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ABSTRACT
Bamboo is a naturally available, fast growing and renewable resource. Bamboo plants are found all over the world
in tropical and non-tropical regions. Asia pacific region is specifically rich in bamboo biodiversity. Due to high
energy demand of existing construction materials and scarcity of other naturally available materials like wood,
bamboo is a good alternative for construction. This paper reviews the mechanical properties and use of bamboo
in construction. The tensile strength of different bamboo species varies in the range 70–210 MPa, compressive
strength 20–65 MPa, elastic modulus 2500–17500 MPa, and modulus of rupture 50–200 MPa. Bamboo is a versatile material and can be used in construction in various ways. Bamboo can be engineered to specific need in
construction such as laminated and scrimber bamboo. Engineered bamboo are used for various housing purposes
such as roofing and flooring. Bamboo culms are often used directly without any alteration as structural members
such as beams and columns. Bamboo can also be used as reinforcement in concrete as a replacement to steel. The
shear and flexural behavior of bamboo reinforced concrete (BRC) beams is significantly better than plain concrete
beams. Bamboo fibers reinforced concrete (BFRC) is a good alternative to existing synthetic fibers reinforced concrete such as glass and steel fibers. Development of standardized testing procedures and structural specifications
utilizing existing and future research findings will pave the way towards an extensive use of bamboo in construction industry.
Keywords: bamboo, engineered bamboo, bamboo reinforced concrete, bamboo fibers reinforced concrete, bamboo
construction, laminated bamboo

INTRODUCTION
Shelter from extreme weathers and for privacy is a basic requirement for all human beings. Historical evidence show that our ancestors
have used different materials and techniques for
this purpose such as stones, wood, bricks, steel,
concrete, etc. However, with the passage of time,
these materials are getting scarce and they also
have high energy demands. There is a need for
alternative renewable resources which are financially feasible, structurally strong and durable,
and environmentally sustainable. One such material used is bamboo [1]. Bamboo is a naturally
available, fast growing and renewable resource.
It is an eco-friendly and cheaper material [2]. The

use of bamboo is not new, but it has been used
throughout history in buildings [3]. Bamboo has a
large variety, having almost 1300 species and are
found all around the world apart from Antarctica
and Europe. The growth of bamboo plant is very
rapid as compared to other wood types. It has a
typical harvesting period of 3 to 4 years and can
grow as long as 36 m in only 6 months [4]. Some
of the bamboo species can survive in extreme hot
regions, while some species can tolerate extreme
cold weathers as well [5, 6].
The culm (stem) of bamboo are round elongated and hollow in shape. Culm is divided by
nods in longitudinal direction. They are usually hard and slippery at the outer periphery of
the culm. The fibers of bamboo tree are mainly
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cellulose fibers [7] that grow in the longitudinal
direction of culm [8]. A typical bamboo plant and
bamboo culm is shown in Figure 1.
Availability of bamboo
Bamboo is a naturally occurring plant farmed
globally [9]. For many years bamboo has played
an important role in tropical countries lifestyle
[10]. However, they are farmed in all tropical,
subtropical and mild regions as shown in Figure 2
[11]. Bamboo accounts for 0.8% of total forest
area of the world, covering 31.5 million hectare
land [12]. Africa has a relatively low number of
species (only five) of wooden bamboo. Comparatively, America has a higher biodiversity of wooden bamboo where about 430 different species of
wooden bamboo spread across the South, Central
and North America as given in Table 1 [13].
Asia pacific region has the richest biodiversity of wooden bamboo as compared to all other
regions. A total of about 1012 species of wooden
bamboo are known to be found in this region

with china alone having 626 species as given
in Table 2 [14].
Treatment and preservation of bamboo
Bamboo have high sugar and starch content
and is suspected to termite and fungal attack
which defect the bamboo structure. Bamboo also
has a high moisture content and hence it shrinks
upon drying. Various physical and chemical techniques are used for the treatment of bamboo [4] to
avoid these issues. Bamboo are most commonly
soaked in water for a certain amount of time (usually 3–4 weeks) to remove the starch content in
bamboo culms [15–17]. Low starch content make
bamboo more resistance to fungus and termite attack [18]. Another technique used for preservation of bamboo against attack of microorganism
is by heating it to about 150 °C. Although using
this treatment reduces its mechanical strength and
its elasticity, it provides better resistance against
termites and fungus due to evaporation of water
during heating. Various preservatives can also be

Figure 1. (a) Typical green bamboo plant, (b) Typical hard bamboo culm used for structural applications

Figure 2. Availability of bamboo throughout the world [11]
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Table 1. Biodiversity of bamboo in North, Central and South America [13]
Country

No. of naturally
occurring species

Country

No. of naturally
occurring species

Country

No. of naturally
occurring species

Brazil

134

Argentina

12

Uruguay

5

Venezuela

68

Guatemala

12

Suriname

4

Colombia

56

Honduras

8

Belize

3

Ecuador

41

El Salvador

7

Bahamas

1

Costa Rica

36

Haiti

7

Dominica

1

Peru

35

Nicaragua

7

French Guiana

1

Mexico

32

Trinidad and Tobago

7

Guadeloupe

1

Bolivia

20

Dominican Republic

6

Jamaica

1

Panama

19

Paraguay

6

Martinique

1

Chile

14

Guyana

5

United States

1

Cuba

13

Puerto Rico

5

Virgin Islands

1

applied to prevent the bamboo against fungal and
insect attack. Most common chemical techniques
include dipping in boric acid, soaking with Noah
and injection of creosote oil [19] etc. However,
the use of chemical methods has some environmental and safety issues and must be used very
carefully. One of the common method used for
bamboo preservation is boiling of culm in a dilute
solution of NaCO3 or caustic soda for 30–60 minutes [20]. It aids in removing of starch present in
culms which improve its fungal resistance. In this
technique the culms of bamboo are painted with
lime in slaked form which upon drying, converts
to CaCO3. It enhances the culm resistance against
moisture and acid. To ensure good durability of
bamboo structure, it must be kept as dry as possible, it must not be kept in direct contact with
the ground, and it must be subjected to good air
circulation [21].

Bamboo standards and codes
The first step in bamboo standards was taken
by ISO (International Organization for Standardization). In 2004, ISO developed three standards
for bamboo designated as ISO-2004a, 2004b and
2004c. These standards were derived from timber
standards of ISO. ISO 2004a designated as ISO
22156, cover the specifications for structural design of bamboo including full culm, half culm and
laminated bamboo structures [23]. ISO 2004b and
2004c designated as ISO 22157, specified different tests for determining mechanical properties of
bamboo including moisture content, density, tensile, compressive, shear and flexural strength [24].
With increasing popularity of bamboo construction, countries which are rich in local bamboo
resources started standardizing bamboo [25–29].
The existing standards and codes for bamboo
specifications are summarized in Table 3 [22].

Table 2. Biodiversity of bamboo in Asia Pacific region [14]
Countries

No. of naturally occurring species

Countries

No. of naturally occurring species

Australia

3

Myanmar

75

Bangladesh

18

Nepal

25

Bhutan

21

North Korea

2

Brunei

6

Pakistan

3

Cambodia

4

Papa New Guinea

22

China

626

Philippines

26

Hong Kong

9

Russia (Sakhalin and Kuril Islands)

1

India

102

Singapore

3

Indonesia

56

South Korea

6

Japan

84

Sri Lanka

11

Laos

13

Thailand

36

Malaysia

50

Vietnam

69

Total

1012
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Mechanical properties of bamboo
The fibers of bamboo grow in longitudinal
direction of culms. Understandably, the axial
strength of bamboo in the direction of fibers is
much higher as compared to lateral directions.
Bamboo has generally shown ductile behavior
with acceptable compressive and tensile strengths
[30]. Bamboo culm shows uniform strength at all
positions in longitudinal and lateral directions
[31]. The strength of bamboo is effected by the
type of bamboo used and method of thermal treatment [32]. Bamboo can be considered as transverse isotropic material. It has a significant axial
strength in the direction of fibers. Tensile strength
is almost double as compressive strength in the
direction parallel to grains. The shearing strength
in direction perpendicular to grains is comparable
higher than the parallel direction [33].
The mechanical properties of bamboo are
greatly affected by the moisture content present
in bamboo. Bamboo is an hygroscopic material
which absorbs water from environment [34]. The
moisture content can be determined by water

absorption test as specified by ISO [24]. Moisture
content can vary by species and also by the location of bamboo node i.e. top, middle or bottom.
Average value of moisture content found in bamboo is between 15–30% [35]. The mechanical
properties of bamboo namely tension, compression and shear properties degrade with high moisture content while the behavior at failure become
more ductile [36]. Bamboo should be preferably
air dried before use as air dried bamboo shows
good strength as compared to oven dried bamboo
[37, 38]. The important mechanical properties of
bamboo are summarized in Table 4 [39–47]. The
average tensile strength of bamboo along the fibers varies between 70–210 MPa for different species. Although the tensile strength of bamboo is
less than steel, it is significantly better than aluminum and wood. The tensile and crushing strength
varies at different location of bamboo culm and
the source from bamboo is obtained. The average
compressive strength varies between 20–65 MPa.
The elastic modulus of bamboo generally varies
between 2500 to 17500 MPa and modulus of rupture varies between 50 to 200 MPa.

Table 3. Existing bamboo standards and codes [22]
Country
China

Code
-

Standard
JG/T 199: Testing method for physical and mechanical
properties of bamboo used in building (PRC MoC, 2007)
NTC 5407: Uniones de Estructuras con Guadua
angustifolia Kunth (Structural unions with Guadua
angustifolia Kunth) (ICONTEC, 2006)
NTC 5525: Me´todos de Ensayo para Determinar
las Propiedades Fisicas y Meca´nicas de la Guadua
angustifolia Kunth (Methods and tests to determine the
physical and mechanical properties of Guadua angustifolia
Kunth) (ICONTEC, 2007)

Colombia

Reglamento Colombiano de Construccio´ n
Sismoresistente – chapter G12 Estructuras de
Guadua (Guadua structures) (ICONTEC, 2010)

Ecuador

Norma Ecuatoriana de la Construccio´ n –
chapter 17 Utilizacio´n de la Guadua Angustifolia INEN 42: Bamboo Cana Guadua (bamboo cane Guadua)
Kunth en la Construccio´n (Use of Guadua
(INEN, 1976)
angustifolia Kunth in construction) (INEN, 2011)

India

IS 6874: Method of tests for round bamboos (BIS, 2008)
National Building Code of India, section 3 Timber
IS 15912: Structural design using bamboo – code of
and bamboo: 3B (BIS, 2010)
practice (BIS, 2012)

Peru

Reglamento Nacional de Edificaciones, Section
III. Code E100 – Disenoy Construccion con
Bamboo (ICG 2012)

USA

International
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-

ASTM D5456: Standard specification for evaluation of
structural composite lumber products (ASTM, 2013)

-

ISO 22156: Bamboo – structural design (ISO, 2004a)
ISO 22157–1 Bamboo – determination of physical and
mechanical properties – part 1: requirements (ISO, 2004b)
ISO 22157–2: Bamboo – determination of physical and
mechanical properties – part 2: laboratory manual (ISO,
2004c)
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Table 4. Range of mechanical properties of bamboo
Mechanical property

Range

Tensile strength (MPa)

70–210

Compressive strength (MPa)

20–65

Elastic modulus (MPa)

2500–17500

Structural use of bamboo
Bamboo is a partially versatile material and
can be used in different ways in construction. The
bamboo culm can be used as a structural element
due to its architectural demand or it can be altered
in different ways according to need. It has socioeconomic benefits as it is durable and available
cheaply [11]. Bamboo can prove to be a viable
alternative to existing construction materials and
can be used in organic shaped structures [48]. The
various forms of bamboo used in construction are
discussed in the subsequent sections.
Full/half culm bamboo
Full culm of bamboo can be used as a whole
element for architectural demand, scaffolding, resorts construction, etc. This type of use is more
common in regions where bamboo is available
locally. Full or halved bamboos are connected together and used in columns, walls, roof purlins
and poles etc. as shown in Figure 3. Connections
in such type of bamboo use are challenging due to
the hollow shape of bamboo culm. Usually culms
are tied together at the end with the aid of ropes.
Other methods adopted for connections are use of
hose clamps, concrete infill and bolts. The use of
hose clamps or concrete infill highly improve the
performance of connections [49].

Engineered bamboo
Engineered bamboo refers to use of bamboo
which is processed and altered before use in construction. Such use is adopted for flooring, sheeting, wall panels and other uses. Most common
type of engineered bamboo used in construction
is laminated bamboo. In laminated bamboo, the
bamboo culms are first pressed and flattened to
form laminated strip layers of uniform size [50]
as shown in Figure 4 [51]. Those laminated strips
are glued together in layers to form laminated
bamboo boards as shown in Figure 5 [52].
The laminated bamboo sheets are mostly
used in similar applications as wooden plywood,
though its properties differ in certain ways. The
laminated bamboo section shows orthotropic behavior, with compressive strength in grain direction much greater than the other two transverse
directions [53].
Another modern engineered product of bamboo is bamboo scrimber. The bamboo strips are
crushed and rolled to form bamboo fibers bundles. These bundles are treated with adhesives
and highly compressed in hot temperature to form
a very compacted material known as bamboo
scrimber as shown in Figure 5 [52].
Density of commercially available engineered scrimber varies between 800–1200 kg/m3.
Density affects the mechanical properties and water absorption capacity of the bamboo scrimber
[54]. Scrimber prepared from bamboo bundles
which is air dried at high temperature and treated with phenol formaldehyde (PF) resin showed
improved moisture absorption. It also showed
resistance to swelling, which makes it lucrative
for uses such as decorating and furniture [55].

Figure 3. Use of bamboo culm (a) full bamboo culm as structural elements, (b) half/full culm as roofing
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Figure 4. Bamboo culm flattening for laminated bamboo [51]

Figure 5. (a) Layers of bamboo glued tighter to form laminated bamboo,
(b) Bamboo strips compressed together to form bamboo scrimber

Bamboo scrimber and laminated bamboo shows
superior behavior to existing timber [56].
Other products formed by alternating the
bamboo culms include veneers, fireboards and
mat board etc. Bamboo mat board, corrugated
sheet and veneer composites can also be good alternatives to current wood construction [57]. The
properties of existing engineered bamboo products are summarized in the Table 5.
Bamboo reinforced concrete
Bamboo fibers grow in longitudinal direction of culm which makes it axially strong in both
tension and compression. Such behavior of bamboo makes it a viable alternative for traditional
steel reinforcement. Bamboo culms are usually
used in the form of strips or full culms and are
first treated for termite using different solutions.
The performance of bamboo reinforced concrete
mainly depends upon the interlock between bamboo strips and concrete. Load carrying behavior
of bamboo reinforced concrete beams is similar
to RC beams. The use of adhesives can make
bamboo reinforcement water resistant and use of
hose clamps can prevent it against slipping [59].
170

Use of Sikadur 32-gel also enhances the bonding
strength between bamboo and concrete and also
improve flexural strength of bamboo reinforced
beams [60].
Bamboo reinforcement is generally used in
beams as main bars or stirrups. It can also be used
in column as main bars or hoops [61]. Various researchers have worked on eﬃcient use of bamboo in concrete as reinforcement. The behavior
of BRC beams is generally far better than PCC
beams. The shear and flexure behavior of BRC
with 3.8% bamboo reinforcement becomes very
similar to RCC beam with 1.23% steel reinforcement [62]. The performance of bamboo reinforcement can be enhanced using rebar as mechanical
anchors [63] or by using hose clamps [64]. The
behavior of BRC beam having 200 mm2 bamboo
reinforcement with hose clamps and steel reinforced beam (SRC) having 100.48 mm2 steel reinforcement is shown in Figure 6. As shown from
graph, the use of hose clamps has enhances the
ultimate load capacity of BRC beams [64], but
generally steel reinforced beams are much more
stiffer and ductile than BRC beams [30].
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Table 5. Properties of various engineered bamboo products [58]
Types of Bamboo Products

Density (kg/m-3)

Rupture modulus (Nmm-2)

Elastic modulus (GPa)

Bamboo mat board (India)

766

51

3.7

Bamboo mat board (China)

850

93

NA

Bamboo curtain board (China)

850

121

12.5
9.6

Bamboo strip board (Vietnam)

815

124

Bamboo strip board (China)

780

113

NA

Bamboo parallel glulam (China)

850

167

11.5

Note: NA = not available

Bamboo reinforcement can also be used in
slabs as it gives decent flexural and shear strength
[65]. The use of bamboo reinforcement can also
improve the ductility of shear wall. The shear
strength and ductility of RC shear wall having
bamboo reinforcement is significantly better than
unreinforced shear wall. However, bamboo reinforcement must be prevented from any moisture,
which can reduce its ultimate strength [66].
Bamboo fiber reinforced concrete
Fiber reinforced concrete has been used in
the past utilizing different fibers. As concrete is
weak in tension, fibers are generally provided in
high tensile zones to strengthen concrete and reduce crack width [67, 68]. Synthetic fibers such
as glass, steel, asbestos, carbon [69] and other
polymers are generally used in fiber reinforced
concrete, but with scarcity and high energy demands of synthetic fibers, the use of recycled aggregates [70] or naturally available fibers such
as wood, coconut, hemp, sisal and rice husk and
bamboo are encouraged in fiber reinforced concrete [71–76].

Bamboo fibers are environmentally eﬃcient
material [77] and can be used in fiber reinforced
concrete. Bamboo fibers are usually obtained by
crushing and grinding the bamboo culms into
small fibers and then removing the moisture content by drying [78]. The length of bamboo fibers
used in concrete varies from 10 mm to 67.5 mm
[79–81]. Bamboo fibers do not improve the compressive strength of concrete. In fact they cause
a decrease in compressive strength of concrete
due to poor bond strength between aggregates
and cement matrix as owing to the presence of
bamboo fibers. Conversely, bamboo fibers significantly improve tensile strength of concrete [82].
The tensile behavior of BFRC with 0.26% fibers
is compared with plain concrete in Figure 7 [82].
The addition of bamboo fibers slightly improve the flexural strength of concrete, but it enhances crack control and ductility [79, 82, 83].
Bamboo fibers can significantly improve the
impact resistance of BFRC compared to plain
concrete. When it is used in hybrid form with
steel fibers, it can improve impact resistance up
to 550% [80].

Figure 6. Load-deflection relations of BRC and SRC beams [64]
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Figure 7. Load-displacement relations in split tensile tests for FRBC and PCC [82]

Drawbacks/Gaps in use of bamboo
as construction material
Bamboo provides a great natural alternative
to existing synthetic materials in construction industry. Though bamboo is available in most parts
of the world, use of bamboo in construction is
still dependent on the availability of bamboo in
local conditions. Bamboo offers great versatility
in its structural use, especially in reinforced and
fiber reinforced concrete. Its performance mainly depends on interlocking force with concrete.
Further studies need to be carried out to improve
bamboo strips interlocking with concrete. Also
proper numerical models need to be developed
along with experimental studies to predicts its behavior and dynamic loads.

CONCLUSIONS
This study reviews various aspects of bamboo
as a construction material. The main conclusions
can be summarized as:
• Bamboo plant is farmed all over the world in
tropical and non-tropical regions. It is specifically more common in Asia pacific region.
• Bamboo is treated by different methods to
reduce starch content before use. Air drying
and chemical treatment are most common
methods.
• ISO has developed standards and codes for
bamboo as a construction material. ISO
specified different tests for determining the
mechanical properties of bamboo and its
172

structural properties. However, a lot needs to
be done in standardizations and specifications
to ensure consistent use of bamboo in construction industry.
• The tensile strength of bamboo is not as high
as steel, but it is significant compared to wood
and aluminum. Hence, it is an attractive alternative to use in construction.
• The properties of engineered bamboo are
comparable to wood and can be used in construction as laminated and scrimber bamboo.
Bamboo culms can also be used as structural
elements such as beams and columns.
• Bamboo is gaining popularity for its use in
concrete. It can be a viable replacement for
conventional steel reinforcement though there
is a need for further study in developing techniques for proper bond between concrete and
bamboo reinforcement.

REFERENCES
1. Kumar G., Ashish D.K. Review on feasibility of
bamboo in modern construction. Jouranl of Civil
Engineering. 2015; 2: 66–70.
2. Habibi S. Design concepts for the integration of
bamboo in contemporary vernacular architecture.
Architectural Engineering and Design Management. 2019; 15(6): 475–489.
3. Arber A. The Gramineae: a study of cereal, bamboo and grass: Cambridge University Press; 2010.
4. Liese W., Köhl M. Bamboo: the plant and its uses:
Springer; 2015.
5. Liese W. Research on bamboo. Wood Science and

Advances in Science and Technology Research Journal 2022, 16(3), 165–175
Technology. 1987; 21(3): 189–209.
6. Ben-Zhi Z., Mao-Yi F., Jin-Zhong X., Xiao-Sheng
Y., Zheng-Cai L. Ecological functions of bamboo
forest: research and application. Journal of Forestry Research. 2005; 16(2): 143–147.
7. Parameswaran N., Liese W. On the fine structure
of bamboo fibres. Wood Science and Technology.
1976; 10(4): 231–246.
8. Amada S., Ichikawa Y., Munekata T., Nagase Y.,
Shimizu H. Fiber texture and mechanical graded
structure of bamboo. Composites Part B: Engineering. 1997; 28(1–2): 13–20.
9. Lobovikov M., Ball L., Paudel S., Guardia M., Piazza M., Wu J., et al. World bamboo resources: a
thematic study prepared in the framework of the
global forest resources assessment 2005: Food &
Agriculture Org.; 2007.
10. Sharma Y. Editor Bamboos in the Asia Pacific Region. Bamboo research in Asia: proceedings of a
workshop held in Singapore, 28–30 May 1980;
1980: IDRC, Ottawa, ON, CA.
11. Manandhar R., Kim J.-H, Kim J.-T. Environmental, social and economic sustainability of bamboo
and bamboo-based construction materials in buildings. Journal of Asian Architecture and Building
Engineering. 2019; 18(2): 49–59.
12. Song X., Zhou G., Jiang H., Yu S., Fu J., Li W.,
et al. Carbon sequestration by Chinese bamboo
forests and their ecological benefits: assessment of
potential, problems, and future challenges. Environmental Reviews. 2011; 19(NA): 418–428.
13. Bystriakova N., Kapos V., Lysenko I. Bamboo biodiversity: Africa, Madagascar and the Americas:
UNEP/Earthprint; 2004.
14. Bystriakova N., Kapos V., Lysenko I., Stapleton C.
Distribution and conservation status of forest bamboo biodiversity in the Asia-Pacific Region. Biodiversity & Conservation. 2003; 12(9): 1833–1841.
15. Ashaari Z., Mamat N. Traditional treatment of Malaysian bamboos: resistance towards white rot fungus and durability in service. Pakistan Journal of
Biological Sciences. 2000; 3(9): 1453–1458.
16. Ashaari Z., Sahri M., Yusuf N. Improvement of
bamboo resistance against stain fungus by water
soaking. Bamboo 2000 International Symposium;
2000.
17. Kasim J. Properties of Particleboard and Particlefilled Thermoplastic Composite from Bamboo
(Gigantochloa Scortecchinii) [Thesis]: Universiti
Putra Malaysia; 1999.
18. Kardam V., Pant K., Satya S., Naik S. Scientific Investigation of Traditional Water Leaching Method
for Bamboo Preservation. Bamboo Science & Culture. 2013; 26(1).
19. Chin S.C., Tee K.F., Tong F.S., Ong H.R., Gimbun

J. Thermal and mechanical properties of bamboo
fiber reinforced composites. Materials Today Communications. 2020; 23: 100876.
20. Xu W.T., Ren-cheng. Extracting natural bamboo
fibers from crude bamboo fibers by caustic treatment. Biomass Chemical Engineering. 2006; 3.
21. Xu Y., Zhang M., Tu D., Sun J., Zhou L., Mujumdar A.S. A two-stage convective air and vacuum
freeze-drying technique for bamboo shoots. International journal of food science technology. 2005;
40(6): 589–595.
22. Gatóo A., Sharma B., Bock M., Mulligan H, Ramage M.H. Sustainable structures: bamboo standards
and building codes. Proceedings of the Institution
of Civil Engineers – Engineering Sustainability.
2014; 167(5): 189–196.
23. ISO. International Standard ISO 22157–1: 2004
(E), Bamboo–determination of physical and mechanical properties–Part I: Requirements. ISO Geneva; 2004.
24. ISO. ISO 22156: 2004 (E): Bamboo–structural design. ISO Geneva, Switzerland; 2004.
25. BIS. IS 6874–2008: Method of tests for round
bamboos. BIS New Delhi, India; 2008.
26. BIS. Section 3, Timber and Bamboo: 3B. BIS New
Delhi, India; 2010.
27. BIS. IS 15912–2012: Structural design using bamboo–code of practice. BIS New Delhi, India; 2012.
28. International A. Standard test methods for small
clear specimens of timber. ASTM D143. 2009.
ASTM International United States; 2009.
29. International A. Standard specification for evaluation of structural composite lumber products.
ASTM D5456–14b. ASTM International West
Conshohocken, Pennsylvania; 2014.
30. Karthik S., Rao P.R.M., Awoyera P. Strength properties of bamboo and steel reinforced concrete containing manufactured sand and mineral admixtures.
Journal of King Saud University-Engineering Sciences. 2017; 29(4): 400–406.
31. Nogata F., Takahashi H. Intelligent functionally
graded material: bamboo. Composites Engineering. 1995; 5(7): 743–751.
32. Sharma B., Gatóo A., Ramage M.H. Effect of processing methods on the mechanical properties of
engineered bamboo. Construction and Building
Materials. 2015; 83: 95–101.
33. Huang D., Bian Y., Zhou A., Sheng B. Experimental study on stress–strain relationships and failure
mechanisms of parallel strand bamboo made from
phyllostachys. Construction and Building Materials. 2015; 77: 130–138.
34. Hamdan H., Hill C., Zaidon A., Anwar U., Latif
M.A. Equilibrium moisture content and volumetric
changes of Gigantochloa Scortechinii. Journal of

173

Advances in Science and Technology Research Journal 2022, 16(3), 165–175
Tropical Forest Science. 2007: 18–24.
35. Chen T., Shih C., Chen H. Determination of the
moisture content at fiber saturation point of bamboo by nondestructive testing method with stress
wave timer. Proc of the fifth world conf on timber
engineering; 1998.
36. Xu Q., Harries K., Li X., Liu Q., Gottron J. Mechanical properties of structural bamboo following
immersion in water. Engineering Structures. 2014;
81: 230–239.
37. Li X. Research on Mechanics and Failure Properties of Moso Bamboo: Master’s Thesis, Chinese
Academy of Forestry, Beijing, China; 2009.
38. Wakchaure M., Kute S. Effect of moisture content
on physical and mechanical properties of bamboo.
2012.
39. Amada S., Untao S. Fracture properties of bamboo Composites Part B: Engineering. 2001; 32(5):
451–459.
40. Espiloy Z.B. Physico-mechanical properties and
anatomical relationships of some Philippine bamboos. International Bamboo Workshop China;
1985.
41. Ghavami K. Bamboo: Low cost and energy saving
construction materials. Modern bamboo structures:
CRC Press, 2008; 17–34.
42. Huang F., Guo W. Structural and mechanical properties of the spines from Echinocactus grusonii
cactus. Journal of Materials Science. 2013; 48(16):
5420–5428.
43. Li H., Shen S. The mechanical properties of bamboo and vascular bundles. Journal of Materials Research. 2011; 26(21): 2749–2756.
44. Paudel S. Engineered bamboo as a building material. Modern Bamboo Structures: CRC Press,
2008; 45–52.
45. Rao K.M.M., Rao K.M. Extraction and tensile
properties of natural fibers: Vakka, date and bamboo. Composite structures. 2007; 77(3): 288–295.
46. Soeprayitno T., Tobing L., Widjaja E.A. Why the
sundanese of West Java Prefer Slope-inhabiting
Gigantochloa pseudoarundinacea to those growing
in the valley. International Workshop on Bamboo
held in Cochin; 1988.
47. Tan T., Rahbar N., Allameh S., Kwofie S., Dissmore D., Ghavami K., et al. Mechanical properties
of functionally graded hierarchical bamboo structures. Acta biomaterialia. 2011; 7(10): 3796–3803.
48. Nurdiah E.A. The potential of bamboo as building
material in organic shaped buildings: Petra Christian University; 2016.
49. Pradhan N.P.N., Paraskeva T.S., Dimitrakopoulos
E.G. Quasi-static reversed cyclic testing of multiculm bamboo members with steel connectors.
Journal of Building Engineering. 2020; 27.

174

50. Liliefna L.D., Nugroho N., Karlinasari L., Sadiyo
S. Development of low-tech laminated bamboo esterilla sheet made of thin-wall bamboo culm. Construction and Building Materials. 2020; 242.
51. Fang C.-H., Jiang Z.-H., Sun Z.-J., Liu H.-R.,
Zhang X.-B., Zhang R., et al. An overview on
bamboo culm flattening. Construction and Building Materials. 2018; 171: 65–74.
52. Liu X., Smith G.D., Jiang Z., Bock M., Boeck F.,
Frith O., et al. Nomenclature for engineered bamboo. BioResources. 2016.
53. Tang G., Yin L., Li Z., Li Y., You L. Structural
behaviors of bolted connections using laminated
bamboo and steel plates. Structures. 2019; 20:
324–339.
54. Kumar A., Vlach T., Laiblova L., Hrouda M.,
Kasal B., Tywoniak J., et al. Engineered bamboo
scrimber: Influence of density on the mechanical
and water absorption properties. Construction and
Building Materials. 2016; 127: 815–827.
55. Yu Y., Zhu R., Wu B., Hu Ya., Yu W. Fabrication,
material properties, and application of bamboo
scrimber. Wood Science and Technology. 2015;
49(1): 83–98.
56. Sharma B., van der Vegte A. Engineered bamboo
for structural applications. Nonconventional and
Vernacular Construction Materials: Elsevier, 2020;
597–623.
57. Bansal A.K., Zoolagud S. Bamboo composites:
Material of the future. Journal of Bamboo and Rattan. 2002; 1(2): 119–130.
58. Ganapathy P., Huan-Ming Z., Zoolagud S., Turcke
D., Espiloy Z. Bamboo panel boards a state-of-theart review. 1999. Contract No.: No. 12
59. Muhtar. Experimental data from strengthening
bamboo reinforcement using adhesives and hoseclamps. Data in brief. 2019; 27: 104827.
60. Ghavami K. Bamboo as reinforcement in structural
concrete elements. Cement and Concrete Composites. 2005; 27(6): 637–649.
61. Terai M., Minami K. Fracture behavior and mechanical properties of bamboo reinforced concrete
members. Procedia Engineering. 2011; 10: 2967–
2972.
62. Mali P.R., Datta D. Experimental evaluation of
bamboo reinforced concrete beams. Journal of
Building Engineering. 2020; 28.
63. Umniati S., Dewi S.M., Nindyawati N., Susilo
G.A.J.E. Experimental Study On Lateral Load
Capacity of Bamboo RC Beam Column Joints
Strengthened By Bamboo Mechanical Anchors.
2017.
64. Dewi S.M. The flexural behavior model of bamboo reinforced concrete beams using a hose clamp.
MATEC Web of Conferences; EDP Sciences 2019.

Advances in Science and Technology Research Journal 2022, 16(3), 165–175
65. Kankam C.K., Odum-Ewuakye B. Flexural behaviour of babadua reinforced one-way slabs subjected to third-point loading. Construction and building materials. 2001; 15(1): 27–33.
66. Moroz J., Lissel S., Hagel M. Performance of
bamboo reinforced concrete masonry shear walls.
Construction and Building Materials. 2014;
61: 125–137.
67. Lee J.-H. Influence of concrete strength combined
with fiber content in the residual flexural strengths
of fiber reinforced concrete. Composite Structures.
2017; 168: 216–225.
68. Dewi S.M., Wijaya M.N., editors. The use of bamboo fiber in reinforced concrete beam to reduce
crack. AIP Conference Proceedings; 2017: AIP
Publishing LLC.
69. Fahim M., Saeed M., Khan H., Gir A., Ullah S.
Flexure Behavior of Carbon Fiber Reinforced
Polymers Retrofitted RC Beams. 2022; 16(2):
188–195.
70. Awchat G.D. Cost-Benefit Analysis of Using Recycled Coarse Aggregate In Plain and Fiber Reinforced Concrete. 2021; 15(3): 233–242.
71. Ashori A., Nourbakhsh A. Reinforced polypropylene composites: effects of chemical compositions
and particle size. Bioresource technology. 2010;
101(7): 2515–2519.
72. Jandas P., Mohanty S., Nayak S. Thermal properties
and cold crystallization kinetics of surface-treated
banana fiber (BF)-reinforced poly (lactic acid)
(PLA) nanocomposites. Journal of thermal analysis and calorimetry. 2013; 114(3) :1265–1278.
73. Sethunarayanan R., Chockalingam S., Ramanathan
R. Natural fiber reinforced concrete. Transportation Research Record. 1989; 1226: 57–60.
74. Yussuf A., Massoumi I., Hassan A. Comparison of
polylactic acid/kenaf and polylactic acid/rise husk
composites: the influence of the natural fibers on

the mechanical, thermal and biodegradability properties. Journal of Polymers and the Environment.
2010; 18(3): 422–429.
75. Li Z., Wang L., Wang X. Compressive and flexural properties of hemp fiber reinforced concrete.
Fibers and polymers. 2004; 5(3): 187–197.
76. Othuman Mydin M.A. Investigating the Effect
of Sisal Fibre Content on Durability Properties
of Lightweight Foamed Concrete. 2022; 16(2):
141–149.
77. Zea Escamilla E., Wallbaum H. Environmental
savings from the use of vegetable fibres as concrete
reinforcement. 6th International Structural Engineering and Construction Conference 2011.
78. Akiyama N., Irie S. Method of making bamboo fiber and inorganic body. Google Patents; 2000.
79. Zhang C., Huang Z., Chen G.W. Experimental research on bamboo fiber reinforced concrete. Applied Mechanics and Materials; Trans Tech Publ;
2013.
80. Wang X.D., Zhang C., Huang Z., Chen G.W. Impact experimental research on hybrid bamboo fiber
and steel fiber reinforced concrete. Applied Mechanics and Materials; Trans Tech Publ; 2013.
81. Zhang X., Pan J.Y., Yang B. Experimental study
on mechanical performance of bamboo fiber reinforced concrete. Applied Mechanics and Materials;
Trans Tech Publ; 2012.
82. Terai M., Minami K. Basic Study on Mechanical
Properties of Bamboo Fiber Reinforced Concrete.
Global Thinking In Structural Engineering: Recent
Achievements. 2012; 8: 17–24.
83. Kavitha S. Effect of bamboo fiber in self compacting concrete partially replacing cement with
GGBS and alccofine. International Journal of
Civil Engineering and Technology (IJCIET). 2017;
8: 158–166.

175

