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Abstract Physical and mechanical properties of bamboo are important that determine its potential for high quality end 
products. There is insufficient information on physical and mechanical properties of Dendrocalamus asper and Bambusa 
vulgaris from Sarawak. The objectives of this study were to determine, compare and evaluate the physical and mechanical 
properties of D. asper and B. vulgaris from the southern part of Sarawak with respect to height levels. Harvested bamboo 
culms of D. asper and B. vulgaris were sampled at 5th, 10th, 15th, 20th, 25th and 30th internodes. Moisture content and basic 
density of the designated were determined according to ASTM D4442-13 and ASTM D2395-13, respectively. 
Determination of Modulus of rupture (MOR) and Modulus of elasticity (MOE) was based on three-point bending test 
following ASTM D1037-12 standard. Compression parallel to the grain was determined in accordance with ASTM D143-09 
standard. One-way analysis of variance (ANOVA) was conducted to determine the differences of physical and mechanical 
properties between internodes level of each bamboo species. Pearson Correlation coefficients were calculated to 
determine the correlation among the physical and mechanical properties. Bamboo culms of D. asper and B. vulgaris were 
studied and sampled according to internodes. Results showed that the basic density of both species at the top portion 
were significantly higher than the bottom portion. Moisture content at the bottom portion was significantly higher than the 
top portion. Modulus of rupture (MOR), Modulus of elasticity (MOE) and compression strength at the top portion were 
significantly higher than the bottom portion. Basic density, MOR, MOE and compression strength increased with height. It 
can be concluded that the middle to the top portion of the culm can be used for strength purposes while the middle down to 
bottom portion can be utilized for general utility.  
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INTRODUCTION 

Bamboo is one of the oldest building materials that has been utilized by mankind worldwide. It 

has been recognized as light material that is comparable to steel in tension and concrete in 

compression (Sharma et al., 2015). Bamboo is in the family of grass, Graminaceae and under 

subfamily Bambusoideae. It grows rapidly and is renewable material. Thus utilization of bamboos 

for great variety of products should be promoted to develop green economy. Bamboo has been 

recognized as the second major non-timber forest products of Malaysian government (Azmy et al., 

2004). The physical and strength properties of bamboo have been widely studied by many 

researchers worldwide (Li, 2004; Rafidah et al., 2010). Physical and mechanical properties of bamboo 

depend on species, site, soil, climate condition, position in the culm as well as node or internode part 

(Lee et al., 1994). The hollow circular cross section of bamboo allows them to retain its strength as the 

vessels are well distributed from top to bottom part of bamboo and the structural function are well 

contributed by the presence of nodes and diaphragm (Janssen, 1985). The compressive tensile 

strength and bending strength of bamboo are equivalent to wood and steel but weaker in shear 

(Janssen, 1981). Bamboo has elevated mechanical properties as in better MOE than any other natural 

fiber (Sen and Reddy, 2011). 

 

Information on the morphology, characteristics, physical, mechanical and chemical properties of 

different age groups of cultivated bamboo in Malaysia especially in the state of Sarawak is rather 

limited. Bamboo properties differ with species, topography, external factor and climatic condition 

(Soeprayitno et al., 1988). The current utilization of bamboo is for ornamental, shots as food and high 

end products. The utilization of bamboo has the potential to be intensified as an alternative raw 
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material for timber in producing high value-added products. Lack of knowledge on the properties of 

bamboo species and the low level of processing has hindered its extensive use especially as building 

and construction material (Owusu et al., 2014). This study aims to determine and compare the 

physical and mechanical properties along the culm of D. asper and B. vulgaris from southern part of 

Sarawak. The correlation among the properties with respect to height level was also determined. By 

determining the strength at internode location, the parts to be used when manufacturing product 

can be specified. The fundamental information on physical and mechanical properties must be fully 

understood to determine the advancement of bamboo utilization. 

 

 

METHODOLOGY 

 

Sample Collection 

The bamboo culms for D. asper was obtained from Sabal reforestation area in Sarawak while B. 

vulgaris from Kg. Pinang, Kota Samarahan. Mature culms of approximately four to five years old 

were selected. The culms were cut at about 15 cm above ground level. Three culms of each species 

were felled. The total length of each felled culm was measured and the designated 5th, 10th, 15th, 20th, 

25th and 30th internodes were marked and measured for length and diameter. 

 

Sample Preparation 

The designated internodes of the culm were utilized for the study. Specimen blocks intended for 

physical properties were placed in a container with ice to keep it at green condition. Samples for 

mechanical properties were air dry for two months before tested. 

 

Determination of Physical Properties 

The samples for physical properties were extracted upon felling. Internode length, diameter and 

culm wall thickness was measured upon felling. The method used in the physical study to assess 

moisture content and basic density was based on Razak et al., (2007) with modification. Specimens 

were cut at least 2.5 cm long with 2.5 cm width upon felling and kept in a zip lock plastic bag then 

placed in a polystyrene box to preserve their green condition.  

 

Moisture content (MC) was determined using oven drying method based on ASTM D-4442 

standard (ASTM, 2013). Green samples were weighed and subsequently oven-dried at the 

temperature of 105°C ± 2°C for 48 hours. The samples were then placed in a desiccator for 15 

minutes prior to weighing. Moisture contents of D. asper and B. vulgaris were calculated and 

determined by using the formula below: 

100 x 








 


o

o

m

mm
MC                            (1) 

where MC is moisture content, m is green weight and mo is the oven-dry weight 

Determination of basic density was conducted using volumetric measurement method based on 

ASTM D-2395 standard (ASTM, 2013). Green volume of each sample was determined using water 

displacement method. The water was kept at 4°C to maintain its maximum density of 1g/1cm3 of 

pure water state. Sample block were then oven dried at temperature of 105°C ± 2°C for 48 hours 

until a constant weight was attained and re-weighted to obtain oven-dried weight. Basic densities of 

D. asper and B. vulgaris were calculated and determined by using this formula: 

 

 
)( 3 






 


cmmeGreen volu

 (g)dry WeightOven
BD                (2)  
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Determination of Mechanical Properties 

Mechanical properties assessed were three-point static bending and compression parallel to the 

grain. Three points static bending test was conducted in accordance to ASTM D1037-12 (ASTM, 

2012). Compression parallel to the grain test was carried out in accordance to modification of ASTM 

standard D143-09 for small clear timber specimen (ASTM, 2010). All the mechanical tests were 

performed using Instron universal testing machine model 5569 with load capacity of 50 KN. 

 

Samples of 10 mm in width and 160 mm in length were cut from each designated internodes for 

bending test to obtain MOR and MOE values. The load was applied continuously with span of 12.7 

cm at an approximately uniform rate of motion of the movable crosshead at 0.6 cm/min until a 

definite failure occurred. Samples of 12 mm (width) and 12 mm (length) were used to assess the 

compressive strength (CS) parallel to grain. The MOE, MOR and CS values of each test samples were 

automatically calculated by the built-in software in the Instron universal testing machine. 

 

 

RESULT AND DISCUSSION 

 

Features of D. asper and B. vulgaris 

The culm height of both species was averaged at 22.3 m for D. asper and 24.3 m for B. vulgaris. 

The total of internodes for D. asper and B. vulgaris were averaged at 60 and 64, respectively for each 

culm. The internodes length for D asper shows that the length increases from internode no. 5 (25.5 

cm) to 16 (43.4 cm) but slightly decreases at internode no. 20 (40.2 cm) then gradually increases to 

internode no. 30 (42.7 cm). Bambusa vulgaris showed similar trend at internode no.5 (28.0 mm) to 

internode no. 15 (37 mm), decrease at internode no. 20 (35 mm) then increases at internode no. 30 

(37.2 mm). Internode diameter and culm wall thickness and of both bamboo species decreased with 

height. Diameter of D. asper internode ranged from 9.6 to 14.7 cm. Smaller internode diameter was 

observed for B. vulgaris ranging from to 6.1 to 9.8 cm. Thicker culm wall thickness was observed for 

D. asper (12 to 28.8 mm) than B. vulgaris (7 to 14.9 mm). The internode diameter and culm wall 

thickness of D. asper studied by Thaipetch (2004) were smaller in ranges of 7.8 cm to 10.2 cm and 7.8 

mm to 14.8 mm, respectively. The observed features recorded for B. vulgaris in this study was also 

higher than Bambusa sp and B. blumeana studied by Thaipetch (2004).  

 

Physical and Mechanical Properties of D. asper and B. vulgaris 

Results of physical and mechanical properties of D. asper and B. vulgaris are summarized in 

Table 1 and Table 2.  Moisture content decreased from the basal to the top position of the culm. The 

highest average of green moisture content recorded for D. asper was 143% at internode no. 5 while 

the lowest was at the internode no. 30 at 64%. The highest average moisture content recorded for B. 

vulgaris was 116% at internode no. 5 and lowest was at internode no. 30 at 59%. The decrease in 

moisture content with height is consistent with the results obtained by Razak et al., (2010). Moisture 

content affects the strength of bamboo. The MC of bamboo is very crucial since it can affect the 

physical properties especially the strength when it changes below the fiber saturation point. The 

variation of MC is attributed to the distribution of vascular bundles within culm (Qisheng et al., 

2002). The culm wall thickness was the largest at the bottom part of bamboo, thus the higher content 

of parenchyma cells with higher water holding capacity. Meanwhile, culm wall thickness decreases 

towards the top thus reducing the water holding capacity. 

 

Basic density recorded from both species showed that BD increases from the bottom portion to 

the top portion along the culms. The highest BD recorded for D. asper was at internode no. 25 at 737 

kg/m3 at the top portion of the culm while the lowest was at internode no. 5 (485 kg/m3). The highest 
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average BD recorded for B. vulgaris was 703 kg/m3 at the internode no. 30 and lowest at internode 

no. 5 at 490 kg/m3. A study by Thaipetch (2004) showed that density of D. asper also increased with 

height. The density in woody material increasing as a bigger amount of vascular bundle massed in a 

smaller space reducing the total air volume within that particular area (Nordahlia et al., 2012). These 

can be associated with the decrease in culm wall thickness for both D. asper and B. vulgaris that 

reduced in moisture content but increased in density. The significant increase of density also 

attributes in general increased of compressive and bending strength (Espiloy, 1985). 

 

Average MOR values for D. asper and B. vulgaris increases with internode height (Tables 1 and 

2). The highest average value of MOR recorded for D. asper was 228 MPa at internode no. 25 while 

the lowest value was 48 MPa recorded at internode no. 5. The highest average MOR value for B. 

vulgaris was 271 MPa at internode no. 30 and lowest was 145 MPa at internode no. 5. The highest 

MOE for D. asper recorded was 10672 MPa at internode no. 25 and lowest was at no. 5 (1163 MPa). 

The highest MOE recorded for B. vulgaris was 15543 MPa at internode no. 30 and lowest at no. 5 

(5668 MPa).  A study by Othman et al., (1995) recorded MOR (85.65 MPa) and MOE (63000 MPa) for 

D. asper. Mbuge (2013) recorded MOR (137.7 MPa) and MOE (3594.0 MPa) of B. vulgaris in Kenya. 

The MOE and MOR of both species recorded in this study exceeded the values recorded from 

other’s study.  

 

The result obtained from this study shows that top portion possessed higher MOR than the 

middle and bottom portion of the D. asper and B. vulgaris. It indicates that BD increased with height 

along with MOR and MOE. Study on Gigantochloa levis culm by Nordahlia et al. (2012) also showed 

that MOR and MOE were positively correlated to the density therefore strength increases with 

height in the bamboo culm. Gigantochloa scortechinii also showed increasing trends along the culm for 

MOR and MOE (Hamdan, 2004). 

 

The highest average values of compression parallel to the grain recorded for D. asper was 65 

MPa at internodes no. 30 and lowest was 42 MPa at internode no. 5. The average CS parallel to the 

grain for B. vulgaris recorded were highest at 72 MPa at internode no. 20 and 30. The lowest CS was 

43 MPa at internode no. 5. Both D. asper and B. vulgaris showed increasing strength for compression 

parallel to the grain along the culm. Compression parallel to the grain recorded for D. asper by 

Othman et al., (1995) was 32 MPa and 56.7 MPa. Compressive strength tends to increase with height 

(Espiloy, 1987; Liese, 1987; Sattar et al., 1990; Lee et al., 1994; Lo et al., 2004). The increased in the 

compression strength was the inverse of that of moisture content for both species studied. The 

increment in bamboo compressive strength is the opposite of moisture content (Chung & Yu, 2004). 

The compression parallel to the grain was significantly higher due to the highest concentration of 

vascular bundles distribution in the outer layer of bamboo (Gutu, 2013). 

 

Table 1. Average physical and mechanical properties along the culm of D. asper 

*Average values followed by different letter within a column are significantly different at 5% level 

Internode 

no. 

MC (%) BD (Kg/m3) MOR (MPa) MOE (MPa) CS (MPa) 

5 143b 485a 48a 1163a 42a 

10 100a 613ab 160b 6226b 52ab 

15 75a 693b 213c 8909c 60b 

20 72a 700b 205c 9272cd 59bc 

25 67a 734b 228c 10672d 57bc 

30 64a 727b 226c 10289cd 65c 
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Table 2. Average physical and mechanical properties along the culm of B. vulgaris 

*Average values followed by different letter within a column are significantly different at 5% level 

 

Correlation of Physical and Mechanical Properties of D. asper and B.vulgaris 

The correlation among physical and mechanical properties determined for both D. asper and B. 

vulgaris are shown in Tables 3 and 4. Basic density, MOR, MOE and CS parallel to the grain were 

positively correlated. The only variables with negative correlation to other variables studied were 

moisture content. Result indicated that as moisture content increases, the other variable decreases.  

Moisture content of about 120% to 200% reduces the strength and drying provides the required 

strength and dimensional stability of bamboo (Razak et al., 2013). These data were found to be 

consistent with B. blumeana, B. vulgaris and G. schortenii studied by Abd. Latiff (1990). Thus it can be 

concluded that the moisture content of bamboo should be reduced to optimize the strength of 

bamboo for various usage. Mansur (2000) also found the mechanical properties to be greater at the 

top portion when internodes were tested at dry condition. 

 

Table 3. Pearson correlation coefficient among properties of D. asper 

 
MC BD MOR MOE CS 

MC 1 
 

   

BD -0.939 1    

MOR -0.823 0.808 1   

MOE -0.679 0.606 0.877 1  

CS -0.782 0.777 0.685 0.489 1 

** Correlation coefficient significant to 99% level 

 

Table 4. Pearson correlation coefficient among properties of B. vulgaris 

 
MC BD MOR MOE CS 

MC 1 
 

   

BD -0.85 1    

MOR -0.606 0.694 1   

MOE -0.658 0.682 0.935 1  

CS -0.517 0.638 0.797 0.789 1 

** Correlation coefficient significant to 99% level 

 

 

CONCLUSION 

Results showed that bamboo species differ in terms of their features, physical and mechanical 

properties. Mechanical properties between D. asper and B. vulgaris were significantly different. Basic 

density, MOR, MOE and CS parallel to the grain were positively correlated which indicate that a 

change in one property will proportionately change the other property. Based on this study, bamboo 

utilization can be separated for different purposes when determining the end product to be 

Internode 

no. 

MC (%) BD (Kg/m3) MOR (MPa) MOE (MPa) CS (MPa) 

5 116d 490a 145a 5668a 43a 

10 109d 500a 171a 9340b 50ab 

15 90c 570ab 232b 12746c 59bc 

20 84bc 569ab 252b 13413c 72c 

25 68ab 667bc 263b 15091c 63bc 

30 59a 703c 271b 15543c 72c 
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manufactured. The middle to the top portion of the culm can be used for strength purposes while 

the utilization for general utility can be taken from the bottom to middle portion. 
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