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Abstract - The construction industry has shown significant 
interest in Hempcrete, an eco-friendly composite material, 
due to its minimal environmental impact and promising 
thermal insulation characteristics. However, the 
effectiveness of Hempcrete relies heavily on the choice of 
binders employed to bind the hemp fibers together. This 
research paper seeks to examine the mechanical strength, 
longevity, and thermal properties of different Hempcrete 
samples formulated with a variety of binders. The study 
involves the creation of distinct Hempcrete specimens, each 
utilizing a different type of binder. By conducting 
mechanical assessments, such as compressive and flexural 
strength tests, a comparative analysis is performed. 
Additionally, measurements of thermal conductivity and 
thermal resistance are conducted to evaluate the insulation 
efficiency of each binder variation. The primary objective of 
this study is to pinpoint the most suitable binder that offers 
optimal mechanical performance, improved durability, and 
superior thermal insulation in Hempcrete applications. The 
insights gained from this investigation are anticipated to 
provide valuable information to the construction sector, 
promoting the responsible and eco-conscious utilization of 
Hempcrete as a viable and sustainable construction 
material. 
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1.INTRODUCTION  

Lime-hemp concrete, composed of a lime-based binder, 
hemp, and water, is an environmentally sustainable and 
carbon-negative building material commonly used 
alongside load-bearing frames due to its lightweight and 
non-structural nature. However, its low strength, typically 
ranging from 0.05-1.2 MPa in compressive failure and 
0.06-1.2 MPa in flexural strength, has been a subject of 
investigation by various researchers.[9] The properties of 
the composite depend on binder type, aggregate to binder 
ratio, size and porosity of the aggregates, and level of 
compaction.[7] The use of waste materials not only helps 
to get them used in cement, concrete, and other building 
materials, but it also offers a number of indirect 
advantages, such as lower inland fill costs, energy savings, 
and environmental protection from pollution. It also aids 

in the reduction of concrete manufacturing costs.[11] This 
research aims to explore the potential of pozzolans, finely 
divided siliceous and aluminous materials that react with 
lime in the presence of water to form cementitious 
properties, as a suitable addition to lime-hemp concrete. 
By formulating a binder using only hydrated lime and 
pozzolans, the study seeks to create a more 
environmentally friendly alternative to imported 
commercial binders or on-site cement-based binders. 
Parameters influencing the mechanical behavior of the 
hemp-based material: 

• curing conditions 
• content of binder 
• Hemp hurds characteristics [1] 

 
The objectives of the research include examining the 
chemical and physical properties of nine selected 
pozzolans to identify the most appropriate ones for 
incorporation into lime-hemp concrete.[2] Additionally, 
the study will investigate methods to minimize any delays 
in setting and early strength development caused by hemp 
in the lime-pozzolan binder. Comparative analysis of the 
microstructure and crucial physical properties of the 
resulting concrete, utilizing the lime-pozzolan binder, will 
be conducted against binders containing cement and 
commercial binders. 
 
      The hydration and carbonation reactions of the binder 
cause an increase in the density of the specimens and 
therefore in the thermal conductivity of the hemp 
concretes. The material is then a less effective insulator.[3] 
Ultimately, this research endeavours to enhance the 
properties of lime-hemp concrete, making it a more viable 
and sustainable option for eco-friendly construction, while 
reducing the environmental impact associated with 
traditional binders. Hemp shivs used in lime-hemp 
concrete must be properly processed and pre-treated. The 
shivs are usually cut or crushed to the desired size and 
cleaned of dust and impurities. The pre-treatment ensures 
that the shivs are compatible with the lime binder and that 
the final material exhibits the desired properties.[6] 
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2.  Materials and Methods 

2.1 Materials 

Hempcrete is produced with a mix of ground hurds or shiv, 
binders in different proportions and water. Cement had 
been used as the binder, but currently, hydrated lime, 
hydraulic binders and pozzolanic binders like metakaolin 
are commonly used. Hydrated lime can set through the 
absorption of CO2 during carbonation [4]. The binder is 
the most important component of every concrete. Hemp 
concrete is made with a lime-based binder. Lime, on the 
other hand, is better than cement for hemp shiv. Lime 
absorbs a large amount of water and obstructs hydraulic 
movement. Metakaolin consists of an artificial pozzolan 
obtained by calcining and micronizing kaolinite clay from 
the region of Charentes Basin in France. Called “ARGICAL-
M 1000′′ and has a chemical formula of Al2O3.2SiO2, it is 
an amorphous non-crystallised material with a maximum 
particle size of 0.063 mm. [8] This material exhibits a high 
potential for use as additive in binder considering its high 
pozzolanic reactivity. The range is quite wide because 
hempcrete is a porous material, and the density can vary 
based on the amount of lime and water used in the 
mixture, the density of the hemp hurds, and the level of 
compaction during installation. 
 

Table-1: Density of Materials 
 

 
 
 
 
 
 
 

 

2.2 Methods 

2.2.1 Composition of Hempcrete 

The choice of lime-based binder is crucial in lime-hemp 
concrete. Typically, two types of lime binders are used: 
hydraulic lime and hydrated lime. Hydraulic lime sets and 
hardens through a chemical reaction with water, while 
hydrated lime requires carbonation (absorption of carbon 
dioxide from the air) to gain strength. The selection of the 
appropriate lime binder depends on the specific 
application and climate conditions. 

 

 

 

 

Table-2: Mix composition of Hempcrete 

Mix 
Name 

Binder 
composition (% 

by weight) 

Binder: Hemp: 
Water ratio 

H B W 

M1 Lime -100% 1 2 2.4 

M2 

Lime – 100% 

1 2 2.4 (Na2SO4 = 2% of 
lime = 22g) 

M3 
Lime – 50%, 

Gypsum – 50% 
1 2 2.4 

M4 
Lime – 90%, 

Metakaolin – 10% 
1 2 2.4 

M5 
Lime – 80%, 

Metakaolin – 20% 
1 2 2.4 

M6 Cement – 100% 1 2 2.4 

 

2.2.2. MIXING, MOULDING AND CURING 
 
The hemp shivs and lime binder are mixed together with 
water to create a lime-hemp composite. The mixing 
process must be thorough to ensure even distribution of 
the binder and proper encapsulation of the shivs. 
Sometimes, additional natural additives, such as pozzolans 
or clay, may be included to enhance the material's 
performance. Once the lime-hemp mixture is prepared, it 
is placed into formwork to shape it into the desired 
structure, such as walls or panels. The material requires 
sufficient time to cure, during which the lime binder 
carbonates, gaining strength as it absorbs carbon dioxide 
from the atmosphere. Curing time varies depending on the 
binder type, thickness of the material, and environmental 
conditions.[10] 
 
2.2.3 MECHANICAL PROPERTIES 
 
2.2.3.1 COMPRESSIVE STRENGTH 
 
 Compressive Strength is the most widely 
researched property of lime-hemp concretes. Lime hemp 
concretes typically have low compressive strengths and 
are therefore not a load bearing construction material. 
Compressive strength however gives an indication of the 
performance of the concrete and typical strengths for 2:1 
(binder: hemp by weight) range from 0.05-1.2 MPa 
depending on density, mix composition, binder type, age, 
water content and curing conditions. Hempcrete has a 
compressive strength of 3.5 Mpa at its maximum. [5] 
 
 
 

Material Density (Kg/mᵌ) 

Lime 456 

Gypsum 926 

Metakaolin 856 

Hemp Hurds 1380 
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2.2.3.2 FLEXURAL STRENGTH 
 
 It's important to note that hempcrete is often used 
in non-structural applications, where its thermal 
insulation, moisture regulation, and sustainability 
properties are more significant than its mechanical 
strength. Hempcrete is commonly used for wall infill, 
insulation, and partition walls, where the low flexural 
strength may not be a limiting factor 

    
 

     Fig. 1: Compressive Strength Test  
 

 
Fig. 2: Flexural Strength test Specimens 

 
2.2.4 DURABILITY 

 The water absorption test, can determine how 
much water hempcrete absorbs and retains. This test 
helps evaluate its resistance to moisture and its durability 
over time. Water absorption testing is a common method 
used to assess the porosity and moisture-related 
properties of materials like hempcrete. The test involves 
exposing a sample of hempcrete to water and measuring 
the amount of water absorbed over a specific period of 
time. This test helps to understand how quickly and to 
what extent hempcrete absorbs water, which is important 
for evaluating its durability and performance in real-world 
conditions. 

2.2.5 THERMAL CONDUCTIVITY 

 The thermal conductivity was assessed by 
measuring the thermal transmittance (U-value) of the 
walls using a Hukseflux TRSYS01 measurement system 
and a Loggernet software for in situ measurement 
complying with ISO 9869 and ASTM C1155. An insulated 
chamber was built of, 300 mm (6 * 50mm) thick, PIR 
insulation boards and the two opposite ends fitted with 

hemp concrete walls. The interior of the chamber was 
heated by a radiator and the temperature controlled by a 
thermocouple temperature sensor to activate a relay. The 
average interior and exterior temperatures were 27 °C 
and 16 0C respectively. Although allowed to cure for 13.5 
months prior to testing, it was likely that the walls had not 
fully dried at the time of testing (they lost a further 10% 
water in the following 3 months) The U-value of each wall 
was calculated as the average of the average daily U-value 
recorded in the range. between 0.3 and 0.7 W / (m ^ 2)  

3. RESULTS AND DISCUSSION 
 
3.1. MECHANICAL PROPERTIES 
 
3.1.1 COMPRESSIVE STRENGTH 
From this study it was found that replacement of 
metakaolin up to 20% with lime increases the compressive 
strength of hempcrete. The mechanical performance of 
hempcrete is relatively modest  with very ductile elastic-
plastic behaviour in compression.  Most researchers report 
that this lightweight porous material shows a compressive 
strength of less than 1 MPa though few pieces of literature 
claim it to range up to 3.6 MPa after 28 days with a 
variable Young's modulus 
 

Table-3: Compressive strength results 

Mix 
Density 
(Kg/mᵌ) 

Compressive Strength 
(MPa) 

M1 780 2.64 

M2 882 2.68 

M3 920 2.70 

M4 1454 3.21 

M5 1750 3.85 

M6 1228 2.97 

 

3.1.2. Flexural Strength 
 
 This paper examined the flexural strength of 
various hemp composites. At varied volumetric lime-hemp 
ratios, the composites were prepared with hydrated lime. 
This suggests that the lime-hemp linkages may contribute 
to the mix’s flexural strength 
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Table-4: Flexural strength results 

 

 

 

 

 

 

 

 

3.2 WATER ABSORPTION 

The results indicate that there is a statistically 
significant difference in capillary water absorption 
depending on the binder The metakaolin binder has a 
high-water absorption coefficient due to its lower 
hydraulic additions and also its slightly higher mixing 
water content. 

Table-5: Water Absorption Percentage 

Mix 
Water 

absorption % 

M1 72% 

M2 72% 

M3 73% 

M4 77% 

M5 65% 

M6 61% 

 

3.3 THERMAL CONDUCTIVITY 

 Testing the thermal conductivity of hempcrete is 
important to determine its insulation properties and 
suitability for use in building applications. Thermal 
conductivity, often denoted by the symbol "λ" (lambda), 
measures how well a material conducts heat. A lower 
thermal conductivity value indicates better insulation 
properties. Thermal conductivity increases with moisture 
and temperature, whereas mechanical properties improve 
with density 

 

 

 

Table-6: Thermal Conductivity results 
 

MIX Thermal Conductivity 
(W/(mK)) 

M1 0.135 

M2 0.129 

M3 0.127 

M4 0.119 

M5 0.113 

M6 0.137 

 

 

Chart -1: Thermal Conductivity  

3. CONCLUSIONS 

 The study on mechanical, durability, and thermal 
properties of hempcrete using different binders provides 
valuable insights into the material's performance and 
suitability for various construction applications. The 
results of these studies offer a comprehensive 
understanding of how different binders impact 
hempcrete's structural integrity, resistance to 
environmental factors, and ability to regulate heat 
transfer. Based on the findings, several conclusions can be 
drawn. 

The mechanical properties of hempcrete are 
influenced by the choice of binder. The study 
demonstrates that different binders lead to varying 
compressive strengths, tensile strengths, and flexural 
strengths of hempcrete. This suggests that the selection of 
a binder can significantly impact the load-bearing capacity 
and overall strength of hempcrete structures. In this study 
I found that replacement of metakaolin up to 20% will 
increase the strength of hempcrete. The thermal studies 
reveal the impact of different binders on hempcrete's 
insulation capabilities. Variations in thermal conductivity 
demonstrate how binders can affect heat transfer through 
hempcrete walls and structures. Certain binders might 
enhance hempcrete's ability to regulate indoor 
temperature, contributing to energy efficiency and 
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Mix 
Density 
(Kg/mᵌ) 

Flexural Strength 
(MPa) 

M1 780 1.137 

M2 882 1.141 

M3 920 1.150 

M4 1454 1.254 

M5 1750 1.373 

M6 1228 1.216 
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occupant comfort. These findings emphasize the role of 
binders in optimizing hempcrete's thermal performance 
and highlight its potential as a sustainable building 
material for reducing energy consumption. In conclusion, 
the mechanical, durability, and thermal studies using 
different binders in hempcrete demonstrate the material's 
multifaceted performance characteristics. The findings 
highlight the interplay between binder choice, mechanical 
properties, durability, and thermal efficiency.  

REFERENCES 

[1]  Salim Barbhuiya  , Bibhuti Bhusan Das  (2022) – “ 
A comprehensive review on the use of hemp in concrete “  
 
[2] Fabien Delhomme  , Elodie Prud’homme  , Clara 
Julliot  , Tina Guillot  , Sofiane Amziane  , Sandrine Marceau 
(2022) – “Effect of hemp on cement hydration: 
Experimental characterization of the interfacial transition 
zone”  
 
[3] Mihails Birjukovs  , Maris Sinka  , Andris Jakovics  , 
Diana Bajare  (2022) – “ Combined in situ and in silico 
validation of a material model for hempcrete “  
 
[4] A T M Faiz Ahmed, Md Zahidul Islam, Md Sultan 
Mahmud, Md Emdad Sarker, Md Reajul Islam (2022) “ 
Hemp as a potential raw material toward a sustainable 
world: A review”  
 
[5] Redouane Zerrouki  , Amar Benazzouk  , Matthieu 
Courty, Haikel Ben Hamed (2022) “ Potential use of 
matakaolin as a partial replacement of preformulated lime 
binder to improve durability of hemp concrete under cyclic 
wetting/ drying aging “  
 
[6] C. Chinnaraj,M. Kaarthik , P. Muthupriya , M. Senthi
l Rajan , M. Arun kumar (2022) “ Experimental and 
analytical study on coconut in filled concrete blocks”  
 
[7] M. Paz Sa ez-Pe rez  , Monika Bru mmer , Jorge A. 
Dura n-Sua rez (2021) “ Effect of the state of conservation 
of the hemp used in geopolymer and hydraulic lime 
concretes”  
 
[8] R. del Valle-Zermen o  , J.E. Aubert , A. Laborel-
Pre neron  , J. Formosa  , J.M. Chimenos (2015)  
“Preliminary study of the mechanical and hygrothermal 
properties of hemp-magnesium phosphate cements “ 
 
[9] Florence Collet , Julien Chamoin, Sylvie Pretot, 
Christophe Lanos (2013) – “ Comparison of the hygric 
behaviour of three hemp concretes”  
 
[10] Eboziegbe Patrick Aigbomian  , Mizi Fan (2012) – 
“Development of Wood-Crete building materials from 
sawdust and waste paper”   

[11] T. Colinart  , P. Glouannec, P. Chauvelon (2011) “ 
Influence of the setting process and the formulation on the 
drying of hemp concrete”  


