CHAPTER FIVE

Repair of Earth Structures

The repair of earth structures falls
into three distinct categories —
making good protective surfaces,
repairing fractures and areas of
physical loss and the removal of
intrusive growth. The materials
available are traditional and —
broadly —synthetic. Some materials
of longer standing and other than a
synthetic base are also available and
have been advocated for use in
modified forms. These are princi-
pally ash and bitumens.
Undoubtedly the most satisfactory
circumstance is that a building
remains in use for its original pur-
pose and is maintained in the way
originally intended. This is likely to
entail the resurfacing of vertical
walls on a cycle varying from one to
ten years dependent on the finishes
and climate. Wall tops or parapets
will need more frequent attention
and areas of more rapid decay,
perhaps close to ground level, may
likewise need to be dealt with on a
shorter cycle. Many such structures
are domed and these are traditionally
made accessible by some form of

permanent foothold or scaffold:

support. Large stones or pieces of
timber are commonly built into the
earth and project from the wall
sufficiently to provide a foothold or
to support poles laid across them.

Flat roofs laid on pole joists will be
resurfaced even more frequently and
the surfaces will be consolidated
after significant rainfall. Such roofs
are the most vulnerable and when
decay sets in they are the first to fail.
Early failure is sometimes not the
consequence of leakage and rotting
of timber but of insect, (particularly
termite), attack which destroys the
supporting timbers. Over wide areas
the tradition has been to construct
flat roofs with relatively closely
spaced pole joists, the interspaces
being covered with brushwood,
small regularly laid sticks, palm
fronds, matting, cane or cane fibre
and a variety of similar materials
which can both support the roof and
provide insulation. The earth above
such roofs can often be surprisingly
heavy. Itis laid — perhaps a minimum
of 400 mm rising to three or four
times this thickness — to accommo-
date falls, and provide adequate
insulation and load bearing. Signifi-
cant flexure in the roof surface
weakens its structure due to move-
ment under live loads. A deep bed of
earth can assist by spreading load
and by providing some irtherent stiff-
ness in itself. The effect is that of a
reinforced slab. The upper zone of
earth goes into compression and the
lower fibrous zones go into tension.
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Damaged roof showing the construction supporting the compacted mud surface. (Riyadh, Saudi Arabia).
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The resultis a slab which is effectively
strong under load. This offsets the
disadvantage of deadweight.

Such roofs suit only arid climates
where rainfall is relatively short in
duration and does not lie as snow.
Small rollers are often maintained
on roofs for reconsolidation after
they have been softened by rain.
There is, of course, a continual loss
of material and this is made good by
resurfacing, generally using mate-
rials richer in clay than the basic
available earth and containing dung
or plant juice to improve work-
ability. Dung is the most common
constituent. A fibrous content will
normally be added because of the
tendency of a clay-rich mixture to
shrink and crack and the smoothing,
rolling process continues during the
whole period of plasticity of the
surfacing to minimise any tendency
towards the formation of cracks.
The general thickness of surface
layers added in this way will be
between 15 and 30 mms.

Renderings on copings and verti-
cal surfaces often tend to be thinner
than rerenderings of horizontal roof
surfaces and may be applied in wetter
condition. They can in effect be a
slurry worked well into the surface
material and the quick absorption of
excess water tends to bond the new
material into the old indistinguish-
ably. The receiving surface is wetted
in advance of the application. In all
such resurfacings the hand working
of the material is the essential part of
the process and malleability in the
rendered material is, therefore, a
feature very much valued in all
traditional methods. This influences
the choice of the earths and clays
used and the introduction of dung or
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other materials which aid fluidity.
Although the introduction of straw
and other fibrous material is an
advantage in the drying process it
has little residual value and may
subsequently be a disadvantage as it
can decay and provide nourishment
for insect life. Chopped polypro-
pylene fibres have been used as an
alternative with success being much
more resistant to degradation. The
life of such traditional renders may
be extended by the use of such
durable synthetic materials. Some
of these can be available as waste
from other processes, polypropylene
fibre being available as the chopped
residue of sacks and packaging. Two
arguments are relevent:— in favour
that such introductions allow the
rendering to be identified and dated,
and on a contrary note that to add
synthetic fibres in place of natural
material is ‘tinkering with’ the tradi-
tional process. The conservator must
make a judgement.

In wetter climates materials other
than mud have been used to surface
earth walling. Of these the com-
monest may be a limewash which is
essentially pure freshly hydrated
quicklime which on drying carbo-
nates to a firm skin which is porous
and therefore allows moisture to
evaporate from the wall and sheds
rain from its surface. Crystals of
calcite or calcium carbonate, how-
ever, being slightly soluble in rain-
water are gradually eroded by
weather. Rainwater is very slightly
acidic due to the presence of dis-
solved carbon dioxide. The effect is
caused not so much by direct solu-
tion but by the dislodgement of
particles arising from the partial
solution of the crystalline structure.
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The surface crystals then tend to be
released from adjacent crystals and
a number of them are dislodged
successively so that more material is
carried away during rain than is
dissolved. Wind-driven rain and
tough weather conditions worsen
this situation and the cycle of
renewing the limewash is very depen-
dent on exposure. In the worst cases
an annual renewal is practiced and
this gradually builds up a dense coat
of a chalk-like surface which has the
merit of being visually attractive as
well as waterproofing. In some areas
traditional recipes include oils (e.g.
linseed), or animal fats, such as
tallow in the initial mixture. The use
of oil can produce hardening effects.
Raw linseed oil oxydises and will
remain relatively permanent pro-
viding additional coherence between
the particles. Animal fats are broken
down by bacteria but until that
happens they have the merit of acting
as inhibitors to water pénetration.
Their effect in external rendering,
however, is not lasting. Ultimately
the build-up of limewash produces a
stiffness in the coating which can
cause it to detach itself from the
softer substrate. The multilayer
limewash will then act as a separate
skin and can form brittle fractures
before failing and dropping away.
Occasionally cement based washes
are applied as a slurry. They quickly
set into a rigid coat, which can form
the basis of continual applications
and even of a rendering. The cohe-
sion between this material and the
sub-base is unlikely to be satisfactory
and over large areas any cement
render or build-up of slurry will
show brittle cracking with con-
sequent ultimate failure. It is to be
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recommended neither on this
account nor for visual reasons.
Forms of mesh reinforcement can be
applied over a cement-based render
coat followed by a further similar
coat. Reinforcement provides subs-
tantially greater durability pro-
viding that a non-rusting material is
used but the effect is to achieve a
stucco or cement-rendered surface
on a wall whose core might be of any
material.

If, however, the core is distinc-

tively earth-based and this is percep-

tible by virtue of its gentle contours
and reducing thickness and if the cement
render is satisfactorily decorated the
building may have worthwhile quali-
ties of its own and and conservation
should continue in the materials of
the original construction. Many
buildings in Central and South
America, in the Mediterranean
region and some in India have from
the beginning been constructed as
earth cores with a cement face. Some
successfully simulate stone or ren-
dered masonry with the full panoply
of classical detailing. Their conser-
vation by a continuing and consis-
tent use of the same material is as
much to be applauded as the appli-
cation of cement rendering to an all-
earth building is to be deplored.
Another coating applied to.earth
structures as well as brickwork and
masonry has been bitumen. Before
bituminous emulsions were available
but after the discovery of coal tars
(i.e. from the mid 19th century until
the middle of 20th) bituminous
compounds were applied hot. While
it was always possible to obtain a
bond between bitumen and an earth
core the weakness of the substrate is
the ultimate cause of failure. Suc-
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cessful results can be obtained,
particularly where diluted bitumens
have initially been allowed to pene-
trate the outer layers of earth. Sand
can be used to modify the applied
bitumen.

Bituminous skins have the merit
of retaining flexibility for a consider-
able period and the solvents used in
the application of further coats can
penetrate the original surfaces,
softening them and prolonging their
lives. Bitumens generally harden by
loss of lighter fractions which act as
solvents and therefore, they can be
redissolved but this does not apply
to all polymerised forms. The tradi-

tionally uniform black colour is
acceptable in some circumstances,
particularly in marine or rural en-
vironments. In such conditions stone
and rock is commonly used in walls
in conjunction with earths. However
evaporation from the walls cannot
take place outwards and is, there-
fore, restricted to inward movement
of vapcur through the walls. This
may be acceptable. A greater danger
is that the vapour within the wall
behind the bitumen may cool below
dew point and deposit liquid water
which will be trapped immediately
below the surface, with consequent
failure of the earth substrate. Frost

Domed earth structures showing form of construction and projections to permitaccess for maintenance.
(Homs, Syria).



action can detach whole areas of the
coating in such circumstances and
the climatic conditions in which such
treatments are effective are, there-
fore, limited.

Rigid sheathing materials are used
to protect many earth cores. Burned
brick, block and stone regularly
serve this purpose. Timber may also
be used. A brick or stone skin may
survive against an earth core without
physical adhesion, presenting, to all
appearances, a masonry structure;
but where overlapping surfaces such
as tiling are required for weathering
it is necessary to carry their weight
on the earth core. For this purpose
the common method is to build into
the earth wall, at every ‘lift’ of cons-
truction or at other regular intervals
horizontal timbers which are flush
with the face. To these, vertical
members are added standing proud
of the face. The system of weathering
can then be applied. It may be
timber siding as in the northern
U.S.A. or tiles, slate, mathematical
tiling (simulating brick) on battens
or even a cement render on lathing.
The system is a sound method of
construction and the earth structure
remains dry. Only when insect
attack, or rot due to damp causes
failure of the bearing timbers does
the weathering require fundamental
overhaul. Elimination of the damp-
ness or the provision of suitably
proofed bearing members allows the
system to be conserved.

Since the characteristics of the
earth core and the outer skin vary
considerably there is, in many his-
toric buildings, a lack of cohesion
between the two sections of the
structure. Some compatibility exists
when the mortar used in the masonry
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outer skin is itself earth, which in dry
climates can occur surprisingly
often. Usually, however, the core
will move independently of the outer
skin with consequent settlement at
the top of the structure. Much of the
Great Wall of China is constructed
in this way, with the advantage that
ground and other significant move-
ments are taken up in the flexible
core with relatively little damage to
the outer casing. Where there is
undue settlement the paving at the
head of the wall can be made good
and relevelled. In such an instance
maintenance of the paving, to the
extent that water is thrown off,
removes the most likely cause of
internal settlement and therefore of
further deterioration. A well com-
pacted earth core can provide the
basis of a very sound and indefi-
nitely durable structure.

" Where the damage to earths has
gone beyond the level of decay of the
external coating there arises a funda-
mental problem in the repair of
earth structures — the insertion of
new material. The great difficulty is
in shrinkage. New material will
generally be inserted in a plastic
condition, that is to say containinga
substantial volume of water, and
there will necessarily then be a
shrinkage of between 10% and. 14%
in its linear dimensions as it dries in
position. Only where the material is
inserted as the topmost layer can
this be an acceptable condition.
Otherwise the effect is to cause the
new material to pull away from the
existing one and this it will do
whatever measures may be adopted
to overcome the problem. Tradi-
tionally the shrinkage would be

‘accepted and then a further fill
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The restored town wall. (Turaif, Saudi Arabia).

inserted where the successive rupture
had taken place. The problem was
thus diminished but not solved
because even the later fill would in
itself shrink and destroy the intended
bond with the existing structure.
Any conservation measure, there-
fore, which seeks to restore missing
elements of an earth structure must
face up to this problem at the outset
and to do so requires considerable
skill, control and background know-
ledge. _

Assuming that the existing struc-
ture has a water content substan-
tially above the theoretical minimum
a solution on the following lines can

be successful. The missing element is
cleaned back to hard surfaces on a
regular shape, which may be design-
ed to provide physical keying. Earths
of a comparable mixture are then
pre-shaped to fit the missing sections
as closely as possible. In large
openings this can be done by forming
the appropriate blocks but in small
areas a single shaped component
may be required. These new blocks
are cast and possibly compressed
mechanically if the existing material
is rammed or for some other reason
unusually dense.

The new blocks are thendriedtoa
point at which no further shrinkage
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occurs and when dried they are
trimmed as closely as possible to fit
the opening and to be of such a
shape as can readily be introduced
into the void. They are then intro-
duced, the joints being formed with
a liquid mud mortar of the same
composition. This is worked in care-
fully and extensively. The relatively
small amount of water in the mortar
is taken up in the wall and in the
blocks bringing the whole of the
structure, new and old to approxi-
mately the same moisture content.
The only shrinkage which occurs is
then in the mortar joints themselves,
the horizontal joints remaining solid
but the perpends exhibiting some
slight shrinkage which is immaterial.
The joints are tamped while still
moist and the operation is repeated
until the mortar has gone off, parti-
cular attention being paid to the top
joint.

This principle or simple variations
upon it can be applied to most
situations where earth structures
have failed and elements are missing.
It has the additional merit that new
work is distinguishable from the
original by virtue of the mortar
joints, which can always be detected
when a surface is clean cut and
polished even if they are indistinguish-
able at other times. The work should
be done at a relatively slow rate to
allow for shrinkage to take place in
the horizontal or bedding joints.
Where material is offered up into a
soffit, temporary or permanent
support will be necessary. Occasion-
ally additional support will be
required in the way of a tensile
material in the joints and this is
sometimes cut back into the existing
work to form a bond. Non-rusting
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brick reinforcement supplied as mesh
can be used for this purpose as can
various forms of durable plastic fibre
materials. Split cane, impregnated
with an appropriate insecticide can
be used where this material is tradi-
tional. '

Material which is not compatible
with the original should always be
avoided:- likewise the insertion of
large amounts of wetted earths.
These will shrink away in an unsight-
ly and unsatisfactory manner. Hard
materials such as cement will set off
without bond to the remainder of
the wall and they can become entirely
untenable to the point of loosening
and falling out. If, however, the wall
is composed of a mixture of earths
and burned brick, or earths and
stone, a judicious policy of packing
brick or stone of the same type back
into an opening can prove successful
if the joints are well filled with earth
containing a minimum of water. If
the work is done successively and
slowly course by course it can be
satisfactory. Once repaired the struc-
ture can be resheathed in its appro-
priate weather protection and its
permanent durability should have
been restored.

Many earth structures have no
future as working buildings. Their
functions may have been usurped
and abandoned with no conceivable
or practical further use possible. An
iron age fort or a great temple
mound can only be used for histori-
cal and monumental purposes. Mud
brick ruins excavated below ground
may yield a great deal of knowledge
but be of little attraction to visitors.
The huge walled city of Bam in
Eastern Iran, which could be restored
building by building would be of no
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practical benefit for modern habita-
tion and by virtue of having been
abandoned for well over a century
its decay is such as would demand
extensive reconstruction to bring it
to a point of usability. It is one
among many such.

The list of earth structures which

are historically important and should
not simply be abandoned to decay is
immense and beyond retention
by traditional techniques. Their
conservation by traditional tech-
niques would be possible only if they
were restored to an original form. In
many cases this lies beyond possibi-

] rl'— E

Painted gypsum panels and sculpture on a mud-brick background. (De Gao, China).
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lity and is not arguable in conser-
vation methodology. On rare occa-
sions however it does happen. The
Saudi Arabian royal dynasty has
restored some palatial structures
and the town wall of the mud built
city of ad-Dariyeh (Turaiff) close to
Riyadh, destroyed by an invading
Egyptian army one hundred and
fifty years ago. These structures are
essentially simulations of what is
believed to have existed and much of
the construction is unavoidably
speculative. Occasionally the merits
of such action may be justifiable —
or at least arguable —but few politi-
cians, economists or tourist officers
would argue for the restoration of
the entire Great Wall of China! The
fate of the large majority of earth
ruins is their total degradation or
their retention as ruins. This argues
against traditional methods of repair.
The ideal is to discover a technique
of consolidation which would allow
such structures to be frozen in time
with minimal future maintenance
and no visible change. Considerable
effort has been bent to this end.

The application of consolidants
has deserved greater attention than
has been possible but considerable
progress has been made in the last
twenty five years. The ICOMOS
Mud Brick (now Earthen Structures)
Committee has been meeting regular-
ly to review the results of progress
and this is traced in a succession of
approximately triennial publications
culminating in ADOBE 90, pub-
lished by the Getty Conservation
Institute.

In line with the principles set out
earlier a number of basic criteria can
be distinguished against which the
performance of any consolidant
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can be evaluated. These are as
follows:—

1. It should be removable, i.e.
reversible. '

2. It should be available at a cost
level which allows its use on a
broad scale. ’

3. It should be straightforward in
application and not damaging
to the environment or the appli-
cator.

4. It should be capable of being
carried into earths in solution
in a medium which will not
damage the structure and which
will disperse without danger or
environmental damage.

5. It should not cause any colour
change or form a film on the
surface.

6. It should diffuse into the soil
progressively rather than
forming a precise boundary.

7. It should resist or at least be
unaffected by the capillary
movements of water, and
should be hydrophobic.

8. It should resist the pressures of
crystallisation of salts and the
pressures caused by freezing of
water.

9. It should be permanent, being
neither evanescent nor affected
by ultra violet light, oxydation
or other forms of decay. -

10. It should allow water to move
through the material both as
liquid and vapour leaving the
pores in the material open.

'11. Itshould add to the mechanical
strength of the material without
inducing brittleness.

12. It should be stable and trans-
portable in whatever form it
may be available in prior to
application.



No material fulfills all these crite-
ria, most failing in three or more
respects and since conditions of appli-
cation and circumstances vary con-
siderably the ratio of success and
failure varies from site to site. A
treatment which can be successful in
one condition, or on one earth may
fail in or on another.

Considerable success has been
claimed for the use of an inorganic
material, potassium silicate, in
experiments at Dadiwan in North
West China where the remains of
Neolithic housing have been exca-
vated at ground level and subse-
quently conserved. The clays in this
circumstance contained high propor-
tions of montmorillonite. Potassium
silicate has been used in aqueous
solution with a critical molar ratio
as between silicon oxide and potas-
sium dioxide, using calcium fluoro-
silicate as a solidifying agent.

The chemistry requires cross-link-
ing agents and careful control of the
colloidal preparation. It is applied
as a spray and produces a weather
proof stable composition in which
the montmorillonite is irreversibly
altered. The final mass is inorganic.
It is cited as an example which, after
extensive field testing may prove to
offer a solution which comes close to
fulfilling most key criteria.

Other short-term or partial succes-
ses have been recorded among the
wide ranges of other experiments
which have also been evaluated.
Many have been carried out using
complex synthetic organic com-
pounds both as monomers and
polymers (long-chain compounds).
Polyvinyl acetates, polyisocyanates,
a range of other acrylics and solidi-
fied alchohols have been used as the
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principal test elements and in the
best cases have produced good con-
solidation, apparently by restraining
the movement of particles and acting
as an adhesive in the cores by
wrapping or binding together the
smallest soil particles. Chemicals of
this type, however, can both migrate
end break down. Failure has related
to changes in the chemistry in the
large complex molecules of which
these comipounds are built up. It has
been found unsatisfactory to attempt
to deliver them into the materialina
waterbased carrier due to the beha-
viour of the water in the clay itself
and they are generally applied using
organic carriers (such as toluene and
xylene), some of which are only
effective in combination. They also
tend to be expensive when used in
volume but the material having been
delivered to the point where it is
effective, is not expected to change,
the principal agent of decay being
oxygination in the presence of ultra-
violet light.

An alternative approach which
has shown considerable medium
term success has been the use of
materials designed to change chemi-
cally in situ. One such is ethyl
silicate. Within the clay hydrolysis
occurs and the ethyl radical evapo-
rates as ethyl alchohol. By hydrolysis
in the presence of a catylist the silica
gel which has been formed, oxides to
become silicon oxide which will have
been formed within the pores of the
clay stabilising it and reducing its
deterioration under saturated condi-
tions. The treatment does not appear
to be effective in saline saturation,
but it holds considerable promise
for consolidation in some circums-
tances. Silicon oxide is a very
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common compound occuring in soils,
particularly in its crystalline form of
quartz. The treatment is at its most
effective on vertical surfaces.

The provision of catalysts and
carriers is in itself a matter of specia-
list study. Catalysts perform diffe-
rently in varying circumstances.
Some carriers are immiscible with
others. Some will take materials into
solution only in the presence of
another carrier, and the carriers
themselves can inhibit or advance
chemical reactions. The range of
permutations is considerable and
demands careful collaboration
between specialists and conserva-
tors. A further complication is in the
use of catalysts which, while pro-
moting the necessary reactions, also
enter into combination with com-
ponents of the earths, effectively
becoming pollutants.

Many experiments involve the
introduction of new material into
the solid earth structure itself via a
carrier. An equal range of proposals
and experiments has been carried
forward by modification of earths
which are themselves introduced
as a slurry, a grout or simply used as
a more durable coating. Modified
earths, which do not rely on organic
compounds, usually involve the
introduction of materials of a
cementitious character, such as
pulverised fuel ash, various combi-
nations of cements, ground up brick
or pottery waste, ground up concrete
or lava and similar materials. Even
coupled with additives in small
proportion these modified earths
judiciously applied and injected or
drawn into the failing structure can
provide remarkably stable repairs
while at the same time producing a
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material of strength, porosity and
density comparable to the original
material. Where modifications have
excluded any significant propor-
tions of clays the shrinkage effects
can be minimised and disregarded.

Although they are not reversible
materials of this type are unlikely to
change and thereby fail or become
damaging and, in appropriate cir-
cumstances, their use can be recom-
mended with confidence. They can
reasonably readily be removed and
are distinctive so that any repair is
identifiable. Cement stabilisation
provides a durable material particu-
larly suitable for capping earth walls
and for providing water-shedding
slopes at their base.

Tests in Southern Turkey have
demonstrated the efficacy of lime,
brick dust and P.F.A. (pulverised
fuel ash) combinations over a wide
range of admixtures. P.F.A. consists
of almost 50% by weight silicon
oxide and a further 35% by weight
approximately of aluminium oxide
and calcium oxide. It is essential
that the P.F.A. used is free of sul-
phates — a common pollutant.

A mix of dry hydrated lime and
P.F.A_hasbeen used in approximate-
ly equal proportions with approxi-
mately 5 times its volume of brick
dust producing a material which sets
off with compressive strengths well
in excess of dried earths with little
shrinkage and permanent stability
unaffected by normal water condi-
tions, to give a material which offers
a basis for compatible insertions,
particularly in vulnerable areas such
as the foot of walls. Appropriate
strength reductions can be intro-
duced by the inclusion of soils in
which case the precise nature of the



clays to be included becomes an
important factor in the behaviour of
the resultant blemd.

Other modified soils include those
where bituminous emulsions are
employed. Since the techniques of
water-emulsification of bitumens
have been perfected commercially,
advantage has been taken of mixes
which use quite low inclusions of
bitumens as binders for the particles.
The water repellancy natural to
bitumens coupled with the effective
dispersal of these large stable mole-
cules between the particles produces
a material which retains some plasti-
city for a long period and is stable in
physical terms. It is stronger than a
normal earth and is usually formed
into blocks which are themselves
bedded in a bitumen-based cement.
Alternatively the material is exten-
sively used for primitive paving and
road surfaces. As a conservation
material its uses are limited by the
serious change in colour. It is un-
avoidably darker than natural soil
and often is close to being black.
However, where water repellancy is
required and the material is not seen
it has significant potential. Many
bituminous emulsions available
commercially contain synthetic
rubbers (latex). Their employment
demands caution.

A material not dissimilar in its
relationship to the basic soils is
latex. Such compounds have also
been used as emulsions. The essence
of the admixture of small propor-
tions of latex or bitumen to a soil
requires processing of the mix inde-
pendently of the structure. The soil
is prepared and mixed with the
compound in a separate environment
and is then applied either as blocks
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or as a surface coating. Because of
the large size of the molecules their
penetration into an established struc-
ture is limited. Latex slurries have
been used with the object of pro-
viding a long lasting external render
in which there is very little colour
difference by comparison with the
basic soil. A concentration of about
1% by dry weights has been claimed
to be effective in surface coatings
which vary in thickness between 1
mm and 3 mms. Their longevity is
not proven.

Whatever the materials selected in
conservation they can only be a part
of the entire programme. After analy-
sis of the cause of decay or potential
decay, conservation will include pre-
cautions against the identified
problem, and measures designed to
repair damage and to achieve the
long term stability, which is the aim
if traditional conservation methods
are not to be applied.

Wind protection and the discharge
of water are the two prime objectives.
Artificial barriers to wind can pro-
vide immediate protection to be
followed by more permanent
methods. Netting barriers can offer
immediate reductions in wind speeds
of up to 50% even though located
some considerable distance from the
object of conservation and they can
be followed by planting or built
structures which will maintain the
protection indefinitely. A dramatic
rise in the rate of damage occurs as
wind speeds increase to the point
where sand particles become air-
borne. Consequently the interruption
of winds at low level is often extra-
ordinarily effective in reducing
speeds to less damaging velocities.
Likewise simple measures will divert
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flood water and prevent ground
water levels building up dangerously.
The provision of an impervious lining
to a canal in the locality of a monu-
ment can have a significant effect in
the reduction of ground water levels.
Gentle slopes secured by vegetation
or paving and formed close to build-
ings can ensure the discharge of
water away from the monument. In
the most significant circumstances
the provision of an over-cover may
be required.

An archaeological excavation
exposing mud-brick structures may
last only days, or at most a few
months if left standing in a pit
“through a wet season. The same
structure, protected from moisture,
may survive satisfactorily for a con-
siderable period even without appli-
cation of consolidation techniques.
Suitable wall capping and ground
level inhibition of moisture together
with the protection from wind driven
particles may give it a long future.
Its indefinite survival may then be
secured by consolidation.

These conservation techniques
apply not only to man-made earth
structures but to natural soft rocks
and consolidated earths. Some such
‘rocks’ are loosely bound with
calcareous material and will readily
disintegrate in water. Where they
contain significant examples of cave
art, troglyditic structures or natural
material of importance their conser-
vation demands the same combina-
tion of analysis, precautionary
measures and protective consoli-
dation as do man-made earths.

Archaeology confirms the natural
supposition that a very early form of
shelter was provided by the quick
and direct method of constructionin
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which light timber frameworks were
made weather resistant by the
application of mud. Two fundament-
ally different groups can be distin-
guished — the structure in which the
armature is integral with the earth
and the framed structure in which
the earth rests within the frame.
These two essentially different types
are sometimes combined into a
structure which is framed in timber
or masonry and the infilling panels
are themselves armatures carrying
the earths. '

Any such composite structure
must depend for its permanance and
stability on the survival of both the
very different types of material. If a
frame fails its infill panels may or
may not be strong enough to take
the load and ensure its survival. If
they are, repair of the frame will be
the essential action. Where the
armature is integral with the panel
the failure of the armature itself may
weaken the entire panel to the point
of failure or alternatively it may
decay virtually invisibly and the
earth panel might survive by virtue
of its own strength. In this case the
function of the armature will have
been primarily to sustain the earths
during construction, its ultimate
value as reinforcement being less
significant. _

Plant material will have been used
both for frame and panel supports
and therefore the function and beha-
viour of ligneous fibres can be critical
to the survival of significant earth
structures. In many parts of the
world building techniques have con-
sisted simply of the erection of
parallel timber members, perhaps
brought together on aridge line or at
a point and linked horizontally either
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Wattle panels in timber framing awaiting application of daub. (Chichester, England).

with a weave or with iateral stringers,
tied to the vertical members. Resi-
lient pliant structures created in this
way can have their wind and water-
proofing improved by the application
of a plastic material such as mud.
The mud may be built up into so
heavy a coating that it becomes
structural in itself keeping out
weather, noise and prying eyes.
Decay occurs through live agencies
rather than dead. Most ligneous
products can stand salt impregnation,
mild acids and alkalis and the physi-
cal effects of severe temperature
change but they are constantly prey
to bacteria, fungi, plant and insect

attack which can be delivered as the
direct removal of material or the
more insidious process of breaking
it down, perhaps using enzymes, to
provide nourishment. It follows that
if this process of decay can be
stopped or reduced the permanence
of structures of framed or armature-
supported earths can be much en-
hanced.

Treatment depends upon an assess-
ment of the condition of the woody
material acting as an armature. If it
has been so far decayed or removed
as to be useless as a support it must
either be replaced or beignored. If it
is ignored consolidation of the earths

95




may add sufficient strength to them
for its loss to be unimportant and
consolidation techniques should,
therefore, be examined. If it is to be
replaced it is almost certain that to
do so by its physical removal would
involve destruction of the surround-
ing earths. It may, however, be
possible to introduce the replace-
ment material in fluid form, either as
a cementitious grout or as a resin. If
tensile strength were required in the
material of the panel the introduction
of resin into the voids might offer
the greatest advantage but would
risk seepage of the resin through
cracks in the earths and, therefore,
discolouration in the surface. Only
assessments by detailed trial in rela-
tion to the importance of the panels
can finally determine which course
of action should be pursued. It
should be borne in mind, however,
that many earth panels are carriers
of important artefacts.

Paintings on panels of wattle and
daub may be important for their
rarity as much as for their artistic
merit and many clay sculptures, such
as the innumerable Buddhas and
Bodhisatvas in Central Asia are
founded upon wooden armatures.
Injections of grout in one case may
be more appropriate and resins simi-
larly in another. Where the wooden
armatures are substantially intact it
may be necessary only to ensure that
no further decay occurs. Termite
attack may remove virtually every
scrap of timber leaving nothing but
a hollow in the clay, but a modest
attack of wood boring beetle may be
of little significance structurally, in
which case the introduction of a
spirit based insecticidal material
may be effective and thoroughly
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justified. Important buildings in stud
and mud or wattle and daub may be
saved by treatment of this sort.
Timber framed building has been
used extensively across wide areas of
the world and while the techniques
of timber conservation are well
beyond the scope of this work it will
be apparent that the structural stabi-
lity of the frame is the determinant
of success 'in conserving panels.
Earths can be very forgiving and
although they are unlikely to impart
significant strength to a deflected
timber frame they will survive con-
siderable deformation and the prob-
lem then posed is the consolidation
of fractured panels, perhaps carrying
important paintings or significant
designs. Careful injection techniques
using small quantities of cementi-
tious material with a bonding agent
may well be the effective answer in
both stabilising the panel and making
good the defects in its junction with
a deformed frame. There is a case to
be argued for the use of modern
non-setting mastics in the junctions
between frames and wall panels of
earth. These are joints where move-
ment is continually to be anticipated
and where the strength of a flexible
bond can be important in linking the
materials. A wide variety of sealants
is available and they have improving
longevity although it is unreasonable
to expect any such material to be
flexible indefinitely. Such joints
should always be designed on the
basis that no anticipated movement
should extend or compress the flexi-
ble material by more than 30% of its
natural medium position. Some
compounds should be designed fora
lesser figure and although higher
figures are claimed for others conser-



vators would do well to demand less
of the material rather than more.
Excessive movement may be paid
for by reduction in useful life, but
many such materials change irreversi-
bly with age, losing the qualities for
which they have been chosen.
Historic structures have some-
times been constructed, for reasons
of economy, with rigid materials —
brickwork or masonry — at key
load bearing positions and with earth
structure forming the remainder of
the building. Such mixed construc-
tion can be inherently dangerous but
nevertheless if constructed with skill
and care can be successful. Across
the highlands of the Middle East,
through Persia and Afghanistan and
in similar areas much vaulting has
been carried out in burned brick, but
the substructures carrying the vaults
are of earths. Sometimes the casing
of part of the earths will be in brick
or masonry, sometimes openings will
be framed in brick or masonry and
sometimes successive piers will be
constructed in a rigid material with
earth structures between. Inevitably
these materials will move deferenti-
ally and take loads unequally. There
will be little bond between the materi-
als and in consequence columns or
skins can become unduly heavily
loaded — perhaps to the point where
they fail by bursting or cracking.
"Where a joint opens up between
such materials an inert filler of
density similar to the weaker
material is the most likely to provide
asatisfactory answer and a modified
mud or inert cementitious grout
may well be successfully applied.
Other localised problems can occur,
— such as the ingress of water
draining from a relatively imper-
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vious surface to one which is absor-
bant. The effects of run-off may well
be satisfactorily dealt with by the
introduction of drip moulds or minor
flashings perhaps in stainless steel,
lead or phosphor bronze. Caring
details and thoughtfulness in reesta-
blishing the load pattern must be the
keys to success in conserving struc-
tures of this type which seem almost
designed to present problems.

Among the many variants of earth
construction are the use of hard
earths, which are effectively shales
and can be considered as a soft rock
and at the other extreme, turves and
other fibrous earths, culminating in
material such as peat which is virtu-
ally totally fibrous.

Turf building has a long history
and presents peculiar problems of its
own. Its fibre content is consider-
able, upwards of 30% perhaps rising
to well over 95% in the case of peats.
The greater the fibre content the
more susceptible is the structure to
the loss of material due to the activi-
ties of lower forms of life which
decompose its organic basis. Inhe-
rently a turf structure is in decay
from the point at which it is built. Its
stability in natural conditions
depends upon the continual growth
of the plants and these, once in the
changed conditions of mass walling
or roofing grow little, if at all. The
fibres, therefore, decay and as they
decay the coherence and volume of
the soil must change. Conservation
is confined to the traditional methods
of additon and renewal and the
structures themselves are inevitably
single storey because as they decay
and diminish they must be able to
settle.

Earth floors fall into a special
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category of their own. The solidity,
coherence and acceptable finish of
an earth floor normally depends
upon the maintenance of an accept-
able level of moisture within the
material. If this content of, perhaps,
between 10% and 20% by volume is
satisfactorily maintained the floor
will retain density and, therefore, its
usefulness as a wearing surface. It
has the advantage both of cheapness
and repairability and it can take on
an attractive patina or even a semi-
polish. It cannot, however, be
allowed to become unduly wet or it
will soften and be useless. If precau-
tions are not taken against rising
damp it will become dry and crumble

into dust.

The floor must, therefore, be able
to maintain its moisture content by
evaporation and attempts to intro-
duce sealants, oils, greases and other
materials may have initial success in
improving the wearing surface and
moisture resistence but in the long
term they will upset the balance of
the material and will cause it to fail.

Additives such as ash, blood and
milk casein have been advocated
from time to time and in some soils
may be effective consolidants. Like-
wise some synthetic polymers, such
as latexes can in high dilution offer
advantages of improved wear at the
expense of authenticity.

Test panels at Fort Selden. (New Mexico, U.S.A.).
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