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ABSTRACT  

 Concrete has been found to have excellent compressive strength but poor in tensile strength. 

To take care of the tensile stresses, steel is commonly used as reinforcing material in 

building. Production of steel is however very costly and its use in concrete as reinforcing 

material increases the cost of construction by many folds. Also production of steel emits a 

large amount of greenhouse gases causing considerable deterioration of the environment. 

This review therefore addresses ‘bamboo-reinforced concrete’ and assesses its structural and 

environmental performance as a viable alternative to steel reinforced concrete. It was opined 

that Bamboo’s light weight and relative flexibility make it a particularly attractive alternative 

for residential construction.  It was concluded that, although bamboo is a material with 

extraordinary mechanical properties, its use in bamboo-reinforced concrete during 

construction is still seen as the situation remains the same even when an ill-considered 

concept, even with its significant durability, strength and stiffness issues, has not met the 

environmentally friendly credentials often attributed to it. 
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Introduction  

Steel is very important as a structural element of building structure. It is highly imperative 

because of its function to overcome tensional forces where high strength is needed to support 

structures. Thus its use as reinforcement material is a must. The current high cost of steel in 

Nigeria market is now becoming unbearable as it affects construction projects. This 

necessitates the need for finding an alternative material that will replicate the quality of steel 

in reinforcing concrete during its production. One of such alternative that readily comes to 

mind is bamboo. 

Bamboo, which is one of the fastest growing plants, has got a great economic potential.  

Bamboo has been used in constructions of bridges and houses.  Bamboo has low 

manufacturing costs compared with steel, because it takes less energy to harvest and 

transport. Therefore bamboo is widely expected to be possible even in countries and regions 

that have no advanced manufacturing technology and construction techniques.  

Species of bamboo change as per topography and climatic conditions.  It has good tensile and 

compression strength. Problems faced in using bamboo as construction material are water 

absorption and moisture content. To avoid this problems proper seasoning or treatment 

should be given to bamboo.  

 The major application of bamboo is for construction and housing.  According to study it is 

estimated that one billion people in the world live in bamboo houses (Abhisek 2019). 

Bamboos are used as props, foundations, framing, scaffolding, flooring, walls, roofs and 

trusses.  Bamboos  are  tied  together  to  make  grid reinforcement  and  placed  in  soft  clay  

to  solve  deformation problems  in  embankments.  In rural parts of Nigeria, bamboo is 

mostly used as reinforcement in mud walls. Bamboo is a versatile resource characterized by 

high strength to weight ratio and ease in working with simple tools. The mechanical property 

of Bamboo and its availability in developing regions has led to its empirical use as 

reinforcement in concrete structures. The proposition of its widespread use as a sustainable 

alternative to steel in reinforcing concrete structures, poses key questions to builders, 

engineers and researchers with regard to its structural capacity and compatibility, as well as 

constructability and sustainability issues.  

Bamboo is frequently referred to as highly renewable and high-strength alternative material 

to timber and occasionally as „strong as steel‟ reinforcement for concrete. The high rate of 

biomass production and renewability of sustainably managed bamboo plantation are 

undeniable key benefits of bamboo. It has a long and well established history as a building 

material throughout the tropical and sub-tropical regions. Bamboo reaches its full growth in 

just a few months and reaches its maximum mechanical strength in just few years. Some of 

the positive aspects such as a lightweight design, better flexibility, and  toughness due  to  its  

thin walls with discretely distributed nodes  and  its  great  strength  make  it  a  good  

construction material. Bamboo is used as structural material at construction sites in India, 

China and other countries as it is a tough, flexible, light weight and low cost material. 

Bamboo  is highly flexible in nature such that when it is covered  with  heavy  snow,  it  will  

bend  until  it  touches  the ground without breaking. This implies that bamboo has greater 

flexibility than wood. 

Bamboo has been in existence for the past years in Nigeria. It is even convenient to say that 

the plant is as old as the country. It is very famous in area of use such as supporting 

formwork in the construction of upper floor. It is also very popular in construction of 

dependent and independent scaffolds. Suffice it to say that the use of bamboo as alternative 
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materials for reinforcing concrete has not gained popularity in Nigeria, but very common in 

India, China and USA as identified by Shweta, Vaishnavi, Nehal, Amol, and Pravin (2021). 

Bamboo exhibits some qualities such as being environmentally friendly with no air pollution, 

being cheap and readily available especially in tropical and semi tropical regions. Bamboo 

also comes from different sources that gives it different strength. Those growths from nodal 

region have lower strength compared with those growths from intermodal region. They also 

have different species, such as Banbusa Vulgaris, Dendrocalanmus Giganteus and others 

(Nayra, Joao, Jose, Cesar, Mauro, & Jorge, 2017). These mentioned factors are responsible 

for varying qualities of bamboo. In using ordinary bamboo, experiments show that it has the 

same strength with plain concrete but treated bamboo has bonding strength and improved 

flexural property than untreated bamboo (Siti-Khadijah, Adib, Norazman, Hapsey, 

Muhammad, & Norkashyah, 2021). 

Concrete is widely used in most countries as the foundation for infrastructure. It is used 

largely because it is inexpensive, readily accessible and possesses sufficient building 

properties such as the ability to bear high compressive strength. Concrete use is however 

limited, as it has low tensile strength. For this reason, it is reinforced, and one of the more 

popular reinforcing bars is steel. The cost of concrete production is currently on the increase 

due to the recent recession in the world economy. Conventional constructions materials are 

persistently expensive. Many alternative materials are, therefore, being proposed for concrete 

manufacture. The alternative reinforcement materials other than steel can be carbon fiber, 

aramid or bamboo.  

 Among these materials bamboo is cheap and high resistance and is an alternative solution. 

The drive for sustainable material in construction industry, unending environmental 

degradation through air pollution from steel industries coupled with increase in the cost of 

steel in Nigeria and overseas countries are causing serious worry. These are the reasons some 

engineers and builders in the construction field are looking for the viability and efficacy of 

bamboo as alternative materials in production of reinforing concrete for structurally 

construction in Nigeria.  

The objectives of this study therefore is to examine carefully the theoretical frame- work of 

various research works on bamboo as alternative materials in production of reinforced 

concrete and suggest how, where and when best bamboo could be effectively used.   

Literature Review  

In  the  current  world  scenario and  with  a  rise  in global  population,  there  is  the  need  

for  innovation  in  all  fields. Resources  are  being  used  at  a  faster  rate,  thus  finding  the  

alternative  solution  is  very  important.  Suchampa, et al. (2018) explained that Bamboo is 

one of the oldest constructing substances utilized by humans. Bamboo is good as a building 

material due to its high resistance and lower cost. Steel production emitting carbon dioxide 

gas causes an environmental impact. Besides, it also produces pollutants from wastewater, 

hazardous waste and solid wastes which pose a threat to the environment. Furthermore, steel 

costs have risen significantly over the years with increased demand. Bamboo is relatively 

cheaper than conventional concrete, and can therefore be used effectively by low-income 

groups.  Bamboo is one of the alternative materials used in the construction of small 

structures as a steel replacement. There are very scanty research studies in this area especially 

in Nigeria. Most of the readily available works are from USA, China, India and Brazil. One 

of the available research studies is Abhishek (2019) who carried out a  comparative  study  on  

reinforced concrete  bamboo  beams  with  different  frictional  properties.  Bamboo 



 International Journal of Advanced Academic Research | ISSN: 2488-9849 

Vol. 9, Issue 3 (March, 2023) | www.ijaar.org  

 

4 
 

strengthened concrete beams have executed the frictional properties by way of rolling the 

bamboo reinforcements with sand, G.I wire, and coir.  It  is  concluded  from  the 

experimental work  that  bamboo  provides  a  high  tensile  strength  of  250 N/mm2   or  

higher which  actually  depends  on  the cultivation area, species type and cross-sectional 

area. Improved bamboo reinforced concrete beam flexural performance was observed  with  

an  increase  in  the  number  of  days  of  curing  period  and  an  increase  in  bamboo  rebar  

size. It is also recommended to use steel stirrups, as it enhances the beams flexural and shear 

capacity. 

Sri-murni, Ming and Christian (2017) carried out a research study on the use of bamboo fiber 

in reinforced concrete beam to reduce crack. The study revealed that addition of bamboo 

fibers reduce cracks width of concrete and its post-cracking load carrying capacity but the 

increase in fiber affect workability and quality of concrete. Nayra et al (2017) carried out a 

study on structural behaviour of concrete beam strengthened with bamboo and identified that 

the pullout tests showed that the reinforcement at the mode of bamboo splints resulted in a 

28% increase in normal tension. The nodes increased the resistance of the beams indicating a 

possibility reduction in the amount of steel required as the structural element. In another 

research work carried out by Siti-Khadijah, Adib-Norazman, Hapsa, Muhammed and 

Norhasliyah, (2021) on bonding strength of Bamboo reinforcement in concrete – A 

systematic literature revealed that the bamboo promises the highest potential to be an 

alternative reinforcement in light weight concrete. The study also recommended some 

treatment to improve the bonding of bamboo to the concrete. 

In another study carried out by Nor, Masni, Mohd and Suraya (2021), it showed that using 

bamboo as natural reinforcement in concrete shows low strength compared to using steel as 

reinforcement. The study further revealed that Bamboo fibers may not be suitably used in 

high strength since it does not improve the concrete in compressive, tensile and flexural 

strength, and lower than mechanical properties of steel as reinforcement.  

Shweta, Vaishnavi, Nehal, Amol and Prayin (2021) carried out experimental study on 

bamboo reinforcement. A sustainable alternative to steel, bamboo has low elastic modulus 

compared to that of steel beam. Vijay, and Ishwar,  (2019) carried out study on bamboo 

concrete bonding strength, using pullout  test and revealed that the interface bond strength is 

highest for coating with oil paint sprinkled with fine sand and wrapped with crosswire. For 

treated improved bamboo splint (0.87Mpa), the bond strength is enhancing to 1.9 times than 

plain bamboo splints.  

Omkar, G., Dipak, P., Maykri, R., Suraj, S., and Vijay, W. (2019) carried out theoretical view 

of the studies on bamboo-reinforced concrete and concluded that bamboo has a natural 

substance which is eco-friendly and of economic material. Despite the fact that it has low 

stiffness, bamboo must be treated before using it as reinforcement in concrete construction.  

Satjapan, Suthon,  and Nirundorin, (2010) carried out a study on compressive strength and 

ductility of short concrete column reinforced bamboo, the study revealed that the column 

reinforced bamboo without surface treatment, strength capacity sufficiently withstand the 

maximum axial forces while ductility was rather low especially the column reinforced 

without bamboo surface treatment.  

Kent, Hector, David Sebastian and Edwin, (2019) carried out study on bamboo- reinforced 

concrete: The study showed that though bamboo is widely proposed as a sustainable 

alternative material in the use of steel reinforcement in concrete, bamboo reinforced concept 

is an ill-advised concept. Mechanically, bamboo as a reinforcer is unable to contribute to 
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concrete behaviour in a meaningful manner requiring bamboo-reinforced element to remain 

essentially uncrack. Additionally for a variety of reasons, the alkali environment, rot and 

biological attack is unlikely to be found to be durable in a concrete environment 

Bamboo Qualities at a Glance 

It is light in weight.  It offers a sustainable solution for construction. Due to its regenerating 

quality, it falls under the category of being a renewable resource.  It has high tensile strength, 

and most of the demerits of bamboo construction can be countered. 

To improve durability which is perceived as the biggest drawback, simple precautions of 

selecting appropriate species, harvesting  time-cutting  methods,    preventing  water  from 

collecting  over  the  node  during  rains,  right  age  at  which bamboo  is  cut,  seasoning  air 

drying  or kiln  drying,  chemical treatments etc. can increase the life of bamboo.   

The intervention of appropriate construction technology actually promotes the durability of 

bamboo, structures by protecting them, deep for protection from rain, and a similar protection 

at foundation and plinth, can go a long way, in increasing the durability of a bamboo 

structure.  

Irrespective of their species and sources, bamboo possesses some qualities such as: 

- Being environmentally friendly: Bamboos are nature renewable materials that are 

very common in tropical and sub-tropical regions. This can lessen the problem of 

environmental pollution caused through production of steel. 

- Bamboo is very good in terms of reproduction, without replanting. It has the same 

characteristics with plantain trunks. It can be easily renewed and is readily available 

in local environment.  

- Bamboo is highly economical in terms of cost and relatively cheaper than steel in both 

local and international markets.  

- If properly treated, it can improve in strength and create proper bonding with concrete 

to minimize cracks.  

- Bamboo can be easily worked upon without sophisticated process that is involved in 

production of steel.  

Table 1 highlighted the property of bamboo  

S.N Properties of Bamboo  

1. Specific Gravity  0.570 to 0.650 

2. Average Weight  0.620 kg/m 

3. Modulus of Elasticity  1.6 to 2.1 x 106kg/cm
2
 

4. Compressive stress 790 to 860kg/cm
2
 

5. Safe working stress in tension  150 to 340kg/cm
2
 

6 Safe working stress in shear   120 to 170kg/cm
2
 

7 Bond Stress  5.5 kg/cm
2
 

Source: Sweta. R., Valshnavi., M., Nahal., G., Amol, D., and Pravin, L. (2021).  
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Table 2 highlighted the properties of mild steel 

S.N Properties of mild steel  

1. Specific Gravity  7.85 

2. Average Weight ( density) 7680kg/m
3
 

3. Modulus of Elasticity 2x105N/mm 

4. Compressive stress 800-1200N/mm
2
 

5. Safe working stress in tension  400-550mpa 

6 Safe working stress in shear   115N/mm
2
 

7 Bond Stress  It depend on the shape  

High yield strength 

Deformed bars 

50% higher than plan 

Source:  

Table 3 highlighted estimated three years analysis of increase in the prices of mild steel 

S/N Description of steel Prices of Mild Steel 

2021 2022 2023 

1. 6mm N600 N800 N1000 

2. 8mm N1800 N2100 N2600 

3. 10mm N2800 N3200 N3600 

4. 12mm N3500 N4200 N5000 

5. 16mm N6500 N7500 N9000 

 Source: 2021-2023 Market Survey 

Steel 

Steel is an alloy of iron and carbon in which the carbon content ranges up to 2 percent (with a 

higher carbon content, the material is defined as cast iron). Steel is most widely used as one 

of the materials for building. In addition, the tools required to build and manufacture such 

articles are also made of steel. The major component of steel is iron, a metal that in its pure 

state is not much harder than copper. Iron in its solid state is, like all other metals 

polycrystalline-that is, it consists of many crystals that join one another on their boundaries. 

In its pure form, iron is soft and generally not useful as an engineering material; the principal 

method of strengthening it and converting it into steel is by adding small amount of carbon. 

Properties of Steel  

Steel has a number of properties, including hardness, toughness, tensile strength, yield 

strength, elongation fatigue strength, corrosion, plasticity malleability and creep.  

Types of Steel  

Carbon steel: carbon steel looks dull, matte-like and is known to be vulnerable to corrosion.  

Alloy steel: Is a mixture of several different metals like nickel, copper and aluminum. 

Tool Steel: Is a kind of steel that is used in production of tools and equipment for 

construction purposes.  

Stainless Steel: It has high resistance to corrosion because its  properties easily repel water. 
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Fundamental differences between bamboo and conventional reinforcement steel 

 Bamboo is essentially an elastic brittle material, whereas steel exhibits considerable ductility. 

This limits the „allowable‟ stress that may be utilized with bamboo based on the margin of 

safety desired. 

The characteristic values of longitudinal tensile modulus and strength of bamboo are typically 

less than 10% of that of steel Kaminski et al. [1, 58]. At12% moisture content, characteristic 

modulus of bamboo is on the order of 7.5–13 GPa and characteristic strength is on the order 

of 40 MP a (resulting in allowable design strengths on the order of 16 MPa). As a result of 

the low modulus, serviceability considerations (i.e., defections and crack control) are 

significant and typically govern design despite the low allowable strength. 

 Bamboo is anisotropic, leading to complex inter-actions with the surrounding concrete, 

which include: 

 The coefficient of thermal expansion of bamboo which is different from that of steel and 

concrete, which are, themselves, similar  in the transverse direction than in the longitudinal 

direction affecting compatibility with the surrounding concrete, significantly impacting 

composite bond behaviour. 

 Unlike steel, bamboo is dimensionally unstable and therefore needs some form of treatment 

to resist moisture transmission. Due to anisotropy, dimensional stability is not uniform in 

longitudinal and transverse directions. 

Although not affected by corrosion, bamboo is susceptible to various degradation 

mechanisms associated with exposure to (a) Varying hygrothermic conditions; and (b) a high-

alkali environment. Both conditions are prevalent in an embedded concrete environment. 

Bamboo is susceptible to termite and fungal attack and degrades quickly when exposed to 

high moisture levels. 

Findings: 

- Untreated bamboo can create cracks as a result of drying shrinkage  

- Treated bamboo can give proper bond between bamboo and concrete thereby 

reducing cracks.  

- Treated bamboo has more resistance to tensile than plain concrete and untreated 

bamboo reinforced concrete. 

- Plain concrete and untreated bamboo reinforced concrete have similar behaviour.   

- Steel reinforced concrete has more resistance than treated bamboo reinforced 

concrete.  

- The use of steel reinforced cannot be fully replaced with bamboo. 

- Steel reinforcement has less water absorption than bamboo reinforcement.  

Conclusion  

Going by the array of defects in the quality of bamboo such as absorption of water that led to 

dry shrinkage, brittleness, low ductility, high deflection and improper bonding, it cannot be 

said to have the same quality with steel as a result it cannot replace  steel in totality as 

reinforcement of concrete during its production. Bamboo also has some areas of defects such 

as the rate of water absorption that gives room for dry-shrinkage that usually lead to cracks. 

Bamboo lacks the capacity to withstand the maximum capacity to withstand the maximum 
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and axial force needed in concrete production. Again its ductility is rather low (Satjapan 

2010). 

However, considering the numbers of qualities and properties that bamboos possess, these 

qualities cannot be ignored. If bamboo can be properly treated with chemical substances such 

as epoxy, gloss paint, sikadur and other properties, it can be recommended as light load 

bearing capacity reinforcement for concrete production.  

Recommendations  

- The use of bamboo as reinforcement should be limited to light weight concrete 

production.  

- There is need for further study to be carried out on the effects of salt on bamboo. 

- The Nigeria Council of Registered Engineer and Chartered Builders should publish 

their positions on the use of bamboo as reinforcement of concrete production.  

- There is need for more laboratories to help carry out some further studies specifically 

on strength beam test, pullout test and flexural test to further ascertain the use of 

bamboo as reinforcement material in the production of concrete.  
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