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Summary

The use of roundpole and foundation design splits into two parts: ground and low
impact foundations.

The applications in Scotland and Norway/Lappland will vary greatly because of the
ground conditions. The ground frost depth in Norway and Lappland can be as far
as 2.5m, whilst in Scotland the situation is less severe.

In general it is perceived that roundpole will be used for temporary structures. It is
evidently much simpler to construct low impact foundations for temporary
structures than for permanent ones.

Preservation issues are not as important for temporary structures.

Timber piles need to be completely submerged in water to avoid rotting.

Charring of timber prevents rotting.

Various options include ground screws, metal spikes and rocks.

Treatment is necessary for foundation timbers in dry ground conditions.
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1. Introduction
The purpose of this sub-project is to investigate the various forms of timber foundations, concentrating in
particular on roundpole use in Scotland and Northern Europe. The potential of substituting concrete pads
and mini-piles in both domestic and industrial scale foundations with roundpoles will be analysed.
The original overall objectives of the LIFE project are:-

to review existing timber foundation systems.

to look at innovative ways of producing such a system tailored to small diameter softwood.
to develop a preferred option.

to develop design techniques for such a system to prototype and test.
to assess the cost of the system.

to incorporate the system into a prototype building if an appropriate client can be identified.

This report reports on the literature review of historical wooden foundation examples, reviewing modern day
techniques of low impact foundation construction and placing the research in the context of developing
roundpole timber foundations. It goes on to discuss foundation types and treatments in relation to the
designs proposed by the project partners. The project provides an informed basis for future research in this
area.
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2. Literature Review - Historical Precedent

2.1 Introduction
As part of the research for the Low Impact Foundation Exercise (LIFE), it was considered that a literature
review should be undertaken to investigate historical precedents for the use of timber as a foundation
material.

This chapter summarises the results of that investigation, carried out by James Rowe of Buro Happold.

2.2 Methodology
The search for historical precedents for the use of timber in foundations was divided into the following
subject groups, considered to be likely sources of information on the use of timber piles:

Roman Construction Methods
The Construction of the City of Venice
Textbooks on Piling

2.3 Roman Construction Methods
Texts investigated: Vitruvius and the Later Roman Building Manuals (Hugh Plommer, CUP 1973).

Roman Building Materials and Techniques (Jean-Pierre Adam, Batsford 1994).

Summary of Information
Vitruvius discusses appropriate types of timber to use for particular applications. The justification for these is
based on the principles of the four elements; Earth, Wind, Fire and Water, and is of historical interest only.
Although his reasoning is flawed, there is evidence that his conclusions about the applications of the various
timbers may well be relevant.

The Roman Building text highlights three areas of interest:

The use of lime concrete in Roman foundations is described. This was the material that was used in
preference to any other, if it was available. It is worth noting that much of the archaeological evidence we
have of the Romans is based on studies of their foundations, which have been very long lasting.

The use of timber piles is described. These were only used in marshy land, where the pile could be
substantially immersed in water. The text quotes Vitruvius as writing that "piles [should be] made of alder
or olive, that have been slightly burnt to harden them".

Road construction is discussed. There is archaeological evidence that the Romans constructed roads by
laying round poles crossways between sleepers, and then laying the road course on top of this. This
technique appears only to have been used in marshy ground - again the issue is that the timber is kept
fully immersed, and so does not rot.

2.4 The Construction of the City of Venice
Texts investigated: Venetian Vernacular Architecture (Richard Goy, CUP 1989).

Developments in Structural Form (Rowland Mainstone, Architectural Press, 1998)

Summary of Information
The text on Venetian vernacular architecture describes the conditions of the lagoon environment around
Venice, including the subsoil conditions. It also describes the techniques the Venetians used for harvesting
timber, and how the timber was brought to Venice. These issues will not be described here, but may possibly
be of interest at a later stage.

The text describes the construction of typical Venetian foundations. These did not always make use of
timber piles, but did generally use timber in the form of the Zattaron which was a timber raft (generally of red
larch) laid directly onto the ground. This formed a clean platform on which masonry construction was
commenced. If timber piles were being used, then they would always be capped with a Zattaron, before
masonry construction was started. The integrity of this construction depended on the timber remaining
permanently waterlogged.

The text Developments in Structural Form offers a section through the foundations of the Rialto Bridge,
showing the extensive and dense use of timber piles, all well below the water line.
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2.5 Textbooks on Pilin g
Texts investigated: Modern Piling Practice (Rolt Hammond, Contractors Record Ltd, 1962).

Timber for Marine and Freshwater Construction (OIiver, TRADA 1963).
Piling and Ground Treatment (Conference proceedings, ICE 2-4 March 1983).

Summary of Information
Modern Piling Practice and Timber for Marine and Freshwater Construction both consider, in considerable
detail, the use of timber as piles and for coastal defences. In particular, they contain detailed guidance on
the types of infestation that can affect timber in water, in both marine and freshwater environments. They
also describe the species of timber suitable for use in piling and other applications. However, the best
species are unquestionably tropical hardwoods, generally being used in large sections. Treatment methods
for other timbers are also discussed.

The proceedings of the Piling and Ground treatment conference at the Institution of Civil Engineers in
London do not include consideration of the use of timber piles. Reference to this publication is included
because of a paper on the use of "Lime columns as foundations for buildings". This describes a technique
for improving the strength of soft clay by mixing it with lime to form piles. This has nothing to do with timber,
but is worth mentioning because it is a form of low impact foundation, and has links to the Roman use of lime
concrete.

2.6 Conclusions
This short piece of research has identified numerous precedents for the use of timber to form foundations.
However, it has demonstrated in clear terms that timber used for foundations needs to be kept saturated with
water if it is not to rot. Thus one is geographically limited to marshy areas if one wishes to make use of this
sort of foundation.

The texts have also shown that piles for buildings need to be large baulks of timber, and that the use of
thinnings is probably inappropriate for this application. It is also clear that it is important to use durable
species of timber.

The research has identified possibilities for the use of lime to make low impact foundations, both as an
ancient and a modern technique.

The use of thinnings to form mats on which roads can be built over marshy ground is probably the
application most relevant to the overall aims of the research project.

2.7 Further Rese arch
Further research in this field should consider:

Are any of the areas under consideration in the Northern Periphery naturally marshy, and therefore
amenable to timber pile solutions?

Are any of the timber species under consideration naturally durable and suited to wet conditions?

Is there an application for very low impact foundations, of limited durability, for use with, for example, the
temporary structures being considered in the Tourism and Informal Constructions (TICS) project?

Is there scope for investigating the use of lime in foundations, in association with roundpole
superstructures?
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2.8 Illustrations

Fig. LIFE 1         Roman Lime Concrete Foundations
(from Roman Building Materials and Techniques: Adam J-P (1994) Batsford)
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Fig. LIFE 2            Roman Timber Pile Installation (from Roman Building Materials and Techniques: Adam J-P (1994) Batsford)

Fig. LIFE 3       Roman Road Built in Marshy Ground (from Roman Building Materials and Techniques: Adam J-P (1994)
Batsford)
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Fig. LIFE 4     The Use of the Zattaron in Venetian Foundations (from Venetian Vernacular Architecture: Goy R (1989)
CUP)
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Fig. LIFE 5 Piled Venetian Foundation (from Venetian Vernacular Architecture: Goy R (1989) CUP)

Fig. LIFE 6        Piled Foundations of the Rialto Bridge (from Venetian Vernacular Architecture: Goy R (1989) CUP)
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3. Foundation Types and the Issue of Treatment

3.1 Introduction
Following the initial literature review on historical precedents for foundations in timber the work aimed to
investigate the application of low impact foundations to some of the structures within the roundpole project.
These include Kimmo Kuismanen's play equipment and the snow fences proposed by John Kristoffersen.

It has also aimed to establish a methodology for choosing a softwood species, a design and a preservative
treatment for a particular foundation.

All work has assumed that, where appropriate, the foundations are to be made with unsorted roundpoles.

The foundations types investigated include a 'pile' and a 'strip footing'. The intention is that these foundations
will be used for roundpole structures.

3.2 Foundation Types
Current practice for providing foundations to timber fences and gateposts is to embed the posts in concrete.
The posts will have been previously treated with a preservative. The advantage of this kind of foundation is
that the post can be securely fixed at any desired angle.

Fig. LIFE 7 shows a wall and seat, under a timber dome, made out of regularised, CCA treated poles
embedded in a concrete footing. The aesthetic of the wall and seat demonstrate this tolerance.

Fig. LIFE 7  CCA treated pole seats and walls in concrete strip foundation

A foundation with a very different aesthetic is shown in fig. LIFE 8. The foundation consists of an unsorted
and untreated chestnut pole, driven into the ground. The structure is connected to the pole by a piece of
timber, whose position can be altered to allow for lack of tolerance in the position of the pole. The heartwood
of chestnut is durable, and therefore preservative treatment is not required.
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Fig. LIFE 8 Chestnut pole foundation

The first proposed foundation design is a lower impact version of the traditional concrete footing foundation
described above. It is proposed that the concrete should be replaced by a well graded gravel, see fig. LIFE
10. Gravel is a lower impact material than concrete and because of its fluid nature, it can be dug up and
reused. It has another advantage in that it encourages water to drain away from the embedded pole.

A well graded gravel - although a cohesionless material - has an average angle of friction and therefore will
provide a resistance to overturning forces on the timber.

The loads on the foundation will be very small if it is to be used for a small tourist structure, but the minimum
depth of the foundation should be 1 m. It would be wise to carry out an on-site trial to establish the size of
the foundation. Further work should look at the influence of frost line depths on the foundation.

Fig. LIFE 10 Post and gravel foundation

The second foundation uses helical piles - or ground anchors - to provide resistance to tension forces, see
fig. LIFE 11. It is suggested that horizontal roundpole should be raised off the ground on stone or concrete
packers and held down by helical piles. This kind of foundation is low impact in that helical piles can be
removed. Again, the impact of the frost line on the foundation needs to be looked into.

Helical piles can be installed using hand held equipment. Therefore the foundation is suitable for structures
in inaccessible locations.
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Fig. LIFE 11  Helical piles

3.3 Discussion of the need for preservative treatment
The species of roundpole covered by this project are spruce, Douglas fir, larch and scots pine. The sapwood
of all these species has no natural durability and only Douglas fir and larch have heartwood with any natural
durability at all. Therefore it appears necessary to apply preservative treatment to all timbers used within the
structures, especially as the roundpoles are young timbers with a high proportion of sapwood.

However, blanket treatment of all timbers is not the solution, especially for a structure which is to be
temporary and will be buried in the forest at the end of its life. The decision as to whether timber is treated or
not should be related to the risk of decay to the timber member from its environment, and the ease and cost
of recycling a member if it has decayed.

Table: LIFE 1 Classification of risk categories related to wood-destroying organisms

Risk category Risk of fungal decay Need for preservative treatment
according to tables 4 and 5 (see BS5268)

1 Where conditions of use involve Unnecessary
 negligible risk of fungal decay

2 Where there is a low risk of fungal Optional
decay

3 Where experience has shown that Desirable
there is a high risk of fungal decay

4 Where timbers are exposed to a Essential
continually hazardous environment
leading to an unacceptable risk of
fungal decay

5 Where timbers may be exposed to Essential
attack by marine borers

Where appropriate these categories are used to define the risk of insect attack in tables 4
and 5 by substituting the words 'insect attack' for 'fungal decay'.
NOTE. These five risk categories are based on the European Harmonisation Committee
(EHC) classification (as published in the EHC Reference Document 1988 (p 15)

Taken from BS5268 Part 5 Structural use of timber code of practice for the preservative treatment of
structural timber.
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Table: LIFE 2 Classification of risk categories related to safety and economic factors

Risk category Safety and economic factors Need for preservative
treatment according to tables 4and5

A Negligible Unnecessary
B Where remedial action or  Optional

replacement is simple and pres-
ervation may be regarded as an

insurance against cost of repairs
C Where remedial action or Desirable

replacement would be difficult and
expensive

D Where collapse of structures  Essential
would constitute a serious
danger to persons or property

Taken from BS5268 Part 5 Structural use of timber code of practice for the preservative treatment of
structural timber

BS 5268 Part 5, the British Standard on preservative treatment identifies two sets of risk categories: risks
related to wood-destroying organisms and risks relating to safety and economic factors. When designing to
BS5268 Part 5 one would identify these risks to a member and the code would suggest a suitable
preservative treatment.

Eaton and Hale (1993) are more specific on the hazard classifications for wood, and specify risks for
biological attack based on location, exposure and moisture content of timber member. Their five risk
categories are found in the CEN categories.

However, the foundations under consideration are being designed for temporary structures. They are not
intended to last for 50 years. The life of the foundation should be matched to the other members in the
structure which will not experience such hazardous conditions.

Fig. LIFE 12 shows the bicycle shed designed by Kimmo Kuismanen. Its structural and non-structural
members have been annotated. Member A is a foundation timber which sits in the ground. BS5268 would
put the member in risk categories 4 and 5; the timber is continually exposed to a hazardous environment
since it is buried in the ground, and remedial action would be difficult because this member supports all other
members. Therefore preservative treatment is essential.

Member B is a vertical post supporting cladding and roof members. It is sheltered by the roof and is not in
contact with the ground. However, its replacement would be difficult. Member B could be put into risk
categories 2 and C and preservative treatment is therefore desirable although not essential. Member C is a
cladding member. It is a non-structural member sheltered by the roof. It could be put into risk categories 2
and B and preservative treatment would be optional.

The conclusion from examining the bicycle shed would be that a foundation for a temporary structure would
need preservative treatment, but other members in the structure could be left untreated. However, all
members should be well designed and detailed to limit the risk of decay as much as possible.
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Table: LIFE 3

Hazard Situation Descnption Wood Fungi Insects      Marine
Class in Service of exposure Moisture Beetles Termites     Borers

in Service Content

1 Above Permanently Permanently * **
ground dry < 18%
covered (dry)

2 Above ground Exposed to Occasionally ~      # * **
(risk of occasional < 20%
wetting)

3 Above Exposed to Frequently ~      # *  **
ground frequent > 20%
not covered wetting

4 In contact Permanently Permanently
with exposed to > 20%
ground or wetting; in
fresh contact with
water ground or

fresh water
5 In salt Permanently Permanently ~  ^  # * **       ***

water exposed to > 20%
wetting by
salt water

Note: ~ = Basidiomy - cetes, ^= Soft Rot, #=Others
*, **, ***  Biological agents present throughout Europe
a The risk of attack from beetles may vary greatly from high to insignificant levels

Taken from Table 16.1 The definition of biological hazard classes for wood used in Europe (to be confirmed
by CEN). Eaton and Hale (1993)
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Fig. LIFE 12         Bicycle shed designed by Kimmo Kuismanen
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4. Conclusions

The use of low impact foundations was directed to Tourist and Informal Structures. These tend to be small
scale and a greater range of foundation solutions are possible than for larger, more formal building projects.

On the whole these structures are temporary hence the preservation issues are less restricting than for
permanent buildings.

Timber piles need to be completely immersed in water in order not to rot.  Unless structures happen to be
sited in marshy ground, long term foundation solutions using roundpole are not likely to be viable. However,
shorter term solutions may be viable.

It may be necessary to investigate the availability/applicability of durable coppice hardwood such as
Chestnut.

It became clear as the project progressed that there were two clearly different foundation design conditions.
The need for the load bearing capacity of the ground to be placed below the frost line means that the
circumstances in Northern Norway and in Lappland lead to a depth requirement of 2.5m, whereas in
Scotland it only needs to be at a maximum of 60cm.

The illustration below shows the sectional information required from each site - but especially in Finland and
Norway.

Water Table

Minimum 
Foundation 

Level

Fig. LIFE 13 Cross-Section through Ground
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4.1 Foundation Options

Ground Screws
Ground screws for the wigwam and bus shelter. Ground screws suit soft soil
conditions and are therefore suitable for Finland, but not for Scotland and
Norway, where the ground is rocky, preventing a ground screw from being
successfully driven in. They are available in a range of lengths and widths,
and are used in much larger structures than the tourist structures. Examples
in Finland include the GSM masts for Nokia.

Met Posts
Met Posts could be used for the wigwam and the fencing. They make good
sense for the wigwam because it has a difficult geometry. Met posts are
possibly not adequate for the bus shelter.

Rocks, Concrete Blocks and Sandbags
Rocks are a traditional Norwegian foundation solution. The weight of the
rocks holds down the structure. Rocks make suitable foundations in Norway
because there are many rocks available to use, and - as mentioned before -
it is difficult to fix ground screws.

Platypus Anchors
Platypus anchors would be suitable for use with the snow fences, wind and
sound barriers. They secure the guys for the posts.

4.3 Future Work
Future work that include an investigation of the natural durability of the timber species that are being
considered in the project. Investigations, to date, into the species revealed that only Douglas fir and larch
have any natural durability, and that is limited to their heartwood. The roundpoles are young timbers and so
have a small proportion of heartwood. Therefore, the assumption should be made is that none of the poles
have any natural durability.

Another suggestion from the first report was to look into low impact foundations for use with the temporary
structures being considered in the Tourism and Informal Constructions (TICS) project. Two proposed
foundation types - the `pile' type foundation and the 'strip footing' type foundation would be suitable for
temporary structures, and were designed for Kimmo's play structures.

A need for preservative treatment was identified for the foundation timbers. It was decided that if the timbers
were left untreated then the life of buildings, such as the bicycle shed, would be limited by their foundations.
However, this report has been quick to point out that other structural and non-structural members in the
bicycle shed would not need preservative treatment.

Since it has been concluded that preservative treatment is required for roundwood poles close to, or in
contact with the ground, the choice of preservative needs to be discussed.

Future work should look at types of preservative treatment eg. creosote, a CCA formulation, and Boron. The
ease of application and environmental impact should be studied. For example, a typical DIY timber treatment
for garden sheds is creosote. However, this is rarely used for non-domestic buildings, but it would lend itself
to temporary structures because it can be applied in situ to timber cut from the forest.

An alternative to preservative could be to char the outside of the timbers. This provides a natural barrier to
rot, and might be suitable for in-ground situations. Further research into this area is necessary to determine
the exact requirements, in terms of amount of charring and longevity of the charred poles.

The impact of the frost line on foundation depth should be looked into. The frost depth in Northern Norway
and Finland is 2.5m and therefore foundations should be at a depth of at least 2.5m. This seems extreme -
and expensive - and so further investigation is required, with help from a geotechnics specialist and in
consultation with designers from northern countries.
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4.4 Investigated texts

BS 5268: Part 5: 1989 Structural  use of timber code or practice for the preservative treatment of structural
timber.

Use of Round Wood Structures, Guidelines for architects and builders: Griffiths R, Kivinen T, Patzelt M,
Pietila L (1999).

Timbers: their natural durability and resistance to preservative treatment: BRE Digest 296 (1986), Princes
Risborough Laboratory, Buckinghamshire.

Preservative treatment for timber - a guide to specification: Trada Wood Information Section 2/3 Sheet 16
(1991), TRADA, England.

Wood Decay, pests and protection: Eaton R A and Hale M D C (1993), Chapman and Hall, London.

Vitruvius and the Later Roman Building Manuals: Plommer H (1973), CUP.

Roman Building Materials and Techniques: Adam J-P (1994), Batsford.

Venetian Vernacular Architecture: Goy R (1989), CUP.

Developments in Structural Form: Mainstone R (1998), Architectural Press.

Modern Piling Practice: Hammond R (1962), Contractors Record Ltd.

Timber for Marine and Freshwater Construction: Oliver (1963), TRADA.

Piling and Ground Treatment: Conference Proceedings, ICE, 2-4 March 1983.


