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Abstract
Physical and mechanical properties of Thai bansh (Thyrsostachys siamensis has been studied at 
three different height positions along the culm. These properties were found to vary significantly 
along the culm height. The moisture content, sluinkage and the bending strength decreased as the 
height mcreased, but the specific gravity, compressive strength and modulus of elasticity 
increased with the height. Variations of these properties were also found significant among the 
species.

Will fl I CW1 CW <71, Scb'O! Goff 4
^*1^4 I W , WW

“TO, W§ EH <3 ^^0171 ~~vl ’ITW C'OCW I

•4$ I

Key words: Bamboo, Modulus of elasticity, Shrinkage, Strength properties

Introduction
Bamboo is used for a great variety of purposes, 
such as, construction, bridge, reinforcing 
material, household article, walking stick, 
umbrella handle, musical instrument and a host 
of other uses. Bamboo is considered as good as 
other building materials like steel, concrete and 
timber (Janssen 1985). It, thus, plays an 
important role in everyday life in rural and 
urban areas alike. It grows very fast within a 
few months and subsequently becomes strong. 
Knowledge of the physical and mechanical 
properties of bamboo is needed to ensure its 
proper and manifold uses. An extensive research 
has been carried out on physical and mechanical 
properties of bamboo in different parts of the 

world. In India, Shekhar and Bhartari (1960), 
Kishan et al. (1958), Rehman and Ishaq (1947), 
Limaye (1952) and Wakchaure and Kute (2012) 
studied the properties of different bamboos. In 
Malaysia Daud et al. (2018), Zakikhani et al. 
(2017) and Hamdan et al. (2005) determine 
Physical and Mechanical Properties of different 
Bamboo species. In Netherlands, Janssen (1980, 
1981, 1985) studied thoroughly the various 
aspects of mechanical properties of Banibusa 
blurneana species. Liese (1987) correlated its 
anatomical properties with the physical 
properties. In Philippines, Espiloy (1979, 1983) 
determined the physical and mechanical 
properties of Bambusa blurneana and 
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Gigantochloa levis. Glenn (1950) made a 
comprehensive report on bamboo reinforcement 
of cement concrete. In Bangladesh, the physical 
and mechanical properties of muli (Melocarma 
bacciferd) and borak (Bambusa balcooa) 
bamboos were studied (Sattar et al. 1990; 
Talukdar and Sattar 1980). No information 
regarding physical and mechanical properties on 
other species is available in our country. For this 
reason, a new species named Thai bansh 
(Thyrsostachys siamensis) has been studied, this 
particular bamboo species is new for our 
country. Borak bansh (Bambusa balcooa) and 
Baijja bansh (Bambusa vulgaris) species studied 
earlier has also been included to compare at the 
same condition.

Materials and Methods

Preparation of Materials

Thai bansh (Thyrsostachys Siamensis) were 
collected from the bambusetum of Bangladesh 
Forest Research Institute, Chattogram. Three 
bamboo culms of thai bansh of three years old 
were studied because the culms attain maturity 
at this age (Espiloy 1991; Sattar et al. 1990). 
Three height positions, the bottom, the middle 
and the top were considered for each test. The 
size of the specimens for the determination of 
moisture content and specific gravity were of 
2.5 cm rings from each height position. The 
specific gravity was determined on the basis of 
green and ovendry volumes. The specimens for 
shrinkage in wall thickness was also of 2.5 cm 
rmgs and for diameter sluinkage the specimen 
consisted the internodes of the culms bounded 
by nodes at the extremity. Three rings and three 
intemodal culms were cut from each of the 
height position.

Physical and Mechanical Properties
Procedures and method used for the 
determination of physical and mechanical 

properties of bamboo were refen ingto 
International Standard ISO 22157-1 and ISO 
22157-2.

Determination of Moisture Content
Samples of 25 mm x 25 nun x wall thickness 
for green bamboo were taken near to the failure 
place for the determination of moisture content 
and density. The bamboo were cut from the 
each section of culm (bottom, middle, top). 
Initial weight before drying was weighed. 
Then, the samples were dried in an oven at a 
temperature of 103 ± 2°C. After 24 hours, the 
mass was recorded. For each test piece, the 
moisture content MC were calculated by using 
the Equation (1).

m-ni 
mc(%) = xl0° -0) 0

Where,
m = mass before drying (gm) and m0: 
mass after oven drying (gm)

Determination of Specific Gravity (SG)

The samples used in the determination of 
moisture content were the same used for 
density determination. The oven-dry density 
of each sample were calculated using 
Equation (2)

Oven dry weight

Volume

Compressive Strength

The bamboo was cut into three sections of each 
culm from the bottom, middle and top part. The 
compressive strength parallel to grain was 
determined from the internode of the culm on 
full diameter and the length was ten times of 
the average wall thickness of the culms.
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Compression strength were tested by rising 
universal testing machine. The maximum 
compressive stress then were calculated by 
using the Equation (3).

Where,

= Compressive stress (kgcm2), Fidt: 
maximum load (lb) and A: bamboo 
wall cross-sectional area (cm2).

Static Bending Test

The bending capacity of the bamboo culms 
were tested using a four-point bending test until 
failure. The length of the specimens for the 
static bending test was 75 cm. These was 
bounded by two nodes. The paired specimens 
were prepared for both compressive and static 
bending test from each portion, one for test in 
the green condition and the other for test in the 
airdry condition. All the tests were tested by 
using the Universal Testing Machine. 
Deflections were measured at mid-span with 
every 50 lb load increment. The modulus of 
rapture (MOR) were calculated by using 
Equation (4). Then, the modulus of elasticity 
was calculated by using the Equation (5).

D
MOR= Fx^x ...(4)

O lb

Where,

F - Maximum load (lb), L: free span 
(cm), D: outer diameter (mm) and IB: 
second moment of area (cm2).

23 x F x L3
MOE- lOOOx.VxlB -<5>

Where,
8 = deflection mid-span (cm).

Mechanical properties, viz., compressive and 
static bending were earned out according to the 
Indian method (Anon 2008). The size of the 
specimens for the static bending test was of 75 
cm length bounded by two nodes. Paired 
specimens were prepared for each of the height 
position, one for the test in green condition and 
other for the test airdry condition. The modulus 
of elasticity and the modulus of rapture were 
evaluated from this test. The compressive 
stress parallel to grain was determined from the 
specimens on full diameter and the length was 
ten times of the average wall thickness of the 
culms. Paired specimens were also prepared 
from each of height position for testing in green 
and airdry conditions (Fig. 1). All the tests were 
conducted with bamboos of three years old 
because it was found in previous studies that 
bamboos like muli, borak and also other 
species mature at the age of three years 
(Limaye 1952; Sattar etal. 1990)

Figure 1. Different steps of The determination for physical and mechanical properties of Thai bansh (A-H).
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Results
The results of length and weight of culms, no. 
of nodes, internodes and weight of branches of 
Thai bansh are presented in Table 1 and the 
length of internodes, circumferences of 
internodes, circumferences of the nodes are in 
Table 2. The results of physical properties viz., 
moisture content, the specific based on green 
and oven-dry volumes, shrinkage in wall 
thickness, sluinkage in diameter at different 
height positions are shown in Fig 1, 2, 3 & 4. 
hi these figures the moisture content of bottom 
portion is higher (75%) than the top portion 
(52%), the specific gravity of top portion is 
higher (1.20) than the bottom position (0.85), 
the shrinkage of wall thickness and diameter is 
higher (13% & 4.45%) in bottom portion than 

the other two portions. The results of the 
mechanical properties viz., compression 
parallel to grain, modulus of elasticity and 
modulus of rupture in green and air-dry 
condition are given in Fig 5, 6, & 7. hi these 
figures the compression parallel to grain of 
top position is higher (53.93 Mpa) than the 
other two portion middle (45 Mpa) and 
bottom (37.37 Mpa), the modulus of rupture 
of middle portion is higher (81.88 Mpa) than 
the bottom (73.54 Mpa.) and top (70.60 Mpa) 
portion, the modulus of elasticity of top 
position is higher (1677 Mpa.) than the other 
two portions (bottom 1422 Mpa and middle 
1592 Mpa).

Table 1. Physical characteristics of the three culms of Thai bansh.

SI.
No.

Ave. length of 
culm (cm)

Ave. weight of 
culm (kg) 

(in green condition)

Ave. no. of 
nodes

Ave. no. of 
internodes

Ave. weight of 
branches and 
leaves (kg)

1. 1097 ±0.50 28± 0.68 26 ±0.32 25 ±0.25 9 ±0.41

2. 1036± 0.49 27 ±0.71 27 ± 0.29 27± 0.23 8 ±0.39

3 1067± 0.53 26 ±0.70 26 ±0.31 25± 0.24 7 ± 0.40

Table 2. Length of internodes, Circumferences of internodes and Circumferences of nodes of 
different height position Thai bansh.

SI.
No.

Ave. length of internodes Ave. circumferences of 
internodes

Ave. circumferences 
of nodes

Bottom 
(cm)

Middle 
(cm)

Top 
(cm)

Bottom 
(cm)

Middle 
(cm)

Top 
(cm)

Bottom 
(cm)

Middle 
(cm)

Top 
(cm)

1. 21.64
±0.02

20.32
±0.03

21.08 
±0.05

26.67
±0.06

25.40 
±0. 54

26.03
±0.42

26.67 
±0.85

25.4 
±0.38

26.03
±0.48

2. 24.13
±0.01

25.40
±0.04

23.49 
±0.04

24.13
±0.05

22.86
±0.53

23.49 
±0.41

25.40
±0.81

25.40 
±0.32

26.03 
±0.49

3. 22.86
±0.01

24.13
±0.03

23.49
±0.03

25.40
±0.04

26.03
±0.53

26.67 
±0.39

27.30
±0.82

26.03
±0.36

27.30 
±0.43
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Figure 1. Moisture content (%) of different 
height position of thai bansh.
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Figure 2. Specific gravity of different 
height position of thai bansh.

Bottom Middle Top

Position of culm

Figure 3. Shrinkage (%) in wall thickness 
(Green to ovendry) of different height position 
of thai bansh.
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Figure 4. Shrinkage (%) in diameter (Green to 
airdry) of different height position of thai 
bansh.
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Figure 6. Modulus of rupture (MoR) of 
different height position of thai bansh.

Position of culm

Figure 5. Compression parallel to grain (Mpa) 
of different height position of thai bansh.
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Figure 7. Modulus of elasticity (MoE) of 
different height position of thai bansh.

Discussion

It was observed that moisture content 
decreased from the bottom to top, whereas 
specific gravity increased with the increasing 
height. Shrinkage in wall thickness decreased 
from the bottom to top where as Shrinkage in 
diameter increased with the increasing height. 
The ovendned bamboos were denser than 
gieen ones. Thai bansh has been compared 
with the results of borak (B. balcooa) and baijja 
bansh (5. vulgaris) tested earlier. Moisture 
contents of thai bansh is lower parameter and 
the specific gravity is higher were found to 
vaiy significantly among the species. Thai 
bamboo exhibited the highest specific gravity 
and baijja bamboo showed the lowest value 
among the three species but the baijja bamboo 
shows the highest value of shrinkage in wall 
thickness and shrinkage in diameter.

The effects of height on shrinkage in wall 
thickness and in diameter were found 
significant, but the variation of these properties 
among the species were insignificant. 
Shrinkage in wall thickness were found to 
decrease from the bottom to the top for all the 
species. Diameter shrinkage was less than 
shrinkage in wall thickness.

The effect of height on compressive strength 
was found significant. The compressive 
strength increased as the height increased. The 
increased proportion of compressive strength 
may be associated with specific gravity which 
was found to increased due to the increasing 
percentage of sclerenchyma fibres from bottom 
to top (Janssenl981). This property varied 
significantly among the species. Thai bansh (T. 
siamensis) was the strongest inrespect of 
compressive strength where as baijja showed 
the lowest value and borak bansh was showed 
middle values. The moisture content affected 
the strength properties significantly. This is 
why the air dried bamboo became str onger than 
the green ones.

The modulus of rupture and the modulus of 
elasticity changed significantly along the culm 
height and variation of these properties among 
the species were also found significantly. As 
the diameter of bamboo increased the modulus 
of elasticity decreased. This agrees well with 
the findings of Abdullah et al. (2017), Bhonde 
et al. (2014), Gutu (2013) and Sanyal et al. 
(1988). Borak was found to be the strongest in 
bending strength where as baijja showed the 
lowest value and thai bamboo is in the middle. 
The bottom was found superior in modulus of 
rupture to the middle and the top positions. 
Most of the scientist of the world showed that 
the higher the wall thickness, the higher is the 
modulus of rupture. This may not hold true if 
the strength properties are expressed per unit 
by wall thickness, which is done in the 
investigation.

Conclusion
Specific gravity, compressive strength and 
modulus of elasticity increased and moisture 
content, shrinkages and modulus of rupture 
decreased along the culm height of bamboo. 
Except the slninkage, the physical and 
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mechanical properties varied significantly 
among the species.Thai bamboo showed the 
highest specific gravity and modulus of rupture 
where as borak bansh, Thai bansh (7? 
siamensis) and Baijja bansh (B. vulgaris) 
exhibited the lowest value among the species.
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