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Abstract
The purpose of this article is to review the basic information about 

the bamboo plant as a building material and its use in the construction 
industry. Bamboo is considered from different aspects: ecological, social 
and economic. The paper studies the advantages and disadvantages of 
bamboo, concludes that bamboo can be used in construction both as a 
structural material and for decoration; is environmentally friendly and has 
great prospects for use in the construction industry.
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Introduction
Bamboo culm has been widely known as a relatively environmentally friendly and sustainable build-

ing material to replace the use of conventional materials such as wood, brick, concrete, and steel [9]. This 
material has been widely used as the primary building material in many countries, especially in Asia, 
Africa, and South America. Consequently, it is used for flooring, ceiling, walls, windows, doors, roofs, 
trusses, and rafters in buildings. Moreover, it is also used as structural material for bridges, water trans-
portation, and skyscraper scaffolding. Bamboo is being addressed as a building material contributing 
to sustainable development because it shows distinctively qualified environmental, social, and economic 
benefits [10].

Bamboo has a very fast growth rate, so it has been regarded as suitable for afforestation [3, 4]. Bamboo 
has longitudinal fibers and no cross fibers in its structure. This means that this material is not very suitable 
for load carrying in cross directions. Moreover, it is said that working fibers in a bamboo beam are those 
on the top (working for compression) and the bottom (working for tension). The rest of the mass is so 
called “dead weight” — fibers that don’t take part in load bearing proses. All in all, bamboo hollow struc-
ture makes it working worse as a beam than a column or bracing. Bamboo is well known plant for having 
almost 2 times compressive strength of concrete and almost the same strength to weight ratio like steel in 
tension forces. This is why buildings made of bamboo are resistance to wind and earthquakes [20].
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Untreated bamboos have life expectancy no more than five years and can be attacked by fungi and in-
sects. Moreover, it can cause high risk of fire spread when internodes in the clum can burst and collapse the 
building. That makes bamboo not very impressive building material, but as every product it has to come 
across well prepared treatment, before being used in construction. This plant consists of carbohydrates 
(soluble sugars) that attracts fungi and insects. The solution for this issue is to inject water soluble salts into 
bamboo cells. When water evaporates it removes starch and leave salt inside the fibers. This process is not 
toxic and makes bamboo beams fire retardant and allows application in structures [20].

Figure 1. Diagram of bamboo plant

Table 1

Positive and negative sides of bamboo as building material

Advantages of bamboo as building material Disadvantages of bamboo as building material
The fastest growing grass Round hollow shape
Strong load-bearing capacity Tapered
Good comprehensive strength Irregular shape
Better strength on tension than steel No cross fibers
Wide range of species Longitudinal fiber bad for cross direction loads 
Flexibility Easily attack by insects and fungi
Low weight Natural durability up to 2 years

Bamboo as sustainable material
Sustainability is created when 3 main demands are related: environment, society and economy. 

1. Environmental aspect
Life Cycle Analysis (LCA) is the leading tool for assessment of impact that products and services have 

on the environment. Since there have been only eight LCA-based studies for bamboo construction materials 
[1], including the reference article, instead of the LCA impact categories, this review looks at the following 
environmental aspects of bamboo-based construction material.
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1.1. Renewability
Bamboo as a sustainable construction material arises from the fact that bamboo, when harvested in 

a sustainable manner, can have a more positive impact on the environment than other building materials. 
Sustainable harvesting can be achieved by maintaining a regular population of current live stems by cutting 
selectively the 20 % of mature stems since they will be replaced annually by an equivalent emergence of young 
shoots [2]. Unlike other timber, bamboo can be harvested after 3 – 4 years after planting and yearly after that. In 
fact, harvesting of bamboo yearly keeps the clump or the bamboo forest healthy. When bamboo is harvested, 
the root system is unharmed and is ready to produce more shoots, which allows for a sustainable harvest of 
bamboo [16]. Bamboo has a very fast growth rate, so it has been regarded as suitable for afforestation [3, 4]. 

1.2. Carbon sequestration
By growing, bamboo takes in carbon dioxide and it in turn gets stored when used in the building. 

when bamboo is used in a building, carbon is stored and not released into the atmosphere until the end of 
the life of the building. The carbon storage and sequestration rates for bamboo is 30 – 121 Mg per ha and 
6 – 13 Mg per ha per year, respectively [8].

1.3. Embodied energy
Bamboo can be used as solid wood substitute materials, especially in manufacture, design and 

construction usage [11], decreasing the pressure on forest resources. It can also reduce the current trend of 
construction industry’s use of high energy consuming building materials. Whereas the fabrication of bricks 
and cement consumes large quantities of energy and emits accordingly large amounts of carbon dioxide, 
the act of bamboo cultivation (which is sometimes called the act of growing architecture) is one of the best 
ways to reduce the green-house effect [13]. A study of a bamboo-structure residential building prototype 
showed that compared to typical brick-concrete building, the bamboo-structure building requires less 
energy and emits less carbon [14].

1.4. Environmental pollution
Bamboo is considered to be environmentally friendly because it comes from a rapidly renewable 

resource [15]. The increase in bamboo use can help to reduce deforestation, encourage new and existing 
cultivators to grow more bamboo, utilize wasteland, unused land and river banks, which will result in better 
soil conservation and mitigation of flood disasters [16, 17]. This will not only improve the environment as 
bamboo has a negative impact on greenhouse effect, as it lowers the atmospheric and soil carbon content 
but this could also generate significant employment opportunities and thus promote the socio-economic 
status of the local people [18, 19, 27]

2. Social aspect
Bamboo by being used as a construction material can have good impact on society. By developing  

a bamboo based construction industry, it can not only preserve traditional skills but also create new income 
opportunity and ensure a much stronger social cohesion.

2.1. Traditional skills of construction and income generation opportunities
The socio-economic aspects of bamboo are significant because of the commodity’s role as a major non-

wood forest product [22]; many people depend on this commodity as a source of income. The promotion 
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of bamboo reduces deforestation, a key cause of poverty and urban migration [5]. By developing housing 
based on locally available building material, the skills of local people can be increased, which in turn will 
support them in income generation and prevent them migrating elsewhere, thus improving the social 
fabric [18, 19] 

2.2. Resilience to disaster
Bamboo as a building material has a positive social impact on the people affected by disasters as it 

can be used to speedily build houses that are disaster resistant and support livelihoods to recover from 
those disasters. Bamboo can help not only to reduce greenhouse effect by reducing carbon dioxide in the 
environment but it has roots that spread underground in all directions, turning land solid and preventing 
landslides that can be caused by heavy rain and earthquakes [6]. Bamboo has been regarded as a building 
material with which to construct earthquake-resistant buildings. An ideal structure for effective seismic 
resistance needs to be strong yet not very heavy, because the earthquake force imparted to a structure is 
a product of its mass and the imparted acceleration; therefore bamboo, which has a higher density but is 
lighter than timber because of its hollow nature is an ideal material as it will impart smaller earthquake 
force due to its smaller mass [23, 24].

2.3. Social cohesion opportunities
Natural disasters affect people with low-economical resources bringing about a psychosocial depression 

that leads to abandoning of agricultural activities, which forces them to move to urban centers [7]. This is 
one of the biggest causes of increase of urban poor population. 

3. Economical aspects 
The economical aspect of bamboo-based materials studied so far consist of the cost of the material and 

the income opportunities it creates. They are elaborated below.

3.1. Cost of material 
Bamboo is often adopted as a cheaper construction material alternative. Although this might be true in 

cases where bamboo is available locally, the transportation costs could significantly increase construction 
cost and its sustainability in places where bamboo is not grown. This is true in the case of European markets. 
However, in China, the bamboo industry has become a backbone industry in economic development 
and poverty alleviation of rural areas, and a new growth point of economy in remote mountainous areas 
of southern China [16]. Also, due to bamboo’s new uses (bamboo flooring, bamboo bicycles, etc.) in 
industrialized countries in Europe and America, the cost of bamboo is increasing because the demand for 
bamboo is growing due to the increasing cost of other wood and actual tendency towards sustainability 
that bamboo can bring to the housing industry [25, 28]. The major issue is that the commercialization of 
most highly valued bamboo products has been identified to cause major impacts on sustainability of raw 
material production [26]. When demand for bamboo increases, rapid and uncontrolled harvesting can lead 
to serious depletion of bamboo and deforestation. A study conducted in the northeastern Yunnan province 
of China showed that one of the major reasons for decline of bamboo forest (Qiongzhuea tumidinoda) 
was extensive logging of mature bamboo and ravaging of shoots [27]. Also, the addition of transportation 
from the country of manufacture to the country of use adds hugely to the embodied energy and cost, 
undermining the sustainable benefit of bamboo [15].
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3.2. Financial gain opportunities 
The economic benefits of bamboo housing arises, not only from the low cost of bamboo as  

a material but also from the fact that it is a means of income for people who work in the bamboo industry, 
be it construction of houses or making engineered bamboo construction materials. These jobs include 
conventional agricultural jobs common in developing regions as well as higher-skilled jobs required to 
process the bamboo raw material into value-added products, such as furniture, housing, composites, etc. 
[28]. 

Summary

Table 2

Positive and negative sides of bamboo as building material

Advantages of bamboo as sustainable building 
material

Disadvantages of bamboo as sustainable building 
material

The fastest growing grass More complex production process for industrial 
products (like floor panels)Absorbs CO2

Recyclable
Decreases poverty in country of production
Fast spreading plant
Creates animal habitats
Prevents from soil erosion

Eco- costs of production are high in countries where 
the plant doesn’t grow

Requires less energy in production of bamboo 
plywood than normal softwood
Short production process of clums
Easy to harvest
Biodegradable

Conclusion 
From the advantages and disadvantages of bamboo, we can see that there is majority of positive impact 

of bamboo in our life. Starting again from bamboo possibility of the fast grows and growing extension is 
vital nowadays when we are facing with the fact of deforestation. Enlarging forest area, we are provided 
with bigger CO2 absorption. Bamboo forests can sequester 17 times more carbon dioxide than a normal 
tree forest and provide natural surroundings for animals. Within an extensive underground network 
it prevents from soil erosion and can grow even in uncomfortable grounds. Easy to harvest, uses less 
energy in bamboo clum or plywood production. This plant is biodegradable and recyclable. This means 
that any bamboo wastes are generated into other textiles or convert into biomass. To sum up positive 
impact, by bamboo cultivation, this plant provides more jobs for poor and decreases poverty in country of 
production. Being totally natural product, it is difficult to point out negative impact on environment. This 
plant is simple and easy to process, so the only disadvantage in sustainable production can be caused by 
more complex products that require usage of more pesticides and energy. Overall, eco-costs in country of 
production are very low and they can have bad impact while transported to the country where the plant 
doesn’t naturally grow. 
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In addition to this I could read that, a lot of constructions can be made of bamboo. Simply harvested 
bamboo clum can make a lumber such as beam, column, and rafter. With this building material it is 
possible to build houses, shelters, churches, pavilions, scaffoldings and bridges. Basically everything 
that this material can support. Its properties allow bamboo to be the main structure as well as finishing 
material. 

According to the literature review conducted it is conclude that bamboo is a sustainable material 
for future building industry and can help to solve the problems of  shortage of  materials for building 
construction.

References
1. Escamilla, E. Z., and G. Habert. 2014. “Environmental Impacts of Bamboo-Based Construction 

Materials Representing Global Production Diversity.” Journal of Cleaner Production 69: 117 – 127. doi:10.1016/j.
jclepro.2014.01.067

2. Minae, S. 1989. Socio-Economic Issues in Bamboo Production and Utilization in Kenya; Present and 
Future Potentials, Nairobi: Kenya Forestry Research Institute and IDRC. 

3. Mohamed, A. H. J. 2003. “Macro-Proliferation of Gigantochloa Liglata Seedlings for Mass 
Production of Planting Stock in Its Field Performance.” Journal of Bamboo and Rattan 2 (1): 13 – 21. 
doi:10.1163/156915903321908521.

4. Basumatary, A., S. K. Middha, T. Usha, B. K. Brahma, and A. K. Goyal. 2015. “Bamboo, as Potential 
Sources of Food Security, Economic Prosperity and Ecological Security in North-East India: An Overview.” 
Research in Plant Biology 5 (2): 17 – 23. Ministry of Forestry and Mines 2011

5. Acosta, J. L. 2001. “Use of the Bamboo in the Control of the Erosion in Mountainous Areas.” In 
Proceedings of the International Workshop on the Role of Bamboo in Disaster Avoidance, edited by L. Yiping, 
38 – 42. Guayaquil, Ecuador: International Network for Bamboo and Rattan; Ecuadorian Bamboo Association

6. Arizaga, C. C. 2001. “Taking Advantage of El Niño Climatic Phenomenon in Humid Areas and How to 
Control Sediments of Floods by Reforesting Guadua Massively.” In Proceedings of the International Workshop 
on the Role of Bamboo in Disaster Avoidance, edited by L. Yiping, 13 – 24. Quayaquil, Ecuador: International 
Network for Bamboo and Rattan; Ecuadorian Bamboo Association.

7. Nath, A. J., R. Lal, and A. K. Das. 2015. “Managing Woody Bamboos for Carbon Farming and Carbon 
Trading.” Global Ecology and Conservation 3: 654–663. doi:10.1016/j.gecco.2015.03.002.

8. Morina E. A. BIM technologies in bridge design / Morina E. A., Makarov A. I. // "Construction of unique 
buildings and structures". — 2017. — issue No. 6 — URL: https://unistroy.spbstu.ru/userfiles/files/2017/6(57)/3_
morina_5 7.pdf (date of access: 03/09/2021).

9. Tahmasebinia, F.; Ma, Y.; Joshua, K.; Sepasgozar, S.M.E.; Yu, Y.; Li, J.; Sepasgozar, S.; Marroquin, F. A. 
Sustainable architecture creating arches using a bamboo grid shell structure: Numerical analysis and design. 
Sustainability 2021, 13, 2598. [CrossRef] 

10. Scurlock, J. M. O., D. C. Dayton, and B. Hames. 2000. “Bamboo: An Overlooked Biomass 
Resource?” Biomass and Bioenergy 19 (4): 229 – 244. doi:10.1016/S0961- 9534(00)00038-6.

11. Bystriakova, N., V. Kapos, C. Stapleton, and I. Lysenko. 2003. Bamboo Biodiversity, Unep-Wcmc/Inbar



С
ТР
О
И
ТЕ
Л
Ь
С
ТВ
О

С
ТР
О
И
ТЕЛ

Ь
С
ТВ
О

B
U

IL
D

IN
G

79Системные технологии 1 (№42) 2022

G
.E

. 
O

K
O

LN
IK

O
V

A
, 

G
.T

. 
W

EL
D

EL
IB

A
N

O
S

 E
T 

A
L.

B
am

b
oo

 a
s 

su
st

ai
n

ab
le

 m
at

er
ia

l f
or

 b
u

ild
in

g
 c

on
st

ru
ct

io
n

12. Stamm, J. (2001) “Bamboo Bridges as an Alternative to Rainforest Destruction.” In Proceedings of the 
International Workshop on the Role of Bamboo in Disaster Avoidance, edited by L. Yiping, 116 – 127. Guayaquil, 
Ecuador: International Network for Bamboo and Rattan; Ecuadorian Bamboo Association. 

13. Widyowijatnoko, A. 2006. “Plastered Bamboo Project.” In International Bamboo Housing Design 
Workshop, 1 – 6. Beijing, China: International Network for Bamboo and Rattan. Accessed 2 September 2016. 
http://www.docdeveloppement-durable.org/file/Construction-Maisons 

14. Gichohi, R. N. 2014. Factors Influencing the Use of Bamboo as A Flooring Construction Material:  
A Case of Garden City Project — Nairobi. Nairobi: University of Nairobi.

15. Jianghua, X. 2001. “Pay More Attentions to Ecological Benefits of Bamboo Forests.” In Proceedings 
of the International Workshop on the Role of Bamboo in Disaster Avoidance, edited by L. Yiping, 49 – 58. 
Guayaquil, Ecuador: International Network for Bamboo and Rattan; Ecuadorian Bamboo Association.

16. Nwoke, O. A., and B. O. Ugwuishiwu. 2011. “Local Bamboo and Earth Construction Potentials 
for Provision of Affordable Structures in Nigeria.” International Journal of Sustainable Construction 
Engineering and Technology 2 (2): 17 – 31. 

17. Ham, A. C. 1990. Bamboo Housing in Costa Rica: An Analysis of a Pilot Program. Lubbock: Texas 
Tech University.

18. Ham and Shroyer 1993; Ham, A. C., and J. Shroyer. 1993. “Bamboo Housing in Costa Rica: An 
Analysis of a Pilot Housing Program.” Housing and Society 20 (2): 25 – 33. doi:10.1080/08882746.1993.11
430161.

19. Katarzyna Krawczuk 2013. “Bamboo as sustainable material for future building industry”.

20. Asif, M. 2009. “Sustainability of Timber, Wood and Bamboo in Construction”. In Sustainability and 
Construction Materials, edited by J. Khatib, 31 – 54. doi:10.1533/ 9781845695842.31.

21. Nasendi, B. D. 1995. “Bamboo for Socio-Economic Development and Sustainable Resource 
Management: The Case of Indonesia.” In Bamboo People and Environment: Socio-Economics and Culture: 
Proceedings of the Vth International Bamboo Workshop and the IV International Bamboo Congress, Bali, 
edited by I. V. R. Rao, C. B. Sastry, B. Belcher, M. B. Karki, and T. Williams, 56 – 69. New Delhi: International 
Network for Bamboo and Rattan

22. Saleme, H., and A. T. Navarro. 2001. “Seismic Security and Bamboo: Past, Present and Future.” 
In Proceedings of the International Workshop on the Role of Bamboo in Disaster Avoidance, edited by  
L. Yiping, 60 – 69. Guayaquil, Ecuador: International Network for Bamboo and Rattan; Ecuadorian Bamboo 
Association. Ministry of Forestry and Mines. 2011. National Bamboo Policy, 26. Kigali: Government of 
Rwanda

23. Garcia-Saenz, M. 2012. “Social and Cultural Aspects of Constructions with Bamboo.” In 
Megaprojects: Building Infrastructure by fostering engineering collaboration, efficient and effective 
integration and innovative planning. Panama City, Panama: 10th Latin American and Caribbean 
Conference for Engineering and Technology.n. 

24. Tadesse, M. 2006. “Bamboo for Rattan Trade and Development in Ethiopia.” In International 
Bamboo Workshop on Bamboo for the Environment, Development and Trade, 18 – 24. Wuyishan City, 
Fujian, China: International Network for Bamboo and Rattan. 



80 Системные технологии 1 (№42) 2022

25. Wenyuan, D., X. Jianghua, F. Jiansheng, X. Zhuang, and Z. Jinxuan. 2006. “The Impacts of Human’s 
Disturbances on the Degradation of Clonal Population of Qiongzhuea Tumidinoda Bamboo Forests.” 
In International Bamboo Workshop on Bamboo for the Environment, Development and Trade, 56 – 65. 
Wuyishan City, Fujian, China: International Network for Bamboo and Rattan.

26. Dagilis, T. D. 1999. Bamboo Composite Materials for Low-Cost Housing. Ph.D. Thesis, 
Kingston: Queen’ s University. DeBoer, D., and M. Groth. 2010. The Eleven Basic Principles. 1st ed. www. 
BambooBuildingEssentials.com 

27. Singh, H. B., B. Kumar, and R. S. Singh. 2003. “Bamboo Resources of Manipur: An 
Overview for Management and Conservation.” Journal of Bamboo and Rattan 2 (1): 43 – 55. 
doi:10.1163/156915903321908558.

28. Larasati, D., M. Ihsan, and H. A. Mawardi. 2013.“How Far Can You Go with Bamboo?” In IASDR 
2013 — Consilience and Innovative Design, 1648 – 1655. Tokyo, Japan: 5th International Association of Societies 
of Design Research (IASDR). http://design-cu.jp/iasdr2013/papers/1339-1b.pdf

БАМБУК КАК УСТОЙЧИВЫЙ МАТЕРИАЛ ДЛЯ СТРОИТЕЛЬСТВА ЗДАНИЙ
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Аннотация
Целью этой статьи является обзор основной информации о бам-

буковом растении в качестве строительного материала, его использо-
вании в строительной промышленности. Бамбук рассмотрен с разных 
аспектов: экологического, социального и экономического. В работе 
изучены преимущества и недостатки бамбука, сделаны выводы о том, 
бамбук может быть использован в строительстве как в качестве кон-
струкционного материала, так и для отделки; является экологически 
чистым и имеет большие перспективы для использования в строитель-
ной индустрии.
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