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4 Building with Straw Bales

Appendix 5: How to build 
rammed car tyre foundations
Recycled car tyres rammed with stone make 
excellent, low cost foundations with a low impact 
on the environment. Appendix 5 explains why  
you should use car tyres to make foundations and 
guides you through the process for different sorts 
of soils and building designs.

Appendix 6: Understanding  
lime products
There are an increasing number of lime plasters 
and products available on the market and it’s 
important to be able to choose the right type  
of lime for your purpose. Appendix 6 gives 
information on the products available, and 
explains how to understand what it says  
on the bag. 

Appendix 7: How to make  
a limecrete floor 
Limecrete is the name given to solid-floor slabs, 
or bond beams, made using lime as a binder 
rather than cement. This appendix gives a method 
for making a DIY limecrete floor (although, 
because different sands have different strengths 
and properties, it is not recommended that you 
make a limecrete floor on a large scale without 
expert advice).
 

Online appendices



As an example of a low-impact, environmentally 
friendly building technique, it is hard to better the 
use of recycled car tyres rammed with stone as 
foundation material. If not exposed to ultra violet 
light via sunlight, their estimated life expectancy 
is 30,000 years!  This is significantly longer than 
environmentally-high-impact concrete.  They 
have been widely used, particularly in the USA, to 
build whole houses, known as earthships. The first 
earthships in the UK were built near Brighton and 
Fife several years ago with full planning and 
Building Regulation approval.

Why car tyres? 
The main reasons for using recycled car tyres are 
that there are lots of them about, they do an 
excellent job, and they are free! The reason there 
are lots of used tyres about is that they are 
difficult to dispose of, and this is a negative 
aspect of their use and production for the car 
industry. Garages and others have to pay to 
dispose of them, which makes us welcome to use 
them.

There are tyre recycling plants that chew up old 
tyres and re-use them for road surfaces, or cut 
them up and make them into door mats etc. And 
they are now being ground down and stuck 
together again with polymers to create roof tiles, 
but car tyres cannot be melted down usefully. 
Some recycling plants burn them under special 
conditions and use the heat energy released. 
Under normal circumstances, car tyres are not 
burnt because they are hard to set alight, and, 
when they do burn, they give off noxious fumes. 

So in car tyres we have a free, plentiful, durable 
and easily worked material that can also be its 

own damp proof course, as it is made of rubber/
butyl. Generally, the only thing that causes them 
to deteriorate is the ultra violet light in sunlight.

What sort of buildings can use 
them? 
They can be used as a foundation for any well 
designed, low-impact building. This includes 
houses, workshops, sheds, garages, offices, studios 
etc. They can also be used for much larger 
buildings too, we have built a school building of 
200m² with car tyres for foundations.

Why would you use them? 
1. They work! Car tyres provide an extremely 

stable pillar or pier system for many types of 
building that meets Building Regulation 
approval.

2.  They’re better for the environment because 
pillars don’t disturb the ground as much as 
strip foundations do, and we can leave little 
or no trace of ourselves and our building 
when the need for it has passed (low impact). 
The shingle used to fill them is often 
gathered from areas like beaches and it can 
return to a similar environment after the 
need for it is over. Low impact does not mean 
short term or temporary, although car tyre 
foundations would be ideal for this type of 
structure as well.

3.  They keep costs down as they only require 
the price of transport to collect them from 
the nearest car tyre centre or garage, and the 
cost of stone to fill them.  Often, these places 
will deliver free if you need a lot. With good 
supervision, they can be built with volunteer 
labour. We recently built the foundations for a 
3-bed house for under £500.

Appendix 5: How to build rammed car tyre 
foundations
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4.  It’s fun! The actual experience of physically 
filling the tyres ready for use is ideal as a 
community activity, and usually generates a 
lot of excitement, play and storytelling.

How to Choose Car Tyres 
Used steel radial tyres can be used for 
foundations. Remoulds are not recommended as 
they can split. Tyres come in many sizes, with 
different diameters and different widths. You can 
usually work with different diameters, but it can 
be hard to level the tyres if they are of different 
widths. Larger tyres (eg tractor tyres) can be used 
to support wood-burning stoves or other large 
and heavy items within a building.

When you look at a tyre, it always has its 
dimensions stamped on the tyre wall 
eg 185/60 x R14. The first (larger) number is the 
most important; it tells you the width across the 
tread in millimetres, so when you lay the tyre flat, 
this is the height it will be, eg 185mm. The 
number after the letter tells you the size of the 
rim, or the size of the hole in the middle, but this 
is measured in inches eg R14 = 14 inches. 

Sometimes the first number has a second number 
with it (/60) and this tells you the percentage of 
the first number, when added together, that will 
give an overall diameter of the tyre in millimetres. 
This number is not always shown.

So the diameter of the above tyre is: 
depth of the tyre wall +  the size of the hole
   in the middle
185 + (60% of 185mm)  + 14 inches
        296mm + 359mm =  655mm

When choosing tyres for your foundation, it is 
helpful to use ones that are all the same width 
across the tread, ie all 185 or all 155. Using the 
same diameters is also helpful, especially if you 
are stacking them up in pillars.
See www.tyresave.co.uk/tyresize.html

What type of ram material?
We generally use 10mm shingle as a fill for the 
tyres. This ‘flows’, as it is so small and finds it’s 
own level, so it doesn’t need much ramming. It’s 
also not very expensive if you have it delivered 
loose, about £20/tonne + VAT and is fairly low in 
embodied energy, as it doesn’t have to be crushed.

You may also be able to use whatever came out 
of the trench to pack tightly into the tyre walls, 
but the first tyre on the ground should be packed 
with stone or urbanite (broken up old buildings) 
with draining gravel in its centre as a capillary 
break so that there is no possibility of moisture 
coming up through it into the building. Although 
using shingle is the easiest, you can use a mixture 
of clay (roughly 20%), sand and small stones, 
rammed into the tyre walls with a heavy hammer 
or piece of wood. Other materials could be used, 
including recycled concrete, but do not use 
anything organic, such as topsoil, as it will rot or 
grow and cause movement over time. The aim is 
to pack the tyre walls solid so that they are firm 
and will not move. This must be done in situ to 
avoid any material dropping out on movement, 
and so as not to have to carry them when heavy! 
Be careful to keep the packing material only in 

Like Gabions
The rammed infill is a permanent part of 
the structure, providing stability to the 
tyres, which operate in a similar way to 
gabions – stone filled metal cages. There is 
no possibility that the filling could wash 
away or otherwise be removed from the 
position it is in.  It is held securely in place 
by the tyre walls themselves, which contain 
steel bands, and is protected from above by 
the floor. There is no access to the central 
core of the tyre once the floor grid is in 
position.  In effect, they are gabions, but 
better protected by an extra layer of rubber.
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The tyres need to be filled, either with 10mm shingle 
or other material, and the filling packed tightly into 
the tyre walls using a heavy hammer or piece of 
wood. Photograph © ??

the walls and not to drop any onto the drainage 
gravel in the centre, or it won’t drain! 

So how do you do it? 
You must dig down to something solid. Some-
times this is as simple as removing the topsoil, if 
you are building in a place where you have good 
bearing soil. Or you may need to dig down 
100-125mm (4 or 5”) to find clay/gravel subsoil, 
or rocky soil. In any case, you should not need to 
go beyond 450mm (18”). If you do, you should 
consider changing your site or using a different 
type of foundation, such as posts or compacted 
gravel holes with car tyres on top.
If you do have to dig a foundation, it will either 
be holes beneath each pillar of tyres, or a full 
trench the same shape and size as your building. 
It may be the same width, wider or narrower 
depending on the type of subsoil, the load 

(weight) of the building, and the choice of wall 
materials.

1. Make sure the bottom of your holes/trenches 
are level with each other, or differ from each 
other by multiples of car tyre heights.

2. Shingle can be used in the bottom of a hole 
to bring the height up if necessary, up to a 
maximum of 150mm.

3. Place the tyre into the hole and fill the 
central hole with shingle, slowly, making sure 
that you pack underneath the upturned rim 
of the base of the tyre before proceeding. You 
can do this by hand (wearing strong protec-
tive/waterproof gloves) or with the toes of 
strong boots.

4. Continue pouring shingle into the tyre, 
jumping on it and/or wriggling it to make 
sure it has all settled down as tightly as it 
can until just before the top then, using feet 
or hands, push it well back under the tyre rim 
to fill the cavities.

5. Add more shingle as above then lift the rim 
using a pointed stick hammered under the 
rim and laid over a second stick at right 
angles to make a lever.

6. Pack more shingle under the rim using hands, 
feet or a lump hammer

7. Work your way around the tyre at least twice 
using a lump hammer, packing shingle in 
tight so that there are no air pockets under 
the rim.

8. Check that the tyre is the same height as all 
the others and adjust if not.

9. Place the second tyre directly onto the first 
and fill in the same way.

10. Level off the top of the tyre with shingle.

How to infill the tyres if not using 
shingle 

The tyre walls are compacted with infill by the 
use of either a lump hammer or a pneumatic 
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ramming device, ensuring that the infill is packed 
completely solidly, leaving no movement gaps or 
voids between it and the tyre walls.  The central 
core should be filled with a draining stone, at 
least for the lowest tyre, and all those below 
ground.

1. First, place the tyre in position. The procedure 
works best with 2 people working together, 
one to fill the tyre with infill, and the other to 
operate the rammer or use the hammer. 

2. Fill the tyre bit by bit up to the rim edge, 
compacting with some force ensuring that 
the whole inside ring of the tyre is solidly 
packed as well as the central hole.

3. The stone in the centre should be well 
compacted with a heavy device such as an 
upturned sledgehammer every 100mm, and 
also when full (approximately 195mm).  

4. Make sure that the stone makes full contact 
with the infilled tyre walls and forms a solid 
core to the tyre, with no voids to avoid the 
possibility of later settlement.

5. Prise the rim of the tyre up with a crowbar so 
that fill can be packed underneath to make 
the top of the tyre flat. You should be able to 
jump on top of the tyre and see no move-
ment in the tyre wall. 

6. Place the second tyre directly onto the first 
and fill in the same way.

7. Level off the top of the tyre with shingle.

The maximum number that can be used for 
pillars is seven, beyond this they will become 
unstable.

Construction of Foundations

For timber floors

The ram-filled tyres are placed around the 
footprint of the building at centres dictated by 
the dimensions of the structural box beam above 
(usually between 1.5 and 3m apart).  Depending 
on the size of the building they may also need to 
be laid internally to support the centre of the 
floor. They are laid directly onto the subsoil, in a 
tyre shaped hole or trench unless the soil is not 
strong enough and the load needs to be spread in 
some way.

Once all the tyres are in place, the box beam is 
laid on top of them, and floor joists added to 
create a grid.  The grid, usually made of 225 x 
50mm timber, is designed to act as a whole unit 

Straw walls need to be 
300 – 450mm above 
ground. If you have a 
structural box beam, as 
here, which is itself 
about 250mm high, one 
tyre above the highest 
point of the ground is 
usually enough. 
Photograph © ??
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that could theoretically be lifted off the tyres 
entire. The grid is levelled on top of the tyres if 
necessary by packing underneath it at appropriate 
points with slate, or other such solid and water-
proof material.

For solid floors

The ram-filled tyres are placed around the 
footprint of the building in a continuous ring or 
line. They are laid directly onto the subsoil, or 
trench. Once all the tyres are in place they act as 
shuttering for the limecrete floor, laid on top of 
insulation (usually leca – blown clay particles), 
alternatively a rammed clay floor can be used.

Car tyre foundations in clay soil

Ordinarily, any type of foundation into a heavy 
clay soil needs to go at least 600mm below 
ground level to make contact with frost free 
earth. The only time this would not be necessary 
is if there is no frost to cause heave (eg close to 
the coast). 

Areas with no frost

Dig a hole 450mm deep  and car-tyre-diameter 
across and lay 50-150mm of well compacted 
gravel/hardcore in the bottom. This will deal with 
any possible cracking of the clay at the interface 
between top soil and subsoil caused by expansion 
and contraction due to temperature and water 
level changes. This hole can be deeper if required 
in order to get the tops of all the tyres level.

Lay the tyre in the hole and ram fill it with stone, 
at least 2 tyres will be needed to bring the top of 
the second one out of the ground, and 3 may be 
required to achieve the desired height above the 
ground for the floor grid. Once the tyres have 
been filled and brought above the ground, they 
can be backfilled with the clayey subsoil.

As an extra precaution in wet ground you can dig 
a drainage trench (French drain) under the eaves 
of the building (i.e. not too close to the founda-

tions) and all round it through the top soil to a 
depth of 300mm, laid with a fall and leading to a 
soak away.

Ground bearing pressure

When using pillars of car tyres for foundations for 
straw-bale buildings, the bearing pressure on 
each stack with a span of 2.5m increases to about 
250kN/m² instead of the usual 60 – 80kN/m² for 
a continuous foundation.

Setting out
Often building plots are sloping and yet the tops 
of the foundations need to be level. The best way 
to deal with this without expensive tools is to dig 
out the hole for the tyre at the lowest and 
highest points first, so this would be at a min-
imum depth of 450mm below the top soil. Place 
long sticks into each hole and using a levelling 
device e.g. laser or water level find out the 
difference in height between the highest and 
lowest points. 

Each tyre will be approximately 30mm higher 
when filled than when empty so you can now 
work out how many tyres you will need in each 
location. You may need to dig some holes out a 
bit deeper to fit with the tyre heights and some 
stacks may need 3 or 4, others only 2 but 
remember that the straw walls need to be 300 
– 450mm above ground, and that if you have a 
structural box beam this is likely to be about 
250mm high. Usually one tyre above the highest 
point is enough.

Hammer several pegs, or datum posts, into the 
ground at intervals so that the tops of the posts 
correspond to the finished height of your tyres. 
You can now use a long straight edge timber from 
datum to tyre stack to check all your heights are 
accurate as you finish each one.
Alternatively you can employ a specialist com-
pany to set out for you, they will mark the centre 
of each tyre and give you datum posts. This will 
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cost in the region of £1,000 depending on the 
size and complexity of your building.

And finally… 
Once the walls have been built, the tyres must be 
protected from sunlight. This can be done with:
• a clay or lime plaster,
• a reflective paint, 
• constructing an oak hurdle or woven willow 

wall around the perimeter 
• or using left-over pieces of timber from the 

building as slats. 

The decision will depend on what you want it to 
look like. In any event, make sure you do not 
bridge the damp proofing effect of the tyres by 
covering them with something that creates a path 
for water from the ground into the walls. Leave a 
gap between the covering and the wall. When 
using tyres with a timber grid on top, it is best to 
fix a tilted timber piece as a rain protector to the 
grid so that water drains off rather than sitting on 
the top of the tyres.

The tops of the foundations need to be level, even if the ground isn’t! Her you can see datum posts have been 
hammered into the ground at intervals so that the top level of the tyres can be checked. Photograph © ??
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Here, a wooden hurdle wall has been used to protect the tyre foundations from sunlight (which degrades tyres). 
Photograph © ??



There are an increasing number of lime plasters 
and products available on the market and it’s 
important to be able to choose the right type of 
lime for your purpose. If you’re not sure, ask 
someone who is. It’s best to stick to the most 
simple ingredients and not over complicate 
things. 

Types of limes available

Hydraulic lime
A hydraulic lime is a lime that can set under 
water, and reacts with carbon dioxide. The natural 
hydraulic limes have similar properties to the 
pure putty limes, so they need to carbonate but 
they also have a chemical ‘set’ so that they feel 
hard to the touch sooner, and can be stronger. A 
feebly hydraulic lime (the traditional terminology 
for a weak hydraulic lime, NHL 2) may set in 2 
days, but an eminently hydraulic lime (NHL 5, 
strong) may set in a few hours. The set is not the 
same as carbonation, and these limes will still 
carbonate over a long period. Eminently hydraulic 
limes are used for such things as the building of 
light-houses and bridges, because they will set 
quickly under water and are not affected by being 
in water. Some of the strongest of them are 
known as Roman cements (see page 13), but they 
are not the same as what we call cement today. 

Hydraulic limes are made from naturally occur-
ring limestone, burnt in a kiln just like other lime, 
but it is limestone that contains a lot of clay and 
aluminium silicates. These “impurities” (less than 
20%) give the lime the setting quality, depending 
on the amounts present. They can reach higher 
strengths than the putty limes, which also means 
less permeability and less flexibility. Their full 
strength is usually not reached for a year or more, 
but they are quite strong at about 3 months. 

Hydraulic limes on the whole are not suitable to 
use on straw-bale buildings because the set 
makes them too rigid (like cements) and their 
breathability is reduced as well. They are sold as 
NHL (with a number), which stands for Natural 
Hydraulic Lime and come in 3 strengths, NHL 2 
(feebly hydraulic), NHL3.5 (moderately hydraulic) 
and NHL 5 (eminently hydraulic). The higher the 
number, the stronger the lime. There is very little 
naturally occurring strong hydraulic limestone in 
the UK, but an abundance in other European 
countries. 

In a straw-bale build, hydraulic limes are used 
below damp proof course level and above the 
eaves, and fat limes (made from putty) are used 
elsewhere. In general, the weakest limes are used 
for the softest substrates, eg NHL2 on sandstone, 
and the stronger ones on harder backgrounds, eg 
NHL 3.5 or 5 on granite, and stronger ones where 
the weather is more severe. Also, the stronger 
ones would be used for any building under water 
as they set quickly and do not react with water.

It is possible to make artificial hydraulic limes by 
adding what are known as ‘pozzolans’ to a pure 
lime, so called because the Romans first discov-
ered it by adding ground up volcanic dust from a 
place in Italy called Pozzuoli. Many different 
cultures around the world have used lime 
plasters and mortars, and have added their own 
pozzolans; ground up brick dust is a favourite that 
works well. (Clay alone would not work, because 
the clay minerals need to be burnt at high 
temperatures first). Pozzolans have the same 
effect as burnt clay. It is very important to get the 
proportions of pozzolan correct, because adding 
too much burnt clay to lime causes it to have the 
properties of cement instead of lime. The ancient 
Greeks added pozzolans to their lime mixes, and 
we have lots of evidence of how the Romans used 
it to make floors, piers and bridges. 

Appendix 6: Understanding lime products
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Roman Cement
Contrary to popular myth, the Romans never knew 
this product. It is common to talk about the 
cement the Romans used but this was actually a 
very strong hydraulic lime, made by adding 
volcanic dust to a lime mix instead of sand. It 
would be used in the proportion 2:1 dust to 
quicklime, then water was added and it was used 
immediately. The underwater piers of the port at 
Cosa, Italy, were made with this material and 3 of 
them have lasted over 2000 years so far!!!
 What we call Roman cement is in fact a modern 
material developed in the late 1700s in the UK 
from a particular type of limestone called 
septaria that contains a lot of clay. It is really a 
type of hydraulic lime and not a cement at all, 
which is burnt at a low temperature and then 
ground to a powder. Like the strongest hydraulic 
limes, it will set very quickly, in this case in 
between 5 to 15 minutes. It was the popularity of 
this natural product that eventually led to the 
invention of the unnatural Portland cement that 
is so prolific today. 

Hydrated lime
Hydrated lime is quicklime that has been slaked 
just enough to make it into a powder, but not 
enough for it to become a putty. It can be made 
from either pure lime or hydraulic lime, but is not 
as good quality as the actual pure limes or 
hydraulic limes. 

In the UK, our hydrated limes are made from 
quite pure limestone, otherwise known as 
high-calcium lime. There is far greater risk of an 
inferior product if these have been left on the 
shelf, as they deteriorate quickly with time. In the 
USA, due to differing geology, much of the 
limestone contains proportions of magnesium, 
which produces a good material, and is a 
hydraulic lime. Hydrated lime is far less reactive 
and dangerous than quicklime but is not the 
same quality as lime putty or hot lime mixes 
because calcium oxide takes a long time to 

change to calcium hydroxide in the presence of 
water. The partial slaking of quicklime to make a 
hydrated lime means that this process has not all 
been completed. Therefore, once water is added 
in order to use it, more slaking can occur, which 
can result in ‘popping’ of the surface. Also, unless 
the bags are totally airtight (impossible), the 
hydrated lime will begin to carbonate in the bag, 
thus when it comes time to use it, an unknown 
quantity will no longer be active lime, but be 
inert, like the sand added to make a plaster. 

The bags of lime bought at a builder’s supply 
store are hydrated lime unless they specifically 
say they are something else. It can be confusing 
to try to make sense of the different types of 
bagged lime at first! It is difficult to know 
anything about the lime unless it conforms to one 
of the categories below where the ingredients 
must be disclosed. However, with all limes, if the 
dry hydrate has been in the bag too long, it may 
have already begun to absorb moisture from the 
air and thus to carbonate, thereby declining in 
quality.  Some manufacturers date their bags. If 
not, you can always ask when a shipment arrived. 
It should never be used if more than 4 months 
old.

Why dry hydrate plasters can fail 

The reasons that plasters made from bagged (dry) 
hydrate often fail are because the lime has either 
been over burnt or under burnt (or both), may not 
have been completely slaked, leaving lumps of 
calcium oxide, or has been stored too long before 
use. For the purposes for which bagged hydrate is 
used today (as an addition to cement mixes) none 
of this matters too much. Some bagged limes 
have been found to contain either pure chalk (a 
type of limestone) or other impurities such as 
white clay, as well as the calcium hydrate. 
Obviously, this means that for every part of dry 
hydrate used, only some of it will be able to 
carbonate. When made into plaster it may contain 
a lot less lime than expected, and it’s hard to be 
sure, without chemical analysis of each bag, 
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exactly what the proportions are. Since it is only 
the lime that forms the binder between the sand 
particles, using impure dry hydrate can have the 
effect of increasing the amount of aggregate and 
decreasing the amount of lime, so that if you used 
a 3:1 mix it may in actuality be 4:1 or 5:1. In 
practice, a “lean” mix (insufficient lime binder) 
causes the plaster to become powdery in places, 
which decays over time as it is more prone to 
damage from the weather. The presence of 
unslaked lime in the dry hydrate can cause 
“popping” of the surface as the calcium oxide 
reacts suddenly with water (rain) and explodes, 
leaving a pockmark in the wall.

How to make lime plasters from dry 
(bagged) hydrate

If you do want to use the dry hydrate, follow the 
guidelines below:
1. Always use fresh hydrated lime, less than one 

month old if possible. The date of manufac-
ture should be on the bag.

2. As far as possible, check the production 
process and buy from a reputable company, 
although this still doesn’t guarantee the 
quality of the product!

3. Make up the hydrate into a lime putty by 
putting it into a bucket and adding water. Stir 
well, and only add enough water to make a 
very stiff mix. Leave it for 24 hours, and then 
make up a lime plaster as for a lime putty 
mix.

4. If you think your dry hydrate is not quite pure 
calcium hydroxide, decrease the amount of 
sand in the recipe. If you have reliable 
information that your hydrate is pure, then 
stick to the original 3:1 mix 

5. Once mixed up with sand, use in the same 
way as any other lime plaster. 

Gauged plasters
This is the name given to different types of 
recipes using cement with lime. Twenty years ago 
in England, there were problems sourcing a good 

supply of pure lime putty and the dry hydrate was 
gauged with a small amount of cement instead in 
proportion: 1:3:12 of cement, hydrate, sand. The 
hydrate and sand were mixed together with water 
and allowed to stand as long as possible, days or 
months. The cement was added just before use 
and mixed very thoroughly to ensure an even 
spread in the mix. This behaves more like cement, 
and does not give good flexibility and breatha-
bility as pure lime does. 

It is very common to use gauged plaster in the US 
and Canada for straw-bale houses, usually in the 
proportion 1:1:6 or 1:2:9 of cement: lime: sand. 
Time will tell if these are durable enough to 
withstand the tests of time. They need to be 
flexible enough to cope with minor earth move-
ments over long periods of time without cracking, 
and be breathable enough to allow our buildings 
to expel moisture without causing it to build up 
over long periods of time at the base of the wall.

What it says on the bag, 
and what does it mean?

NHL, HHL
Natural Hydraulic lime (NHL in Europe), and 
Hydrated Hydraulic lime (HHL in the USA) are the 
same thing, described by the relevant Standards 
the European EN-459 and the American ASTM 
C-141. It is a hydraulic lime made from a par-
ticular type of limestone and contains NO 
artificial additives. These have traditionally only 
been made in other parts of Europe, not the UK 
due to the nature of our limestone geology. 

HL, FL (European)
These are artificial hydraulic limes. Hydraulic lime 
(HL) and Formulated lime (FL) is hydrated lime 
and/or natural hydraulic lime that also contains 
other materials to give it a pozzolanic (or other) 
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effect, such as burnt clay, fly ash, blast furnace 
slag, cement, etc. These mean it is not a natural 
hydraulic lime. Some of these products may not 
behave like NHLs at all. The difference between 
them is that FL should state its ingredients on the 
bag and HL does not.

PHL, PHLc (American)
These are artificial hydraulic limes. Pozzolanic 
hydraulic lime (PHL) is very similar to natural 
hydraulic lime, with pozzolanic material added 
(you need to check as some additives actually 
change the nature of the lime) but if it contains 
cement it must be labelled PHLc 

Type S and Type N (American)
These are hydrated limes. In the USA, limestone 
usually contains a lot of magnesium – which 
makes it hydraulic – but which takes longer to 
slake than if it was pure. Type S hydrates are 
autoclaved, ensuring that all the magnesium 
oxide has been slaked, as well as the calcium 
oxide. Although Type S dry hydrate can be used 
right out of the bag, it improves when made into 
a putty and gets better still if left to remain even 

longer in the putty stage. Type N hydrate is only 
partially hydrated; only the calcium portion of the 
lime has been slaked. Type N hydrate must be 
made up into a putty and aged before using to 
make sure that all the magnesium oxide has 
slaked. 

‘Lime based’ Products
Beware of anything which says it is a ‘lime-based’ 
product as this will almost certainly contain other 
ingredients such as cement or fly ash and not be 
a pure lime. Since the raising of awareness about 
limes around the world, and the development of 
an industry aiming to make a profit, there are now 
many types of lime available in Europe and the 
USA, as imports or as manufactured blends. It’s 
very important to understand the nature of these 
products as some of them may not actually be 
pure lime, with the properties we require from 
this natural material. In general, a product that 
says it’s ‘lime-based’ will probably contain other 
stuff we might not be too happy about. Look for 
products instead that definitely say they are lime 
(not lime-based).



As described in Chapter 15, limecrete is the name 
given to solid floor slabs, or bond beams made 
using lime as a binder rather than cement. This 
appendix gives a method for making a DIY 
limecrete floor (although, because different sands 
have different strengths and properties, it is not 
recommended that you make a limecrete floor on 
a large scale without expert advice).

Preparation
Prepare the place where you want to lay a 
limecrete floor as you would do for a cement 
floor: dig it out down to solid subsoil, lay a stone 
or recycled foamglass capillary break, work out 
your levels  and put up shuttering if necessary. 

Measuring quantities
The basic recipe is 1:3 NHL5: well graded sharp 
aggregate, 20mm down (meaning the largest 
gravel in the aggregate is 20mm or (7/8")) using 
the strongest hydraulic lime. All quantities are 
measured by volume. 

When doing it yourself it is very easy to use too 
much lime as it easily fills space because it’s light, 
whereas sand is heavier to shift and harder to 
level (to be sure enough is in the measure) 
especially when workers are tired, meaning that 
too little sand gets used. It is very important to 
measure out the lime and sand quantities into 
containers that are easy to use and don’t create 
waste (because they are hard to fill and the stuff 
falls over the edge etc.), and to make sure that 
every batch you make is the same as the one 
before. This is why mixing on a large scale is 
much better done all at once in a huge mixer 
- some big cement/lime suppliers will now mix 
lime for us. There are specialist companies that 
can mix large batches. As the materials are dry, 

they can be mixed in a cement mixer, but all 
ingredients must be thoroughly mixed together, 
and when so mixed, should continue to be mixed 
for a further 20 minutes before tipping to ensure 
all the lime has been taken up and to make the 
mix nice and sticky – all limes benefit from long 
mixing.

Work towards using either a whole bag or a half 
bag of lime as your measure, then this does not 
have to be tipped out of the bag each time, but 
can be put into the mixer straight from the bag. 
Wheelbarrows marked with a marker pen work 
well. Start by working out what volume half a bag 
of lime fills, mark this on the barrow, then add the 
other half and mark this as well, so you know 
what volume both a half and a full bag of lime 
take up. You’ll need 3 times as much aggregate as 
lime for the mix, so fill one barrow to the mark 
you made to show the volume of lime, then 
offload into another barrow to make sure that 
both are marked to the same volume. 

Another option, once you’ve marked up the 
volume that lime takes up, is to fill this volume 
with sand and then move the sand into buckets 
so then you know how many buckets are needed 
for either half a bag of lime, or a full bag. Don’t 
forget you’ll need 3 times as much sand as lime 
by volume!

Once the volumes are worked out, you will need 
to work out the volume of water needed per mix. 
Fill a bucket and mark its level, then start mixing 
your sand and lime together in the right propor-
tions. Add water cautiously to the mix, taking care 
not to add too much. It should be fairly dry at the 
point where all the sand and lime are mixed 
together, because after 20 minutes of more 
mixing it will become much more sticky and 
workable without adding more water. Once you’ve 

Appendix 7: How to make a limecrete floor
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got the right consistency – not sloppy but not 
crumbling apart either – then you will know from 
the mark on your bucket how much water you’ve 
used, and can re-mark your bucket to suit.

Mixing
1. Get all materials ready in the right quantities. 

A small cement mixer will usually take half a 
bag of lime to 3 volumes of sand, but a larger 
one might take double this.

2. Start mixer.
3. Add some sand.
4. Add some water.
5. Add some lime.
6. Continue adding, making sure more sand 

goes in than lime, and that the mix stays wet 
until the last lot of lime is added. Remember 
that it will get stickier as it mixes so be 
careful not to add too much water!

7. Once all the ingredients are fully mixed, 
continue mixing for 20 minutes before 
tipping out. This makes the mix much more 
workable and sticky.

8. Check the first few mixes for water content 
and adjust as necessary. Remember that it 
will be affected by the wetness of the sand 
– sand underneath the pile will need less 
water than that on top. Lay the limecrete 
fairly dry as too much water will make it 
crack but level it and float it just like a 
concrete slab.

Insulation
You may need to lay an insulation layer beneath 
the limecrete, and recycled foamglass would be a 
suitable insulation material. You will need to take 
advice to get the quantities correct, but usually 
you will need 200-250mm (8"-10") for a house. If 
you use the type of recycled foamglass called 
technopor then you can reduce the thickness of 
your slab to 65mm (29/16") because technopor has 
been tested for strength. Other brands may have 
the same strength but have not been proven yet.

Durability
Limecrete needs to be kept moist but free from 
drying wind, frost, direct sun and rain. It is just the 
same as any other use of lime, and should only be 
laid when there is no chance of frost for 3 
months. In the UK this is between April and 
September, but this will vary depending on where 
you are. It can be walked on with care after 2 
days and built on from this time but is best left 
for 7 days, and reaches full strength after 3 
months. It is slower to reach strength than 
cement, but it becomes as strong as a cement 
floor in time. Castle cement say their NHL 5 
reaches a strength of 5MPa in a 1: 2 lime :sand 
mix after 91 days, which compares with a type N 
cement that reaches 5.2MPa in 28 days.
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Foamglass T4 150mm 
x 450mm block on 
edge drilled to allow for 
stainless steel anchors

50mm x 25mm timber 
to prevent lateral 
movement of baseplate 
at 500mm centres

Hazel stub 32mm 
diameter x 350mm 
secured into noggin

Good bearing 
subsoil

250mm recycled foamglass or 
similar loadbearing insulation 

to achieve self-draining 
foundation

100mm limecrete slab

50mm limecrete screed

50mm x 50mm 
dovetailed battens at 

400mm centres

Floorboards

Service port

150mm x  
50mm durable timber in baseplate

Noggin

Lime render and limewash

Straw-bale wall

Geotextile

LIMECRETE FLOOR WITH INSULATION BENEATH
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practicalities of working with lime- and clay-based finishes.
Previously published under the title Using Natural Finishes.

CLAY & LIME RENDERS 
PLASTERS & PAINTS
A how-to guide to using natural finishes

Katy Bryce &  
Adam Weismann

8426957808579
 

ISBN 9780857842695
90000 >

www.greenbooks.co.uk
SUSTAINABLE 

BUILDING

This highly informative and sumptuous book
shows how the threat of climate change is also
an opportunity to make buildings more beautiful.
SUNAND PRASAD
President of RIBA (Royal Institute of British Architects)
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