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Abstract: Construction using earth materials demonstrates ecological sustainability using locally
sourced natural materials and environmentally friendly demolition methods. In this study, the
environmental impact of adding cement to soil materials for rammed-earth farmhouse construction
in rural China was investigated and comparatively simulated using the One Click LCA database,
focusing on the conflict between sustainability objectives and the practical aspects of cement
addition. By analyzing how the addition of cement aligns with local construction practices and by
addressing the debate surrounding the inclusion of cement in rammed earth construction, our
objective is to provide insights into achieving a balance between the environmental impact and the
pragmatic considerations of using cement in earthen building practices. Three local structure
scenarios are evaluated via simulations: cement-stabilized rammed earth wall, fired brick wall and
a localized reinforced concrete frame structure. The quantitative environmental impacts are
assessed and the qualitative differences in adaptation, economic sustainability, and other factors are
examined in the context of present-day development in rural China. The results show that the use
of cement-stabilized rammed earth wall-supported structures is associated with higher embodied
carbon emissions compared to structures supported by reinforced concrete frames and enclosed by
brick walls; however, these emissions are lower than those for brick wall supported structures, while
effectively meeting the structural requirements. In addition, the use of cement-stabilized earth for
perimeter walls simplifies material management and disposal throughout the building's life cycle,
and the cost-effectiveness of cement has been found to be substantially greater than that of
reinforced concrete frames and brick structures, improving economic viability and social
acceptability, especially among low-income communities in rural areas.

Keywords: cement-stabilized rammed earth; rural area; software simulation; sustainable evaluation

1. Introduction

Earthen buildings are constructed with stabilization to improve the compressive strength and
the resistance of the material to erosion [1]. Rammed earth, wattle and daub, cob, adobe, and
compressed earth block (CEB)1 are the most used technologies that have been studied in Europe,
Asia, America, and Africa [2,3]. An analysis of the historical progression of earthen architecture
revealed that each method of constructing with earth is a response to a specific social setting and the
prevailing circumstances of that era [4-7]. However, in the past, most people in Asia and Africa,
where most of the population is engaged in agriculture, strongly associated earthen buildings with
poverty and backwardness, preferring industrialized materials such as cement and steel [5,8]. Ever
since man began choosing industrialized materials over nature-based construction there has been
drastic resource depletion and climate crisis. The transition to natural construction is an unavoidable
trend; however, it is still largely hindered by the lack of knowledge and restoration of the value of
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the modern system of nature-based construction. Thus, Heringer et al. summarize the years of
practice and research on rammed earth construction and pose the central question “Who is
profile?”[8]. The renowned American economist Jeremy Rifkin predicts an imminent end to wage
labor in industrial production, as intelligent technologies surpass the cost efficiency of human labor
worldwide. Considering this transformative shift, Rifkin emphasized the need for innovative
solutions to overcome the challenges posed by the decline in mass labor. Conversely, by reassessing
its priorities, the construction industry offers the promise of addressing the increasing demand for
work and wage labor in the future [8]. The main advantage of expanding earthen construction lies in
its ability to effectively meet these demands while maintaining a balance between labor, production
costs, embodied energy, water consumption, and resource transportation, thus promoting equity.
Despite these potential benefits, the widespread adoption of earth construction practices remains
limited. Of this rammed earth, wattle and daub, cob, adobe, and compressed earth block (CEB), only
rammed earth construction requires the most teamwork to implement.

Until the 1990s, research on rammed earth construction remained at the level of consolidating
work progress, material science, and construction tool upgrading[9]. Researchers have attached great
importance to testing the physical properties, hydrothermal performance[10-12], resistance to
natural threats by adding binders[11,13-16], or contemporary structures[17-21]. Martin Rauch, a
rammed earth architect and researcher known for his extensive knowledge of rammed earth
construction, defined rammed earth as a composition of clay, sand, and gravel packed into molds
and compressed layer by layer to create a cohesive structure[8].

Andras’s explorations and projects encompassed a wide range of experiments, including the
construction of a single rammed earth wall, developing a prefabrication method for rammed earth
blocks, and the implementation of the transition of rammed earth construction from traditional to
modern construction systems across Europe [22]. Each round of prefabrication of rammed earth walls
with raw earth materials can reach up to 40 m in length and meet the predetermined height as per
project specifications. A maximum of four men were needed to operate the machine and perform
manual ramming at the end of the wall. The prefabricated rammed earth was prepared in the factory
and packaged appropriately as shown in Figure 1, and then delivered to the site for installation.

Figure 1. Factory for prefabricating the rammed earth wall developed by Martin Rauch’s team.

European architects insisted on using raw earth material without any chemical binder, in
practice Even if the soil was not suitable for rammed earth construction, clay powder was extracted
from a range of high-quality soils and used as binder material to supplement the earthen construction.
As rammed earth construction gains public awareness and interest in rammed earth construction
increases, the supply and demand for rammed earth in the construction industry, from construction
techniques and craftsmanship training to the supply of ancillary materials and products, can be
substantially increased, thereby balancing, and narrowing the reliance on, and use of, other
industrialized building materials. All this can be achieved with a sufficient economic base and
mechanization, which is quite feasible for developed countries.

As far as developing countries are concerned, handcrafted production is more affordable than
prefabricated construction. In China, a country renowned for its rich and extensive history of
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handmade crafts, ranging from house construction to the production of traditional handicrafts such
as porcelain, papermaking, and textiles, the unique national circumstances prevent complete
mechanization from replacing these practices. Therefore, although the prefabricated rammed earth
construction method can greatly improve the efficiency of house building and reduce the wear and
tear of the construction process, it is still impossible to achieve 100% prefabrication in China.
Therefore, a combination of on-site and semi-fabricated rammed earth construction is more feasible
in China in the future.

In China, rammed earth construction projects are common in the east, southeast, southwest and
northwest of China. Most of them, such as the Fujian Tulou, terraced adobe houses in Yunan, and
caves in Gansu involve the renovation of traditional earthen buildings. The practice of building with
modern technology focuses on upgrading of rural homes and post-disaster reconstruction.

In both situations, the construction of rammed earth buildings does not provide designers or
builders with adequate financial resources and response times for precise and accurate control of
architectural details. It is obvious that a rough type of design and construction organization is more
suitable for upgradation of rural households and construction during disaster context, whether due
to the lifestyle habits of rural residents or the urgency of disaster relief. Considering the limited
financial resources in both areas, the practice of rammed earth construction in rural China, especially
for self-built houses and disaster relief, usually involves adding cement or incorporating structural
elements such as steel bars or bamboo strips to ensure safe and comfortable shelters while keeping
costs manageable.

However, from a life cycle perspective, if such rammed earth houses can last for a hundred years,
adding cement is indeed much more energy-saving and environmentally friendly than brick-and-
concrete structures. However, compared to earth construction it appears the environmental
requirements to be satisfied and cost burden of post-construction wall repairs, demolition, burial,
and other work could increase. To make a judgment on whether the reality is as predicted requires a
comprehensive analysis from the perspective of the entire life cycle. This study is based on such an
assumption and a comparative simulation analysis is performed using the One Click LCA database.

2. Case Study

2.1 Comparative Simulation Study

This study examines rural housing construction in China by taking a holistic approach to life
cycle analysis. A comparative simulation analysis was carried out using the Design Builder software
in conjunction with the LCA database provided by One Click LCA. While the existing databases need
to be expanded to be more relevant to the Chinese context, the evaluation of different construction
methods in terms of hidden energy consumption remains a valuable source of insight. This study
extends the analysis of rammed earth construction with cement to encompass sociological and
economic dimensions within the current Chinese development landscape and presents a case study
involving the renovation of self-built rural houses in southeast China. The study incorporates site-
specific data for construction cost estimates and sociological assessments. In addition, software
simulations using the VELUX Daylighting Visualizer and One Click LCA database plug-in within
the Design Builder software are used to assess daylighting performance of standard building unit
and associated embodied carbon emissions.

In this study, three standard building blocks common implemented in southeast rural China,
with buildings of dimensions 3x5x3 m (width (W)xlength (L)xheight (H)) were simulated and
constructed using four types of building materials: fired-brick, cement stabilized rammed earth
(CSRE), concrete and reinforcement steel bar. A foundation with a height of 200 mm and a flat
concrete roof of thickness 100 mm and an extension of 300 mm on top of each block for puncture
protection of the wall were proposed see Table 1.
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Table 1. Parameters, quantities, and estimated material costs for the three blocks compared.

Title 1 Unit Block 1 Block 2 Block 3
Parameter
_ 380 mm thick fired 350 mm thick5% 200 mm (W) x 300 mm
Load-bearing s .
structure cement stabilized (L) reinforced concrete
brick wall rammed earth wall frame
Footing mm 200 (H)x 380 (W) 200 (H) x 350 (W) 200 (H) x 200 (W)
Material
Concrete m?3 3.60 3.49 3.62
Steel bar kg 382 382 423
Cement kg 720 1,075 395
Fired brick kg 23,123 0 13,224
Cost?2
Concrete CNY/m3 352.8 342.02 354.76
Steel bar CNY/m 1,834 1,834 1,905
Cement CNY/ton 302 452 166
Fired brick CNY/piece 3078 0 1764

IThe unit price for each material refers to a project in southeast China.; 2The estimated cost
of each material was calculated by considering 5% waste as indicated in practice.

Figure 2 Simulated annual daylight factor for the standard layout plan of the three
blocks. The objective of the study is to focus on the embodied carbon emissions of the
different building materials to facilitate the frequent implementation of load-bearing
structures in rural areas in southeast China. Figure 3 shows a standard bedroom floor plan
in the studied cases, which shows a good annual daylighting factor for the accommodation.
Embodied carbon benchmarking for a single block built with an envelope.
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Figure 3. Simulated annual daylight factor for the standard layout plan of the three blocks.

To account for the specific conditions at the project location, the dependent variables in the three
simulation results encompass variations in the quantities of the four primary materials based on
typical local construction methods, along with discrepancies in the materials used for the vertical
structures.

The modeling data analysis (Figure 4) indicates that among the existing construction methods
for rural residential buildings in Southeast China, the use of 380 mm thick brick walls as load-bearing
elements has the highest hidden energy consumption. This is followed by rammed earth walls
reinforced with cement, with framed structures incorporating the load-bearing elements, which have
the lowest hidden energy consumption.

[ Cradle to gate Impacts (A1-A3) kg COzelm? [ Cradle to gate impacts (A1-A3) kg COze/m? [ Cradle to gate impacts (A1-A3) kg COze/m?
- oA
One (A One (A One (A
e © Click ssasn @ Click [ @ Click
N’ NS N
(458-518) @ (458-518) @ (458-518) @ 488]
(518-578) E (518-578) E
797
Foundations and substructure - 6% Foundations and substructure - 25% Foundations and substructure - 5%
Vertical structures and facade - 75% Vertical structures and facade - 23% Vertical structures and facade - 78%
Horizontal structures: beams, floors and roofs - 16% Horizontal structures: beams, floors and roofs - 41% Horizontal structures: beams, floors and roofs - 13%
Other structures and materials - 3% Other structures and materials - 10% Other structures and materials - 4%
0% 20% 40% 60% 80% 0% 20% 40% 60% g 20% 40% 60% 30%
Block 1 Block 2 Block 3
(a) (b) (©)

Figure 4. Embodied carbon benchmarking for a single block built with an envelope. (a) 380 mm thick
fired brick wall, (b) 350 mm thick rammed earth wall and (c) reinforced concrete framing structure
and 200 mm thick fired brick wall, which corresponds to the parameters in Table 1.

The development of simulation software for preliminary decision-making analysis is a widely
accepted method to help designers optimize the design at an early stage [23]. However, the
simulation tool is always based on the data already collected to provide a platform for the real-time
data updating, and the collection of regional characteristics of the parameters still has its limitations.
Therefore, researchers and scholars often simulate the data with the measured data for the purpose
of comparison and to make a comprehensive judgment. Even though most of the databases of One
Click LCA in this study are from European countries and do not match the actual data from rural
China, it is still valuable to qualitatively assess the advantages of the three building systems, namely,
brick masonry, stabilized rammed earth, and framed structure, for reducing hidden energy
consumption. To further substantiate the hypothesis put forward in this study regarding the
sustainability of the practice of adding cement to rammed earth buildings, a case study on the
renovation of a rural rammed earth dwelling located in the mountainous region of southeastern
China is conducted in this study.

2.2. Project Case study

2.2.1. Existing situation on site

The site selected for the pilot project is in southeast China, and it is originally an ethnic Yao
settlement with a hot summer and cold winter climate The project was launched after China had fully
completed its poverty eradication mission. The projects initially aimed to preserve and restore some
of the vacant traditional rammed earth dwellings. The village had lost many laborers in the past due
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to prevailing policies and urbanization; therefore, there were less than ten permanent residents in the
village at the beginning of the project, and the average age was over 60.

There were approximately 12 traditional rammed earth buildings and five modern brick and
masonry houses; the traditional rammed earth settlement style of the village had been destroyed as
shown in Figure 5.

Figure 5. The image on the left shows the present-day depiction of the village prior to the project
commencement in 2021, while the image on the right showcases the village landscape circa 2008.

The pilot project was conducted with the support of non-governmental organizations, as the
permanent population of the village was very sparse, most of them were retired elderly people.
Traditional rammed earth construction is an undeniable feature of the village. The project team's
investigation was conducted during the hot summer months. When surveying each of the earth
buildings, it was evident that the existing earth buildings were very cool inside, but the lighting could
be better. The front and back of the main halls of each earth building were ventilated, but the
bedrooms on the left and right sides needed better ventilation and daylighting due to poor existing
situations as Figure 6 showed. Moreover, due to the left-right symmetrical layout of the traditional
building, the requirements of the occupants and privacy were not overly considered. As a result,
most household interviews revealed a conflict between the existing rammed earth houses and the
actual use of the function, including most of the unused space on the first floor.

Figure 6. Interior condition of an existing rammed earth dwelling in the village.

In the pilot project, some strategies were applied to investigate the feasibility and possibility in
the context of the current situation, such as encouraging the elderly to participate and organize the
construction of rammed earth houses in their villages, to the best of their ability, using the recycled
materials from existing buildings and excavated sites, proposing a cement-stabilized rammed earth
technique combined with an aluminum formwork and using an electrical rammer to improve the
building quality and construction efficiency.

The selected case projects have two main objectives: first, to help improve the housing quality
and provide safe and comfortable accommodation for the village residents. Secondly, to explore step-
by-step, a model for sustainable development that encompasses the environmental, economic, and
social dimensions of the village architecture. For the case selected for this study a multi-stakeholder
partnership model is proposed which involves examining the living and production habits of rural
residents in the area, the types of resources available in the area and the artisans experienced in
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construction. In addition, an analysis of the climatic conditions in the region revealed that it was rainy
and humid throughout the year and that frequent rainfall in the mountainous areas of the region is
not conducive to rammed-earth construction.

An analysis of meteorological data for Dao Xian County, the closest county to the site, was
conducted using Berkeley's CBE tool [24,25], as illustrated in Figure 7a. In addition to the recorded
outdoor temperature and humidity data for the site, the geographical location of the village was
found to be consistent with the climatic patterns of cold winters and hot summers[26]. During the
winter season when there is little rainfall, the average external relative humidity can exceed 85%.
According to the on-site monitoring of microclimate date as Figure 7b presented, these environmental
conditions, characterized by the high humidity levels and frequent rainfall[27], can pose a challenge
to rammed earth construction.

Traditional rammed earth structures are susceptible to erosion by rainwater; therefore,
construction work must be carried out in dry weather with minimal interruptions due to rainfall.
This requirement is usually met with two approaches: improving the inherent resistance of the walls
to erosion by rainwater and constructing temporary shelters on-site. As the village is classified as
economically underprivileged and has limited technical resources, the cost-effectiveness of
constructing rammed earth houses compared to conventional local brick-and-concrete buildings is of
paramount importance to increase community interest. As the integration of temporary shelters
would significantly raise construction costs by at least 50%, this solution poses an economic challenge.
Therefore, in the context of the current socio-economic situation in rural areas, prioritizing measures
to improve the resistance of walls to rainwater erosion proves to be a more viable strategy for
advancing construction successfully.
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Figure 7. Microclimate data included external air temperature (°C) and relative humidity (%) from
CBE climate tool and on-site. (a) is the climate data analysis derived from the CBE Climate Tool [25]
(b) Top is the outdoor temperature and relative humidity derived from in-situ monitoring by HOBO
sensors in winter. Bottom is the discrepancies of external dry bulb air temperature and relative
humidity between adjacent county’s climate data from CBE Climate Tool, Daoxian, CHN and the
climate data monitored on-site in the village.

Figure 7 shows a comparable climate condition between the microclimate of the village and the
climate data of the neighboring county, with reference to the CBE climate tool. Considering the
frequency of climate changes in recent years, natural disasters and challenges are frequent in Chinese
rural areas. Therefore, taking reference from the monitored microclimate data is more significant to
analyze the hydrothermal performance of renovated rammed earth house in this case study.

3. Results

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.

3.1. The Performance of Cement-Stabilized Rammed Earth Construction

3.1.1. Subsubsection

The internal structure of traditional rammed earth walls in the village, with many wood and
bamboo strips embedded to ensure the strength and stability of the rammed earth walls is analyzed.
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Based on on-site observations, it is estimated that approximately 50% of the wall volume is filled with
bamboo strips, wood strips, and pebbles. Despite clear traces of ramming and scaffold installation,
the construction technique is more akin to a fill-based wattle and daub method. The density and
compressive strength of the existing rammed earth wall is relatively low. A step-by-step repair of the
wall is not feasible due to the interlaced network of embedded strips throughout its structure, as
Figure 8 showed.

Figure 8. The internal structure of the earthen walls in the traditional rammed earth buildings of the
village shows remnants of the traditional formwork and scaffolding used in construction.

Concurrently, the recently constructed cement-stabilized rammed earth wall was structured as
a load-bearing entity, using a mixture of soil, sand, gravel, and cement. This homogenously blended
composition resulted in increased compressive strength of the earth wall of over 2 MPa as
respectively tested in lab of Kunming University of Science and Technology and in-situ, and
adequately met the structural load requirements. Notably, no additional horizontal or vertical
banding structural components were incorporated within the wall to maintain the material's
compacted density. Owing to its point-by-point repairability, the wall can be repaired or
reconstructed incrementally depending on where the damage is located, whether in the original
construction or in future maintenance work.

By analyzing the process of renovation of existing houses and construction of new houses, it has
been found that the construction of traditional earth-built walls is prone to collapse under high
humidity and light rainfall. Figure 9a—c show the actual occurrence of the study case where the
existing preserved rammed earth wall collapsed unpredictably during the construction process due
to the constraints of the construction conditions under the influence of natural rainfall, and the
construction site personnel adjusted the design of the collapsed earth material in the light of the actual
situation, and then remixed it and completed the masonry. Figure 9d shows that the new rammed
earth wall with the addition of cement can continue to be built such that it does not collapse even in
high humidity and light rain, and in a wet environment.


https://doi.org/10.20944/preprints202405.0874.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 May 2024 d0i:10.20944/preprints202405.0874.v1

(d)

Figure 9. Water resistance performance of rammed earth walls with and without the addition of
cement in a harsh construction environment and in high humidity and light rain.

This empirical observation presents qualitative evidence supporting better water resistance of
cement-stabilized rammed earth walls compared to unmodified raw rammed earth walls. From a
construction organization perspective, this performance suggests a beneficial influence on rural
construction behavior at the minimum management level through the adoption of more resilient
practices, such as the integration of cement into rammed earth.

In addition, the incorporation of cement into the earthen walls plays a critical role in improving
their resistance to vandalism, wear and tear, and potential flooding. A survey revealed that local
villagers still adhere to a relatively traditional way of life, characterized by practices such as using
rammed earth as indoor flooring, maintaining fire pits for cooking, and preserving food, storing
firewood both indoors and outdoors, and constructing dry toilets and bathhouses made of tree bark
outside the main rammed-earth structures as Figure 10 showed. All activities associated with water
supply, such as laundry, food preparation, and dishwashing, are carried out in outdoor areas
adjacent to the main rammed-earth buildings. These practices are necessary because the villagers are
exposed to harsh environmental conditions that span extreme winters and summers which are very
uncomfortable for them. Most importantly, the villagers have foregone the conventional practice of
indoor toilets because of concerns regarding the poor waterproofing performance of rammed earth
structures and have had to adjust their living habits and movement patterns to safeguard the integrity
of the building walls.

The greater strength and water resistance achieved by incorporating cement into rammed earth
walls represents a remarkable advance over conventional raw earth construction. However, despite
these improvements, such walls are still poorly suited for use in shower rooms that are exposed to
high humidity and water from washing activities over long periods of time. It is therefore imperative
to undertake additional waterproofing measures for bathrooms.
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Figure 10. Living habitats in the village studied.

Another important factor in evaluating the sustainability of the practice of adding cement to
earth walls for housing improvement in rural areas is the cost of construction. A comparative analysis
was conducted on the rammed-earth buildings of the collective properties and the brick houses
constructed simultaneously in the same village. The study revealed differences between the new
rammed-earth buildings and the brick houses built by the villagers, apart from the influence of
climatic factors on the construction efficiency of both types of buildings, as detailed in Table 2.

Table 2. The differences in time, cost, and labor input between cement-stabilized rammed earth
(CSRE) construction and fired brick building in the same village.

Cement-stabilized rammed

Items carth building Fired brick building
The launch date of construction 1st Oct 2021 1st March, 2021
Date of handover 6th July 2022 31t Dec 2022
Story 2 3
Material cost/m2(CNY) 500 1,000
Wall thickness (mm) 350 180
Daily average labor input 5 3

4. Discussion

In this study, the effects of using cement-stabilized rammed earth construction in the rural areas
of southeast China were analyzed through the parallel use of software simulations and case studies.

In rural areas of China, the limited economic resources and underdeveloped infrastructure has
hindered the adoption of modern technologies and construction materials to improve the overall
standard of buildings. Despite these challenges, the long-standing cultural practice of using rammed
earth dwellings and local beliefs have both driven and welcomed technological advances in the
renovation of rammed earth construction.

This study investigated the effects of implementing cement-stabilized rammed earth
construction in rural southeastern China through a combination of software simulations and case
studies. Challenges such as limited economic resources and lack of infrastructure have hindered the
adoption of modern building technology in this region. The use of rammed earth construction was
seen as critical to the progress of the project, considering economic, social, cultural, and
environmental factors.
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With the clash between traditional practices and modern lifestyle preferences becoming more
apparent across generations, the adoption of cement-stabilized rammed earth construction emerged
as a practical solution that addresses cost-effectiveness, convenience, comfort, and the preservation
of local building customs. Analysis of simulation data and on-site construction evidence showed that
while using cement-stabilized rammed earth walls led to higher carbon emissions compared to
traditional earthen construction, the emissions were almost half that of a reinforced concrete frame
system commonly used in the region. Moreover, despite the higher emissions, incorporating cement
into the rammed earth walls resulted in a 50% cost reduction compared to building a house with 180
mm thick brickwork. In addition, this method improved the structure's resistance to sudden weather
changes during the construction phase, surpassing the durability of traditional earth, brick, and
reinforced concrete buildings.

This study relies more on the integration of software simulations and site-specific studies to
provide a holistic evaluation of the cement-stabilized rammed earth construction. This study shows
that rammed earth construction with cement added is superior to traditional raw earth construction
in terms of construction quality and technical durability, and superior to reinforced concrete frame
and brick masonry structures in terms of economic efficiency and environmental friendliness.
However, looking at it from a broader perspective, the practice of adding cement is only suitable for
regions with limited resources and technology, where there is an urgent need for safe housing and
improving the overall environment. However, it is not the best solution for promoting low-carbon
development of buildings worldwide. In the future, as the economic level of rural areas rises, it is
inevitable to further investigate how to incorporate rural rammed earth construction into the raw
earth construction and semi-fabricated assembly construction system. At the same time, how to
collect and improve the database for software simulation through the continuous practice of rural
rammed earth construction is worthy of more in-depth study.

5. Conclusions

Cement-stabilizer somehow workable for low-resource areas in certain economic and socio-
cultural conditions. The environmental impact is inevitable by adding cement into the raw earth,
however, the economic benefits and convenience on construction organization formed a preliminary
preference for those people living in local. How to verify the urgency of living demand and ecological
friendliness, which can be conversed to the conflicts between human-centered perspective and
nature-centered perspective in a specific development context. This case study analyzed the necessity
of cement stabilization in the context of low rural resources and rough living habits, the results
proved an adverse image on environmental performance, but beneficial on economic and socio-
cultural aspects. Instead, it is necessary to further explore an eco-binder for future practice to decrease
the dependence of cement. At the same time, by simultaneously guiding and updating the living
habits of local human beings, and forming an intergenerational integration of habits to strengthen
the local people's awareness of the construction of low-carbon green buildings and to reduce the
waste and demand for resources in their living habits, thus reducing the redundancy of the functional
design of the building as well as the pursuit of decorative components that "have a face".
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