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Abstract - The increasing demand for sustainable
construction materials has highlighted bamboo as an eco-
friendly alternative to conventional resources such as steel and
concrete. This review examines the physical and mechanical
properties of bamboo, treatment methods to enhance
durability, and manufacturing processes for laminated
bamboo. Standardized tests for compressive, tensile, and
bending strengths were conducted in accordance with IS
6874:2008 and IS 8242, enabling comparison between natural
and laminated bamboo. Results indicate that laminated
bamboo exhibits superior modulus of rupture, modulus of
elasticity, compressive strength, and tensile strength due to
defect elimination, improved bonding, and uniform stress
distribution. The lamination process, combined with
appropriate adhesives, also enhances moisture resistance and
dimensional stability, making laminated bamboo highly
suitable for beams, columns, and panels. The study concludes
that engineered bamboo products can effectively serve as
sustainable, high-strength structural materials, supporting
both environmental conservation and efficient construction
practices.
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1 INTRODUCTION

The growing urgency to address climate change has
intensified efforts to find sustainable construction materials
that reduce carbon emissions. The construction sector is a
major contributor to greenhouse gases, with cement and steel
production alone accounting for 5-9% of global CO,
emissions. Bamboo has gained attention as an eco-friendly
alternative due to its rapid growth, renewability, low
embodied energy, and negative carbon footprint. It
sequesters significantamounts of carbon, has a shortharvest
cycle of 3-5 years, and offers high mechanical strength,
including tensile strength comparable to steel. Its flexibility,
resilience, and high strength-to-weight ratio make it suitable
for structural and seismic-resistant applications. Bamboo can
be used in columns, beams, scaffolding, reinforcement, and
modular housing, helping reduce construction costs and
timelines. Its cultivation also promotes environmental
conservation, prevents deforestation, and supports rural

economies, making it a promising material for sustainable
and economical construction worldwide.

Fig -1: Bamboo-Framed Structure

2 LITERATURE REVIEW

Abhijit Kudva et.al (2024) [1] Explored how different
chemical treatments affect the physical and mechanical
characteristics of Dendrocalamus strictus bamboo. The culms
were treated using the dip-diffusion method with 12%
sodium chloride, 7% boric acid-borax, and 0.8% copper
chrome boron. Tests for moisture content, density, water
absorption, swelling, compressive strength, and bending
strength revealed that treated samples showed reduced
water absorption and swelling, with copper chrome boron
producing the highest mechanical strength. The findings
confirmed that suitable chemical treatment enhances
bamboo’s durability and structural performance.

Xinzhou Wang et.al (2020) [2] The study assessed how
high-temperature saturated steam treatment affects the
physical, chemical, and mechanical characteristics of moso
bamboo. Four-year-old bamboo culms underwent treatment
at temperatures of 140 °C, 160 °C, and 180 °C for periods
ranging from 10 to 30 minutes. Subsequent evaluations
covered microstructure, chemical composition, moisture
content, and strength properties. Results showed that
treatment at 140 °C enhanced both the modulus of rupture
and modulus of elasticity, while higher temperatures led to
hemicellulose degradation, decreasing strength despite
lowering moisture content. Optimal improvements in
dimensional stability and durability—particularly for
outdoor applications—were achieved at 160 °C for 30
minutes or 180 °C for 10 minutes.
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Rodolfo Lorenzo et.al (2020) [3] Studied the impact of
node presence on the mechanical performance of moso
bamboo. Culms from Zhejiang Province, China, aged three
years, were prepared into samples with and without nodes,
then tested for bending, compression, and tension according
to Chinese standards. Results indicated that nodes increased
bending strength but reduced tensile strength along the
grain. The study recommended accounting for node effects in
structural bamboo design to optimize performance.

Douglas Mateus de Lima et.al (2023) [4] Investigated the
physical and mechanical behavior of glued laminated bamboo
in structural applications. Moso bamboo strips were
processed, treated, and bonded with phenol-formaldehyde
adhesive. Density, moisture content, modulus of rupture,
modulus of elasticity, and compressive strength were tested
following standard protocols. Laminated bamboo displayed
superior strength, dimensional stability, and uniformity
compared to solid bamboo, highlighting its potential as a
sustainable structural material.

Efa Suriani (2018) [5] The research evaluated the
mechanical performance of four Indonesian bamboo species
for potential structural use. Mature culms from Gigantochloa
apus, Gigantochloa atroviolacea, Dendrocalamus asper, and
Bambusa vulgaris were tested for tensile, compressive, shear,
and bending strengths in accordance with ISO 22157
standards. Findings revealed that Dendrocalamus asper
exhibited the highest strength values, whereas Bambusa
vulgaris showed the lowest. The study emphasized the
importance of species selection, identifying Dendrocalamus
asper as the most suitable option for structural applications
among those examined.

Dinie Awalluddin et.al (2017) [6] This study investigated
the mechanical properties of four Malaysian bamboo
species—Dendrocalamus  Asper, Bambusa Vulgaris,
Schizostachyum Grande, and Gigantochloa Scortechinii—
prepared by air-drying and boric acid treatment.
Compression, tensile, and moisture content tests were
conducted according to ISO 22157 standards on specimens
from top, middle, and bottom culm sections. Results showed
higher compressive strength at the top, increasing after five
months due to moisture reduction, with Dendrocalamus
Asper and Bambusa Vulgaris exhibiting the highest strengths.
Overall, bamboo demonstrated excellent strength properties,
confirming its suitability as a sustainable substitute for
structural timber.

S. Kavitha and Dr. T. Felix Kala (2017) [7] The study
explored the effect of adding bamboo fibers on the
mechanical performance of self-compacting concrete (SCC)
with partial cement replacement using 30% GGBS and 10%
Alccofine. SCC mixtures incorporating 1% bamboo fibers with
an aspect ratio of 40 were prepared and tested. Workability,
compressive strength, split tensile strength, and flexural
strength were evaluated after 7, 14, and 28 days of curing.

Results showed significant improvements across all strength
parameters, with the maximum 28-day flexural strength
reaching 6.1 N/mm? The research concluded that
incorporating 1% bamboo fiber enhances SCC’s strength
properties while promoting sustainability through reduced
cement consumption.

3 Research Gap

Bamboo is often limited to non-structural uses such as
furniture, scaffolding, and decorative items, despite its
excellent mechanical properties like high tensile and
compressive strength. Insufficient exploration of bamboo as a
primary load-bearing material in modern construction
represents the research gap. Standardized design codes,
durability improvement methods, and performance
evaluation under real structural conditions remain
underdeveloped. Limited studies address engineered bamboo
products, joint efficiency, and resistance to environmental
and biological degradation. Further investigation into
treatment techniques, hybrid structural applications, and
long-term behaviour is needed to fully utilize bamboo’s
potential as a sustainable alternative to conventional
construction materials.

4. OBJECTIVES

1. Review studies on bamboo’s strength, durability, and
use in structures.

2. Analyze treatments and manufacturing methods to
improve performance.

3. Identify key challenges and gaps for wider use in
construction.

5. METHODOLOGY

5.1 Treatment of Bamboo

Bamboo’s high sugar and starch content makes it
susceptible to termite and fungal attacks, while its high
moisture content causes shrinkage upon drying, reducing
the structural life. Preservation methods include physical
and chemical treatments. Physical techniques involve
soaking in water for three to four weeks, heat treatment at
one hundred and fifty degrees Celsius, or coating with diesel,
engine oil, or phenol formaldehyde resin. Chemical methods
include injection or diffusion of preservatives such as
creosote oil, chromate copper arsenate, chromate copper
boron, acid copper chromate, or boron-boric acid mixtures,
though they pose environmental and handling risks. A
common practice is boiling culms in dilute sodium carbonate
or caustic soda for thirty to sixty minutes, then coating with
slaked lime. Durability improves by avoiding ground contact
and ensuring good air circulation.
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5.2 Physical properties

Bamboo specimens were cut to the required dimensions,
taking care to avoid crushing or damaging the fibers. Each
specimen was immediately weighed to determine its natural
(wet) mass. They were then oven-dried at 103 + 2 °C until a
constant weight was achieved, confirmed by two consecutive
measurements taken 24 hours apart with no noticeable
change. The reduction in mass represented the original
moisture content of the bamboo. For density measurement,
the same oven-dried samples were used, with their final dry
mass recorded and dimensions (length, width, and
thickness) measured precisely using a vernier caliper to
compute the volume. In the case of natural culms, hollow
sections were accounted for by measuring both outer and
inner diameters or wall thickness. Density was calculated by
dividing the oven-dry mass by the corresponding volume. All
steps were carried out in accordance with IS 6874:2008
guidelines

5.3 Mechanical Properties

For compressive strength testing, specimens were prepared
with a length-to-diameter ratio that prevents buckling,
ensuring smooth, parallel end surfaces for uniform load
transfer. Each specimen was placed vertically between steel
bearing plates in a universal testing machine, and load was
applied at a constant rate until failure. The maximum load
sustained was used to determine compressive strength
parallel to the fibers. For tensile strength testing, strips were
cut from the bamboo culm, each containing a centrally
positioned node as specified in the standard. The gauge
length and width were prepared according to IS 6874:2008,
and ends were gripped securely in wedge or pneumatic grips
to prevent slipping. Load was applied gradually along the
fiber direction until fracture occurred. The highest load
recorded before failure was taken as the tensile capacity. In
both tests, failure modes were observed and recorded, and
all procedures strictly followed IS 6874:2008 guidelines.

The static bending test of bamboo, as per IS 8242, involves
preparing defect-free specimens with one node at midspan
and conditioning them to constant moisture content. Using a
three-point or four-point bending setup, the specimen is
placed on two supports with a specified span-to-depth ratio.
Load is applied gradually until failure, recording load and
deflection. The data is used to calculate the modulus of
rupture (MOR) and modulus of elasticity (MOE), determining
the bamboo’s bending strength and stiffness.

5.4 Splitting of Bamboo

The bamboo splitting process starts with selecting mature,
straight culms and cutting them to the required lengths. The
nodes are then trimmed or slightly flattened to allow smooth
passage through the splitting tool. Each culm is positioned
vertically in a bamboo splitter equipped with several sharp

radial blades. Applying steady downward pressure forces
the culm through the blades, producing strips of
predetermined width. Any irregular strips are corrected or
re-split to maintain uniformity. The strips are then trimmed
to remove rough edges, cleaned, and prepared for drying and
further processing. This technique provides speed, precision,
and consistency, making the strips ideal for laminated or
structural applications.
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Fig -2: Splitting of Bamboo

5.5 Methodology for Laminating Bamboo Strips

The process of laminating bamboo for structural purposes
begins with selecting straight, defect-free strips of uniform
size and drying them to the target moisture level. The
surfaces are planned to enhance adhesive bonding. A high-
performance structural adhesive, such as Polyurethane
(PUR), Phenol-Resorcinol Formaldehyde (PRF), or Epoxy
resin, is evenly spread on the bonding faces. The prepared
strips are then arranged in the desired lamination
configuration—either with vertical or horizontal grain
alignment—and pressed using a hydraulic or cold press
under specified pressure and duration. After curing, any
surplus adhesive is removed, and the laminated pieces are
trimmed to the final dimensions. This process delivers high
strength, improved durability, and moisture resistance,
making the product suitable for demanding structural
applications.

5.6 Comparing Mechanical Properties of Normal and
Laminated Bamboo

For mechanical property comparison, both untreated
bamboo culm specimens and laminated bamboo samples
were produced in accordance with relevant IS standards.
Compressive, tensile, and static bending tests were
performed as per IS 6874:2008 and IS 824 2. All specimens
were conditioned to a consistent moisture level prior to
testing, with uniform dimensions and identical test setups to
ensure fair comparison. Load-deflection data, maximum
load values, and failure patterns were recorded. Key
parameters such as modulus of rupture (MOR), modulus of
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elasticity (MOE), compressive strength, and tensile strength
were calculated. The results were analyzed to quantify the
strength and stiffness improvements achieved through
lamination.

3. CONCLUSION

The comparative analysis revealed that laminated bamboo
surpassed normal bamboo in all major mechanical
performance indicators, including compressive strength,
tensile strength, MOR, and MOE. Lamination enhanced the
structural behavior by removing natural imperfections,
distributing loads more evenly, and improving bonding
integrity. The use of appropriate structural adhesives further
contributed to moisture resistance and dimensional stability.
These enhancements make laminated bamboo an excellent
choice for structural members like beams, columns, and
panels, offering a sustainable, strong, and durable alternative
to conventional building materials.
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