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6. THE EARTH AS A CONSTRUCTION MATERIAL 

6.1. DEFINITION  
 
The raw land is a natural material that comes from physical, chemical and/or biological 
decomposition of superficial rocks of earth crust. Approximately ¾ parts of the surface of the 
Earth planet are water, so only ¼ part is Earth, but no the totality of this is valid as 
construction material. We must consider that at the topsoil we can find particles of organic 
matter that come from waste decomposition from both animal and vegetable provenance. 
This earth that contains organic matter is not suitable as a construction material, because it 
is an alterable material over time. (González, B., 2013). 

 
 

Photography 6.1: Draw of valid ground as building material 

 
Source: Final Project of Master. Architecture and building with earth: comparative study to the contemporary earth 

techniques. Gatti, F. (2012) 
 
 
Nowadays, the Technical Code of Edification (called ‘CTE’), does not include the earth as a 
building material, reason why it is regulated as land when we talk about structural security. 
According to CTE, the land can be classified into the particles diameter as follows. 

Chart 6.1: Aggregates classification according the CTE 
GRAVEL SAND SILT CLAY 

60 – 2 mm 2 – 0,063 mm 0,063 – 0,002 mm < 0,002 mm 

    

Coarse aggregate. More than 50% of its 
particles can be differentiated at a glance. 

(aprox. 0,1mm) 

Fine aggregate. More than 50% of its particles 
cannot be differentiated at a glance. (aprox. 

0,1mm) 
Source: Final Project of Degree. Rammed earth analysis in constructed job from characterization of material, no 

destructive trials (NDT) and destructive trials (DT). (Badia, A., 2013) 
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6.2. CONSTRUCTION TECHNIQUES 
 
The raw land as construction material is usually associated to its traditional use and the 
current use only in countries with few resources or developing. This evidences the lack of 
knowledge about the subject, because it has a lot of possibilities as a construction material. 
 
Once defined the suitable earth for build, we pass to explain the different constructive 
systems that use the raw land as raw material. According to the different arid percentages of 
different sizes and if other materials are necessary, some examples are: 
 
- The rammed earth: Construction of monolithic walls through the compaction of the  earth 

into de wood formwork, it can contain straw. It contains approximately: 
 

Chart 6.2: Content of rammed earth aggregates 
GRAVEL SAND SILT CLAY 

60 – 2 mm 2 – 0,063 mm 0,063 – 0,002 mm < 0,002 mm 

    

0 – 15% 40 – 50% 20 – 35% 15 – 25% 
 

- Adobe: Formation of bricks with raw land and sun-dried straw, it can contain straw. It 
contains approximately: 
 

Chart 6.3: Content of adobe aggregates 
GRAVEL SAND SILT CLAY 

60 – 2 mm 2 – 0,063 mm 0,063 – 0,002 mm < 0,002 mm 

    

0% 65% 18% 20% 

 
- BTC (Compressed Earth Blocks): Formation of bricks with raw earth rammed and sun-

dried. It contains approximately: 
 

Chart 6.4: Content of BTC aggregates 
GRAVEL SAND SILT CLAY 

60 – 2 mm 2 – 0,063 mm 0,063 – 0,002 mm < 0,002 mm 

    

15% 50% 15% 20% 



       173LA CONSTRUCCIÓ DE TÀPIA       
 

   
 Mireia Vilà Gené  

- COB: Mix of earth, water and straw without a specific form. It contains approximately: 

Chart 6.5: Content of COB aggregates 
GRAVEL SAND SILT CLAY 

60 – 2 mm 2 – 0,063 mm 0,063 – 0,002 mm < 0,002 mm 
FIBERS 

  
 

  
 

<15% 40 – 50% 20 – 35% 15 – 25%  

 

The percentages approximate of aggregates that contains each of this constructive 
sistem have obtained of the first conference LOW TECH in UPC. (Navarro, A., 2010). 
 
The next table 6.5 shows the elements that make up each building system and a wall 
where each one has been executed. 

 
Chart 6.6: Execution of each constructive system 

TÀPIA TOVA BTC COB 
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6.3. ADVANTAGES AND DISADVANTAGES 
 
Before starting to work with rammed earth, it is necessary to know which advantages and 
disadvantages are involved in working with raw land as primary material of building, as this 
case, so as to determine later the quality control of the rammed earth and know the 
possibilities that it can offer. 
 

From the book ‘Manual  de construcción en Tierra’, by the professor of Germany Ubiversity 
of Kassel, Gernot Minke Gernot Minke (Minke G. ,2005), it details the advantages and 
disadvantages of the raw land construction in the Degree Final Project Informe de las 
propiedades térmicas i mecánicas del sistema modular s-low de construcción con estructura 
de madera i envolvente de tapia.  (González, B, 2013) and it is extended: 

 
6.3.1 DISADVANTAGES 
 
- It is not a standardized construction material. Depending on the characteristics where the 

earth is extracted it will vary its composition of clay, silt, sand and graves. 
 

As it is not a processed material, it is a highly heterogenic material and its composition 
varies depending on its origin. For this reason, a detailed study of its composition will be 
necessary for determining its characteristics and watching if it is necessary to modify with 
additives.  

 
- It contracts when dry out. The earth needs water to be kneaded and for the clay to be 

used as binder, but once the rammed earth is built, the water evaporates, which can 
produce fissures. The lineal retraction during the drying of rammed earth constructions 
swings between 0’4% and 2%. 

 
This retraction can be decreased if the amount of water and clay optimizes the grading of 
large land composition or adding additives. 

 
- It is not impermeable. The rammed earth has been protected against rain and frost, 

especially when the earth is wet. It can be protected with eaves, waterproof barriers or 
specific surface treatments among others. 

 
- It is not insulation. The earth is a bad insulation material, because it is a material with high 

density and the value of his conductivity coefficient is λ = 0’91 W/Mk. It can be considerate 
insulation, because its conductivity coefficient is not <0’1 W/mk. This coefficient reflex the 
heat flow through a material with a thick 1m caused by the difference of constant 
temperature of 1º between both sides. 

 
On the other hand, this material’s elevated density also causes that the hot accumulation 
coefficient is greater, providing an advantage as storing of heat.   
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6.3.2. ADVANTAGES 
 
- Environmental humidity regulator. The earth has the capacity to absorb the water steam in 

the air into a building and kick out, depending on the humidity necessities inside. Creating 
a constant and optimal humidity level in the indoor air. Conducted experiments in für 
Experimentelles Bauen, University of Kassel, have showed that the earth has the capacity 
to absorb and give the humidity more quality and with high quality than any other building 
material. Thanks to the earth the humidity contort in a home can be guarantied naturally. 

 
According to performed test by IBN (Institut für Baubiologie + Nachhaltigkeit), showed the 
following absorption of water vapor in different materials for a period of three hours vary 
atmospheric humidity of 40 to 80%. Some of the results are as follows:  

 
Chart 6.7: Water vapor absorption according to hygroscopicity 

Material Water vapor absorption 
Lime plaster with paint oily  2 g/m2 

Plaster of lime plaster emulsion 3 g/m2 

Lime plaster of lime paint 15 g/m2 

Plastering mud untreated 30 g/m2 

Soft wood fiber board 80 g/m2 

 
 
As you can see some examples of these materials were studied IBN, the mud is a material 
with good hygroscopic properties, so it is a hydrophilic material, as it attracts and absorbs 
water easily. Therefore this material prevents condensation occurring, training mho and 
damage to the building and provides balance in atmospheric humidity. 
 
While hygroscopic forces and capillary • Capillary transport the liquid water, the spread does 
so in the form of steam. The diffusion of water vapor is the migration of water vapor through 
building elements due to the difference in vapor pressure. 
 
 
The higher the coefficient of resistance to vapor diffusion of a material (μ), the greater the 
resistance to vapor diffusion and, thus, the lower its ability to spread. 

According to the German standard DIN EN, we can classify materials more or less diffusion 
capacity according to their coefficient μ. 

 
Chart 6.8: Diffusion capacity according to their coefficient 
Coefficient µ Diffusion capacity 

<10 Optima 
10-50 Satisfactory 

50-500 Bad 
500-15.000 Very bad 

>15.000 Insignificant 
>100.000 Waterproof vapor barrier 

 
You can only carry out benchmarking if the coefficient μ multiplied by the thickness of the 
material, because the diffusing capacity also depends on the thickness of the material. 

 
Sd = µ · S [m] 
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Chart 6.9: Diffusion capacity according to Sd value 
Sd value [m] Diffusion capacity 

<4 Optima 
4-7 Satisfactory 

7-15 Bad 
15-25 Very bad 
>25 Waterproof vapor barrier 

 
In this table we can see that the lower values are better diffusers Sd water vapor, which 
makes it necessary for the Sd of the innermost layer is at least five times greater than the 
outermost layer, to facilitate spreading outward. 
 

Chart 6.10: Approximate values of µ and Sd of some materials 
Material ρ µ S Sd 
Light mud 800 8 0’30 2’40 
Plastering mud 1.700 8 0’02 0’16 
Fang solid 1.800 7 0’30 2’10 
 

In the three earth materials displayed, you can see that they have an optimal diffusion 
capacity, since this is less than four. 
 
The earth is a good material to prevent damage from moisture, as it is a material open to 
diffusion and also hygroscopic. And the use of materials that promote the spread and they 
are also hygroscopic, have the following advantages: 

 
- It helps in the evacuation of the humidity inside through the entire cross section of 

building elements, cushion humidity changes, and so getting the moisture balance of the 
atmosphere inside. Providing a healthy and beneficial inside for humans. 

 
- Remove excess moisture in the material and thus prevent damage to the building 

structure, such as the formation of fungi and degradation. 
 

- Store heat. The inertia of the land that makes up the wall of adobe help moderates the 
temperature increases and loss of respect within the outer housing, since the density 
influences the thermal transmittance. 

 
The high density of the material makes it the highest coefficient of heat accumulation. 
Except in the case of organic materials. To find the heat accumulation capacity to 
multiply the amount of heat absorbed per kg of material with a temperature difference of 
1 ° C, the material density dl, and this multiplied by the thickness of the material gives us 
the ability heat accumulation of the material in a particular case. 
 

Specific heat: Cp= Q / (m · ∆T)  [J/kg·K] 
Capacity of heat accumulation: S = Cp · ρ [kJ/m3·K] 
Ability to effectively heat accumulation material: Qsp= S · d [kJ/m2·K] 

 
Q: Amount of heat [J] 
m:  Dough [kg] 
∆T: Temperature difference [k] 
ρ:  Apparent density [kg/m3] 
d: Mterial thickness [m]

 
This means that the land has good thermal inertia, because the more heat the material 
accumulates, the more it takes for the material to respond to cold or heat, preventing a 
heating or cooling too quickly. In order to get a balanced indoor environment and energy 
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storage optimal depends primarily of the first 8 to 16 cm from the inside of the element of 
construction. 
 
Therefore the land also has a good thermal diffusivity, which is the speed of absorption and 
distribution of heat in the process of accumulation, producing rid from the moment it starts 
absorbing heat in the foreign material penetrating to the inside. Therefore the proper 
thickness is achieved and the heat reaches the inside in the preferable time of day, in order 
not to not produce excess heat during the day and at night the temperature rises, in order to 
maintain a balance in the internal temperature. 

 
Thermal diffusivity: a = λ / S [m2/s] 

 
 
In Winter, when the outside temperature is lower, the temperature is stored inside the walls, 
which have great inertia, and yielding inwards as it reduces the temperature inside, thus 
creating a maintenance interior temperature constant. 
 
On the other hand, in Summer, when the outside temperature is higher, the operation is the 
opposite. The temperature outside the hot wall, which stores and transfers within a certain 
rid, depending on the thickness of it, causing it to come inside at night, when temperatures 
have dropped to the outdoor. 
 
 
This land characteristic, to maintain a constant internal temperature, decrease the need for 
heating or cooling, assuming both energy and economic savings. 

 
Chart 6.11: Thermal diffusivity comparison 

Material Aparent 
density 

ρ [kg/m3] 

Thermal 
conductivity 

λ [W/mK] 

Specífic 
heat 
Cp 

[J/kg·K] 

Ability to 
acumulate 

heat 
S [kJ/m3·K] 

Thermal 
diffusivity 

a [m2/s] 

Wood 
sawdust 

70 0’055 2.100 147 3’7 

Solid wood 600 0’13 2.100 1.260 1’0 
Plastering 
mud 

1.800 0’91 1.000 1.800 5’1 

Reinforced 
concrete 

2.500 2’10 960 2.400 8’7 

Source: Table obtained of IEB and IBN Master 

 

- Saving energy and reducing pollution. CO2 emissions of building materials are produced 
mainly in the processes of extraction, transport and handling of the land, in this case the 
removal of the earth is closest to the building as possible, so being a local material and 
not considered a material handling km 0. that's why we are a low environmental impact 
of energy consumption. The completion of these processes account for only 1% of 
energy in comparison to other construction methods such as reinforced concrete factory 
or industrialized. 

 
On the other hand, due to the property to maintain a constant internal temperature also 
provides an advantage of saving both energy decreasing the need for heating or cooling. 

 
- Reusable material. The soil used in construction can be reused Once the utility building, 

since it is a harmless material. Only grinding and damping land could be reused as raw 
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material or be returned to its place of origin without affecting the environment. But if 
accrued additives, which can change the material, the land would become a future 
waste. 

 
- Economize building materials and transportation costs. The construction land represents 

a self supply of raw materials, as they can use the land taken in the work itself. In this 
way we saved some of the material for the work and avoid costs to get rid of the earth as 
waste. In the case of having to carry external land, either for lack of quantity or for the 
type of soil found there, still being cheaper than other industrial materials market. 

 
On the other hand, due to the property to maintain a constant internal temperature also 
provides economic benefit of saving both in terms of decreasing the need for heating or 
cooling. 

 
- Auto-construction. The techniques used in the construction of adobe are difficult to 

execute, provided they have made a good planning of the work performed. Which can 
be performed by non-specialists in construction, provided they are advised by an expert 
in the field at all times. The simple construction techniques do not require large tools are 
cheap and easy to use. 

 
- Preserves wood and other organic materials. The land protects the wood from insects 

and fungi that are in contact with her because of its low moisture balance, estimated 
between 0.4% and 0.6% by weight, and high hair • laritat. The reason is because the 
insects need a minimum humidity between 14% and 18% by fungi and must be greater 
than 20%. And as organic matter, natural fibers can be added to soil to improve their 
initial benefits, such as straw to make more wall insulation. 

 
- Absorbs pollutants. Although not proven, popularly known to contribute to the 

construction of land purify the indoor air of homes minimizing dust, odors, bacteria, 
VOCs6 and the static electricity among others. What is certain is that the earth can 
absorb pollutants dissolved in water, which is used to filter substances in the water and 
be able to recover. 

 
- Isolate electromagnetic radiation. The raw land isolates the high frequency 

electromagnetic waves and thus the possible negative effects on the human body. 
 
- Minimum visual impact. In this case it is the extension of a barn surrounded by nature, 

between small mountains, and to create an aesthetic continuity with the surrounding 
land is the best material. And at the end of its useful life and can also be returned to 
deconstruct the earth, leaving no mark. 

 
- No ignites. The earth is a material that has good fire behavior, as it is considered 

virtually fireproof, it spreads the fire and does not emit toxic gases. The nature of the 
physical-chemical raw land has great stability and fire resistance in this respect is clearly 

                                                
6 Volatile organic compounds (VOCs) are chemical substances that are present at room temperature in a 
gaseous state. They can be caused naturally or artificially. In the buildings are found in building materials like 
paint and in everyday products like cleaning, personal hygiene, air fresheners, cosmetics, etc. 
 
They can have harmful effects for the environment and health of people. To be in a gaseous state into contact 
with the human body very quickly, especially the airways. As each person can be very different effects, the most 
common are dizziness, headache, fatigue, vomiting, • allergic reactions and irritation to the eyes, throat and nose. 
 
Designing buildings according to the guidelines of bioarchitecture, such as the wall means taking into account the 
presence of volatile organic compounds of the materials used for construction. 
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superior to steel or brick. According to the article Altemir A., et al (2011) fire resistance of 
earth walls should be considered REI 90 thicknesses equal to or greater than 150 mm. 

 
- Sound insulation. The quality of the sound insulation of a wall is due to its density or 

mass (ρ ', kg / m2). The walls of earth, for high density, have a very favorable sound 
insulation. 

 
The isolating value against the aerial noise, Ra, for these earth walls is obtained through:  

 
Ra= 21,65log10 ・ ρ’ – 2,3       (for ρ’ > 50 kg/m2) 

ρ’ = ρ x t ρ = Wall density  (kg/m3) t = Wall thikness (m) 
On the wall of earth between 150 and 1200mm thick, Ra generally vary as a result of the 
different densities achieved between 49 and 70 dB, thus complying with the current 
regulations soundproofing. 
 
Walls of 30 cm, the insulation level is equivalent conventional materials, as seen in the table 
below. 

Chart 6.12: Acoustic behavior of materials 
Material  Density 

(kg/m3) 
Thinness 

(m) 
Ra  

(dB) 
Rammed earth 2.000 0,30 57,85 
BTC 1.700 0,30 56,32 
Adobe 1.200 0,30 53,04 
Reinforced concrete 2.300 0,30 59,16 
Solide concrete “in situ” 2.000 0,30 57,85 
Blocs of conventional concrete  860 0,20 46,10 
Wall of brick mace 2.170 0,30 58,61 
Wall of hollow brick 670 0,30 47,56 

Source: Table obtened of IEB and IBN Master 
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7. EXAMPLES OF MODERN ARCHITECTURE WITH RAMMED EARTH 
 
The current building land has made a step in the manufacturing process. The 
industrialization of earth materials is an improvement of the natural characteristics of the 
material, ensuring optimal qualities to be used and put in work, thereby reducing the 
execution time. Both prefabrication an the introduction of installation systems to the 
workshop within the walls have been a great breakthrough in the construction technique, 
making it more competent compared with other building systems in the runtime, and 
therefore the necessary manpower, which caused a rise in economic construction. 
 
Due to these advances, it is a technique increasingly used everywhere, some examples of 
industrialized rammed earth are presented: 
 
 

7.1. VISTOR CENTER OF THE SWISS INSTITUTE OF ORNITOLOGY. SWITZERLAND. 
 

Architects: Biel mlzd. 
Rammed earth builder: Schlins. 
Construction year: 2015 
 
The visitor center of the Swiss Institute of Ornithology, located in the city of Sempach 
(Switzerland), is designed as a three-part complex consisting of two bodies connected by the 
wall area in the middle of wood and glass. Combining wood and floor very well and give a 
visual continuity alike. 
 
This building fulfils the Minergie-P-Eco, which is a standard for building energy efficient 
Swiss, which requires a rational use of energy and it is a healthy and ecological construction. 
 
It is considered a pioner project of ecologic construction in Switzerland because it is the first 
one with three floors. 
 

Photography 7.1: Visitors to the Swiss Ornithological Institute in Sempach 

 
Source: Alexander Jaquemet, Erlach 
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7.2. THE CHAPEL OF RECONCILATION. GERMANY. 
 
Architects: Reiterman y Sassenroth. 
Rammed earth builder: Lehm Ton Erde, Martin Rauch. 
Construction year: 2000 
 
A strip bordering the Berlin Wall there was a church, because of its location this interfered in 
surveillance, which was destroyed in 1985. Once demolished, the two young architects in 
Berlin offered the site to build the Chapel of Reconciliation, in memory of the old church. With 
the guidance of artist and builder Martin Rauch, owner of a construction company 
specializing in land, which changed the initial conception in bringing the project to a building 
wall. 
 
Today this chapel is a benchmark in Europe, as it was the first public building with ground 
bearing structure built over the last 150 years in Germany, although it was a traditional 
construction in the past in this area. 
 
The interior walls are compacted earth 7'20m high, 0'60m thick and 43m long. The oval has a 
whole diameter of between 10 and 14m and supports the positions of the roof. 
 

Because the construction technique was not authorized, the Department of bearing 
structures and construction of the Technical University of Berlin was in charge of the project 
as a "special case." Which provided a detailed analysis of the compacted soil compaction in 
the phases of installation and • setup. And during the construction phase was carried out with 
careful supervision and conditions were set up seven times higher than any conventional 
building, as it had been years since it was built a public building with ground structure. 
 

Fotografia 7.2: Wall of the chapel of 
reconcilation 

 
Source: Font: Nils Gore 

Fotografia 7.3: Inside the chapel of 
reconciliation 

 
Font: Hannelore Fobo 
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7.3. VISITOR CENTER EDEN PROJECT. UNITED KINGDOM. 
 

Architect: Grimshaw Architects.  
Rammed earth builder: RamCast i Rowland Keable.  
Constructiob year: 2001 
Awards: 

• LABC National Built In Quality Awards 
• Business Commitment to the Environment Award 
• World Architecture Award 
• AIA London/UK Excellence in Design Award 
• BIAT Award for Technical Excellence 
• Structural Steel Design Award 
• British Construction Industry Award 
• RIBA Award 
• Stirling Prize Runner Up 

 
The Eden Project is located in an old quarry in Cornwall (UK), where it holds a scientific and 
educational institution dedicated to sustainable development, consisting of two greenhouses, 
one of which is the largest in the world and two buildings forming the visitor center. 

The visitor center is formed by walls 45m, slightly curved, with a tensile roof structures. 
These earth walls have no bearing function but only closed, but with its strength I could bear. 
And the land was taken from a quarry next to the new building. 

 
Photography 7.4: Visitor center Eden project 

 
Source: Arquitectura comprometida  
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7.4. CENTERE FOR ALTERNATIVE TECHNOLOGY. UNITED KINGDOM. 
 
Architects: Pat Borer and David Lea.  
Rammed Earth builder: RamCast i Rowland Keable. 
Construction year: 2010 
 
This educational equipment for the professional training of sustainability was opened in June 
2010 in Machynleth (Wales). There are walls of 7,2m tall and 50cm thick, which support the 
charges cover. The 15m diameter curved walls urged the cost of shuttering. 
 
We chose this type of construction in order to save energy, but because it is a building with 
an alleged high heating demand. Another relevant factor is the acoustic behavior of the 
household, as earth walls due to its high density have a favorable insulation. 
 

Photography 7.5: Inside the Center for Alternative Technology  

 
Source: Rowland Keable, Ram Cast CIC  

 
7.5. HALL OF BODHI MANDALA ZEN CENTER. EE.UU. 

 
Architects: Predock Frane Architects. 
Construction year: 2003 
 
The study center of Buddhism Bodhi Mandala Zen Center is New Mexico, which is 
considered the epicenter of building land in North America. The rammed earth is a good 
constructive solution for this building because of its thermal behavior, as it is located in an 
area of extreme weather. 
 
This center consists of a hall which combines the use of natural materials, passive and active 
cooling systems, and the relationship between weight and mass to create a unique space 
dedicated to the daily ritual of Zen practice.  
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Photography 7.6: Bodhi mandala zen center 

 
Source: Jason Predock 

 
7.6. LIBRARY SUBLETTE COUNTRY. EE.UU. 

 
Architects: Carney Architects. 
Rammed earth builder: Terra Firma Builders. 
Construction year: 2008 
Awards: 

 2009 Citation Award, AIA Western Mountain Region Chapter 
 2008 Merit Award, AIA Wyoming Chapter 

 
In 2008 requested the extension of the main building of the Library of Sublette Country in 
Pinedale (Wyoming) with a design for the building as sustainable as possible. And the 
architect John Carney recommended to use the wall for outer and inner walls of the building. 
This construction system was chosen both for its characteristic as a sustainable material for 
its thermal qualities to achieve maximum efficiency in an extreme climate, and finally also for 
his behavior before the fire, as it is especially important in this building the case of a library. 
 
According to the architects, this example of rammed earth construction, is listed as the first 
modern public building in the United States using insulated adobe as construction material. 
 
The wall system used Sirewall called a patent Terra Firma Builders. It is a system that 
includes sandwich corrugated steel reinforcement rods to fix insulation polystyrene 10cm 
inside the rammed earth wall, covered with dirt 17,50cm Wing pool and a 25cm the inner 
side, thus ensuring thermal comfort for the library. 

 
Photography 7.7: Wyoming library 

 
Source: Carney Architects 
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7.7. ESCOLA D’ARTS VISUALS D’OAXACA. MÈXIC. 
 
Architects: Mauricio Rocha, Gabriela Carrillo, Carlos Facio and Rafael Carrillo. 
Rammed earth builder: CEMEX. 
Construction year: 2008 
 
The School of Visual Arts of the Autonomous University Benito Juárez of Oaxaca has two 
types of buildings, some built of stone and others in rammed earth. 
 
The buildings are oriented north earth, except the gallery and the main conference room, 
watching the North-South. The use of the rammed earth helps to create a microclimate, 
which is ideal for extreme weather conditions of the city of Oaxaca, and sound insulation in 
the classroom. 
 

The decision to lift up the classroom Magna with concrete supports, which leads to a patio, 
it create the idea of the project. 
 
Photography 7.8: Classroom Magna in the Autonomous University Benito Juárez 

 
Source: Font: Luis Gordoa 

 
 
7.8. NATIONAL WINE CENTER. AUSTRALIA. 

 
Architects: Grieve Gillette and Cox. 
Builder: Mitchel Builders.  
Construction year: 2002 
Awards: 

 Urban Development Institute of Australia Award for Excellence in Urban 
Planning 2001 

 Australian Timber Design Awards: Public and Commercial Building, Best use 
of Timber Engineering, Supreme Timber Design Award, 2001 

 RAIA (SA Chapter) Award of Merit – New Building, 2002 
 AISC Award for Steel Construction Excellence, 2002 
 Best Architecture Award – 7th World Conference on Timber Engineering – 

Malaysia 2002 
 

This building, located in Adeleide (Australia), was created as a cultural center for the 
promotion and recognition of wine intended for the public. Formed by walls of rammed 
earth containing the metal structure • Metal inside with structural joints between materials. 
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These walls have a height of approximately 10 m and a width of 36 m, which are 
considered the largest earth walls in the southern hemisphere. 
 

Photography 7.9: Indoor of national wine center 

 
Source: University of Adelaide 

 
 
7.9. MUNICIPAL SWIMING POOL. SPAIN. 

 
Architects: Vier Arquitectos S.L. 
Rammed Earth builder: Betao e Taipa Lda 
Construction year: 2010 
Awards: First prize for sustainable construction of Castilla I León(2005-2006). 
 
This building is located in Toro (Zamora) and consists of a Basement, ground floor and first 
floor. The walls of the front access, the dressing room and the grounds of the pool are 
stabilized rammed earth with white cement, lime and gravel air. The envelope of the building 
is formed by walls 60 cm wide, which resumed the tradition of historic buildings in the region. 

 
Photography 7.10: Municipal swimming pool of Toro 

 
Source: La tapia en España. Tecnicas actuales y  ejemplos. (Font, F., Hidalgo, P., 2011) 
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7.10. SINGLE-FAMILY HOME. SPAIN. 
 
 Architect: Àngels Castellarnau Visus.  
Technicians architects: Fernando de Marcos Calvo. 
Rammmed Earth builder: Construcciones Salinero S.L. 
Construction year: 2014 
Awards: International award of contemporary earth architecture. Terra Award 2016 
 
In Ayerbe (Huesca), a small village in the Pyrenees, this house was built constructions 
inspired by old local ground, taking into account the orientation, morphology and the use of 
local materials. 
 
It is a rammed earth house with three floors, located on a rectangular plot of land terraced 
buildings. Opening a patio facing South with large openings. I solved the structure of contact 
with the ground through a ground semi buried built concrete mass (100% recyclable and 
aggregate local). 
 
To perform this building was used stone, earth and straw kilometer 0, which represent 80% 
of the weight of the building. They also use hydraulic lime, tiles and wood wool from a 
maximum radius of 150km. 
 
Therefore, it was built with the technique of rammed earth calicostrada a local tradition of 
building system that consists of building walls based load earth and manufactured kilometer 
zero. In introducing technical improvements such as adding straw to improve its thermal 
behavior and machined commissioning work to reduce the cost of implementation. 
 
This house is the architect Àngels Castellarnau itself, which has made all possible bio-
techniques and materials to achieve a natural home, sustainable energy with maximum 
efficiency and socially engaged with their environment. 

 
Photography 7.11: House of calicostrada rammed earth in Ayerbe 

 
Source: Xavier d’Arquer Blanc 

 
 
6.11. RURAL HOUSE. SPAIN. 

 
Architects: Sandra Bestraten i Emili Hormias. 
Rammed earth builder: Josep Canal. 
Construction year: 2007 
 
In the Esparra (Girona) we can found this rural house. This is the total rehabilitation and 
enlargement of a traditional masonry walls, to make it in house. In the closed it builds a wall 
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40cm wide, holding up the roof structure of wood and a wall 20cm serves partitioning the 
attic. Using white cement and clay soil from this place. 

 
Photography 7.12: Inside the rural house 

 
Source: Bharquitectura 

 
 6.12. SCHOOL CHILDREN. SPAIN. 

 
Architects: Gabriel Barbeta, Esteban Navarrete, Laura Barbera y Jordi Caminero. 
Technicians architects: Miquel Escobar and Toni Penadés 
Rammed earth builder: Construim el Compluvium, S.L. 
Construction year: 2010 
 
 
In Santa Eulalia de Ronçana (Barcelona) is this school for children 0 to 3 years constructed 
with compressed earth blocks (BTC) and rammed earth. Although most of the walls are of 
BTC and the six domes over 6m diameter cover classrooms, a multipurpose room and the 
dining room of 70m², have been built with rammed earth walls plotting curves 40cm thick , 
carrying and closing function. 
 

In this has be added wood fibers to reduce shrinkage of the earth, expanded perlite to 
improve insulation and white cement as stabilizer. The outer walls are protected with 
silicone resin and potassium silicate for interiors. 
 

Photography 7.13: School children in Santa Eulàlia de Ronçana 

 
Source: Agenda de la construcció sostenible 
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7.13. WINERY MAS MARTINET. SPAIN. 
 
Architects: Pas 14 arquitectures 
Technicians architects: Albert Puy and Miquel Escobar  
Rammed earth builder: Coecocoop, sccl 
Construction year: 2013 
 
In 1986 began the "Mas Martinet Viticultors" a pioneering winery in the Priorat, which was 
built without green building criteria. A structure consisting of prefabricated concrete walls 
30cm siporex sloping roof and a gable with the same pieces and tile Arabic. 
 
In 2013 there was a reform of the envelope in order to improve insulation and thermal inertia. 
He made a rammed earth throughout the exterior and ventilated roof structure with cables. 
The rammed earth wall has a thickness of 45cm, which keeps the indoor temperature stable, 
important in a cellar. With this intervention the architects wanted to not only improve the 
environment, but also create a connection with the environment, creating continuity between 
the earth and found the adobe wall, as it is used for this are the same land site. 

 
Photography 7.14: Winery Mas Martinet 

 
Source: Pas14arquitectures 
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8. HISTORICAL EXAMPLES WITH EARTH 
 
Throughout history in almost all warm weathers - dry and temperate world, regardless of the 
presence of stone or wood, the land has been the predominant building material. 
 
The 15% of the architectural heritage inscribed on the UNESCO are built with earth. Here are 
some historical examples of earth constructions in both adobe and rammed earth in 
continents such as Asia, Africa, America and Europe. 
 
Below various examples of construction land in different continents are exposed, some of 
them obtained from the Final Degree Project ‘Millora de la tàpia mitjançant l’ús d’encenalls 
de suro natural, un àrid amb propietats tèrmiques.’ (Massó, F.G., 2013). These have been 
selected because I thought that both are important historical buildings of rammed earth and 
adobe, with which we can see that the land has been used as a building material for 
centuries around the world. 

 

8.1. ASIA 
8.1.1. TH BAM CITADEL. IRAN. 

 
The Bam Citadel is located in the province of Kerman in southeastern Iran. It was built before 
the fifth century BC and was occupied until 1850, when it was finally abandoned for reasons 
still unknown. The majority of currently existing buildings were built in the XIV century AD 
during the Safavid dynasty. Adobe building was the world's largest, with a covered area of 
approximately 180,000 square meters, it consists of a set of architectural giant walls between 
6 and 7 meters high and 1,815 meters long, more than 28 towers watch, countless homes, 
buildings with functions of stable, public bathrooms, prisons, barracks, mosques, among 
others, all built with adobe. 
 
In 2003 an earthquake measuring 6.2 degrees on the Richter scale destroyed more than 
80% of the buildings. The city was declared a World Heritage Site by UNESCO in 2004. 
Immediately after the destruction by the earthquake the reconstruction work began to restore 
the city. 

 
Photography 8.1: The Bam Citadel  

 
Source: Nakayama Mitsuteru 
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8.1.2. SHIBAM CITY. YEMEN. 
 
Shibam is a Yemen city, built along the desert Rub'al Khalis, which are known some details 
about its existence from s BC. In 1532 the city was hit by a major flood and it had to be 
rebuilt. 
 
The architectural buildings of several floors and narrow streets that make up the city, have 
led to the nickname "Manhattan of the desert." The buildings, built with adobe walls of 2 
meters at the base and 25-30 cm at the coronation, grow to over 9 floors to a height of 65m. 
In 1982 it enrolled at the World Heritage of UNESCO. 
 
To protect buildings from the elements, the facades are covered with a thick bath must be 
renewed regularly. However, due to poor management, natural hazards such as flooding that 
lived the city in 2008, during the armed conflict in 2015 caused that UNESCO consider the 
city as a World Heritage in danger 2015. 

 
Photography 8.2: Shibam city 

 
Source: Najeeb Musallam 

 
8.1.3. THE GREAT WALL OF CHINA 

 
The Great Wall of China was built, rebuilt and restored between III BC and XVI century. It 
was strategically located as an element of defense in the border north to south, it was a 
defensive military project of successive Chinese empires. It has a total length of 20,000 
kilometers, which is the world's longest structure built by humans with respect to surface and 
mass. Its structure was mainly rammed earth of raw land often coated with limestone or 
granite tiles cooked according to the availability of materials in the proximity. This type of 
construction gave much resistance to the siege weapons. In 1987 it was declared a World 
Heritage Site by UNESCO. In 2007, it was proclaimed as one of the new seven wonders of 
the world. 

 
Photography 8.3: General view of the 

Great Wall of China 

 
Source: National Geographic 

Photography 8.4: Great Wall of China 
pice of rammed earth 

 
Foto: Julien Garcia/Hemis/Gtres
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8.2. AFRICA 
  

8.2.1. MORUTORI TEMPLE OF RAMSÉS II OR RAMESSEUM. EGYPT. 
 
The temple of Ramses II or Great Temple of Abu Simbel is one of the most popular temples 
of Egypt. It was built during the XIII century BC as an order of Pharaoh Ramesses II in the 
Necropolis of Thebes, on the banks of the Nile, opposite to Luxor. 
 
The temple has a classic structure oriented from northwest to southeast and for its 
construction, limestone was mainly used. The earth in the form of adobe was used for the 
construction of Nubian vaults of the roofs of adjoining buildings, which were used as 
warehouse. The towers are unique in that they were constructed without a wooden structure 
called ‘cindri’ in Catalan. 
 
This temple is part of the monuments of Nubia region, located in the south of Egypt and the 
north of Sudan, which was registered as a UNESCO World Heritage Site in 1979. 
 

Photography 8.5: Columns hall of Ramesseum 

 
Source: Francisco López 

 
8.2.2. MOSQUE OF DJENNÉ. MALI. 
 

This Mosque is located in the city of Djenne, Mali, Niger River Delta interior. It was built in the 
XII century AC. It is the largest religious building made of earth in the world and also the 
largest made with this material in one piece. The plant has dimensions of 75x75 m2. The 
walls are 0.4 to 0.6 m in thickness depending on the height. These are made with adobe and 
coated with mud mortar. The appearance of this and other similar religious buildings in the 
area is characterized by the decoration of the facade with palm wood called ‘Toron’. These 
woods protect and serve as ‘scaffold’ to carry out annual repairs of the lining. This cracks 
due to the large temperature contrast. Since 1988 it is considered a World Heritage by 
UNESCO. 

Photography 8.6: The Mosque of Djenne 

 
Source: Martha de Jong-Lantink 
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8.2.3. KSAR OF AÏT BEN HADDOU. MOROCCO. 
 
The Ksar of Aït Ben is located in southern Morocco. It is a walled city that is the kind of 
traditional habitat presaharian. Both the houses and the fortifications were built with adobe 
and rammed earth, allocating the rammed earth to main walls and the adobe to the interior 
walls, columns, arches, decorations, etc. Ait Ben Hadu was declared World Heritage by 
UNESCO in 1987. 
 

Photography 8.7: The city of Ksar of Aït Ben 

 
Source: Guillén Pérez 

 
 

8.2.4. THE CONSTRUCTION OF THE DOGON IN BANDIGARA CLIFFS. MALI. 
 

The Bandigara cliffs are a long chain of approximately 200 km, located in Mali between the 
Savannah and  the Niger river. The Dogon settled in the XV century, as a natural refuge and 
served to camouflage their homes made of clay, straw and cattle dung. And there remained 
constructions of hunters and gatherers Tellem dating readers who lived in the III century BC. 
Since 1989, the Dogons’ country has been considered a World’s Heritage Site by Unesco. 
 

Photography 8.8: The Dogon constructions in Bandigara cliffs 

 
Source: Olivier Keita  

 
 
 
 
 
 



       195LA CONSTRUCCIÓ DE TÀPIA        

   
 Mireia Vilà Gené  

8.2.5. THE HOUSES BURIED IN MATMATA. TUNÍSIA. 
 
In the city of Matmata in Tunisia houses under the earth were built. These were built by 
digging in the mountain directly diameters between 8 and 13 m, which were cleared by 
forming a central courtyard. These ventilated rooms, digging vaulted arch, stabilizing only in 
a whitewashed lime. The origin of this city is unknown, but we know Matmata is the name of 
one of the Berber tribes who inhabited this area. 
 
Photography 8.9: The houses buried in 

Matmata  

 
Source: Richard Luney 

Photography 8.10: houses buried in 
Matmata, from within 

 
Source: Francesco Sgroi 

 

8.3. AMERICA  
Since the antiquity and for centuries between the continents of Africa, Asia and Europe, there 
were exchanges of knowledge and technologies due to trade or conquest and 
communications. But the American continent was isolated from all of these until the Hispanic 
colonization; however there are many similarities in the building technologies covered. 
 
The construction technologies that used land in America are: 

- The Andean Pre-Columbian technology, called ‘Pared de barro o bollos de barro’, 
with which walls of 80 cm batch were built. This technique reminds of Zabour used in 
Yemen. 

 
- The adobe is one of the main elements of earth architecture in the Americas. This 

element is also very common in the architecture and land of most civilizations around 
the world, with some minor variations. It must be said that in the Latin American 
continent these were already used before colonization; between 500 BC. and 600 
BC., and therefore it is not attributable to the European intrusion. 

 
- The technical quincha is a mixed fabric plant with soil. This construction method has 

also been used in different eras and civilizations in the world without an obvious 
connection. 

 
The rammed earth, which seems to have been introduced in the Americas due to 
colonization. 
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8.3.1. CITY OF CHAN CHAN. PERU. 
 

The Pre-Columbian city of Chan Chan in Perú is the the largest city of earth in America and 
the second in the world. It is located in the valley of Moche on the northern coast of the 
country. Between the XII and XVI AC. it was the capital of the kingdom of Chimor, of Chimu 
culture. All the archaeological whole occupies an area of approximately 20 km2. It is formed 
by a group of nine citadels or small walled cities, covering an area of 6 km2, some solitary 
pyramids and four industrial sectors located west and south. 
 
To build walls, they used pebbles on the bottom to form a bench that served as the basis for 
later climbing the walls with adobe or quincha (frame work cane and earth). Ceilings were 
formed woven straw ties which later were coated with mud and wooden support posts. The 
walls used to be wider at the base and narrower at the top. 
 
Chan Chan is also importat for the many beauty and variety of decorative reliefs, made from 
molds which adorn many of the walls. 
 

Photography 8.11: Archaeological city of Chan Chan 

 
Source: Pearl-dragon 

 
 
8.3.2.PAQUIMÉ, CASAS GRANDES. MEXICO. 

 
In Mexico, in the state of Chiuahua there is located the archaeological site of Paquimé, 
Casas Grandes. It is a Pre-Columbian city that had his time of maximum glory between the 
XIV and XV centuries. It was a meeting point between the Pueblo culture (southeast of what 
is now the United States and northern Mexico) and the most advanced civilizations of 
Mesomèrica. The archaeological site is located half a kilometer from the town of Casas 
Grandes. Paquimé is unique for being a metropolis with more than one-level houses built 
entirely with adobe. 
 

Photography 8.12: Archaeological zone of Paquimé 

 
Source: Francesca Bandarin 
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The land architecture significantly in many areas of the American continent have continued 
using the architecture until today. Some examples are: 
 

 
8.3.3. TAOS TOWN, NEW MEXICO. 

 
The town of Taos, located in the county of Taos in New Mexico, is about 1000 years old. 
Throughout its history, the construction technique in town, based on residential areas of 
adobe of colour reddish brown, has changed very little. Because it is one of the last Indian 
communities that maintains its identity, historical and archaeological relevance and its unique 
architecture, it was appointed World Heritage Site by Unesco in 1992. 
 

Photography 8.13: Overview of the 
town of Taos 

 
Source: Pascal Odul 

Photography 8.14: Detail of the town of 
Taos 

 
Source: Pascal Odul 

 
 
8.3.4. GUATEMALA.  
 

The origins of Guatemala are found during Pre-Columbian times, when it was populated by 
different groups, of which the most important was the Mayan civilization. Currently the 
construction in land is still used in different towns of Guatemala, like Antigua where 75% of 
the houses are made of adobe and rammed earth. 
 

Photography 8.15: La Antigua city 

 
Source: Auxiliadora Rosale 
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8.3.5. CUBA.  
 

In Cuba, a country with Pre-Columbian origins, you can still find numerous houses built with 
earth in populations such as Trinidad. 

 
Photography 8.16: Street of Trinidad 

 
Source: Hubert Guillaud 

 

 

8.4. EUROPE 
 
8.4.1. THE ALHAMBRA. SPAIN. 
 

To the south of the Iberian Peninsula, in Spain, there is the city of Granada, located on two 
adjacent hills, where we can find the Albaicin and the Alhambra forming the medieval town 
which dominate the modern city. 
 
The Alhambra is an ancient walled city (medina) which was the residence of the Nasarids 
monarchs during the years of occupation in the Muslim peninsula. The first references from 
the Alhambra date from the IX century AC when Sawar well Hamdun had to take refuge in 
the Fortress and repair it due to continued fighting. In the century XIII AC with the arrival of 
Mohamed Al-Hamar very first Nazari monarch, the royal residence was set in the castle of 
the Alhambra marking the beginning of the heyday and the construction period. Successive 
monarchs Muslims continued the construction work until the beginning of century XV AC. 
 
The need for immediate construction of fortifications, due to constant conflicts with Catholic 
troops, coupled with the ease of building with local materials, are the reasons why much of 
the Alhambra was built with earth. The technique used was the later wall lined with lime 
mortar and sand to protect it from water and wind. 
 
Both the Alhambra and the Albaicín district were declared World Heritage by UNESCO in 
1984. 
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   Photography 8.17: Yard of Alhambra                 Photography 8.18: Outside walls  

          
Source: Francesco Bandarin                                                       Source: Eco inteigència 

 
 
 
8.4.2. MONTBLANC WALL. SPAIN. 
 

The walls of Montblanc (Tarragona) are classified as defensive architecture. It is a medieval 
fortress built in wartime, so you needed a quick construction system that let a wall safe. Both 
the walls and towers and battlements were performed with a formwork system. 
 
The first phase of the wall built between the years 1336 and 1373, which actually worked as 
emergency, consists of a thick rammed earth socket on the ashlar. In the second phase, 
between 1373 and 1396, the construction was improved reinforcing the wall with a masonry 
wall at the back, leaning against the section of the existing base and topping the coronation. 
 
Although at the time gunpowder artillery was not used, since it appeared in Europe for 
military purposes in the late Middle Ages. It must be taken into consideration that when the 
gunpowder artillery was used to attack cities, the walls that were formed by rammed earth 
protected the walls better that the walls made with stone. Because the walls of rammed earth 
behave better in artillery hits, because these cause compaction of land without creating a 
strain without a collapse, which did happened when it hit in the walls that were built with 
stone. 
 

Photography 8.19: Current state of the wall of Montblanc 

 
Source: Meritxell Ortiz 
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ANNEX F. CONVENI PER A LA REALITZACIÓ DE PRÀCTIQUES ACADÈMIQUES 
EXTERNES EN ENTITATS COL·LABORADORES 
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