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ABSTRACT: The history of earthen construction begins in ancient times: archaeological studies have shown that
for a millennium it has figured among the most basic and widespread construction materials used by peoples
of the most various epochs, cultures and geographic locations. The present study will illustrate some of the aspects of the most well-known constructive techniques – those of pisè, adobe e torchis – with regards to the
most important chronological phases of their development in different geographic regions, and will examine
the relationship between the choice of architectural typology and the mechanical behaviour of the various
structures, including in some cases the reason for the diffusion of the various techniques, the problems of construction, and why they fell into disuse, in relation to factors such as climactic conditions, site geomorphology,
the availability of construction materials, social and economic contexts, as well as the various functions for
which they were destined.

INTRODUCTION
The history of earthen structures, unbaked brick, has its roots far back in time: archaeological inquiries into past
civilisations have shown that for millennia it was one of principal and most widespread building techniques,
used by peoples who were very distant from each other in terms of time, culture and geographic location.
To be sure, construction techniques using earth for building carries the connotation of being a “poor” architecture, because it is a natural material which does not require special techniques for its production or assembly,
it uses simple tools to realise elementary structures, and its procedures are easily replicable.
This has led to its being studied primarily by ethnologists and geographers rather than by archaeologists and
architects, and thus the subject has been treated as an aspect of folklore and not in terms of its significance in
terms of structure, morphology and typology. To refute this tendency it should be pointed out that this material
has been used not only in rural contexts, but also in urban settings for civil as well as religious edifices, from the
mastabe of the Old Kingdom (2900 B.C.) to the mosques of the delta of the Niger River, including the Great
Mosque of Djenné (1906-1907), testifying to the achievement of a high level of technical and expressive capacity.
The aim of this brief paper is to illustrate some aspects of the best known earthen construction techniques pisè,
adobe and torchis – regarding the most important chronological phases of their development in various geographic areas; the reasons underlying the choices of building type; and the mechanical behaviour of the
various structures. This will make it possible to understand why the various techniques spread, what problems
were encountered during construction, the reason for the fall into disuse in different geo-cultural areas, and
the present-day employment of these systems of construction.
EARTHEN CONSTRUCTION TECHNIQUES
The differences between the various construction techniques and buildings typologies necessarily arise out of
factors such as climactic conditions, the geomorphology of the sites, the availability of construction materials,
and the economic and social contexts, as well as from the different functions of the buildings and the mechanical behaviour of the structures with respect to various stresses.
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From all of these considerations derive the diversification of construction techniques, and of morphological
and material choices that comprise the building cell that we will discuss in what follows, illustrating how at the
origin of habitation there are many factors that intertwine and superimpose, leading to artefacts that are necessarily conditioned by the context in which they are found. In light of these introductory considerations, we
shall now briefly illustrate the earthen construction techniques that have enjoyed the greatest fortune over the
millennia in relationship to their respective areas of use.
In areas where wood is not readily available and where the climate is particularly arid, along with techniques
that are not very resistant – such as façonnage (structures in compressed earth built by hand without the use
of forms) and bauge (cakes of clay and straw shaped by hand and placed in superimposed courses, without
being dried beforehand) – we find more sophisticated systems for more permanent edifices with orthogonal
walls, that is, those of pisè and adobe.
Pisè – a French term which derives from the Latin pinsare, or grind, crush – is a pasty mixture of earth of variable
granular dimension with a medium to low clay content, pressed into wooden forms with the help of a pison, a
wooden mallet, assembled in juxtaposed, individual courses of masonry, with corners laid vertically in alternating sequences of lengths and widths for perfect joining. Using this construction technique it is possible to build
homogenous masonry structures of significant thickness – up to 90-100 cm – while limiting the use of water for
the mixture and wood for the forms (which can in any case be reused when the forms are dismantled).

Figure 1: Examples of constructions in pisé: mosque of Djenné and tower house in Mali
However, the construction system most widely used is without a doubt adobe, because it is easier to build with
and permits the manufacture of all kinds of technological elements (foundations, closures, openings and
roofs). Adobe – from the Arab at tub, or clod – is a type of construction which uses a very fine mixture of earth,
without any large grain inert matter and with a percentage of clay equal to 1/3 to 1/4 of the mass, to which
straw is added to increase resistance to tension, resistance to shrinking during the drying phase and lightness of
weight. It is placed in wooden forms and compacted – but not pressed – so as to form unbaked bricks of various sizes.

Figure 2: India, production of unbaked bricks for adobe at Gujarat
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In parallel, while the use of adobe and pisè is related to the development of agriculture which necessitated
permanent settlements with stable structures, in lands rich in forests and floodlands, where man was a gatherer
and structures were temporary, the use of torchis was widespread. Torchis is defined by a load-bearing structure made of intertwined reeds or canes, with an infill of mortar made of earth and straw, which evolved into
the half-timbered houses with wooden frames of Central Europe.
We do not observe a notable evolution over time of these techniques, in the sense that, although expedients
to increase the durability of buildings over time having been discovered empirically – foundations in stone,
sloped roofs, the use of plaster (above all for adobe and pisè against the effects of rain and groundwater),
minimal surface exposure to atmospheric agents, limited openings, atria and internal courtyards as thermal
“cushions” in areas with arid climates –, the techniques themselves have come down through the centuries
relatively unchanged, demonstrating their enormous potential since the dawn of civilisation.

Figure 3: Tukul in torchis

Figure 4: Colombage at Chatillon-sur-Chalaronne
HISTORICAL COMPENDIUM OF EARTHEN CONSTRUCTION
The origin of the use of earth in the context of building is tied to the birth of agriculture, and thus to settlementand to the necessity of making buildings that were stable and lasting, which took place during the Neo-
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lithicera around the great rivers – the Tigris, Euphrates, Nile, Indus and Ganges – where floodlands rich in clay
provided material that was easy to work with. Since the flood planes were also rich in vegetation, often the
earth was used as an infill material for a wooden framework, models that were easily replicated but certainly
less durable. In any case, since the fixed establishment of dwelling was conceived as a nucleus that had to
last as long as possible, in general the prevalent techniques were monolithic and of blocks rather than of
frames, because of their greater mechanical resistance, and their resistance to fire and water.
The most ancient testimony to the production of unbaked bricks goes back as far as 8000 B.C., to the oldest
level of the city of Jericho, which shows evidence of hand-moulded, rounded cakes, made without the use of
forms, which would appear later in Anatolia, Egypt and Greece during the course of the fifth millennium B.C.,
arriving at the earliest mastabe of the Dynastic era (2900 B.C.) and in Mesopotamia in the building of the
monumental architecture that characterises the epoch of Uruk (3200 – 2800 B.C.).
In the area of Europe, along with the torchis that is characteristic of the earliest Neolithic dwellings of Greece
and Thessaly, with houses that are rectangular in plan and of a single storey, a model that is widespread from
this part of Europe up to the extreme northern regions, the first dried bricks appear at Sesclo around the middle
of the fifth millennium and later in the Greek world, following the Doric invasion at the end of the Bronze Age:
while the fortifications were constructed of cyclopean walls, the use of unbaked bricks was destined for dwellings at the foot of the acropolis, becoming increasingly important and responding to moments of crisis in building construction, reaching their acme between the third and first centuries B.C, when Athens, by now in complete political decline, had entire neighbourhoods constructed in unbaked bricks.
However, it would be in Mesopotamia that the greatest structures in adobe were built. The technique of
adobe was consecrated and underwent a genuine evolution with the Kingdom of Medea (ninth to sixth centuries B.C.) with the construction of civil and religious buildings, where columns in marble and precious materials were built in association with walls in unbaked bricks, up to the achievement of the famous ziggurats of
Babylon.
The technique of pisè was born and evolved at the same time as that of adobe, and it is also related to the
spread of established settlements in the areas near the great flood planes, but the onset of its use has been
ascertained starting with the Phoenicians, whose first earthen structures are dated from the eighth century B.C.
They adopted pisè first in Libya and Syria, and then later exported it to the African coast, where the excavations in Carthage have revealed the construction of dwellings in compacted earth up to heights of six storeys.
In parallel with the great structures of the Middle East and with the monolithic walls built and exported by the
Phoenicians as far away as Spain, when Rome was founded its seven hills were covered with dwellings composed of wood dressed with earth and covered with straw. Meanwhile, on the other side of the ocean, during
the same period and using the same methods, earthen buildings spread throughout Central America, as permanent villages were established and the cultivation of corn was developed: beginning in the eighth century
B.C. with the Olmec (at the site of La Venta) and the Zapatec (at Monte Albán) there appear quadrangular
houses built in torchis and covered with palm leaves.
The use of unbaked bricks was perfected in Mesopotamia in the Achaemenid epoch (550-330 B.C.) in the
construction of Nubian vaults – already in use beginning in the third millennium A.C. – and domes raised on
conic pendentives, not only found in palace architecture, but also in everyday architecture, testifying to a
constructive tradition that had reached the highest level of technique and technology.
There was a discontinuity as far as the Roman world was concerned, which would see only at the beginning of
the sixth century B.C. the appearance of the first buildings in unbaked brick substituting the ancient huts, used
for both public and religious buildings belonging to the Republican period (fourth – third centuries B.C.). The
technique of pisè is also found, according to reports by Pliny the Older, 23-79 A.C. (Pliny, bk. XXXV, chap. 14)
and by Marcus Vitruvius Pollio, 80/70-23 B.C., who notes the abundant use of pisè in the Augustan era, when
wall thicknesses were reduced in favour an increased height in buildings. The increasing use of more noble
material, such as marble, travertine, and baked brick, meant that the earthen techniques was used for dwellings for the common people and was then progressively abandoned altogether (Vitruvius, bk. II, chap. 8). It
would be the decline of the Roman world that would bring back the constructive tradition of pisè in late antiquity and the high medieval ages in works of Celtic-Gallic populations, who exported it beyond the confines
of France into the lands that they conquered. The rapidity of this method of construction explains the widespread use of pisè by the Arabs to build cities and fortifications in Northern Africa and Spain. The building crisis
and the dire economic situation also resulted in the return of torchis, which predominated in rural areas up to
the early Middle Ages, when the art of carpentry introduced the technique of colombage, or half-timbre,
which involved the use of large wooden logs with an infill of mortar of mud and straw, reeds or unbaked brick.
During the period that saw the decline of the Roman Empire and the Barbarian invasions in Europe, wide use
was made of unbaked brick in Central America – after the first approach to earth had proven its usefulness in
the construction of houses in torchis – where religious centres were surrounded by densely populated areas,
and houses were built in unbaked brick, with stone reserved for palaces and defensive structures. In parallel,
the Andean coast of South America saw the spread the use of pyramidal funerary structures built with a covering of unbaked brick filled with stone and gravel and smoothed over with beaten earth, with parallelepipedshaped columns on the interior built of unbaked brick, as can be seen in the pyramids built along the Moche
River (second – eighth centuries B.C.).
The indigenous populations of North America, especially those of present-day Arizona and New Mexico, also
developed the use of earth for the construction of houses in torchis from the fifth to the eleventh centuries,
which have their antecedents in the circular-plan habitations built partly into the ground that date from the
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third century B.C., covered over by very primitive structures in wood and earth. From these would develop the
technique used in the construction of buildings in adobe in the pueblos in the course of the fourteenth century
along the Rio Grande River, that is, villages built during the period of settlement that followed the development of agriculture. The pueblos are characterised by houses with multiple storeys and terraced roofs, built
with stacked unbaked bricks and floors supported on wooden beams that rest on sleepers to insure the correct
distribution of the loads on the masonry, while the foundations were built of stone fill to isolate the masonry
from ground moisture.
Going back to Europe, after the almost total abandonment of earth as a building material, which happened
over the course of several centuries beginning in the early Middle Ages, it was only in the eighteenth century
that there was a renewed development of dwellings built in earth over most of rural Europe, where we find the
most evidence of it. It was used in urban areas as well, due to a period of economic recession. Thus we find
the reappearance of pisè during the French Enlightenment and in the work of the architect François
Cointeraux (1740 - 1830) from Lyon, who in 1790 proposed the technique of compacted earth to the National
Convention to solve the problem of how to build low-cost rural settlements.
ARCHITECTURE AND STRUCTURAL MECHANICS
Having discussed the basic historic and technical premises, we will now look at the history of earthen structures
from the combined points of view of architecture and structural engineering. The intimate relationship between architecture and building mechanics is such that the decisions regarding the choice of building materials, the techniques of their assembly, and strictly architectural decisions about the building’s morphology as a
whole as well as the typology of its individual constructive elements, are all tied to the behaviour of the structure with respect to the mechanical stresses that they must be able to resist. These choices are determined by
the type of mechanical behaviour desired, with preference given to adobe or pisè where resistance to compression is required, and to the family of structures in torchis where resistance to tension and bending is required.
In the case of resistance to compression, adobe and pisè are used in structures that are intended to last over
time, whether they are solid masonry or supporting elements such as pilasters, and for self-supporting structures
such as arches, vaults and domes in case of the use of unbaked brick.
Adobe is the only application that permits construction of arches and vaulted surfaces, making the best use of
the materials, that is, using them in compression, arriving at the creation of the greatest expressions of earthen
architecture. Both adobe and pisè require a material that is stiff yet mouldable, and thus having a certain
plasticity, such as clayey soil – the percentage of clay varying from one to the other – to be used for loadbearing purposes and not in association with other types of material; they are useful because of their high resistance to compression and because of the fact that they are heavy systems, which allows the thrusts received from the loads above to be naturally verticalised and directed towards the ground, thus alleviating the
problem of bending. For these structures the theory of an elastic continuum by Augustin-Louis Cauchy (17891857) is applicable for the monolithic structures of pisè as well as adobe structures, since this is homogenous
masonry from the point of view of the material used – that is, earth for the bricks and for the mortar – that is
elastic up to a certain point, with a ratio of increase that is directly proportional between stress and deformation – according to the law of Robert Hooke (1635-1703) – and isotropic because of its uniform behaviour regardless of direction.
Both adobe and pisè are erected by superimposing or juxtaposing the elements; both require foundations in
stone in order to alleviate the problem of rising groundwater, overhanging roofing structures to avoid the erosion of the walls by rainwater, and reinforcement at the corners to decrease the risk to failure.
All of these requirements give rise to systems that are closed, load-bearing and mono- or bi-directional, which
can also have multiple storeys, with a predominance of solids over voids and significant wall thicknesses in order to increase the resistance of the material; also, the external superficial layer has to be able to absorb water and thus become impermeable in order to protect the central nucleus of the masonry. Spans must be small
with respect to wall thickness because of precise structural limits, leading to a preference for combinations of
elementary cells repeated modularly or with respect to an axis. Structural requirements also call for to a diminution of the weight of the building as it increases in height; in houses of unbaked brick this is accomplished
through a base in stone on which one or more storeys in brick are placed, with wider openings placed closer
together, with a covering that is either in wood or vaulted.
On the other hand, torchis calls for the combined use of elastic materials – such as reeds, bamboo, or tree
trunks of small or medium diameter – united with earth used as infill, without any load-bearing function; there is
therefore a clear separation between “structure” and “building”. This technique results in buildings whose resistance relies on their geometric shape and not on the resistance of the material. A typical example is that of
the African tukul, where marsh reeds and trunks are used to form a basket-like shape in which the first order is
laid out radially, while the second is organised as a system of concentric circles, so that the wood can work at
its best, that is, in bending. Artefacts thus created have structures that are lightweight and are mainly temporary.
Cauchy’s theory of an elastic continuum is not applicable to these structures, since they are not homogenous
due to the association of more than one kinds of material that have different elastic behaviours. Further, they
are anisotropic since wood behaves differently depending on the direction of the fibres and of the elements
themselves.
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In contrast to adobe and pisè, torchis calls for assembly by tying or nailing the elements together; it does not
require any kind of foundation at all, and the covering is a light one, thus most often of wood. All of these characteristics give rise to a system that is monodirectional or polar of only a single storey, with a prevalence of
void over solid, and spans that are large with respect to wall thickness.
The heavy masonry systems of adobe and pisè can resist even significant horizontal thrusts, such as those due
to arches, vaults and domes: their functioning is not based as much on the mutual action and reaction of
forces as it is on the weight of the wall masses which thus, working in compression, are able to verticalise the
forces and direct the resultants to the ground within the thickness of the walls. In light structures of torchis, each
horizontal forces has to be balanced by one acting in the same line, of equal intensity but opposite direction,
working in tension and bending.
The study of mechanical behaviour of earthen construction has been conducted for some years at the Laboratory of Applied Mechanics Building (Lab.MAC) of the Faculty of Architecture in Genoa ; particularly, researches have analysed the determination of behaviour resistant to breakage of structural elements made in
pisè and adobe, through the creation of models, and mechanical behaviour of samples and building elements. In this sense, have been collected together a set of data that focused on the one hand the static behaviour of heavy structures: masonry in pisè, in adobe walls, walls with a mixture of external structure in adobe
and fills in pisè, arches realized in catenary form, subtle vaults and flat vaults.
On the other hand, in terms of mechanical behaviour of materials, have been conducted analysis that focused on chemical-physical aspects and mechanical, especially in relation to the strength at break of samples submitted to the efforts of compression, traction, bending, shearing and punching. The results obteined
showed that, depending on the different components of mix material used to realized adobe or pisè, resistance average to compression test of samples or blocks (bricks) are classifiable in a range of values equal to
4÷6 Newton/mm2, with values that get to 8 Newton/ mm2 for mixture made of earth, water, agave fibres,
earth of termitary, in percentages expressed in canonical literature.
Furthermore, the study has verified that also the earth mixture has a tensile strength classifiable around
1/8÷1/10 of resistance to compression, a moderate resistance to shering about 1/12÷1/15 of resistance to
compression, as well good resistance to punching, especially for walls in pisè with integred pebbles, as moreover happens vernacular architecture Italian-French. The resistance to bending, however, is significantly lower,
because pisè and adobe – consisting mainly by earth, water and straw – are like a rigid-plastic material with a
low elasticity value, and therefore near to breaking for bending phenomena. On the other hand, constructions
and prototypes made in the laboratory have always preferred the choice of construction systems heavyheavy or heavy-pusher, which is resistant for gravity (masonries or vaults and domes).
Also the study of « male walls » made in adobe and in mixed structures adobe-pisè has shown how these structures have the same mechanisms of collapse, founded in the literature for the same structures made of baked
bricks, although with values of resistance limit lower.
Research conducted by Lab.MAC in recent years have shown as the mechanics of earthen construction is an
actual technique, so that the achievements have been tried in Sub-Saharan Africa in an international cooperation project, designed to teach these systems and earthen building techniques to local populations, favouring the use of natural materials instead of importing those coming from our countries. This fact have happened with combination on the one hand the simplicity that characterizes the construction building with
adobe and pisè, and on the other hand the choice of elementary building systems, such as the construction
of masonry load-bearing with axial-symmetric form (square or circular), arches and vaults made without require the use of centering, but only technical tracking (line and compass) as these illustrated in the figure.

Figure 5: Prototype of dome in adobe realized in laboratory and exported in Africa
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Figure 6: Examples of construction in pisè and subtle vault
CONCLUSIONS
Research has shown that earth is a material that has been adapted in all epochs of construction for a great
variety of building types: load-bearing walls, vaults and domes, palaces, fortifications, bridges, aqueducts,
and even entire cities, the fruit not only of a genius loci, but of a collective wisdom that lead to different technologies used in function of various religious, environmental, social and economic requirements.
Man shapes his own architecture on the basis of functional requirements as well as structural impositions dictated by the art and science of building. What is surprising is that such creations are the fruit of empirical intuitions and not of mechanical concepts, which were unknown at the time when many of the buildings were
built. On the empirical basis of observation and experimentation alone, great results were achieved, such as
the corbelled roofs built with adobe blocks, which represent the apex of earthen technological refinement,
since they solve the problem of the lack of wood in arid zones with the construction of self-supporting vaults
that do not require centring or other forms of wooden supports during the construction phase. Thus earth was
used in the best possible way, that is, in simple compression; the blocks were laid in inclined courses in order to
counter the force of gravity, naturally helped by friction and the holding power of the mortar. It was on the
basis of these principles that two sophisticated forms were conceived: the Nubian vault, whose section is a
catenary curve on inclined courses; and the pointed dome, whose geometry is composed of a pointed arch
constructed on two centres. The theory for these would be developed only many centuries later.
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