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The Thermal Properties of Cob Buildings of Devon.

Abstract

Little has been published concerning the thermal properties of existing unbaked earth
walls. In order to model the thermal behaviour of a building constructed using traditional

cob walls, the thermal conductivity and thermal diffusivity need to be established.

The Centre for Earthen Architecture (CEA), based at the University of Plymouth’s School
of Architecture has carried out research into various aspects of cob architecture typical to
the Devon area. This study supplements other work concerning the moisture content,

structure and pathology of cob as a building material.

This research concentrates upon the development of a time dependent probe technique
for the measurement of the thermal conductivity and thermal diffusivity of cob. The
literature concerning the technique is reviewed. Methods of obtaining thermal data from
the results are discussed. Particular emphasis is placed upon the measurement of the
probe’s thermal contact conductance with the test material. A series of laboratory tests
and results from specific test materials are described. From this work, a link between the
improvement of the thermal contact between the probe and the specimen and the

accuracy of the thermal diffusivity values is established.

The development of field test apparatus is described and the results from three field tests
are examined. Values for thermal conductivity, diffusivity and the probe thermal contact
conductance are established. These results are used in a thermal simulation of a cob
dwelling. The output from the simulation is compared with resuits from a modern timber-
frame house of identical dimensions and use. The thermal response of the modern
timber-frame house was found to be similar to that of the cob dwelling. However,
generally, the range of internal air temperature was found to be higher in the interior

spaces of the timber framed dwelling than the cob dwelling.
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Nomenclature

A 1s the thermal conductivity of the specimen, Wm™'K™,

a is the thermal diffusivity of the studied material, m?s™,
H is the outer conductivity of the probe, Wm'K™,
Q is the heat supplied per unit length of probe, Wm™,

t is the elapsed time of the measurement in seconds,

0 is the temperature of the probe , K

m is the mass per unit length of the probe, kgm,

c is the specific heat capacity of the probe, Jkg'K™,
r, is the external radius of the probe, m,

r. is the internal radius of the probe, m,

a,is the thermal diffusivity of the of the probe material, m*s™,

W is the rate of energy arrival, where W = Ql.

| is the length of the probe, m.
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Glossary

Adobe

Adobe Is a Spanish word meaning sun-dried brick and describes a technique of building
using unbaked clay blocks. Most adobe blocks are produced using moulds and a moist
mixture of subsoil and sometimes chopped straw. The greatest concentration in the UK of

examples of this technique can be found in East Anglia, where they are referred to as

‘clay lump’.
Cob

Cob is a monolithic (built as one unit) form of earth wall construction. Cob walls are made
from a mixture of subsoll, straw, water and In some instances manure. These walls are
very thick often up to 650mm, and built upon a stone plinth. Cob walls are native to the
South West of England and can be found in large manor houses, a variety of dwellings

and small agricultural buildings.

It is difficult to accurately describe the constituents of a cob wall because of the accepted
practise of using the local soils and adjusting the building technique accordingly. Clough
Williams-Ellis refers to this trait when describing cob buildings techniques * The soil itself
suggested the construction’. However, some soils are more suitable for use in cob walls

and Clough Williams-Ellis describes an analysis of a typical piece of old cob walling.

Stones 24.2%
Coarse sand 19.7%
Fine sand 32.5%
Clay 20.6%
Straw 1.25%
Water 1.55%

( It is assumed that these figures represent the mass of each constituent rather than the volume although this isn’t e~ rely

clear from Clough Williams-Ellis's account).
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Further more detailed descriptions of the constituents of contemporary cob and other
monolithic walling techniques are described in a number of texts including Earth
Construction by Hugo Houben and Hubert Guillaud, Earth Construction Handbook by
Gernot Minke, and Conservation of Clay and Chalk buildings by Gordon T. Pearson.

These volumes are described more fully in the References and Bibliography sections of

this work.

L. Keefe discusses the behavioural characteristics of cob used in walls in Chapter 4 of an
M Phil thesis (Keefe,1998), An Investigation into the Causes of Structural Failure in
Traditional Cob Buildings. Keefe assesses the compressive strength of some samples of
cob at different moisture contents concluding that samples with a straw content of 1.5%
straw, by mass show a decrease in strength from 750kN/m* at 3.5% equilibrium moisture
content, (e.m.c.) to 40 kN/m* at 20% e.m.c. The density of the cob used for these
measurements had an average of value of 1790kg/m® and it would be expected that as

the density of the cob increases, the compressive strength will increase (Minke, 1994).

Measurements taken by Trotman and Keefe have indicated that the equilibrium moisture
content at the foot of a cob wall of an occupied building should be between 3.5 to 5.0%
dry weight, and that an e.m.c. can be as little as 1.5 to 2.0% dry weight can be expected

higher up the wall (Trotman,1993).

All of the measured and estimated values that are used to describe or classify cob, must

be viewed with caution as the properties of cob vary according to the subsoil, construction

technique and individual builder.

Cob block.

Cob blocks or cobblock (as referred to in the text), use the same earth, straw and water
nixture as monolithic cob but moulds are used to produce separate blocks similar Iin
dimensions to standard concrete blocks, (typical dimensions 210mm x 430mm X 100mm).
The blocks are either laid wet to produce a homogeneous wall or allowed to dry and

joined using a clay mortar. Cobwool blocks are a variation of this technique, using waste

wool in place of the straw.
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Earth Bermed

Earth bermed refers to the practice of raising the level of the earth surrounding a building

or structure, bringing it into contact with some or all of the exterior wall surfaces. Earth

berming has often been associated with deliberate attempts to increase the thermal mass

of a building.

Mud and Stud, (referred in the text as Mudstud).

Form of earth building found in Linconshire. Based upon a heavyweight timber
framework, infilled with very thick daub often up to 300mm thick, (see Wattle and Daub),

giving the appearance of a building constructed in a monolithic manner.

Rammed Earth.

Rammed earth, or ‘pise de terre’, describes a walling technique where earth is placed
between shutters and manually or mechanically compacted. Henry Holland introduced it

to the British Isles following a study of French methods in 1797. In Australia the earth

often has cement added as a stabiliser before being rammed between shutters.

Stabilised Earth.

The stabilisation of earth refers to the addition of different materials that will shorten the
hardening period or confer other properties to an earth wall. Stabilising agents include

cement, lime and bitumen. Stabilising materials will often be used when an earth material

is being used in very exposed conditions or when a wall is being produced during winter

months. Different stabilising agents confer different set times and must be used In

quantities and circumstances that will not detract from the original properties of the

unstabilised earth wall.
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Wattle and daub.

Wattle and daub is a walling technique based upon a woven wooden framework. Earth,
often with a clay content, in a wet consistency is forced into the framework to produce a
thin wall suitable for partitions. Often used as a technique to produce infill panels in the

external walls of older timber frame buildings.

Wychert

A monolithic form of walling made from a natural mixture of decayed limestone and very
stiff clay. Most buildings of this type are found along the northern edge of the Chiltern

hills, Buckinghamshire. The name originates from a dialect term meaning white earth.
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Chapter 1

Introduction to unbaked earth building materials.

Introduction

The Centre for Earthen Architecture (CEA), based within the University of Plymouth

School of Architecture, has carried out research into the various aspects of vernacular
architecture typical of the Devon area. The local monolithic form of unbaked walling,
known as Cob, has featured in several projects investigated by the CEA. The relationship
between the moisture content of these walls and their structural properties have been
investigated (Greer, 1997). The pathology of structural failure of cob walls has also been

researched and patterns of failure have been analysed (Keefe, 1998). Links have been
made between the age, building form and the geographical location of cob buildings using
Geographic Information Systems (GIS), (Ford, unpublished). A study, concerning the
effects of straw content upon the mechanical properties of cob walls, is on going and will
be complete soon, (Coventry, unpublished). However, the thermal properties of cob walls
have not been studied and this work is concerned with this aspect of the behaviour of cob
buildings in Devon. The thermal characteristics of similar earth walling systems are aiso

explored.

There are two thermal properties of building materials that affect the thermal performance

of a building, (i) the thermal conductivity, (1), and (ii) the thermal capacity, (c). When
studying the thermal performance of a building material, both the rate of heat transter and

the quantity of heat required to raise the temperature of the material need to be known.

This work will explore the application of a time dependent probe technique to measure

these two thermal properties. The measurement technique must satisfy five criteria:



(1) the technique must be non-destructive,
(1) it must not influence the material being measured,

(i) it must give representative values for both the thermal conductivity, / and

thermal diffusivity, ao*,

(1v) It should be rapid and affordable and

(V) allow in-situ testing.

"It is interesting to note that the thermal capacity, c, is not directly accessible using this
probe method. However, the thermal behaviour of buildings is often studied using the

volumetric heat capacity of the materials, or pc, rather than just c, where p is the density.

Since both o and A are available via the probe technique, then we may determine pc from

the relationship, a = A/pc.

A time-dependent thermal probe technique theoretically meets the five required criteria.
For example, if a small diameter probe Is used, then it may be assumed that one 3mm
diameter hole of 70mm In length will not damage a wall that may have a thickness as
large as 650mm. The measurements can be carried out with a sufficient delay as not to
be affected by previous readings or affect future measurements. The probe technique has

the advantage that it will theoretically give values for both thermal conductivity and

thermal diffusivity.

Previous researchers have used periods of heating of less than an hour with relatively

inexpensive equipment (See chapter 3). The short test periods required for
measurements, allied with the low power inputs needed, allow a small test apparatus with

a self-contained power supply to be used. This gives the technique the unique

advantages of affordability, portability and flexibility in carrying out in-situ tests.



Previous research (see chapter 3), using a time-dependent thermal probe technique has
provided a number of solutions to many of the theoretical problems that are inherent in
the successful use of the technique. However, one vital element is still an obstacle to
obtaining realistic thermal data from in-situ tests, that of the interface between the probe
and the material being examined. The effect of this constraint, the thermal probe
conductance (H) and the different power levels supplied to the probe are explored in this
work. A series of exploratory studies are carried out in laboratory conditions culminating in
3 series of In-situ field measurements. The measured data is used in a dynamic thermal

simulation.

Unbaked earth building materials.

Earth was, and in some cases still is, one of the most widely used of all building materials
used for walling. Today the use of earth construction continues in areas where labour Is
cheap and abundant and where other transported materials are expensive or unobtainable.
In most instances the use of earth in western developed countries is confined to walls only,
but walls can sometimes constitute quite a small percentage of the structure of a building. In
many developing countries where the properties of earth construction are more widely

appreciated, earth is utilised in the construction of floors and roofs, in addition to walls.

Worldwide, traditional earth construction techniques are variously known as cob, pise de
terre, adobe, clay lump (and its close relation wattie and daub). All of these techniques

have been used successfully according to the local conditions, customs, and materials.
Different techniques have been used to provide long lasting, appropriate and comfortable

dwellings, (further details can be found in the glossary).



Figure 1.1 Marker cottage, constructed from cob

Cob walling may be seen as perhaps the most unsophisticated method of building in
unbaked earth, relying as it does on a mixture of subsoil and straw, laid in layers, one on the

other, with no support from formwork.

Traditionally local sub-soil would be dug (making sure that it was free of organic impurities
such as vegetation, humus or topsolil) and inspected to ensure that it contained the correct
proportion of constituents and not an excess of clay or chalk (Willlams-Ellis, 1947). The
preparation can vary considerably depending upon geography, geology and tradition. In
many parts of Devon labourers would then beat the chosen subsoll with an implement such

as a heavy prong to ensure the lumps were broken down and then the larger stones could

be picked out.
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Figure 1.2 Demonstration cob wall, showing earth rendering

A bed of the soil, often circular and around 300mm high by 6m across (McCann, 1983)
would then be prepared and if necessary, sprinkled with water. The bed would be trodden
by labourers, or by horses or cattle where they were available or for larger projects. At this
point straw would be added with a fork by one labourer, whilst another would turn the mix
and regulate the amount of water added, to ensure a consistent product. The finished mix

would then be mounded in a compact heap and covered with straw to decrease moisture

loss until ready for use.

To raise the cob wall above ground level and to protect it from rain splash and rising damp,

a pinning, plinth or foundation wall of varying thickness and would be prepared. This would

be made from stone or other impervious material.

The layers of cob would be laid upon the pinning at a little over the same thickness of the
stone plinth itself, which normally measured between 0.6 m - 1.2 m (Egeland, 1988). This
thickness often tapered towards the top of the wall and was often emphasised by the 'paring
down' or 'coaxing' of the walls, where the labourers would cut back the excess material at

S



the wall's edges to make the vertical sides straight. The height of each 'lift', or layer, and the

thickness of the walls themselves vary considerably according to the locality, the soil type,

the use of the building, the cob mason, and the use of the building.

Cob buildings are abundant in the South West of England and can be found between
Cornwall and some parts of Hampshire, although they are most numerous in parts of North
and Mid Devon. This investigation measures the thermal properties of cob in these

locations. A chalk-rich regional variation, wychert or wichert, from Buckinghamshire and an

infill material, mud and stud from Linconshire are also investigated.

Another form of unbaked earth walling is pise de terre. Pise de terre is French for rammed
earth and refers to mechanically compressing earth between climbing shuttering, allowing
continuous construction until the wall has reached the required height. Semi-dry earth,
without straw or other fibre is rammed between boards. Each course is added directly on to
the previous, without intervals for drying, sometimes reaching roof height in one day. Figure
1.3 shows a gable-end wall of a traditional French dwelling, (located near Lyon), constructed

from pise de terre,.
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Figure 1.3 French rammed earth, ‘pise de terre’, (single storey dwelling).
When compared to cob walling, rammed earth tends to produce a more durable wall than
cob, and often of reduced thickness. This is normally due to the higher density of the pise

de terre walling material.



Adobe, a Spanish word for mud, is an alternative walling technique to monolithic
construction and describes the technique of forming separate earth blocks. often sun dried.
and layering them like bricks. This form of construction is common in Mexico and is often
practiced in California and in South West America, where other materials for building are
scarce and where the resulting structures have great durability as a result of the semi-arid
climate. Adobe avoids the requirement for a climbing shutter, but does have the
disadvantage of producing vulnerable joints. A near relative of adobe, compressed block, is
produced using mechanical compression of relatively dry earth. The properties of

compressed blocks can be different from adobe blocks, because of adobe’s use of a wetter

Mmix.

Clay lump is the regional form of adobe found in East Anglia. The clay is mixed with straw
and similar to the adobe method, is formed into blocks by pressing into wooden forms. The
mix is then left in the sun to dry, and is laid in a liquefied clay mortar in a similar manner to
brick or blockwork. Another regional variation of unbaked earth blocks can be found in India
where the blocks are cut from the ground. Figure 1.4 shows a number of these blocks

awaiting transportation, cut from the surrounding strata, near Goa, Western India.
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Figure 1.4, Indian earth blocks.

Wattle and Daub is a composite form of construction and often can be one of the simplest

and cheapest forms of walling. It utilises a framework of interlaced rods and twigs of,



depending what is available, reeds, withies or bamboo which are woven horizontally
between posts that are imbedded in the ground, to form a lattice. Mud is then applied to the
wall on both the inside and the outside, at a sufficiently wet consistency for it to be
squeezed between the gaps in the framework. Because of this method of construction. in
contrast to cob walls, the finished partition is very thin. To ensure that the adhesion of the

soll to the framework is acceptable at this range of thickness, the soil needs to be very moist

and to contain a large proportion of clay.

Figure 1.5 Example of wattle and daub construction.

The large movements associated with the changes in moisture content in clay soils are
almost completely negated by the influence of the framework. To further reduce the
instance of cracking of the mud layers, vegetable fibres, straw or animal hair are sometimes
added to the soil as it is being mixed, thus binding all parts of the wall together. The wall is
then finally finished off with a layer of plaster, usually mud based, to try and improve the
wall's appearance and weathering qualities. Variations exist of wattle and daub used as an
infill material, 'lath and daub' or 'stud and mud' are similar to many of the infill panels found
in medieval timber frame housing. These panels are normally constructed of riven oak
staves which are slotted into the frame at both ends, around which hazel withies 7/8 1o 1
inch (22 to 25mm) thick (Wright, 1980) are horizontally woven. The daub used for Infil
panels is very similar to that employed for complete walls, but for the possible addition of

cow dung to the mixture of clay and straw, which is believed to increase the strength of the

mix and provide a degree of protection against damp penetration (Wright. 1980).



The earth used in the various construction techniques may be stabilised with cement. lime
or bitumen. The type of stabiliser depends upon the type of clay present in the subsoil and
the desired modification of built properties. Appropriate stabilisers will normally increase the
strength and therefore, often improve the durability of the final product. This is particularly
important in areas that experience particularly inclement weather and often allow the wall to

acquire a greater strength more quickly. Inappropriate or incorrectly stabilisers however, can

have negative effects upon the properties of an earth wall.

Conclusions

Cob walling systems are one part of a range of unbaked earth technologies used in different
guises around the world. Variations exist in the UK leading to specific vernacular traits. All of
the techniques can be environmentally benign using little energy in production and for
transportation. The materials readily breakdown after use, with little consequence to the

environment.

Little information is available pertinent to the thermal characteristics of cob and other earth
building techniques. Chapter 2 reviews the existing knowledge concerning the thermal

behaviour of various types of unbaked earth walling.



Chapter 2

The Thermal Properties of Unbaked Earth Walling.

The thermal properties of soils, especially at high moisture contents, are well documented,
many to the extent of allocating special moisture factors to allow for changes in those
thermal properties with different moisture contents (EDSL, 1989). The values for the thermal
conductivity of cob walling however remains the subject of quided estimates mostly based
upon the CIBSE guide figures for mud or soil. For example for ' Clay with 11% moisture
content, the thermal conductivity is 1.1TW/mK', (CIBSE, 1985). Descriptions concerning the
thermal capacity and thermal diffusivity of materials similar to cob are rare. For this reason,

comparisons with many of the materials studied using the probes are made after the
account of each measurement. Conclusions pertaining to the thermal diffusivity of all the

unbaked materials are discussed in chapters 8, 9 and 10. The relationship a = A / p c allows

the calculation of c, the specific heat capacity of a material, given that the thermal diffusivity,
a, the thermal conductivity, A and the density, p of the material are known. It is important to
know the value of the specific heat capacity of cob, as in combination with a known value of

cob’s thermal conductivity, it has a large influence upon the time-dependent thermal

behaviour of cob buildings.

Published Data Relating to the Thermal Properties of Earth Walling.
Clough Williams Ellis estimates the thermal conductivity of earth walls as follows,

" since the thermal conductivity is related to the density of the material ,and since the
density of earth walls approximates to that of a gravel concrete, at about 1 30Ib./cu.ft.,their
thermal conductivity would be expected to be no more than that of the concrete; that IS,

about 7 B.Th.U./per hour/per sq. ft./per deg. F." (Williams Ellis, et al., 1947)

( The reader should bear in mind that this estimate was made over 50 years ago and its current validity could be questioned).

f a factor of 0.144 (EDSL, 1989) is used to convert this figure to Wm 'K then the following

s obtained; 7 * 0.144 B.Th.U./per hour/per sq. ft./per deg. F., is approximately 1 Wm K
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The Building Research Establishment makes a general comment concerning comfort

levels;

"The outstanding fact to be noted in reference to cob buildings is the frequent reference to
their comfort. From this we may infer that the temperature was equitable, warm in winter
and cool in summer, and that the wall was able to resist the penetration of damp from
without. These characteristics were probably in large measure due to the great thickness of

walls." (BRE, 1922)

A more precise estimate can be found in the December Edition 1990 of "Architect and
Surveyor" magazine;

" ... a cob wall well insulated with straw, sawdust and woodshavings, is likely to have a ‘U’
value of 0.35 Wm?K" for a 625mm thickness and a 'U' value of 0.48 Wm“K' for 460mm
thickness. External render and internal plaster have been assumed in both cases . Such low
values could make the material suitable for modern use." (Gooch, 1990)

Therefore according to Gooch, the thermal conductivity of a cob will be approximately 1.0

Wm 'K, very similar to the value approximated by Williams Ellis. The ramifications of the

ikely thermal transmission values quoted by Gooch are discussed at the end of chapter 8.

Gordon Pearson in his book “Conservation of Clay and Chalk Buildings” quotes from several

historical texts as to the warmth of earth buildings. This is backed up by figures taken from

the CIBSE guide (CIBSE, 1985) and states;

“The tables confirm the beliefs of the cottagers that earth buildings were warmer than
stone”.(Pearson, 1992)

Pearson concludes ;

“It is interesting to compare a 600mm thick earth wall with a modern cavity wall of brickwork
and blockwork and note that the former has a lower (i.e. better) U value theredy confirming
the warmth of the old mud cottage™. (Pearson, 1992)

*(the reader should note that a cob wall will be less likely to have a lower ‘U’ value than a cavity wall built to conform to the 1995
building regulations, Part L, Conservation of Fuel and Power).

Minke (1994) refers to many properties of solls and their behaviour when constituted into
unbaked earth walling systems. Minke discusses the relationship between the density of the

soil used and the thermal conductivity of the resulting wall. The following table, table 2.1,

summarises that relationship;
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Soil Density (kgm™) Thermal Conductivity
(Wm'K™)
2000 0.93

Medium Density 1200-1700 | 0.70
[ightweight 200

Table 2.1, Thermal Characteristics of Soils (Minke, 1994).
Very lightweight clay blocks have formed a topic of preliminary research at the Helsinki

University of Technology within the Architecture Research Unit for the Built Environment.
Mikael Westermarck has co-ordinated research into the manufacture and use of a range of
naturally based materials for production in rural areas in Nordic countries. The availability of
raw materials was an important part of this study and those that could be readily sourced
from forestry and agricultural areas typified the choice of materials. The base or filling
materials ranged from different varieties of timber, fibres, humus and straws to more inert
materials such as stones, solls, silts and sand. Each ‘base’ or filling’ material was utilised

with or without a binding agent to produce a saleable building product. The lighter earth

based blocks used clay as a binder and used a base material of straw, reeds or flax. These
blocks were produced with a thickness of 400mm and have a density of less than 350

kgm™. The preliminary research document produced by this group describes the blocks as;

“.....providing according to calculations, an external wall with the required heat insulation
standards set for residential building.” (Westermarck, 1997.)

If the densities of the blocks are categorised according to Minke's values In table 2.1 it can
be observed that the thermal conductivity of the lightweight clay blocks will be less than 0.47
Wm'K' From a chart published Volhard and Westermarck(1994), earth based building
materials of densities between 300 and 400 kg m™ will have a thermal conductivity of
between 0.1 and 0.12 Wm'K™. Allowing for only the thermal resistance provided by the
lightweight block, that is ignoring the surface resistances, then for a thickness of 0.4m the

thermal transmission value or U value will be approximately:

‘U’ value = 1/ 1=0.3 Wm?K"', (where | = width, m ).
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This value complies with the current thermal transmission value for walls of 0.45 \Wm “K-

stipulated by the UK Building Regulations Part L, 1995.

The Devon Earth Building Association have published an advice sheet concerning “Cob and
the Building Regulations”, within which the thermal properties of cob walling are discussed
iIn connection with the UK Building Regulations Part L, Conservation of Fuel and Power.
The UK Building Regulations will apply to all newly built cob buildings that serve the same
purposes as a qualifying conventionally constructed building. In addition to this qualification
any building, such as a cob barn, that will undergo a material change of use (when that use
IS deemed to be controlied, such as conversion to a dwelling), will require the regulations to

be applied to both the existing structure and any new services and other building work.

Earth Walling in Hot Climates
Earth walling systems are used extensively and successfully in hotter parts of the world

where testaments to their thermal behaviour can be found:

“ Even in an Australian summer climate it is almost impossible for an earth house to get
really heated as the best brick building can during a heat wave. It is always cool in summer

and warm in winter’ (Knox, 1978).

This is confirmed by a series of notes produced by the Commonwealth Experimental

Building Station (CEBS), Sydney, who, when referring to a resurgence in the use of earth

walling materials state:

“This increase is due mainly to shortages of normal building materials, but partly also to an
appreciation of the superior thermal performance of earth walls; owing to their density and
thickness, such walls are particularly suitable for hot climates.” (CEBS, 1950).

The important thermophysical effect of earth walling is to damp the thermal variations of the
external environment. This thermal inertia is beneficial for buildings in hot countries anc
tests undertaken in Egypt have concluded that a well-made mud brick can provide more
thermal damping than a hollow concrete block. According to William Facey;
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s h.as.only recently been scientifically demonstrated beyond doubt that earth’s perceived
super':orfty IS Indeed real, notably in tests carried out by two engineers, one British and one
Saudi Arabian, Dr David Webb and Dr Salih bin ‘Abd al-Rahman al-Ajlan.” (Facey, 1997).

The benefits of the thermal properties of earth have also been utilised within various types
of buildings that use passive solar energy, including a number of adobe based dwellings in

the United States of America. The thermal mass of these buildings is sometimes further

enhanced by the use of insulation as a backing to earth walling and flooring to store heat

over long time periods. (Yellott, 1975)

Volhard and Westermarck use the following diagram to suggest how earth walls moderate

exterior change In temperatures over a 24hour period.

‘Modified
temperature :
fluctuation :

e R R Y,
; . e

Interior
Temperature
Variations

E xterior _

Temperature Earth Walling

Variations

Figure 2.1 The modifying effects of earth walling upon internal temperature variations over a

typical 24hour-time period. (Based upon Volhard, F. and Westermarck, M., 1994.)

Effects such as those shown above will moderate against large variations in external

temperature, whether the variations are large differences of low or high temperatures.
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Cob Walling and moisture

The moisture content of building materials can alter their structural and thermal properties
including their thermal conductivity. Cob walls tend to be slightly hygroscopic in nature

(Trotman, 1993) and thus readily absorb moisture from the surroundings unless some form

of barrier, such as a vapour check, prevents this.

Tim Padfield has analysed the behaviour of earth walling with a view to introducing this
construction technique into museums for use as a humidity buffer using some properties of
earth walls previously investigated by Gernot Minke, (Minke, G., 1994). Padfield modelled
the behaviour of an earth wall using a computer simulation basing the required initial data

upon a series of measured results from a climate chamber. When discussing the water

absorbent properties of materials such as cob, he states ;

“In recent times this property has been disregarded, or even viewed as a disadvantage,
allowing condensation and damage within the wall. A subtler analysis shows that porosity
can in fact prevent condensation damage.” (Padfield, 1998)

Padfield suggests that the moisture absorbing properties of earth walls are, in part, related
to the ‘open grained’ nature of its structure. This is then investigated by utilising a scanning
electron micrograph to give a greatly enlarged view of an area of approximately 1mm

across. This view of an earth wall is contrasted with a similar view of a cellular concrete
block and the nature of the grain and pore structure is compared. Padfield comments upon
the earth wall's “.microscopic fissures, which give it a large accessible surface’, which
would present any moist air with a large surface area, thus promoting good absorption of
moisture. In contrast the cellular concrete showed “ ...gas bubbles mostly far apart with only
occasional interconnections.” The result of this isolated or more closed cell structure iIs to
dramatically reduce the ability of the cellular concrete to absorb moisture when compared
with the earth walling material. However, the isolation of the pores do give cellular concrete
better thermal insulation qualities than earth walling materials. Because the thermal

conductivity of cob walls may vary in-situ this leads to a requirement for thermal conductivity
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studies to be carried out in a more realistic situation than laboratory testing can provide.

Fleld studies are essential to generate a database.

Conclusion

Much anecdotal evidence exists suggesting that buildings constructed from unbaked earth
maintain a ‘steady’ internal thermal environment. However, very little work has been carried
out measuring this behaviour. Earth sheltered buildings have been the subject of some

simulations, the findings of which suggest that unbaked earth walls may act to damp the

variations in ambient temperatures. These finding are discussed in chapter 9.

Many values used to represent the thermal conductivity of unbaked earth walling are often
approximations derived from other materials of a similar density. The attempts to categorise

any unbaked earth walling materials, such as cob, to ensure their compliance with current

building regulations have used these approximations.

The use of earth walling materials for damping variations in temperature within buildings
hints at the importance of establishing the value of the thermal capacity of unbaked walling.
The investigation of the behaviour of any such buildings using dynamic thermal analysis Is
dependent upon the establishment of a firm value for this thermal property. The varying
moisture content of the walling is confirmed, suggesting that an in-situ transient thermal
measuring technique would be best suited to measure a representative figure for the
thermal conductivity and thermal capacity. Chapter 3 focuses upon the development of this

transient technique, the many variations of the technique that have been investigated and

suggests an appropriate experimental procedure for this study.
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Chapter 3

Review of literature concerning thermal conductivity measurement methods

including the thermal probe technique.

Techniques used to measure the thermal characteristics of materials conform to two
broad types, steady state and transient methods. Steady state methods include
measurement systems such as the guarded hot plate method, (CIBSE Guide A,1985).
Transient techniques include measurement systems such as the hot wire method which
has a number of variations. This chapter describes these measurement techniques in
relation to their historical development and their suitability to determining the thermal

conductivity ana other thermal properties of cob walling in Devon.

The majority of thermal conductivities, that are used to calculate the air to air thermal
transmission values that enable buildings to satisfy the UK Building Regulations, are
obtained from the guarded hot plate method (CIBSE Guide A,1985). This method places
a thin sample of the material being studied in an apparatus that constantly heats one side
of the sample and cools the other. The energy required to maintain the temperature
difference between the two sides enables an assessment of the thermal conductivity of
the sample. In this method the sample needs to come to an equilibrium state where the
heat flow across the material is constant. This constant heat flow with steady
temperatures is only achieved after a period of many hours . Any heating/cooling over

this length of time will alter the moisture distribution in the sample.

As the moisture content of the sample varies, so will the sample’s thermal properties,
including its thermal conductivity. Most building materials employed in buildings operate In
conditions that normally have a moisture content higher than those samples tested within
the guarded hot plate method. This means that the values for the thermal conductivity
obtained by the hot plate method, are lower than the thermal conductivity of matenals that
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are In use in real buildings. To establish the thermal conductivity values of any building

material that is in-situ requires a technique that enables the material to be studied without

a considerable variance in the moisture content of the sample.

As alluded to within the CIBSE guide, there is a time dependent thermal probe technique
that requires a period of several hundred seconds to obtain a set of data. rather than the
24 hours or so for the guarded hot plate method. Because of the short time periods
required for the probe measurements and the relatively small temperature rise used, the
sample moisture content Is relatively undisturbed. Furthermore the steady-state guarded
hot plate method only measures the thermal conductivity value, and is unable to give the
thermal diffusivity of a sample. Transient or time dependent techniques can measure both

the thermal conductivity and diffusivity.

The Time Dependent Thermal Probe Technique

The time-dependent thermal probe technique uses a probe, or other instrument, which
approximates to a line heat source of constant strength. This probe Is placed Into a
homogeneous sample, assumed to be of infinite size and at a known uniform
temperature, and allowed to come into thermal equilibrium with the specimen. On

establishing a constant heat input, the rise in temperature of the probe is recorded ana

analysed to give the thermal characteristics of the sample, (see chapter 5).

A transient heat method was suggested as early as 1888 by Schleiermacher, who
proposed the use of a cylindrical probe. Independently a similar probe was described by
Stalhane and Pyk (1931). This method was developed and used for measuring the
thermal conductivity of liquids by Weishaupt (1940) and by van der Held and van Drunen
(1949). The technique has been used more recently by Vilcu and Ciochina (1980),
Watanabe (1997) and Fuji et al (1997) to simultaneously measure the thermal

conductivity and thermal diffusivity in a range of different liquids such as toluene, pure
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water, carbon tetra-chloride and n-heptane.

An instrument was first developed for use with soils and building insulation materials by
Hooper and Lepper (1950). This instrument was intended to determine the thermal
conductivity of moist soils and other wet and dry solids in their natural location. The
probe had an outside diameter of approximately 2mm, was 460mm long and constructed
from aluminium with a steel conical tip. Near the centre of the probe body were located
two or more thermocouples connected in series using external cold junctions, which
would measure the increase in temperature due to an axial constantan heater supplied
with constant power. The electrical source of power was a battery, as the use of direct
current avoided Induction effects, and allowed the instrument to be portable. The
portability of the instrument 1s only mentioned briefly and no indications of the practical
difficulties of using the instrument in-situ are discussed. Measurements were taken over

a period of 420 seconds and reproducibility of 0.5% was claimed.

D’Eustachio and Schreiner (1952) used the basic criterion utilised by Hooper and Lepper,
but after constructing and testing a number of probes concluded that a reduction In
outside diameter and therefore, a redesign of the probe was necessary to enable the
effective use of small temperature rises. These re-designed probes were 100mm long
using a bifilar coil heater and following Hooper and Lepper, thermocouples connected in
series were placed at the probe midpoint. The smaller constant power of 0.011 Watts
supplied to the heater resulted in temperature rises in the specimen of approximately 1 to
3 degrees Celsius, but no indication of the time-period required for this temperature-rise
was given. D’Eustachio and Schreiner observed that an air space between the probe and
the sample being tested, equal to 50% of the diameter of the probe, did not seem to affect
the results obtained when the power input was ‘sufficiently’ low. The heat flow axially

along the probe was also investigated and in the central portion was less than 0.1% of the

heat input. From this they concluded that the average axial flow during the measured
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Interval was less than this and therefore the end losses from the probe were assumed to

be negligible.

The different investigators, engineers and soil scientists that are interested in time
aependent thermal conductivity measurements are described by de Vries and Peck
(1958). De Vries and Peck used the expressions derived by Blackwell (1954) to take
account of the finite probe length and any boundary conditions. The internal heater wire
was modified by encasing the wire within a glass capillary tube with an external diameter
of approximately 0.5mm and an internal diameter slightly larger than the wire. This
enabled the steepest temperature gradients to be found in the glass rather than in a soil
test sample and therefore reduced the probability of moisture migration. From this first
development a probe for measuring the thermal conductivity of soil was developed. The
diameter of this probe was approximately 1.1mm and a length of 130mm. The outer
construction of the probe consisted of metallic gauze impregnated with paraffin wax.
Within the wax a glass capillary tube, similar to the earlier version was located close to a
thermocouple-junction. The end of the probe was sealed with plastic and capped with an
insulating cover. Most of the thermal properties that de Vries and Peck measured were
taken at a start temperature of 20 degrees Celsius, and concentrated upon materials such
as copper, glass, quartz, air and various different moist and dry soils. A test carried out
upon a sample of dry coarse sand used a maximum temperature increase of 0.8 °C
measuring both the time required for the sample <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>