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Fig A1.3:	 Stress-strain responses of hemp lime cylinders under compression loading
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Fig A1.2:	 Hemp lime cylinder test in compression
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Hemp : lime binder ratio (greater binder •	
content increases density, strength and stiffness, 
but reduces thermal resistance) 
Inclusion of sand in mix (increased density •	
stiffens mix)
Curing conditions•	
Density•	
Age•	
Moisture content at testing.•	

The results from hemp lime cylinder tests, 
undertaken at the University of Bath in 2005 
(Kioy, 2005), are compared in Figure A1.4 and 
Table A1.1.

Previous research in France indicates that hemp 
lime under moderate stresses initial loading is 
inelastic, ie it is does not fully recover when load is 
removed. However, on reapplication of load material 
behaviour is elastic or near elastic. The initial service 
loading compresses (densifies) the open structure. 
Therefore, if hemp lime is to be used in load-bearing 
applications, this initial densification would need to 
be accommodated, either through a precompression, 
as in straw bale for example, or by detailing that can 
accommodate this movement. 
Factors influencing compression behaviour: 

Specimen geometry and size (use cylinder ratio •	
2 : 1 height : diameter)

Comparative compression performance of hemp lime materials (Kioy, 2005)Table A1.1: 

Mix Mix proportions*
(by volume)

Dry density  
(kg/m3)

Ultimate stress  
(N/mm2)

Axial strain at 
maximum load  

(% strain)

1
1 part NHL 3.5 : 3 parts Hemcore :  
0.9 water

620 1.15 22.5%

2
1 part NHL 3.5 : 3 parts Isochanvre : 
0.9 water

500 1.01 25.0%

3
1 part NHL 3.5 : 3 parts Hemcore :  
0.5 parts sharp sand: 0.9 water

700 1.15 22.0%

4
1 part Tradical PF 70 : 3 parts Hemcore :  
0.7 water

610 1.98 15.0%

5
1 part Tradical PF 70 : 3 parts Hemcore :  
0.5 parts sand: 0.7 water

830 1.88 10.0%

*NHL = Non-hydraulic lime

Comparison of hemp lime properties with other materialsTable A1.2: 

Material Density 
(kg/m3)

Ultimate 
compressive 

strength
(N/mm2)

Strain at 
ultimate 

compressive 
strength  

(%)

Maximum allowable 
design compressive 

stress  
(N/mm2)

Elastic  
modulus  
(N/mm2)

Hemp lime  
(at 90 days)

350–600 0.5–1.5 5–20
Not specified: 0.25 at 1% 

strain
20–30

Straw bale 110 0.5 >10
0.017  

at 1% strain
1.5

Unfired earth 1500–2000 1–5 1 0.2 100–1000

Lime render  
(at 90 days)

1800–2000 1–5 0.3–0.5 – –

C14 softwood 350 20 -
5  

(parallel to grain)
6000



104 Hemp lime construction

Fig A1.4:	 Results from hemp lime cylinder tests, undertaken at the University of Bath in 2005 (Kioy, 2005)
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Lime Technology Ltd samples (24 July 2006)Table A2.1: 

Summary Mean measured – W/m K (m) Confidence (%)

1) Lime hemp sample A 0.142 0.66

2) Lime hemp sample B 0.148 1.59

Tradical Hemcrete in-situ at Lime Technology Ltd, Abingdon, and samples at Higher Lank Table A2.2: 
(21 August 2006 to 29 August 2006)

Summary Mean measured – W/m K (m) Confidence (%)

1) Tradical Hemcrete, internal, wall base 0.127 2.40

2) Tradical Hemcrete, external, wall base 0.141 4.39

3) Tradical Hemcrete, internal, wall head 0.189 2.03

4) Tradical Hemcrete, external, wall head 0.176 4.40

5) Tradical Hemcrete sample, cylinder 368.6 kg/m3 0.131 0.56

6) Tradical Hemcrete sample, cube 562 kg/m3 0.178 1.40

7) Compressed earth hole 1, 2,032 kg/m3 0.913 0.37

8) Compressed earth hole 2, 2,032 kg/m3 0.833 1.92

9) Tradical Hemcrete sample, cylinder 363.7 kg/m3, dried 0.129 3.03

Cast hemp lime at Hartest (5 December 2006)Table A2.3: 

Summary Mean measured – W/m K (m) Repeatability ± (%)

1) East, internal low 0.072 0.29

2) East, external low 0.088 0.22

3) East, internal high 0.094 0.46

4) East, external high 0.091 0.86

5) West, internal low 0.075 0.95

6) West, external low 0.099 1.89

7) West, internal high 0.076 0.46

8) West, external high 0.075 0.76

Appendix 2: Thermal measurements 
on lime and hemp mixtures (summary) 
Undertaken by the University of Plymouth



Hemp lime wall in a workshop in  
Ralph Carpenter’s house, unplastered
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Hemp Lime Construction  
Products Association
www.hemplime.org.uk

Architecture et Climat
Dr Arnaud Evrard, Ir Architecte
Universite catholique de Louvain
Place du Levant, 1 B-1348 
Louvain-la-Neuve
Belgium
Tel: +32 (0)10472160
Fax: +32 (0)10472150
Web: www.climat.arch.ucl.ac.be

Balthazard and Cotte Batiment
www.balthazard.com
15, rue Henri Dagalier
38030 Grenoble Cedex 2
France
Tel: +33 (0)476 335800 
Fax: +33 (0)476 335833
Tel: +33 (0)381 474011
Fax: +33 (0)381 474019

BRE Centre for Innovative Construction 
Materials
Director, Professor Peter Walker
Department of Architecture and Civil Engineering
University of Bath
Bath
BA2 7AY
Tel: 01225 386646
Fax: 01225 386691
Web: www.bath.ac.uk/bre

Building Limes Forum
Glasite Meeting House
33 Barony Street
Edinburgh
EH3 6NX
Email: admin@buildinglimesforum.org.uk
Web: www.buildinglimesforum.org.uk

Centre for Alternative Technology
Graduate School of the Environment
Machynlleth
Powys
SY20 9AZ
Tel: 01654 705983
Web: http://gradschool.cat.org.uk/graduateschool

Construire en Chanvre
BP 6
F-89 150 Saint Valérien 
France
Fax: +33 (0)386 977287 
Email: construire.chanvre@wanadoo.fr
Web: www.construction-chanvre.asso.fr

Galeforce Civil Engineering Ltd
Tel: 0114 2377044
Fax: 0114 2372036
Contact: John Aveling
Web: www.galeforce.co.uk

Hemcore Ltd
Latchmore Bank
Little Hallingbury
Bishops Stortford
CM22 7PJ
Tel: 01279 504466
Fax: 01279 755395
Email: info@hemcore.co.uk
Web: www.hemcore.co.uk

useful contacts
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Quickseal
Unit 2
7 Buntsford Park Road
Bromsgrove
Worcester
B60 3DX
Tel: 01527 881933
Fax: 01527 881932
Email: Bromsgrove@quickseal.fsnet.co.uk

Rachel Bevan Architects
17A Main Street, 
Saintfield 
Ballynahinch 
BT24 7AA 
Tel: 028 9751 2851
Fax: 028 97512851
Email: woolley.tom@virgin.net
Web: www.bevanarchitects.com

Riches Hawley Mikhail Architects Ltd
Unit 29
1-13 Adler Street
London E1 1EG
Tel: 020 7247 6418
Fax: 020 7377 5791
Email: info@rhmarchitects.com
Web: www.rhmarchitects.com

Shotcrete Services Ltd
Contact: Stuart Manning
Email: stuart.manning@shotcrete.co.uk
Tel: 01634 717 380
Fax: 01634 717 480
Web: www.shotcrete.co.uk

Singleton Birch Ltd
Melton Ross Quarries
Barnetby
DN38 6AE
Tel: 01652 686000
Fax: 01653 686081
Email: sales@singletonbirch.co.uk

Lhoist UK
Hindlow
Buxton
Derbyshire
SK17 0EL
Tel: 01298 768666
Fax: 01298 768601
Web: www.lhoist.co.uk/www.lhoist.com
www.tradical.co.uk  

Lime Green Product Ltd
Coates Kilns
Stretton Road
Much Wenlock
TF13 6DG
Tel: 01952 728 611
Fax: 01952 728 361

Lime Technology Ltd
Unit 126, Milton Park
Abingdon
OX14 4SA
Tel: 0845 603 1143
Fax: 0845 634 1560
Email: info@limetechnology.co.uk
Web: www.limetechnology.co.uk

Modece Architects
Fosters
Hartest
Bury St Edmunds
IP29 4ET
Tel: 01284 830085
Web: www.modece.com

The National Non-Food Crops Centre
Biocentre
York Science Park 
Innovation Way
Heslington
York YO10 5DG
Tel: 01904 435182
Fax: 01904 435345	  
Web: www.nnfcc.co.uk
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accreditation  17
acoustic performance  75–6
Adnams brewery warehouse and distribution  

centre, Suffolk  9, 19, 20, 42, 58
air tightness  58, 60–1, 68
Arnaud, Laurent  68

Barn conversion, Croxley Green, Hertfordshire  19, 22, 39
Batichanvre  7, 50, 52
bending, resistance to  71–2
blocks, hemp lime construction  12, 42
Brakspear summerhouse, Worcester  19, 24
BRE
	 environmental profiles  79–80
	 study of Haverhill houses  5, 41, 59, 76
Breathe hemp insulation  88
building materials
	 government policy  2–3
	 natural products  1–3, 85–9
	 non-food crops  1–2, 9–10, 27–9, 86
	 renewable  1–3, 9–10
	 synthetic  1
Building Regulations
	 air leakage  68
	 fire regulations  75
	 site preparation  74–5
	 sound insulation  75–6
	 thermal standards  57, 60
	 ventilation  55

calcium carbonate, lime production  51
Canaflex  88
carbon
	 embodied  78–9, 80
	 emissions  82, 93
	 sequestration  9, 50, 77, 81–3, 94
	 zero-carbon buildings  1, 91–2
Carpenter House, Suffolk  19, 22, 59–60
Carpenter, Ralph  16, 22, 31, 43, 73, 74–5

cavity walls  60
cellulose, sources of  2, 9
cement
	 carbon emissions  82
	 comparison with lime  50
Centre for Alternative Technology, Machynlleth,  

WISE building  19, 26, 73
Châlons-en-Champagne, France  46
cladding  53
Clay Fields, Suffolk  19, 25
Code for Sustainable Homes  1, 2–3, 56, 91–2
costs, hemp lime construction  94

damp-proof course  43, 44, 74–5
De Herde, A.  54, 55, 63, 65
Diffutherm  85, 88
drying times  10, 41–2

embodied carbon  78–9, 80
ENTPE, France  68, 76
environmental impacts, hemp lime  77–84, 94
environmental product declarations (EPDs)  80
Evrard, A.  54, 55, 63, 65
existing buildings, renovating  15, 45–6

Fermacell  85
finishes  14, 44
fire regulations  75
fixings  44, 72
floors  43, 74–5
footings  43, 73
foundations  43, 73
France, hemp lime construction  3, 4

government policy, sustainable building  2–3, 91–2
green board  87
Greenlight project, Suffolk  19, 21
gypsum plasterboard  85
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	 finishes  14, 44
	 fire resistance  75
	 fixings  44, 72
	 footings and floor slabs  43, 74–5
	 foundations  43, 73
	 history of  4, 9
	 masonry construction  93–4
	 openings in walls  73
	 prefabrication  40
	 roofs  43, 73
	 shuttered, cast and tamped walls  11–12, 41
	 techniques  4–5, 11, 31–47
	 timber frame buildings  12, 39, 47, 73, 93–4
	 training courses  31
	 walls  11–12, 39–42, 73
	 wet and dry methods  40
Hemp Lime Construction Products Association 

(HLCPA)  5, 7, 17, 94
Heraklith  85, 87
historic buildings, renovations  15, 45–6
house extension, Oxfordshire  19, 26
humidity  55–7, 74–5
hurd  7

indoor air quality  56–7
insulation
	 hemp lime walls  60
	 natural materials  85
	 synthetic  1, 85–6
Invotek  88
Isochanvre  6, 31, 49
Isolair  88
Isonat  88

kenaf  7, 29, 30

life cycle assessments (LCA)  3, 77–82, 84
life cycle carbon inventory (LCCI)  77, 78, 80
lime binder
	 comparison with cement  50
	 definition  7
	 production of  51
	 types of  6–7, 50
	 see also hemp lime
limecrete  43, 73
Lime Technology Ltd  6, 31
	 see also Milton Park building

masonry construction, hemp lime  93–4

Haverhill social housing, Suffolk
	 construction of  6, 9, 22, 39, 41
	 sound insulation  76
	 thermal performance  5, 59, 68
	 water spray tests  53
health and well-being  55, 56–7, 94
heat transfer  65–6
	 see also thermal performance
Hemcore  6
Hemcrete see Tradical
hemp
	 for building use  6, 49
	 environmental impacts  83
	 growth and processing  10, 16, 27–9
	 insulation materials  88
	 particleboard  87–8
hempcrete  7, 10
hemp lime
	 acoustic performance  75–6
	 bending resistance  71–2
	 carbon sequestration  9, 50, 77, 81–3, 94
	 comparison with wood  69
	 drying  10, 41–2
	 durability  53–4
	 environmental impacts  77–84, 94
	 health benefits  55, 56–7, 94
	 life cycle assessment (LCA)  77–82, 84
	 mixing of  10–11, 16, 41, 52
	 plaster  47
	 properties of  9
	 renovation work  15, 45–6
	 shear resistance  72
	 spray-applied  14, 41
	 structural performance  71, 72–3
	 supply of materials  6–7, 15–16
	 thermal mass and comfort  58–9
	 thermal performance  5–6, 57–61, 63–9
	 ventilation  55–7
	 water absorption  42, 53, 54–5, 63–4, 94
	 see also hemp; lime binder
hemp lime construction
	 accreditation  17
	 advantages of  91–5
	 air tightness  58, 60–1, 68
	 blocks  12, 42
	 case examples  19–26
	 cladding  53
	 costs  94
	 damp-proof membranes  43, 44, 74–5
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target emission rate (TER)  57
thermal bridges  57–8, 69
thermal capacity  65
thermal comfort  58–9, 68
thermal diffusivity  66–7
thermal effusivity  67, 68
thermal mass  58
thermal performance  5–6, 57–61, 63–9
timber
	 as building material  2, 9
	 cladding for external walls  53
	 thermal properties  69
timber frame construction  12, 39, 47, 73, 93–4
	 thermal performance  57–8
Tradical
	 exhibition stand  19, 24
	 Hemcrete  17, 23, 41, 63–9
	 lime binder  50, 51
products  6, 7
training courses, hemp lime construction  31

U-values
	 Adnams brewery warehouse  20
	 Haverhill houses  59
	 Lime Technology Ltd offices  23
	 thermal performance measure  57, 59–60, 61, 63

ventilation  55–7

walls
	 cavity walls  60
	 hemp lime construction  11–12, 39–42
	 internal  73
water absorption, hemp lime  42, 53, 54–5, 63–4, 94
Wilson, Peter  76
WISE building, Machynlleth  19, 26, 73
wood fibre
	 boards  85
	 insulation  85, 88
wood wool boards  85, 87

York Eco-Depot  86

zero-carbon buildings  1, 91–2

Milton Park building, Oxfordshire (Lime Technology 
offices)

	 construction of  9, 19, 23
	 thermal performance  58, 60, 69
miscanthus  29
MMC see modern methods of construction
Modcell panels  40, 86
modern methods of construction (MMC)  93–4
mould  55, 56, 94
Moy Isover  88

National Non-Food Crops Centre (NNFCC)  1, 3, 5
natural hydraulic lime (NHL)  6
natural products, building materials  85–9
NBT hemp batts  88
NHL see natural hydraulic lime
NNFCC see National Non-Food Crops Centre
non-food crops, as building materials  1–2, 9–10, 27–9, 86

Orwell Housing Association  19, 25

Pavatex  85
Pavatherm Plus  88
pest resistance  56
Pield Heath Avenue, Hillingdon, London  19, 22
plaster  47
plasterboard  85

radon, barriers  43, 74
rendering  46, 86
renovations, of existing buildings  15, 45–6
Riches Hawley Mikhail Architects Ltd  25, 102
roofs  43, 73

Sasmox  85
self-build  16, 41
shear, resistance to  72
shiv  6, 7, 9, 28
shive see shiv
shuttering, for use with hemp lime  85
SIPS see structural insulated panels
sound insulation  75–6
Sprayed Concrete Association  1, 7
Steico  88
straw bale buildings  86
strawboard  88
structural insulated panels (SIPS)  40, 58
sustainable building, government policy  2–3, 91–2






