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Abstract 

The current trends in the construction industry show that the use of sustainable 
materials is increasing instead of traditional construction materials. Since the construction 
industry is one of the largest consumers of energy and emitters of carbon dioxide, there is 
a need for more sustainable materials to be applied in construction. With the advanced 
technology, many building materials are available as sustainable options. In this study, the 
application of sustainable materials as a replacement for traditional construction materials 
is investigated. Sustainable options are considered instead of traditional building materials 
in the construction industry, including their characteristics and how and where sustainable 
materials can replace conventional building materials. In particular, bamboo, rammed 
earth, and mycelium are considered sustainable materials. The common characteristics of 
these materials are good thermal performance, reduced CO2 emissions, low energy 
consumption, low waste generation, and low price. The mechanical characteristics are 
quite different, as well as the density of materials and performance in earthquakes. The 
bamboo has quite good mechanical characteristics compared to rammed earth and 
mycelium-based material, making it earthquake-resistant. However, it is not fungi-resistant 
or fire-resistant. On the other hand, mycelium-based material is pest-resistant and fire-
resistant. The potential to use sustainable materials in the construction industry is rapidly 
increasing due to modern technology and innovations.    
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1. INTRODUCTION   

In total, buildings account for around 40% of global energy consumption, which leads the 

construction industry to be in the first place in the energy consumption market [1, 2]. 

According to predictions, this trend of energy consumption in the construction industry will 

continue to rise in the following decades [1]. Such high energy consumption and greenhouse 

gas emissions contribute to climate change and global warming, representing the significant 

threats of modern societies. To reduce this harmful environmental impact, it is of essential 

importance to incorporate sustainability in civil engineering. The meaning of sustainability is 

similar to sustainable development. Sustainability means the optimal use of natural resources 

to avoid decay, depletion, and reaching a point of no return and handing down to next 

generations by developing them. Similar to sustainability, sustainable development is very 

common in the current literature. There are many studies that address how to incorporate 

sustainability in the different research fields, industries, our lives, and systems. The concept 

of sustainable development refers to meeting the needs of the current generations without 

compromising the ability of future generations to meet their needs [3]. Sustainability includes 

three different pillars, environmental, social and economic. The social aspect of sustainability 

in the construction industry is described as encouraging community involvement, establishing 

suitable institutional structures, evaluating the influence on the current social context, and 

assessing the effects on health and well-being [4]. The economic sustainability pillar 

incorporates external costs, explores alternative financing methods, creates suitable 

economic tools to encourage sustainable consumption, and evaluates the economic impact 

on local structures [4]. The environmental aspect of sustainable construction is to decrease 

material intensity through substitution technology, improve the recycling of materials, 

minimise the usage of harmful materials, decrease the energy for processing goods and 

delivering services, back international agreements and conventions, optimisation of 

sustainable utilisation of biological and renewable resources, and consider the effects of 

planned project on air, soil, water, flora and fauna [4]. Mitigating towards more sustainable 

practices and green buildings can reduce energy consumption, decrease construction waste, 

decrease pollution, and optimise the usage of resources [5].  

 The most common traditional materials in construction are cement, concrete, and steel. 

Concrete is the key material in buildings and infrastructure development. It is reported that 

almost 30 billion tons of concrete are used per year worldwide, taking the first place of 

material consumption in construction and leaving steel and wood behind [6]. Since concrete 

comprises aggregates, cement and water, cement production is estimated to be over 4 billion 

tons annually [7]. Such a large amount of cement production generates 8% of the global CO2 

emissions [8]. Further, the amount of CO2 emission due to cement production is rising since 

it is reported that 1.57 Gt of process-related CO2 emission was in 2019 and 2.9 Gt in 2021 

[8, 9, 10]. Cement production and concrete manufacturing cause challenges to modern 

societies and contribute to climate change and other natural hazards.   

The aim of this study is to consider more sustainable options for traditional construction 

materials, where these options can replace traditional materials and find their application in 

civil engineering and the construction industry to contribute to sustainable development. In 

this study, three different sustainable materials are considered: bamboo, rammed earth and 

mycelium. The bamboo forests are concentrated in the tropical and subtropical regions. The 

growth of bamboo is influenced by temperature, rainfall, soil type, and altitude [11]. Around 

80% of the bamboo forests that contain more than 1200 species of bamboo are located in 
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Southeast, South, and East Asia, particularly in India, the south of China, Myanmar, Thailand, 

and other [12]. Bamboo is a renewable material that is an eco-friendly and the fastest-growing 

plant. Rammed earth is one of the oldest construction methods for many heritage structures, 

and it is widely found on all continents. Rammed earth structures are found in different 

historical periods and cultures, including Neolithic, Roman, Chaldean, Yangshao, and Incan 

cultures [13]. This construction technique uses soil from the ground as the main component 

for rammed earth and compacts it with optimal water content inside [14]. Recently, rammed 

earth has been gaining popularity as a renewable material that is locally available, eco-

friendly, and cost-effective. The third significant sustainable material that is becoming popular 

in civil engineering is mycelium-based materials. This biomaterial is a vegetative part of fungi 

that can be grown on organic substrates such as agricultural waste through mycotecture [5]. 

Mycelium is a dense network of thin threads named hyphae that grow and intertwine together 

into solid material [15]. During the growth, self-assembling bonds of tiny white fibres invade 

and degrade the organic substrate by gradually colonising the organic matter to bind them 

into strong 3D structural material [16]. Mycelium-based material is renewable, biodegradable 

and eco-friendly. At the end of their lifecycle, this material can be disposed of without 

negatively impacting the environment, causing pollution or generating waste.         

2. LITERATURE REVIEW 

Bamboo is a sustainable material with high potential in green building projects and the 

construction industry. Similar to rammed earth, bamboo was used for building houses in 

olden times, especially by people who lived in Southeast Asia, South Asia, and China, where 

bamboo grows naturally. More often, it was used in combination with grass, wood, clay, and 

lime to build houses [17]. The example of the traditional bamboo house in the Philippines and 

the construction of a novel modern bamboo house in Indonesia are illustrated in Figure 1. 

The first study of bamboo was carried out in 1839 by Ruprecht [18]. Recently, an increasing 

number of studies have confirmed that bamboo can be a suitable substitute for wood. The 

manufacturing process for bamboo products in construction includes splitting, glueing, 

pressing, and heating to produce glued laminated bamboo [19].   

 
Figure 1. Traditional bamboo house in the Philippines [17] and modern bamboo house 

in Bali [20] 

Besides, it is approached to bamboo as a construction material from the different aspects. 

Some studies and reports evaluate bamboo's mechanical characteristics, compressive 

strength, tensile strength, and bending [18, 21, 22], thermal characteristics [23], and other. 
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Due to its excellent thermal properties, a case study from Harbin, Dalian and Shenyang in 

China shows that residential buildings in cold regions in China can be constructed from 

bamboo [23]. Also, there are studies regarding the significance of bamboo from social 

aspects of sustainability [24] and an environmental perspective [25]. Currently, China is the 

number one producer of bamboo, followed by India.   

  
Figure 2. Traditional rammed earth structure - Basgo fortress in the Ladakh [26]  

Applying the rammed earth as a material and a technique for building dates back 

centuries. There are many examples of this construction method in architecture. By 

chronological study, it is concluded that this method was first used in construction in China 

[13]. Settlements during the Lungshan era in China were built from rammed earth. The key 

component of the settlements was the walls. The earthen walls are made by heaping soil to 

form a rhomboid section wall, and the base width increases proportionally to the wall height.   

Some earthen walls as part of the Great Wall of China are placed at the Jiayuguan fortress, 

which was built in 1372 during the Ming Dynasty. Further, the historical evidence of rammed 

earth structures is found in the Himalayas [26, 27], such as the Basgo fortress in the Ladakh 

region in Tibet. This fortress was constructed in 1357. It is shown in Figure 2. As examples 

from Europe, a few rammed-earth castles from the 14th and 15th centuries were built near 

Castile in Spain [28]. Fortresses are constructed with lime-crusted rammed earth where 

putlog holes are passant. It is noticed that castles are influenced by the Islamic Medieval 

Spanish style (Figure 3).   

 

Figure 3. Traditional rammed earth structure – the castle of Palenzuela in Castile [28] 

In the modern period, the rammed earth procedure for construction includes the following 

steps: a proportion of water is added to the soil, the first layer of moist soil is distributed in a 

formwork, compacted, the subsequent layers are built up in the formwork until it achieves the 
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height of the wall [29]. The soil formwork is removed after one day, and the rammed earth 

can cure. 

Compared to bamboo and rammed-earth, which have a long history in the construction 

process, mycelium-based materials are relatively new and have started to gain attention in 

recent years due to their characteristics [15, 30]. The first application of mycelium-based 

material began in 2007 for high-quality packaging products [15]. In the construction industry, 

there are two approaches to integrating microbes in material production. By the indirect 

method, the enzymes from microbes are extracted and added to the production process of 

materials [31]. As a result, bioblock, biocement, bioconcrete and biopolymer can be produced 

[15]. Also, enzymes can contribute to soil stabilisation. The direct method is based on the 

direct application of microbes such as mycelium, cell walls, and spores of microorganisms. 

One example of a mycelium-based structure is the Hy-Fi organic Mushroom-Brick Tower in 

New York, as given in Figure 4. The environmental assessment of mycelium-based materials 

was carried out in the previous studies, and it is concluded that they outperform traditional 

insulation materials [32].    

 
Figure 4. The Hy-Fi organic Mushroom-Brick Tower [33] 

3. THE PROPERTIES OF SUSTAINABLE MATERIALS 

In this section, different properties of sustainable materials are considered. Firstly, the 

mechanical characteristics, as the most essential property of each material, are investigated. 

Compressive, tensile, and shear strengths are estimated for the mechanical characteristics 

provided in Table 1.  

The bamboo specimens were three to four years old. It has been tested using a Universal 

testing machine (UTM). Two hollow bamboo specimens of 15 cm length are tested for the 

compressive strength in a UTM machine [18]. The compressive load is applied to the sections 

until the specimen breaks. For the tensile strength test, the same bamboo specimen was 

used in a UTM machine [18]. It is measured that the ultimate load which causes specimens 

to break is 16.6 kN. Similarly, a UTM machine performed a shear strength test on the identical 

specimens. Bamboo has four times the tensile strength compared to the compressive 

strength.  

1413



International Conference SINARG 2025, Niš, 11-12 September 2025 

 
 

For rammed earth, specimens are made of natural soil with 13% water content. The 

specimens have a cylinder shape with a diameter of 10.1 cm and a height of 11.5 cm for the 

uniaxial compression test for rammed earth [34]. UTM is also applied to test specimens. To 

measure tensile strength, the Brazilian test on cylindrical specimens is applied [35]. 

Cylindrical specimens are designed with the dimensions of 16 cm in diameter, 32 cm in 

height, and 11% of the water content in rammed earth. For testing shear strength, a simple 

method based on compressive strength, tensile strength and Mohr’s circle theory is applied 

[35]. It is tested on the wallets made from soil by compacting each layer to a thickness of 15 

cm after compaction. The wall's dimension is 100 cm x 100 cm x 30 cm. From the results, it 

can be concluded that the tensile strength of the rammed earth is 10 times smaller than the 

compressive strength.  

Mycelium-based material is tested with an MTS servo-hydraulic testing machine for 

uniaxial compression and tension tests [36]. Different specimens are used for the 

compressive and tensile tests. This experiment uses cubic specimens of dimensions 20 mm 

x 20 mm x 16mm for the compression strength and dog bone specimens of dimensions 200 

mm x 6 mm x 3.5 mm for the tension tests.  

Table 1. The mechanical characteristics of sustainable materials [18, 34, 35, 36] 

Material Bamboo Rammed earth Mycelium 
Compressive strength [kN/cm2] 1.896 – 2.228 0.136 – 0.14 0.004 – 0.008 
Tensile strength [kN/cm2] 4.018 – 8.302 0.01 - 0.035 0.01 – 0.03 
Shear strength [kN/cm2] 0.409 – 0.586 0.015 – 0.085 / 
 

Besides mechanical properties, thermal properties for each sustainable material are 

considered, as well as some other specifics of the materials, such as acoustic properties and 

density. The thermal characteristics of each material are provided in Table 2. There are 

studies from different aspects of sustainability, such as environmental, economic, and social.       

Table 2. The thermal characteristics of sustainable materials 

Material Bamboo [18] Rammed earth [37] Mycelium [32] 
Thermal conductivity [W/mK] 0.15 – 0.30 1.13 – 1.82 0.043 – 0.056 
 

The thermal properties of bamboo are high since the thermal conductivity is low [18]. This 

means that bamboo is a good heat-insulating material. The density of bamboo is between 

1000 and 1300 kg/m³. The modulus of Elasticity for bamboo is 12 GPa [17]. The water 

absorption is between 12% and 26%. The sustainability performance from the environmental 

aspect of bamboo is as follows: durability, low pollution, energy saving and renewable 

resource [17]. The contribution to construction pollution is relatively low, meaning bamboo 

has a good environmental impact. From an economic aspect, bamboo is a cheap material 

that is locally available in some places. From a social perspective, it has a positive effect on 

the people. It reduces greenhouse gas emissions by reducing carbon dioxide. The 

performance of bamboo buildings under earthquakes shows good resistance since the 

bamboo material is lighter than wood due to its hollow nature [17]. Since it is lighter, it 

produces a smaller earthquake force, the product of mass and the acceleration generated by 

the earthquake. It has poor fire resistance and resistance to fungi and bacteria [38]. 
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Samadianfard and Toufigh conducted an experiment under simulated conditions to 

measure the thermal performance of rammed earth materials [37]. The experiment included 

a hygrothermal chamber, which was designed, and Fourier’s law was used to determine the 

thermal conductivity of a few rammed earth samples [37]. The rammed earth sample consists 

of 88% earth and 12% water. The density of rammed earth material differs depending on the 

soil type and percentage of moisture content [39]. It is estimated that the average is around 

2000 kg/m3. However, the density of rammed earth materials varies between 1700 kg/m3 and 

2200 kg/m3. The performance under gravity loads of rammed earth is acceptable [14]. 

However, the seismic behaviour of rammed earth is deplorable regarding lateral resistance, 

ductility, and displacement capacity [40]. The main reason for poor seismic performance is 

the low tensile and shear strength of the earth. The local availability of rammed earth makes 

this material cost-effective. From the environmental perspective, the rammed earth 

contributes to the following sustainability factors: recyclability, renewability, energy savings in 

material production, reducing carbon emissions, and outstanding humidity ventilation [41]. 

Overall, it is an eco-friendly material. The cost of rammed earth construction is relatively low, 

which gives this material a good performance from an economic perspective of sustainability. 

Besides, it creates local job opportunities in the construction industry. During construction, it 

is necessary to have at least one contractor who is experienced in the rammed earth 

construction method [29].  

The thermal conductivity of mycelium-based material is relatively low, and it is among the 

lowest values for biodegradable insulation material [32]. Mycelium-based materials are 

lightweight since the density is between 110 kg/m3 and 330 kg/m3. The water absorption can 

be as high as 200%. This material contributes to the environmental aspect of sustainability 

by reducing carbon dioxide emissions, energy consumption, and construction waste. The 

other environmental factors of mycelium-based material are recyclable, compostable and 

biodegradable [15]. After the building lifecycle, the mycelium-based material is fully 

degradable and can be returned to nature. The main benefits of mycelium are that it captures 

and stores CO2 during its growth, which is absorbed from the environment [30]. It is estimated 

that biological materials used as substitutes for construction materials can reduce CO2 

emissions by about 800 million tons annually [32]. It is available in nature. From an economic 

perspective, the benefits are low cost and easy production. The production process of 

mycelium-based material is simple, including moulding and growing [15]. The optimal 

conditions for mycelium to grow are the air temperature between 25°C and 30°C and humidity 

of 65% [42]. Mycelium-based materials have excellent thermal and hydrophobic properties. 

It is fire-resistant and pest-resistant.         

4. THE APPLICATION OF SUSTAINABLE MATERIALS 

The potential of sustainable materials in construction is increasing. Similar to wood, the 

options for bamboo in the construction process are wide. It can be applied to house structural 

parts, such as roof structures, flooring, foundations, and walls. Since it is lightweight, it can 

be easily installed as roof trusses. A bamboo roof enables protection towards different forces 

of nature, such as winds, storms, rain, and animals. Bamboo mats are a good choice for 

flooring due to their good thermal performance, which prevents the floors from getting heated 

from the warm weather in the summer and keeps the warmth in the winter. Before using 

bamboo for foundations, it should be treated with certain chemicals that prevent the decaying 
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property of bamboo when it is in contact with soil. The mass use of bamboo is for constructing 

walls as an infill in the middle of the framing members. The bamboo scaffoldings for high-rise 

buildings are gaining popularity in the construction industry in the southern parts of China. As 

a lightweight material with heavy load-bearing capacity, it is more efficient for scaffoldings 

than steel scaffoldings. The scaffoldings can be easily assembled, disassembled and 

transported due to their lightweight. Figure 5 shows the bamboo scaffoldings on one site in 

Hong Kong. Besides structures, bamboo is used in infrastructure for bridge construction [43] 

and for reinforcing the embankment in a roadway [44].        

 
  Figure 5. Bamboo scaffolding (photo taken by author) 

The rammed-earth presents the optimal solution for building houses and small buildings. 

The most common structural elements easily built with rammed earth are walls. Building walls 

in rammed-earth are constructed in layers of continuous rows with a thickness of 46 to 60 cm 

[45]. The thickness of the layers is about 20 cm. After each layer, the compaction is carried 

out.    

 
Figure 6. Mycelium bricks [33]  

Mycelium-based composites, such as mycelium panels, mycelium boards, mycelium 

bricks (Figure 6), bio-blocks, and bio-polymers, have been successfully developed and 
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investigated by researchers. The main contribution of the mycelium-based material in the 

construction industry is to be used as an insulation material due to its excellent thermal and 

hydrophobic properties.   

5. CONCLUSIONS  

Bamboo, rammed-earth and mycelium-based materials contribute to sustainability in 

three aspects: environmental, economic and social. The economic factor is the low price of 

materials since they can be easily and locally found. From the environmental aspect, 

sustainable materials are proven to reduce CO2 emissions and energy consumption during 

the project lifecycle, increase recyclability, and reduce waste. After the project lifecycle, the 

material can be returned to nature. The common characteristics of these materials are good 

thermal performance, reduced CO2 emissions, low energy consumption, low waste 

generation, and low price. The mechanical characteristics are quite different, as well as the 

density of materials and performance in earthquakes. The bamboo has quite good 

mechanical characteristics compared to rammed earth and mycelium-based material, 

making it earthquake-resistant. However, it is not fungi-resistant or fire-resistant. On the other 

hand, mycelium-based material is pest-resistant and fire-resistant. The potential to use 

sustainable materials in the construction industry is rapidly increasing due to modern 

technology and innovations.    

ACKNOWLEDGMENTS 

Research Fund XJTLU RDF-23-01-003 is well recognised for its support for the research. 

REFERENCES 

[1] Nejat, P., Jomehzadeh, F., Taheri, M. M., Gohari, M., & Majid, M. Z. A., A global 
review of energy consumption, CO2 emissions and policy in the residential 
sector (with an overview of the top ten CO2 emitting countries). Renewable 
and sustainable energy reviews, Vol. 43, 843-862, 2015, 
https://doi.org/10.1016/j.rser.2014.11.066. 

[2] González-Torres, M., Pérez-Lombard, L., Coronel, J. F., Maestre, I. R., & Yan, 
D., A review on buildings energy information: Trends, end-uses, fuels and 
drivers. Energy Reports, Vol. 8, 626-637, 2022, 
https://doi.org/10.1016/j.egyr.2021.11.280. 

[3] Mebratu, Desta, Sustainability and sustainable development: historical and 
conceptual review." Environmental impact assessment review Vol. 18, No.6, 
493-520, 1998. 

[4] Chen, Hsiu-Ping, and Kuo-Ching Ying: Artificial intelligence in the 
construction industry: Main development trajectories and future outlook. 
Applied Sciences, Vol. 12, No.12, 5832, 2022, 
https://doi.org/10.3390/app12125832 

[5] Xia, Qingbao: Utilizing mycelium-based materials for sustainable 
construction, Applied and Computational Engineering, Vol. 63, 10-15, 2024, 
https://doi.org/10.54254/2755-2721/63/20240967 

1417



International Conference SINARG 2025, Niš, 11-12 September 2025 

 
 

[6] Monteiro, Paulo JM, Sabbie A. Miller, and Arpad Horvath: Towards sustainable 
concrete. Nature materials, Vol. 16, No. 7, 698-699, 2017, 
https://doi.org/10.1038/nmat4930 

[7] Miller, Sabbie A., John, Vanderley M., Pacca, Sergio A., and Horvath, Arpad: 
Carbon dioxide reduction potential in the global cement industry by 
2050. Cement and concrete research, Vol. 114, 115-124, 2018, 
https://doi.org/10.1016/j.cemconres.2017.08.026 

[8] Nehdi, Moncef L., Afshin Marani, and Lei Zhang: Is net-zero feasible: 
Systematic review of cement and concrete decarbonization 
technologies. Renewable and Sustainable Energy Reviews, Vol. 191, 114169, 
2024, https://doi.org/10.1016/j.rser.2023.114169 

[9] Chen, C., Xu, R., Tong, D., Qin, X., Cheng, J., Liu, J., ... & Zhang, Q.: A striking 
growth of CO2 emissions from the global cement industry driven by new 
facilities in emerging countries. Environmental Research Letters, Vol. 17, No. 
4, 2022, 044007. doi:10.1088/1748-9326/ac48b5 

[10] Supriya, Chaudhury, R., Sharma, U., Thapliyal, P. C., and Singh, L. P.: Low-CO2 
emission strategies to achieve net zero target in cement sector. Journal of 
Cleaner Production, Vol. 417, 137466, 2023, 
https://doi.org/10.1016/j.jclepro.2023.137466 

[11] Ahmad, Zishan, Upadhyay, Anamica, Ding, Yulong, Emamverdian, 
Abolghassem, and Shahzad, Anwar: Bamboo: Origin, habitat, distributions 
and global prospective. Biotechnological Advances in Bamboo: The “Green 
Gold” on the Earth, 1-31, Springer, Singapore, 2021, https://doi.org/10.1007/978-
981-16-1310-4_1 

[12] Yang Qing, Duan Zhu-biao, Wang Zheng-liang, He Kai-hong, Sun Qi-xiang and 
Peng Zhen-hua: Bamboo resources, utilization and ex-situ conservation in 
Xishuangbanna, South-eastern China. Journal of Forestry Research, Vol. 19, 
79–83, 2008, https://doi.org/10.1007/s11676-008-0015-6 

[13] Jaquin Paul A., Charles E. Augarde, and Christopher M. Gerrard: Chronological 
description of the spatial development of rammed earth 
techniques, International Journal of Architectural Heritage, Vol. 2, No. 4, 377-
400, 2008, https://doi.org/10.1080/15583050801958826 

[14] Ramezanpour Moein, Eslami Abolfazl, Ronagh Hamid: Seismic performance of 
stabilised/unstabilised rammed earth walls, Engineering Structures, Vol. 245, 
112982, 2021, https://doi.org/10.1016/j.engstruct.2021.112982 

[15] Alemu, Digafe, Mesfin Tafesse, and Ajoy Kanti Mondal: Mycelium based 
composite: The future sustainable biomaterial, International Journal of 
Biomaterials, Vol. 2022, No.1, 8401528, 2022, doi: 10.1155/2022/8401528 

[16] Elkhateeb Waill A., and Dada Ghoson M.: The amazing potential of fungi in 
human life, ARC Journal of Pharmaceutical Sciences, Vol. 5, No.3, 12-16, 2019, 
http://dx.doi.org/10.20431/2455-1538.0503003   

[17] Manandhar Rashmi, Kim Jin-Hee, and Kim Jun-Tae: Environmental, social and 
economic sustainability of bamboo and bamboo-based construction 
materials in buildings, Journal of Asian Architecture and Building Engineering, 
Vol. 18, No. 2, 49-59, 2019, https://doi.org/10.1080/13467581.2019.1595629 

[18] Boity Antony Kumar, Bhandari Harveen, and Shukla Saurabh: Bamboo as a 
sustainable building construction material, Materials Today: Proceedings, 
Vol. 71, 306-311, 2022, https://doi.org/10.1016/j.matpr.2022.09.218 

[19] Tang Z., Shan B., Li W. G., Peng,Q., & Xiao Y: Structural behavior of glubam 
I-joists. Construction and Building Materials, Vol. 224, 292–305, 2019,  
doi:10.1016/j.conbuildmat.2019.07.082 

[20] https://designwanted.com/bamboo-house-ibuku-elora-hardy/ (24.4.2025) 

1418



Synergy of Architecture and Civil Engineering 

 
 

[21] Dongsheng Huang, Aiping Zhou and Yuling Bian: Experimental and analytical 
study on the nonlinear bending of parallel strand bamboo beams, 
Construction and Building Materials, Vol. 44, 585-592, 2013, 
https://doi.org/10.1016/j.conbuildmat.2013.03.050 

[22] Zhang Kai, Wang Fangxin, Yang Bin, Li Li, Gao Li, Sun Yongyang and Guo 
Fuzheng: Mechanical response and failure mechanisms of natural bamboo 
fiber reinforced poly-benzoxazine composite subjected to split-Hopkinson 
tensile bar loading. Polymers, Vol. 14, No. 7, 1450, 2022, 
https://doi.org/10.3390/polym14071450  

[23] Zhao Bolun, Yu Yang, Xu Yitong and Guo Haibo: Bamboo as a sustainable 
construction material for residential buildings in the cold and severe cold 
regions of China. Architectural Engineering and Design Management, Vol. 20, 
No. 6, 1511-1528, 2024, https://doi.org/10.1080/17452007.2023.2195614 

[24] Okokpujie Imhade P., Akinlabi E. T., and Fayomi, O. O.: Assessing the policy 
issues relating to the use of bamboo in the construction industry in Nigeria, 
Heliyon, Vol. 6, No. 5, 2020,  https://doi.org/10.1016/j.heliyon.2020.e04042 

[25] Xu Peiyu, Zhu Jianjun, Li Haitao, Wei Yang, Xiong Zhenhua, and Xu Xiaoxiao: 
Are bamboo construction materials environmentally friendly? A life cycle 
environmental impact analysis. Environmental Impact Assessment 
Review, Vol. 96, 106853, 2022, https://doi.org/10.1016/j.eiar.2022.106853 

[26] Jaquin Paul: Influence of Arabic and Chinese rammed earth techniques in 
the Himalayan region, Sustainability, Vol. 4, No. 10, 2650-2660, 2012, 
https://doi.org/10.3390/su4102650 

[27] Howard Neil: THE FORTIFIED PLACES OF ZANSKAR, In Recent Research on 
Ladakh 4 & 5: Proceedings of the Fourth and Fifth International Colloquia on 
Ladakh, Vol. 4, No. 79, Motilal Banarsidass Publ., 1995. 

[28] Gil-Crespo Ignacio-Javier: Late medieval castles built with rammed earth in 
Castile, Spain, Journal of Architectural Engineering, Vol. 23, No. 3, 04017013, 
2017, https://doi.org/10.1061/(ASCE)AE.1943-5568.0000259 

[29] Ciancio Daniela, and Christopher Beckett: Rammed earth: An overview of a 
sustainable construction material, 3rd International Conference on 
Sustainable Construction Materials and Technologies, SCMT 2013, 2013. 

[30] Xia Qingbao: Utilizing mycelium-based materials for sustainable 
construction, Applied and Computational Engineering, Vol. 63, 10-15, 2024, 
https://doi.org/10.54254/2755-2721/63/20240967 

[31] Ivanov V., Chu J., Stabnikov V: Basics of Construction Microbial 
Biotechnology. In: Biotechnologies and Biomimetics for Civil Engineering. 
Springer, Cham, 2015,  https://doi.org/10.1007/978-3-319-09287-4_2 

[32] Babenko Maryna, Klitou Theoklitos, Klumbyte Egle, and Fokaides Paris A: 
Environmental Assessment of Mycelium-Based Straw Insulation 
Composite: A Sustainability Analysis at Building Material Level, Case 
Studies in Construction Materials, Vol. 22, e04572, 2025, 
https://doi.org/10.1016/j.cscm.2025.e04572 

[33] https://www.archdaily.com/521266/hy-fi-the-organic-mushroom-brick-tower-
opens-at-moma-s-ps1-courtyard (25.4.2025) 

[34] Ávila Fernando, Fagone Mario, Gallego Rafael, Puertas Esther, and Ranocchani 
Giovanna: Experimental and numerical evaluation of the compressive and 
shear behavior of unstabilized rammed earth, Materials and Structures, Vol. 
56, No. 118, 2023, https://doi.org/10.1617/s11527-023-02206-9 

[35] Bui Tan Trung, Bui Quoc Bao, Limam Ali, and Maximilien Sandrine: Failure of 
rammed earth walls: From observations to quantifications, Construction and 
Building Materials, Vol.  51, 295-302, 2014, 
https://doi.org/10.1016/j.conbuildmat.2013.10.053 

1419



International Conference SINARG 2025, Niš, 11-12 September 2025 

 
 

[36] Islam Mohammad R., Tudryn Gregory, Bucinell Ronald B., Schadler Linda S., 
Picu Catalin: Morphology and mechanics of fungal mycelium, Scientific 
Reports, Vol.  7, 13070, 2017, https://doi.org/10.1038/s41598-017-13295-2 

[37] Samadianfard Sima, and Vahab Toufigh: Energy use and thermal performance 
of rammed-earth materials, Journal of Materials in Civil Engineering, Vol. 32, 
No. 10, 04020276, 2020, https://doi.org/10.1061/(ASCE)MT.1943-5533.00033 

[38] Yadav Madhura, and Mathur Arushi: Bamboo as a sustainable material in the 
construction industry: An overview, Materials today: proceedings, Vol. 43, 
2872-2876, 2021, https://doi.org/10.1016/j.matpr.2021.01.125 

[39] Adam E. A., and Jones Phil John: Thermophysical properties of stabilised soil 
building blocks, Building and Environment, Vol. 30, No. 2, 245-253, 1995, 
https://doi.org/10.1016/0360-1323(94)00041-P  

[40] Arslan Mehmet Emin, Emiroğlu Mehmet, and Yalama Ahmet: Structural 
behavior of rammed earth walls under lateral cyclic loading: A comparative 
experimental study, Construction and Building Materials, Vol. 133, 433-442, 
2017, https://doi.org/10.1016/j.conbuildmat.2016.12.093 

[41] Adegun Olumuyiwa Bayode, and Adedeji Yomi Michael Daisiowa: Review of 
economic and environmental benefits of earthen materials for housing in 
Africa, Frontiers of Architectural Research, Vol. 6, No. 4, 519-528, 2017, 
https://doi.org/10.1016/j.foar.2017.08.003 

[42] Krivanek Sawyer: Fungal Mycelium; the Key to a Sustainable Future, 
University of Nebraska – Lincoln, 2020. 

[43] Xiao Yan, Zhou Quan, and Shan Bo: Design and construction of modern 
bamboo bridges, Journal of Bridge Engineering, Vol. 15, No. 5, 533-541, 2010, 
https://doi.org/10.1061/(ASCE)BE.1943-5592.0000089 

[44] Ye Fei and Fu Wenxi: Physical and mechanical characterization of fresh 
bamboo for infrastructure projects, Journal of Materials in Civil Engineering, 
Vol. 30, No. 2, 05017004, 2018, https://doi.org/10.1061/(ASCE)MT.1943-
5533.000213 

[45] Chang Recavarren Gerardo, Fiori Christine M., and Schexnayder Cliff: Rammed 
earth: Construction lessons from experience, Practice Periodical on 
Structural Design and Construction, Vol. 18, No. 3, 149-154, 2013, 
https://doi.org/10.1061/(ASCE)SC.1943-5576.00001 
  

1420


