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ABSTRACT  

 

Historical buildings serve as historical documents that reflect the urban and architectural style of 

their own period, built upon the social, cultural, and economic accumulations of the society, to which 

they belong. Today, the method of choice in the preservation of historical buildings, which as a 

cultural and historical heritage represent the societies' bond with both the past and the future, is to 

furnish such buildings with a new function.   

The rammed-earth construction technique is one of the systems of construction that found effective 

use throughout the human history. Today, the rammed-earth technique has come to the fore in the 

midst of increased concerns about the environment as an alternative construction technique due to 

the fact that it is easy-to-apply, relies on abundant natural resources, and meets both structural 

comfort and sustainability and aesthetic concerns. The extant examples from different regions of the 

world and different time periods are indicative of the fact that the rammed-earth construction 

technique can adapt to different geographies and conditions, and furthermore, the structures built 

upon the said construction technique also provide a great potential for the re-functionalization 

practices.   

The present study aimed to draw attention to the reuse potentials of the rammed-earth construction 

technique and rammed-earth buildings and to increase awareness thereof. In this context, first, the 

rammed-earth construction technique was discussed based on a review of relevant printed and digital 

literature. Subsequently, the process of re-functioning of the Floating Cloud Township Villa, i.e., the 

subject of the present study, and the interventions carried out in the context thereof were examined 

based on visual sources. A general assessment of the present study and the inferences were included 

in the conclusion section. 
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1 INTRODUCTION  

 

It has been suggested that the use of earth structures appeared with the first agricultural communities, 

corresponding to a time period between 12000-7000 years BC. The earth structures were preferred, 

produced, and used for different purposes throughout the history. [1] Upon a review of the thousands-

of-years-old structures or ruins, it is evident that earth structures could remain surprisingly robust 

compared to today's structures. [2] Despite the fact that the interest in the earth construction technique 

was declined upon the discovery of cement and the construction of the first reinforced concrete 

structures, the use of earth as a building material came back to the agenda in the 21st century thanks 

to the development of environmentally friendly design awareness, and the interest in the use of earth 
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material in building construction increased due to its sustainable features, including the use of local 

material, low embodied energy, and low waste generation compared to modern construction 

methods. The rammed-earth technique has a great potential for the future as much as it was a part of 

the past, because the same is an environmentally friendly, strong, and even aesthetic material today. 

[3] Different techniques are used in the construction of earthen buildings, including poured earth 

technique, light earth technique, compressed earth block technique, adobe technique, in-situ poured 

earth technique, wattle and daub technique, and rammed-earth technique. Of these, the rammed-earth 

technique is one of the most preferred earth construction techniques. [1] 

 

2 RAMMED-EARTH CONSTRUCTION TECHNIQUE  

 

In its most basic form, the rammed-earth construction technique is a type of load bearing masonry 

construction system, in which earth is used as the main material, bearing element, and non-bearing 

divider system element. It is based on the principle of compressing uncooked soil into molds with 

the necessary equipment. [2] Rammed-earth, which is the most durable of the earthen construction 

forms, can also be used to produce the building elements or to build all the walls in situ layer by 

layer. [4] The technique is also commonly referred to as “Pisé” and “Pisé de Terre” in French. [5,6] 

The first examples are from China and its near abroad, dated as early as the 2000s BC.[2] Widely 

preferred in China, the technique was used in both the ancient monuments and local architecture, 

where the rammed-earth technique was also utilized during the construction of the Great Wall of 

China. [3] The thickness of the walls made with the rammed-earth technique reaches up to 2-4 meters 

with their length reaching up to 70 meters. Standard 400 mm thick rammed-earth walls can be used 

as bearing elements in structures up to four floors high. The technique is generally proliferated in hot 

and moderate climate regions, and has no example either in Antarctica, due to the arctic climate and 

weather conditions, or in the desert regions due to the soil characteristics. The aforementioned 

construction technique is more prevalent in regions, including India, Mediterranean coast, Brazil, 

and Nepal. [2,4] 

 

As regards the traditional examples, the technique was preferred, where the soil composition was not 

suitable for producing sun-dried clay bricks and where stone and wood materials were limited. For a 

long time, no binding material was used to hold the soil together, relying on the combination of the 

minerals in the soil with water and moisture. [2,5] However, in some regions, lime or animal blood 

were used as a binder to increase stabilization. [4] There was no limitation in the use of technique by 

building type in the traditional examples, but it was noted that it was mostly used in the construction 

of residences, palaces, and city walls.  Although there were periods, when the technique was 

considered old and outdated, the interest in the earthen structures continued in every period due to 

the limited resources used in the construction sector, the costs and difficulties associated with the 

transportation, procurement, and personnel training of newly construction materials. The housing 

problem that emerged in Germany especially after the First World War can be said to have revived 

the interest in the soil material, which was easy to provide, cost-effective, and simple to work with. 

Institutes were established and relevant training was introduced to the public during the 19th century 

with an aim to further improve the earthen structures.  Since the 1970s, the use of rammed-earth as 

a sustainable construction material has been promoted in Europe and the United States in the midst 

of increased environmental concerns. Today, rammed-earth technique is used for construction 

purposes pursuant to the respective technical construction codes in many developed countries, 

including Canada, the United States, and Australia, and the same is also incorporated into the 

reinforced concrete construction codes in combination with steel elements and cement additives to 

ensure stabilization in the current practices. [2,5] 

The ease of supply and processing of the material and fitness to practical experimental studies has 

enabled the improvement of material properties. As a result, having been adapted to today's 

conditions in terms of structural engineering and building physics, the uses of the material expanded 

especially during the last 20 years, yet the construction principle of the elements made with this 

technique has not substantially changed compared to the practices in the past. In this context, the 
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rammed-earth construction technique consists of certain stages, including soil selection, binder 

addition, mold installation, mix placement, compression, curing, and surface finishing.  

 

The soil to be used in the construction of the building is sourced in situ, where due care should be 

taken that the selected soil layer is free of organic components, rich in minerals, and no harm is 

inflicted to the agricultural land during the process. After the first layer intended for agriculture uses 

is removed, soil with brown and red minerals, which accumulated upon rainfall over time, should be 

selected and used in the production of building elements and walls after having been left to dry for a 

certain period of time with an aim to balance the moisture content. During the said stage, upon sifting 

the soil, the dry mixture should be well mixed and the particle sizes should be evenly distributed 

within the soil material. Soil must have a ratio of 70% by volume in the mixture, with 30% spared 

for additives and sand to be included in the mixture. Another important element of the mixture is to 

determine the amount of water. There is no definite ratio, while the parameters, including the type of 

soil, mineral content, and sand content serve as determinant factors as regards the amount of water 

to be added. [2] 

 

In general, a number of field tests are conducted on the samples collected from a depth of 0.5 meters 

on site to ensure that the soil is free of organic matter. In the drop test, a handful of unscreened soil 

is taken, moistened, and balled, held in the hands and left to dry for a few minutes, and then dropped 

on the ground. If the ball breaks into a few pieces, this means that it has a good mixture. In the jar 

test, on the other hand, two-thirds of a bottle is filled with soil collected on site and the rest of the 

bottle is filled in with water. The bottle is left to rest for a few hours after being shaken until all soil 

particles are suspended. [5] As the water becomes clear, humus, water, clay, silt, sand, and gravel 

settles down to the bottom of the bottle from light to heavy, respectively. Subsequently, it is necessary 

to measure the whole part of the mixture consisting of solid particles, and then to measure each layer 

separately. Although the mixture depends on the type of soil available in the field, it should be 

proportioned to 100 if the clay layer measures 2 cm thick out of roughly 7 cm thick solid mixture 

with an aim to achieve stabilization. [2] Another ratio is suggested as 2.5 gravel, 2 rows of sand and 

2.5 clay based on field study.  Thereafter, the mixing stage is the most necessary process to ensure 

the homogeneity of the soil in use. After the full dry mixing process (using the drum mixture), water 

that will make up about 10-15% of the mixture should be gradually added, but the effect of the field 

conditions must be taken into consideration due to water evaporation especially in hot weather. [5] 

 

After the preparation, the soil mixture should be stored until it is poured into the formworks in a way 

that it is not affected by the weather conditions. The formworks should be prepared in the desired 

wall thickness and the soil is compressed up to approximately 50% of its original volume after poured 

into the formworks. While wooden formworks were preferred in the traditional method, plywood, 

steel, and concrete formworks are used today along with wood. While a long compression pole was 

used in the traditional method, electric or air compression guns are used today. [2,4,5] The time-to-

removal of the formworks depends on certain variables, including the thickness and volume of the 

wall and humidity rate. In order to dry the wall, it should be covered and dried in the shade instead 

of direct exposure to the sun, and the walls should be kept moist for at least 7 days after the formworks 

are removed in order to prevent shrinkage cracks due to likely rapid drying. Upon achievement of 

complete dryness, various coating elements of choice can be used or the surfaces can be left as is. [2] 

 

In many examples, wall thicknesses of at least 30 cm generally create high thermal capacity and 

improve indoor conditions in geographical areas with high temperature differences between night 

and day. Today, plaster, bitumen, or flaxseed oil is applied to the wall surfaces to increase the 

resistance to weather conditions, especially in rainy climates.[4] In addition, the walls can be 

insulated internally or externally during the construction phase and the foundations are laid at a height 

of at least 225 mm from the ground level in order to prevent potential water damage. In the current 

practice, cement is added to the conventional soil mixture as a binder to both eliminate insulation 

deficiencies, and increase the load bearing capacity of the rammed-earth, and steel elements and 

reinforcements are also used to increase the bearing capacity of the walls. [2,3] The above technique 
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is rather called stabilized rammed earth (SRE) construction due to the ingredients in the mixture. 

Especially preferred in Australia, the SRE method creates less sustainable buildings due to the high 

embodied energy of cement, although it promotes the rammed-earth construction technique. 

However, here, the designer needs to decide the method of choice upon an assessment all the 

parameters including, climatic and structural requirements, and requirements with regard to 

durability and sustainability. [3]  

 

Today, the rammed earth technique and stabilized rammed earth technique are not only used in the 

construction of new buildings, but also the traditional rammed earth buildings are preserved by 

contemporary restoration interventions based on the said techniques with an aim to have the old 

buildings acquire modern and diverse functions. Today, preservation by re-functioning is the most 

preferred method in the preservation of historical buildings, which represent the societies' bond with 

both the past and the future, as a part of the cultural and historical heritage. In fact, history not only 

tells the past, but the history of the future generations is created right now by us. [7] The reusability 

potential of the contemporary earthen buildings are important for the protection and perpetuity of the 

cultural heritage thanks to the fact that the earthen buildings with all their ecological benefits can 

decelerate the urban sprawl and that such buildings can be handed down to the future generations as 

the historical documents of the day. This is as important as adopting reusability in preserving the 

traditional rammed-earth buildings, which serve as the historical documents that represent the social, 

cultural and economic accumulation of their society and reflect the urban and architectural style of 

their time. [7,8] The reuse potential is remarkable based on its lower construction cost, faster 

construction, and the potential to transform the historical buildings into new and unique symbols by 

preservation. [8]   

 
3 FLOATING CLOUD TOWNSHIP VILLA   
 

A recent example of the preservation of the rammed-earth buildings by re-functioning was 

introduced in Zhejiang Province of China by the More Design Office, a Shanghai-based 

Architecture Office. The project involved in a housing cluster consisted of six buildings as 

transformed into a series of contemporary guesthouses called Floating Cloud Township Villa 

and included in daily life (Figure 1). [9] The design phase started in 2017 and the project 

was completed in 2021. [10] The project that was realized on an area of 1300 m2 with the 

re-functioned rammed-earth houses located in Qinglongwu village, which was transformed 

into a cultural and touristic center known as Fangyukongxiangsu Cultural and Creative 

Complex in Tonglu County. The houses, which were refunctioned as guesthouses would 

meet the accommodation needs of the tourists, who were expected to visit the village within 

the scope of the transformation project in the region (Figure 2). [9,10] 

 

 
 

Figure 1. Floating Cloud Township Villa project, views [9] 
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Figure 2. Floating Cloud Township Villa project, plans and sketches [10] 

 

 
 

Figure 3. Views of the traditional rammed-earth houses in original status and in their novel use [10] 

 

The six existing earthen buildings in the village were modernized upon preservation of their 

characteristics during the re-functioning process (Figure 3). Two concrete buildings with certain 

functions, including reception, bar, and recreation area were added to these buildings considering the 

new touristic use of the settlement. [9] The design concept was to create an out-of-town retreat, where 

the users could feel the history and material culture of Qinglongwu, and where they could feel 

themselves as a whole with the nature. [10] 

 

 
 

Figure 4. Interior views of the reuse of traditional rammed-earth houses [10] 
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Figure 5. Reused traditional rammed-earth houses and contemporary concrete buildings [12] 

 

All of the buildings in the project had their time-bound and patina features and relations with the 

landscape were preserved, and they were located in a valley very close to each other along a cobbled 

street, each facing the bamboo forest surrounding the village. [11] The project aimed to provide 

visitors with an exclusive experience apart from traditional luxury hotels. And accordingly, the marks 

and defects on the surfaces of the original walls and windows of the earthen buildings, which 

qualified as the historical documents of their time, were preserved upon repairs by the help of the 

craftsmen so that they could continue telling their past history. [12] The project made an endeavor 

for preserving the original materials and finishes on the earthen structures as much as possible, and 

the contemporary annexes were added as a distinctive layer onto the structures so that the guests 

could clearly differentiate the original parts and the contemporary annexes. [9] The original wooden 

roofs were damaged beyond restoration, thus a new steel structure was built inside the existing walls. 

[11] In this way, both the ceiling height of the buildings could have been increased and the roof 

windows were created to enrich the atmosphere of the space. Guests could see the bamboo forest 

through these windows, and stay in constant contact with the bamboo forest landscape. New window 

openings inspired by original square windows were created with an aim to provide more light into 

the gloomy spaces of the traditional buildings. In this process, contemporary windows were designed 

with thin metal frames so that they could be distinguished from the original wooden framed windows. 

The windows were positioned so as to display the unique forest view in a picture frame as seen from 

the sofa and the shower (Figure 4). [9, 12] The contemporary structures added to the original 

structures at the foot of the mountain road were built of rough concrete to create a contrast with 

rammed-earth structures. [9] This design approach strengthened the distinction between the private 

and common spaces as well as the original and new spaces (Figure 5). The two reinforced-concrete 

structures replacing the two soil structures beyond repair as located nearest to the mountain road 

were considered an opportunity to strengthen the connection between the rural and the nature. The 

form of the buildings was inspired by the appearance of the rocks that burst out of the slopes as a 

result of the erosion of water and wind. The sharp contrast in the surfaces between the new buildings 

and the traditional structures was created as a result of the desire to emphasize the old and new 

distinction of the overall design. Accordingly, it was expected that the rough concrete surface coating 

would gain natural patina in a short period of time due to the effect of rain, sun, and snow, and thus 

the reinforced-concrete buildings would have the appearance of a natural rock as desired, softening 

the boundary between architecture and nature. It was also contemplated that the contemporary 

buildings would serve as beacons to guide travelers and invite inside people, who approach from any 

direction, as inspired by the traditional lighthouse culture. [12] 

 

4 EVALUATION AND CONCLUSION 

 

The earthen structures that emerged with the first agricultural communities were constructed and 

used in many different cultures throughout the history and called with different names. Once lost 

their importance for a period due to the use of cement and steel as building materials, the rammed-

earth structures, the first examples of which were seen in China as early as the 2000s BC, came to 

the agenda again by the 21st century thanks to the increased environmental concerns and 
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consciousness. Upon a review of the traditional rammed-earth structures that survived to the present 

day, it was seen that such structures were extremely durable and were used across a wide geography 

without limitation to building type, except for Antarctica and the desert regions, where climate and 

vegetation constituted obstacles.  The traditional rammed-earth structures are ecologically beneficial 

thanks to their low water and material requirements, ease of supply and recyclability of soil material 

obtained on the construction site, sound and thermal insulation, fire resistance, low greenhouse gas 

emission, reusability of the formworks, and preservation of agricultural soil during the construction. 

Furthermore, they are also beneficial thanks to their high endurance and the fact that they ensure that 

the architectural features that shed light on the social, economic, and social life of their period reach 

the present day, ensuring and maintaining cultural perpetuity.  

 

In contemporary applications, there are no major modifications to the traditional construction 

technique, and the soil is basically compressed and used as the main material, bearing structure, and 

non-bearing divider system element. However, in contemporary practices, chemical additives were 

used to ensure that the said technique can easily be used in non-hot climates and to increase the 

structural resistance to external factors, including rainfall and earthquakes compared to traditional 

examples, with partial withdrawal from the use of completely recyclable materials in molding, 

compression, curing, and surface finishing processes. The interventions, including the transportation 

and production of cement used as a binding element in the stabilized rammed-earth structures and 

similarly the transportation of certain insulation materials can greatly increase the greenhouse gas 

emissions compared to the traditional method, although these buildings can still be considered 

ecological on the grounds that they do not have negative characteristics such as the use of 100 percent 

chemicals and the supply of materials away from the construction site.  Given that history not only 

tells the past, but also the history of future generations is created right now by us, stabilization of 

today's earthen structures is beneficial despite certain ecological disadvantages thanks to the ability 

to use the technique in a broader geography compared to the traditional technique and the fact that 

the examples of contemporary earthen architecture built even in less favorable climates can be 

handed down the future generations, thus ensuring cultural perpetuity. Both the traditional and 

stabilized rammed-earth techniques are suitable for reuse applications, i.e., the most valid 

contemporary conservation approach. This aspect helps to ensure economic and cultural continuity 

thanks to the said techniques' lower construction cost and faster construction, and the opportunity of 

preserving buildings that have historical value today and will also have in the future, and the potential 

to transform them into new and unique symbols as admired by the society. As a result of the study, 

it was seen that new employment opportunities were created for local workers, who mastered the 

traditional technique, in the repairs of the traditional buildings in the Floating Cloud Township Villa 

project, which envisaged the reuse of six earthen structures located in the Zhejiang Province of China. 

Furthermore, the design interventions intended for the parts of the buildings beyond repair or 

modification to the interior living, which utilized different materials for different periods thanks to 

the very characteristic of the rammed-earth structures, which allows the use of diverse materials, 

improved the extant historical value of the buildings and incorporated the aspects of the day.  The 

stabilization and renewal processes carried out in earthen buildings are essential for the safety of the 

buildings so that they can host the guests. In this context, despite the fact that the greenhouse gas 

emissions of the original buildings have increased, ensuring the survival of those culturally valuable 

buildings in contemporary use and being experienced by the new generations is positive as regards 

cultural continuity. Although the contemporary reinforced-concrete buildings added to the six 

original buildings were not ecological in terms of construction materials, they were in compliance 

with the contemporary preservation approach based on the emphasis that the old and the new could 

be perceived as distinct layers and the contrast between them could be differentiated.  The similar 

contrast created between the original walls and contemporary partitions and the furniture in the 

interiors of the traditional buildings strengthened the said sense of historical layering and its 

readability.  

 

As a result of all these inferences, it was concluded that the rammed-earth method, which was 

considered as a historical technique and mostly associated with hot and moderate climates, could be 
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built in very different climates, that the rammed-earth buildings could be reused by preserving the 

features of different historical periods in accordance with the contemporary conservation approach, 

that this method and the reuse of the structures built with this method could greatly contribute to 

ecological, economic, and cultural continuity today as it did yesterday, and notwithstanding above, 

the designers should make design decisions upon an case-specific assessment especially in terms of 

the ecological, economic, and cultural dimensions of continuity.  
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