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Climate change, energy crisis, and housing shortage pose significant global challenges. 

In the rural context of Yunnan, a developing region in China, the extensive use of 

concrete-brick buildings raises sustainability concerns. This thesis aims to explore the 

potential of a climate-adaptive rammed earth building design based on a data-driven 

approach to enhance indoor comfort and reduce environment impact, particularly in 

social housing projects.

The research will begin with an investigation of the local climate, earth vernacular, local 

context, and modern rammed earth technology. To compare the energy performance 

and environment impact between brick and rammed earth constructions, a room-scale 

shoebox will be modeled for dynamic thermal simulations and a life cycle assessment 

(LCA).The daylight will also be studied with simulation on the room-scale. 

Based on the findings, guidelines for rammed earth construction will be derived and 

synthesized. Subsequent to simulations, life cycle assessment, and data analysis, a 

climate-adaptive rammed earth house will be designed on a specific site, utilizing the 

established guidelines. The newly designed house will be simulated, discussed, and 

optimized, compared to a typical concrete-brick house. The outcomes of this research 

and design endeavor are expected to contribute as a sustainable housing prototype, 

not only in Yunnan but also as an inspiration for similar social and climatic regions.

climate-adaptive, energy efficiency, house design, indoor climate,  life cycle 

assessment, rammed earth, simulation, data-driven
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Background

Figure 1. Global share of buildings and construction final energy and emissions,2019
United Nations Environment Programme, & Global Alliance for Buildings and Construction (2020). 2020 Global Status Report for 
Buildings and Construction: Towards a Zero-emissions, Efficient and Resilient Buildings and Construction Sector - Executive Summary. 

https://wedocs.unep.org/20.500.11822/34572.
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Figure 2. Yunnan province and its neighbouring countries, data source: Mapbox.

Figure 3. Population, energy and economy data of Yunnan,
data source:  Bureau of Statistics, people's gonvernment of Yunnan Province, 2020 data.
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We human beings are facing the global challenge of energy crisis and climate change. 

However, the population has been rising to 8 billion recently. Most of it is in the poorest 

region of the world.

Adequate housing is one of the basic human rights, but how can we offer houses with 

basic comfort but with the least impact, from a life cycle perspective?

If we take a look at the developing region, people are building housing with concrete 

bricks around the world. There are complex reasons behind it, but what we need to 

keep in mind, is those materials lead to a large amount of greenhouse emissions. (Figure 1) 

As architects, can't we make something different?

The crisis of architects is obvious if we still keep the focus on the 1% richest in this 

world. When we look at 99%, we can see there is a huge market and gap to improve. 

It doesn't mean every house needs to be designed by architects, but some consensus 

can be input to improve the welfare of all human beings. 

Yunnan is a southwest border province in China. It is close to many Southeast Asian 

countries such as Vietnam, Thailand, Laos, Myanmar, and India (Figure 2). 

On one hand, this leads to rich cultural and ethnic diversity. Besides, the mild climate, 

the variant altitude (76m - 6740m) and topography contribute to the abundant bio-

diversity in Yunnan. The energy share in Yunnan is quite clean, 81% is hydropower and 

fossil fuels only share 11% (Figure 3).

On the other hand, due to its geolocation, the economy is much less developed than 

in other regions of China. The population in Yunnan is 47 million,  and 24 million are 

registered in the countryside. Some people move to cities to buy apartments but most 

of them still have the demand to build houses on their own for the family.
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1.1 Earth as Material

1.2 Modern Rammed Earth Technology

1.3 Environmental Impact of Rammed Earth

Throughout history, earth has been a key building material. In rural China, rammed 

earth, a prominent example, is commonly used for vernaculars. In this chapter, we aim 

to outline the modern technical aspects of rammed earth as a building enclosure. We'll 

explore the evolution of rammed earth techniques from ancient times to the present 

and introduce Life Cycle Assessment (LCA) to highlight the potential sustainability of 

rammed earth materials.

 Chapter 1

 Technology: Modern Rammed Earth
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Figure 7. Thesis frame, the thesis follows the frame of ”tripple diamond”.

Shoebox
Simulation

Computational 
Design

Research Question

Method

How to design a climate-adaptive house using modern rammed earth technology in 

rural Yunnan to achieve improved indoor climate and reduced environmental impact 

compared to conventional brick houses?

Main Question

Sub Questions

1. What are the challenges and opportunities of utilizing modern rammed-earth 

technology for housing, in the rural context of Yunnan?

2. With a data-driven approach,  how to assess the variables that influence the thermal 

and daylight performance of rammed earth houses?

3. With a data-driven approach, how to evaluate the rammed earth house design 

regarding energy demand, indoor climate, and environment impact?

The thesis is based on two methods: research for/by design. It follows the structure of a 

"triple diamond"(Figure 6).

The first phase is about background study. It provides both a theoretical and technical 

foundation for further work. Research and literature related to the modern rammed earth 

technique will be studied. The context will be also analyzed to provide basic information 

for the next phase.

The second phase is to set up a shoe box simulation for comparing different 

constructions (rammed earth and brick). Other constant values and variables will be set 

for daylight and thermal simulation. In the end, a design guideline will be the output with 

evaluation from the data.

The last phase is to apply the guidelines to designing the building. Other factors will be 

involved as well. The simulation at the building level will also be implemented to optimize 

the design.
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1.1 Earth as Material 1.2 Modern Rammed Earth Technology

Earth, a readily available building material, has been used in various forms across 

different architectural elements for a considerable time. Among these, rammed earth, 

compressed earth blocks, and cob stand out as the three primary load-bearing earth 

structures. (Figure 8)

The construction process of rammed earth can be simplified as follows: workers fill a 

mixture of earth into molds, compact it using tools, and move the molds upward after 

completing the lower layer. As the molds ascend, the walls are gradually built layer by 

layer. This construction method produces walls that are more cohesive and have better 

earthquake resistance compared to walls made from compressed earth blocks. In 

contrast to cob, rammed earth offers walls with improved water and insect resistance, 

along with faster construction and reduced manual labor. (Miccoli et al., 2014)

Moreover, in Yunnan, China, many traditional earth-built homes exist, fostering local 

familiarity and expertise with rammed earth. Taking these factors into account, we have 

chosen to concentrate our research on rammed earth as a primary type of load-bearing 

earth construction.

In the context of modern rammed earth technology in architecture, three key aspects 

require special attention: building materials, architectural performance, and architectural 

style. Architects must establish the right mix and sources for rammed earth components, 

maximize its remarkable heat retention and insulation properties, and then adapt 

rammed earth structures to contemporary architectural aesthetics and forms. Martin 

Rauch's Rauch House (Figure 9 & Figure 10) serves as an excellent example in this regard. 

Rammed earth stands as a distinctive construction method that employs formwork. The 

formwork's size and construction for rammed earth are influenced by local traditions. 

Historically, smaller wooden formworks were common due to better handling and lighter 

weight. Continuous formwork, prevalent nowadays, was less frequent. During wall 

construction, the formwork was lifted horizontally for one course, then lifted vertically 

and horizontally again for the next course. The compaction process gives rammed earth 

a distinct horizontal layering. (Mu, 2014)

Rammed earth exhibits two key material traits: a relatively low moisture content, often 

below the earth's plastic limit when placed into the formwork, and a broad, uneven 

distribution of particle sizes, ranging from clay to gravel-sized fractions (up to 64 mm). 

The wall made of rammed earth, on the other hand, has excellent thermal storage 

properties and acts as a thermal mass to reduce the heating energy consumption of the 

house. At the same time, by adjusting the granulometry of the earth, moisture content, 

compaction, fiber content and amount of additions, rammed earth walls can have better 

structural strength and seismic performance than CEB. (Miccoli et al., 2014)

Figure 9. Rauch house,
 (Photo by Beat Bühler, 2008)

Figure 10. Rauch house,
 (Photo by Brutarchitekt, 2023)

Case Study

Figure 8. Characteristics of three load-bearing earth structures.

Rammed earth walls are crafted 
from soil particles, ranging from 

clay to gravel. 

Their surface boasts a 
distinctive horizontal texture.

Rammed earth walls showcased 
a 40 % higher earthquake 

resistance compared to 
compressed earth blocks. 

(Miccoli et al., 2014)

Rammed earth

Compressed earth block 
masonry is composed of earth 
blocks and typically employs 

earth mortar. 

Stabilizing additives like 
lime, cement, or gypsum are 

occasionally used in both 
mortars and blocks. 

Earth blocks come in various 
shapes and sizes, with or 

without perforations.

Compressed earth blocks (CEB)

Cob consists of a blend of earth 
and plant fibers. The earth's 

largest particle size is within the 
sand fraction. 

Environmental factors can 
affect the original structural 

characteristics of cob buildings. 

Higher water content not only 
weakens material strength but 

also triggers fiber decay. 

Cob
 (Photo by Green Building Advisor)  (Photo by EESC glossaries)  (Photo by Rima Sabina Aouf, 2019)
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A good amount of clay and the right proportion of the different sizes of particles (clay, 

silt, sand, gravel) is important to improve the mechanics and durability of rammed earth. 

(Figure 12) If the soil is too gravelly, the gaps between the particles are not properly filled, 

and the soil lacks cohesion and is consequently very sensitive to erosion. If the soil is 

too clayey, it lacks the large grains that give it stability and is thus sensitive to swelling 

and shrinkage. An optimum grain size distribution is one in which the proportion of 

large and small grains is well balanced, leaving practically no gaps, and sufficient clay 

particles are present to facilitate proper cohesion. (Martijn Schildkamp, 2009)

Figure 12. Clay study, mix extra sand and gravel with the soil, and clay sticks all together, 
(Martijn Schildkamp, 2009)

Grain size distribution analysis is a method of evaluating the conformity of soil 

composition in modern rammed earth technology. The chart below shows an example 

of gravelly soil (G) and a clay soil type (C). The horizontally shaded area indicates the 

types of soils that are suitable for rammed earth construction, while the vertically shaded 

area shows appropriate soils for compressed block production. The overlapping area 

is thus good for most soil constructions so that a curve (I) running through the middle 

symbolizes a soil of ideal granulation. (Figure 13)

Regarding the rammed earth material, this house is nestled on a hillside, crafted entirely 

from earth excavated on-site. From the foundation to the flat roof, everything - the 

floors, arched ceilings, plastered walls and ceilings, steps, tiles, and sinks - is fashioned 

from processed soil sourced from the location itself. Notably, all rammed earth remains 

unstabilized, maximizing the ecological and recyclable value of this material while 

significantly reducing the building's impact on the environment.

Concerning architectural performance, the house features thick rammed earth walls, 

ensuring substantial heat retention. Additionally, windows on the walls are positioned 

close to the exterior, harnessing more solar heat and maintaining room temperatures 

during colder seasons. On the external walls, horizontally arranged clay bricks, entirely 

handcrafted by Rauch, gently mitigate water flow, enhancing the building's protection.

(Boltshauser, 2008)

Regarding architectural form, this rammed earth residence embodies Rauch's 

declaration of "building contemporary forms." The building's form is distinct and 

uncluttered, gradually refining from the exterior to the interior. The juxtaposition of 

the earth's raw texture and the house's warmth creates a pleasing equilibrium. The 

continuous horizontal arrangement of clay bricks on the external walls generates a 

delightful rhythm and soft texture, harmonizing with the character of the rammed earth 

walls they rest upon. This sensation extends indoors, where the tactile qualities of the 

earth are emphasized in the oval space encompassing the staircase. Progressing 

through the building involves ascending a dramatic vertical tunnel of clay.

Figure 11. Rauch house,
 (Photos by Beat Bühler, 2008)

The mixture and proportion of traditional rammed earth are based on the artisan's 

experience, and some of the knowledge is lost. A scientific approach could standardize 

the material and bridge the knowledge gap. In modern rammed earth construction, 

to ensure excellent cohesion, structural integrity, and mechanical performance of the 

earth walls, it is common practice to sample and test the local earth composition before 

construction begins. This is done to ensure the appropriate proportion of particles with 

different diameters present in the earth mixture. 

Clay Study
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Rammed earth boasts robust compression strength, suitable for multi-story load-bearing 

structures. Studies in New Zealand demonstrate that solid earth walls exhibit superior 

earthquake resistance compared to walls composed of individual bricks or blocks. 

Rammed earth can be engineered to attain considerable strength and reinforced 

similarly to concrete. While horizontal reinforcement is discouraged, excessive vertical 

reinforcement can result in cracking issues. (Chang Recavarren, 2013)

Rammed earth is generally highly durable, with its fundamental techniques having 

existed for millennia, evidenced by centuries-old rammed earth structures still standing 

today. However，all types of rammed earth walls are naturally porous and must be 

safeguarded against heavy rain and prolonged moisture exposure. Therefore, it's 

crucial to ensure water protection at the upper and lower sections of walls. Prolonged 

moisture exposure can compromise the earth's internal structure, potentially reversing 

cement stabilization and allowing clays to expand. While new water-repellent additives 

can make rammed earth suitable for exposed conditions like retaining walls, they might 

hinder the material's breathability.

Rammed earth functions as substantial masonry with substantial thermal mass. Thermal 

mass absorbs and gradually releases heat in response to temperature shifts.

When used appropriately and in suitable climates, rammed earth's thermal mass 

can delay heat transfer through the building for up to 10 to 12 hours, evening out 

daily temperature fluctuations. This effectiveness becomes evident when the outdoor 

temperature difference between day and night is at least 6 ℃ . (Gupta,2020)

However, rammed earth possesses limited insulation properties, comparable to an 

uninsulated fiber cement wall. Generally, indoor temperatures in an uninsulated rammed 

earth building closely mirror the 24-hour average of outdoor temperatures, potentially 

causing discomfort.

Fortunately, our project's location in Kunming boasts a relatively mild climate, and a 

rammed earth house could capitalize on a day-night temperature difference of over 

Figure 13. Clay study, grain size distribution, an ideal propotion makes a smooth curve in the horizontal hatch, 
(Martijn Schildkamp, 2009)

Thermal Proerties

Structural Capability

Durability and Water Resistance

10℃ in both summer and winter. This makes a high thermal mass a viable passive 

strategy. Following calculations and adherence to local regulations, our wall thickness 

must be at least 420mm.

Earth vernacular architecture is often criticized for its perceived lack of seismic 

performance. Some instances of collapse during earthquakes have led to concerns 

about their safety. China's seismic design codes outlined specific seismic design 

requirements for it. [Appendix page 002] However, extensive research and practical 

experience have shown that rammed-earth buildings can meet safety and seismic 

requirements through optimized structural design and material selection. (Wang, 2017) 

Here are some essentials for the seismic design of rammed earth houses:

1. Foundation quality significantly impacts earth vernacular wall cracking and collapse 

during earthquakes, highlighting the importance of proper foundation design and 

construction.

2. Achieving desired compressive strength and durability relies on appropriate material 

ratios, mechanical ramming techniques, and formwork optimization.

3. Regular layout patterns contribute to overall structural robustness.

4. Employing ring beams on each floor enhances structural integrity. In high seismic 

areas, structural columns connected to walls, ring beams, and floor slabs help withstand 

lateral loads from earthquakes.

Seismic Desgin

In addition to controlling soil composition, modern rammed earth techniques differ 

significantly from traditional methods mainly in terms of formwork and ramming tools. 

In the past, smaller wooden formwork and manual tamping were common, demanding 

substantial labor for rammed earth construction. Today, refined formwork systems and 

powered rammers have substantially reduced labor requirements, rendering rammed 

earth methods applicable even in industrialized nations. (Mu, 2014)

Typically, rammed earth involves compacting a mix of gravel, sand, silt, and clay 

(sometimes with cement) between formwork in layers. Modern rammed earth 

Construction Techniques
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2.1 Climate and Weather

2.2 Earth Vernacular in Yunnan

2.3 Site Information

In this chapter, we will focus on Yunnan's climate, earth vernacular, and the site at a 

larger scale. Through climate analysis, we can gain insights into the opportunities and 

challenges for building design in terms of energy efficiency and comfort. By doing 

case studies and drawing inspiration from villages and vernacular, we will attempt to 

understand how to effectively utilize resources to build suitable housing in the scarcity 

of resources and how to apply modern technology for improvement. Ultimately, we will 

analyze the site to understand the design's specific challenges.

 Chapter 2

Environment and Society: Rural Area in Yunnan
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2.3 Site Information

Figure 36. The satelite map of Dashuijing, Kunming. 
Data source: Google Map

Figure 37. Dashuijing village, Kunming. 
(Photos by Lai Zhou, 2019)

Forest Waterway & 
reservoir

Terraced 
paddies

Villiage & 
vernacular Figure 38. Topography of Dashuijing

2.3.1 Brief
With interviews and site investigation, basic information about Dashuijing is collected 

below.

- Location

Dashuijing Village is located in the northern mountainous area of Kunming city, 15 

kilometers from Sandan town and 66 kilometers from downtown Kunming. The village is 

located at the top of the mountain, and the traffic is inconvenient.

- Population

Around 250 people are registered, and 85 households are in the village.  

The majority of the population belongs to Miao ethnic group.

- Economy

The primary economic source in Dashuijing is small-scale traditional agriculture. 

Cash crops include Chinese peas and tobacco, while food crops consist of corn and 

potatoes. The annual income of villagers ranges between 7,000 and 12,000 CNY.

- Infrastructure

The main road in the village is concrete, while the branches are made of dirt. The village 

has access to power grid (around 0.4 CNY/ kWh) and the consumtion is from 500 

to 1500 kWh/year for each household. People do not have access to tap water. The 

domestic water is from rainwater collection. There are no sewage and drainage pipes. 

Human waste is collected as fertilizer for the field. When the weather is cold, most 

people use braziers and stoves as heating equipment, and some use electric heaters.

- Topography

Dashuijing Village is situated on a gentle slope near the valley /in the mountain(Figure 38). 

The village is surrounded by forests and terraced paddies cultivated by villagers, with 

a nearby brook. A valley separates the village into two parts. The project site is on the 

north facing slope, where most villagers reside.
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