of different types of potential 

natural fibres for composite applications. 

 

Table 1. Mechanical properties of different types of potential natural fibres for composite applications [1] 

 
 



 

 Fibre hemp shives have a porous microstructure which is suitable for the production of efficient thermal 

insulation or thermal insulation-structural materials [2]. The physical-mechanical properties and structure of 

fiber hemp shives and their composites with inorganic, organic, and other binders are as well reviewed in sci-

entific works [3]. Balčiūnas et al. [4] formed and investigated composites made of hemp shives and different 

binding materials (cement, lime, clay, starch). The composite with cement as a binding agent had the best 

strength properties. Mix design, casting process, and mechanical behavior described in [5]. Parcesepe et al, 

2021 [6] assessed the mechanical and thermal properties of hemp-lime mortar. 

The aim - to investigate the changes in mechanical and thermal properties of hempcrete by adding flax 

shives. 

 

Testing methodology 

We used the methodology described in our previous research [7] 

Binders used in the preparation of the hempcrete mixture: quicklime, portland cement CEM II / A LL – 

42.5N, organic sapropel. Hemp and flax shives aggregates were used for hempcrete. Drinking water was used 

to form the hempcrete mixture. For the testing of hempcrete, three compositions (HF) of mixtures were 

prepared using binders and filler (hemp and flax shives) ratio 2.2: 1, and research results were compared with 

our previous research without flax shives [7] (Table 1). 

 
Table 1. Compositions of hempcrete mixtures  

No. of  mixture Amount of 

binder, % 

Materials 

HF1 2.2:1 2.2 parts by weight of quicklime (100%),  1 part hemp and 1 part flax 

shives 

LB1 [7] 2.2:1 2.2 parts by weight of quicklime (100%), one part hemp shives 

HF2 2.2:1 2.2 parts by weight of quicklime (90%) and cement (10%), 1 part hemp, 

and 1 part flax shives 

LB2 [7] 2.2:1 2.2 parts by weight of quicklime (90%) and cement (10%), one part 

hemp shives 

HF3 2.2:1 2.2 parts by weight of quicklime (90%) and organic sapropel (10%), 1 

part hemp, and 1 part flax shives 

LB3 [7] 2.2:1 2.2 parts by weight of quicklime (90%) and organic sapropel (10%), 

one part hemp shives 

 

Quicklime was used as the main binder. The amount of water evaporated was weighed and compensated. 

Part of the mixtures were produced using a mixture of binders in which 10% of lime has been replaced by 

cement (CEM II / A – LL 42.5 N) or organic sapropel (using calculations of the dry weight). Mixtures are 

prepared by forced mixing in a blender. 

The bulk densities of the materials used to prepare the hemp concrete mixture were determined and 

presented in Table 2. Bulk density was determined according to the standard [8]. 

 
Table 2. Bulk densities (bulk weights) of materials used in the manufacture of hempcrete 

Materials Bulk density (volumetric weight) kg / m3 

freely poured compressed by hand 

Calcite quicklime 510 - 

Cement CEM II / A – LL 42.5 N 1230 - 

Hemp shives 113 136 

Flax shives 91 135 

 

To evaluate the water content of sapropel, its moisture content was determined by the drying method. 

Moisture by mass was calculated according to the formula: 
 

 𝑤𝑚 =
𝑚𝑤

𝑚𝑑
∙ 100 =

𝑚𝑤𝑡−𝑚𝑑

𝑚𝑑
∙ 100% =

100,0−12,0

12
∙ 100 = 733,3% (1)  



 

where mw – the mass of water in the material, md –the mass of dry content, mwt – the mass of wet content. 

 

These tests show that in sapropel the main part of the mass is water and the dry content is only 12 % of wet 

sapropel weight. 

When mixing quicklime with sapropel, its content was calculated based on dry content, therefore, the 

amount of water in the mixture was reduced by the amount of water in sapropel. The water content was 

calculated according to the formula: 

 

 𝑉 = 1,5 ∙ 𝑚𝑠ℎ + 0,92 ∙ 𝑚𝑞 + 0,32 ∙ 𝑚𝑐 + 0,32 ∙ 𝑚𝑠 (2)  

where msh – is the mass of the shives, mq – is the mass of quicklime, mc – the mass of the cement, ms – the 

mass of the dry sapropel. 

Specimens (cubes of 10 × 10 × 10 cm) for the determination of the density and compressive strength were 

made from 3 composition mixtures. Tile-shaped boards (20 × 20 × (4 ... 5) cm) were made for the determination 

of the conductivity coefficient. The mixture was poured into the mold and compacted by hand using a wooden 

rod with a cross-sectional dimension of 4 × 4 cm. Specimens were removed from the molds after 1-2 days. 

Under laboratory conditions for one month, hardened specimens were weighed on electronically electronic 

scales to determine their dimensions. The density of the specimens was determined according to the standard 

[9].  

Mechanical properties, in particular strength, are important for the evaluation of essential requirements of 

mechanical strength and stability in lime-hemp concrete structures. Compressive strength is determined by 

standard methodology [10,11] testing the specimens by a mechanical test machine to 10% deformation. The 

direction of compression was parallel to the direction of formation.  

The thermal conductivity coefficient was determined using the heat flow meter LaserComp FOX according 

to the standard [12]. 

 

Results 

The early obtained results [7] from research on hempcrete made with three compositions of mixtures 

prepared using binders and filler (hemp shives) ratio 2.2: 1 have shown 459 ... 497 kg / m3  density. Concrete 

made with aggregates made from a mixture of hemp and flax shives has a higher density (497…564 kg / m3 ), 

as the flax is finer and fills the spaces between the hemp shives. Hempcrete made with a mixture of 90% 

quicklime and 10% cement (LB2) has a higher density (497 kg / m3) compared to the mixture (LB1=482 kg / 

m3). Hempcrete made with 10% sapropel mixture has a lower density (LB3=459 kg / m3 and HF3=497 kg / 

m3). 

The results of the compressive strength testing have shown - that hempcrete made with quicklime binder 

(LB1) has a compressive strength is 693 kPa. Then flax shives were added to the mixture (HF1) the strength 

is significantly increased to 929 kPa.  For hempcrete made with quicklime and 10% cement binder (LB2), the 

strength is slightly increased and is 698 kPa, higher than hempcrete made with hemp and flax shives (HF2=689 

kPa). A decrease in strength is observed in hempcrete made with 2.2 parts by weight of quicklime (90%) and 

organic sapropel (10%), one part hemp shives (LB3) or with hemp and flax shives (HF3). In this case, the 

compressive strength of the concrete is LB3=572 kPa or HF3=612 kPa. A graphical representation of the 

density and compressive strength of air-dried hempcrete when the filler is hemp shives and when the filler is 

hemp and flax shives is given in Figure 1.  

 
Figure 1. Density and compressive strength of air-dried hempcrete (blue color- the filler is hemp shives [7], green color - the filler is 

hemp and flax shives) 



 

 

The correlation between hempcrete density and compressive strength was established. The diagram (Figure 

2) illustrates a consistent association between hempcrete density and compressive strength: higher concrete 

density corresponds to increased strength. 

 
Figure 2. Relationship between the density and compressive strength of hempcrete  

  

The thermal conductivity of hempcrete was investigated by analyzing its properties. The findings from the 

thermal conductivity study indicate that hempcrete using mineral binders exhibits the highest conductivity. 

Conversely, hempcrete utilizing a sapropel-organic binder demonstrates lower thermal conductivity, as shown 

in Table 3. 

 
Table 3. Thermal conductivity of air-dried hempcrete 

Hempcrete composition No. 

(ratio of binders to aggregates see Table 1) 

Thermal conductivity of air-dry samples, W / (m ∙ 

K) 

LB1 (2.2:1) [7] 0.114 

HF1 (2.2:1) 0.115 

LB2 (2.2:1) [7] 0.108 

HF2 (2.2:1) 0.111 

LB3 (2.2:1) [7] 0.096 

HF3 (2.2:1) 0.091 

 

 The connections between thermal conductivity and compressive strength, density, and thermal 

conductivity were established and depicted in Figure 3. 

 

 
 

Figure 3.  Relationships between thermal conductivity - density and compressive strength of hempcrete 

 

The graphs and equations presented in Figure 3 demonstrate consistent relationships between thermal 

conductivity and compressive strength, as well as between density and thermal conductivity. Specifically, the 

data shows that as compressive strength increases, thermal conductivity also increases.  

 



 

Conclusions and recommendations 

1. Research of lime-hemp concrete has shown - that for the mixtures prepared using binders and filler (hemp 

and flax shives) with a ratio 2.2: 1 hempcrete has a higher density (497…564 kg / m3 ) compared with hemp-

crete then filler only hemp shives  (459 ... 497 kg / m3) as the flax are finer and fills the spaces between the 

hemp shives.  

2. The results of the compressive strength testing have shown - that hempcrete made with quicklime binder 

has a compressive strength is 693 kPa. Then flax shives were added to the mixture the strength significantly 

increased to 929 kPa. Then part of the quicklime was replaced by cement (10%) the strength is slightly 

increased in hempcrete with hemp shives and is 698 kPa, which is higher than in hempcrete made with hemp 

and flax shives (689 kPa). It was found, that the replacement of 10% quicklime by cement increases the com-

pressive strength of 698 kPa (hemp shives) and drastically decreases the compressive strength from 929 kPa 

to 689 kPa (hemp and flax shives). The compressive strength testing results show that organic sapropel-con-

taining hempcrete is weaker than hempcrete made with mineral binders. 

3. The results of the thermal conductivity test show that hempcrete with a higher proportion of binder by 

weight has the highest conductivity, but that concretes with a sapropel admixture have a lower thermal con-

ductivity. The mixtures prepared using binders and filler (hemp and flax shives) have higher conductivity 

compared with hempcrete than filler-only hemp shives. 
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