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ABSTRACT 

The paper discusses the failure of cylindrical natural bamboo of the types Gigantochloa pseudoarundinacea and 

Gigantochloa apus under compressive loading. Both numerical analysis and experimentation were discussed. There were 
three types of bamboo structures to be analyzed: without bamboo node, center node and end node. The length of the 
bamboo structure was 500 mm. Finite element analysis was performed in order to find the buckling strength of the 
structures. It was found that Gigantochloa pseudoarundinacea was able to withstand the first buckling load up to 80,000 N 
while the Gigantochloa apus was able to carry up to 40,000 N compressive loadings. Experimentation was done in order to 
compare with the numerical analysis. It was found that the bamboo structures were able to carry post-buckling loads 
beyond the first buckling strengths. The failure modes were also investigated.  
 
Keywords: bamboo structures, compressive loading, finite element analysis, gigantochloa pseudoarundinacea, gigantochloa apus. 

 
INTRODUCTION 

Bamboo is widely found in South East Asia 
Region and widely used in everyday life. There are more 
than 1000 bamboo species in the world, mostly in tropical 
climate in Asia. China is the largest producer of bamboo, 
followed by India and Indonesia [1]. The world bamboo 
market is currently worth US$ 7 billion/year. 30% of 
world bamboo resources belongs to China, followed by 
India (14%) and Indonesia (5%). Bamboo was used 
mainly for handcrafts and everyday use. However, recent 
studies have begun to utilize bamboo for structural parts, 
mainly for civil engineering purposes.  

Sharma, et al [2] studied the use of bamboo for 
structural applications. They analyzed the mechanical 
properties of bamboo laminate and compared with wood 
timber. It was shown that bamboo can replace traditional 
wood for structural applications such as timber and timber 
products. The research was followed into the effect of 
processing method on the mechanical properties of 
engineered bamboo [3]. The processing method did affect 
the mechanical properties of engineered bamboo. 
Nurmadina, et al [4] studied the behaviour of 
Gigantochloa apus based on their flexural properties, 
while Verma [5] used bamboo for structural laminates and 
tested their mechanical properties. 

Another application of bamboo in structural 
components is in the field of scrimber beams. Wei, et al 
[6] used bamboo for scrimber beams and tested. The 
beams were strengthened with fiber-reinforced-polymer 
(FRP) in the tensile regions. They found that the additional 
FRP sheets will improve the strength of the beams due to 
four-point bending. Zou, et al. [7] used bamboo as an 
energy absorption structures. The showed that the specific 
energy absorption of bamboo is higher than the steel tube, 
although it was lower than the aluminium tube. The 
mechanical properties of bamboo have been investigated 
[8, 9]. 

The buckling behaviour of bamboo column under 
compressive load was studied by Yu [10, 11] especially 
for scaffolding structures. However, their works did not 
cover the effect of bamboo nodes on the buckling 
behaviour. The current works will include the presence of 
bamboo nodes on their buckling characteristics and failure 
modes. Figure-1 shows the bamboo structures and the 
presence of nodes. 
 

 
 

Figure-1. Bamboo structure and their nodes. 
 

The current works will study the strength and 
response of cylindrical bamboo under axial loading 
compression. The presence of nodes on the critical 
buckling load was also investigated. Both experimental 
works and finite element methods were done. Two types 
of bamboo were investigated, namely Gigantochloa 
pseudoarundinacea and Gigantochloa apus. The results of 
the two types of bamboo were compared and analysed. 
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METHODS AND MATERIALS 
 
Bamboo Mechanical Properties 

Both the numerical analysis and experimentation 
was carried out. ABAQUS finite element software was 
extensively used to predict the first buckling load and its 
buckling mode. The experimental works used 10 tons 
capacity universal testing machine.  

Bamboo is an orthotropic material, therefore for 
the purpose of finite element analysis, mechanical 
properties in fiber direction and perpendicular fiber 
direction should be available. These properties were taken 
from previous studies [9] and given in Table-1. It should 
be noted however; the mechanical properties of bamboo 
depend on the age and the moisture content. Therefore, a 
standardize properties should be seek in the future. In this 
work, the age of bamboo was 10 years without the drying 
up to remove the moisture. 
 

Table-1. Mechanical Properties of bamboo [9]. 
 

Material 
Xt 

(MPa) 

E11 

(MPa) 

Xc 

(MPa) 

Gigantochloa 

pseudoarundinacea 
397 28029 54 

Gigantochloa apus 315 16575 36 

 
where Xt is the tensile strength of bamboo in fiber 
direction, E11 is the modulus of elasticity in fiber direction 
and Xc is the compressive strength in fiber direction. It 

shows that bamboo has excellent tensile strength, while 
the compressive strength was inferior compared to their 
tensile strength. This will affect the failure mode of 
bamboo structures under compressive loadings.  

In this study, there are three types of bamboo 
structures under investigation, based on the location of the 
bamboo nodes. First is the central node, second is without 
node and the third is the end node. Figure-2 shows the 
structures. 
 

   
 

Figure-2. Three types of bamboo structures: central node, 
without node and end node. 

 
The dimension of specimens for Gigantochloa 

pseudoarundinacea and Gigantochloa apus specimens are 
given in Table-2 and Table-3 respectively. It shows that 
Gigantochloa pseudoarundinacea is thicker than 
Gigantochloa apus. This will affect the compressive 
behaviour of the specimens. 

 
Table-2. Specimen dimension for Gigantochloa pseudoarundinacea bamboo. 

 

Nodes Types 
Length 

(mm) 

Inner 

Diameter 

(mm) 

Outer Diameter 

(mm) 

Thickness 

(mm) 

Mass 

(gram) 

Without 
nodes 

500 83 95 12 964 

Central nodes 500 83 95 12 1028 

End nodes 500 83 95 12 1157 

 
Table-3. Specimen dimension for Gigantochloa apus bamboo. 

 

Nodes Types 
Length 

(mm) 

Inner 

Diameter 

(mm) 

Outer Diameter 

(mm) 

Thickness 

(mm) 

Mass 

(gram) 

Without 
nodes 

500 71 79 8 744 

Central nodes 500 71 79 8 726 

End nodes 500 71 79 8 910 

 
Finite Element Method 

ABAQUS finite element software was used 
extensively used during the study. Due to axial 
compression loading, the cylindrical bamboo will fail due 
to buckling modes. Therefore, buckling analysis was 
performed to find the minimum critical buckling loads.  

Figure-3 shows the finite element model for the 
buckling analysis for the three cases of structures. The 
dimension of the specimens is: length 500 mm, outer 
diameter 100 mm and the thickness is 12 mm. The 
boundary condition was simply supported for all the 
bamboo edges.  
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(a) 

 
(b) 

 
(c) 

 

Figure-3. Finite element model for buckling analysis (a) without node, 
(b) central node and (c) end node. 

 
Experimental Works 

The experimental works used 10 tons capacity 
Instron universal testing machine. The specimen was 
placed on the loading apparatus and compression load was 
performed. Special apparatus was manufactured to hold 
the specimen. Figure-4 shows the experimental setup.  
 

 
 

Figure-4. The experimental setup for the axial 
compression of cylindrical bamboo specimen. 

 
During the experiment, both the compressive 

loads and the axial deformations were recorded, so that the 
loads vs axial deformations curves can be obtained.  
 
RESULTS AND DISCUSSIONS 

 
Gigantochloa Pseudoarundinacea Specimens 

The comparison between the failure modes of 
finite element models and their experimental results are 
given in Figure 5-7. 
 

 
(a) 

 
(b) 

 

Figure-5. Finite element (a) and experimental (b) results 
for specimen without nodes. 

 

 
(a) 

 
(b) 

 

Figure-6. Finite element (a) and experimental (b) results 
for specimen central nodes. 

 

 
(a) 

 
(b) 

 

Figure-7. Finite element (a) and experimental (b) results 
for specimen end nodes. 

 
Figure 5-7 show that bamboo shells experienced 

local buckling with no overall buckling in sight. The 
bamboo specimens without nodes failed in splitting, where 
the bamboo failed along the longitudinal direction, i.e. the 
fiber direction, as shown in Figure-5. This is due to the 
natural behaviour of bamboo having low transverse tensile 
and shear strength. Figures 6 and 7 show the buckling 
modes of bamboo shells with central and end nodes 
respectively. They show that in overall, the specimens 
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were in intact with no catastrophic splitting. The nodes 
were able to withstand the splitting of the bamboo shells. 

Figure-8 shows the relations between axial load 
and displacement for the three types of specimens. It 
shows that generally, the presence of nodes did not affect 
much on the ultimate loads that can be sustained by 
bamboo shells due to compressive forces. The bamboo 
failed in transverse direction due to transverse and shear 
loadings. The splitting stopped at the nodes as shown in 
Figures 6 and 7, while in Figure-5 where there were no 
nodes, the splitting happened across the bamboo length. 
 

 
 

Figure-8. Experimental results of axial load vs 
displacement for Gigantochloa pseudoarundinacea 

specimens. 
 

Table-4 shows comparison between finite 
element analysis and experimental results on the 
maximum strength of bamboo shells under compressive 
loads. 
 
Table-4. Comparison between finite element and 
experimental results of Gigantochloa pseudoarundinacea 

specimens. 
 

Types of 

specimens 

Finite Element 

Methods: 

Critical Buckling 

Loads (N) 

Experimental 

Ultimate Loads 

(N) 

No nodes 78,528 100,000 

Central 
nodes 

78,568 80,000 

End nodes 78,532 90,000 

 
Table-3 shows that numerically, the presence of 

nodes did not affect the critical buckling loads of the 
specimens. The experimental ultimate loads are higher 
than the critical buckling loads due to the post-buckling 
phenomena. The specimens were able to sustain higher 
loads after first critical buckling loads were achieved. 
These are shown in the graphs showing high deformation 
of the specimens.  
 
Gigantochloa Apus Specimens 

The comparison of the failure modes between 
finite element method and the experimental results are 
shown in Figure 9-11. 

 
(a) 

 
(b) 

 

Figure-9. Finite element (a) and experimental (b) results 
for specimen without nodes. 

 

 
(a) 

 
(b) 

 

Figure-10. Finite element (a) and experimental (b) results 
for specimen central nodes. 

 

 
(a) 

 
(b) 

 

Figure-11. Finite element (a) and experimental (b) results 
for specimen end nodes. 

 
Figures 9-11 shows that numerically, unlike for 

the case of Gigantochloa pseudoarundinacea as shown in 
Figure 5-7, all specimens failed in overall buckling modes. 
The presence of nodes did not affect the buckling modes. 
This is due to the lower diameter compared to the 
Gigantochloa pseudoarundinacea specimens. This will 
highly affect the buckling modes.  

In the experimental results, all specimens failed 
in splitting which are highly noticeable compared to 
Gigantochloa pseudoarundinacea specimens. The overall 
buckling mode triggered splitting, due to low transverse 
and shear strength of the bamboo. 

Figure-12 shows axial loads and deformation 
curves for all types of specimens. The compressive loads 
increase as the displacement increases and the critical 
buckling was achieved before the splitting occurred. When 
the splitting completed, the loads dropped immediately. 
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Figure-12. Experimental results of axial load vs 
displacement for Gigantochloa apus specimens. 

 
Table-5 shows comparison between critical 

buckling loads and experimental ultimate loads of the 
specimens. It shows that generally, the critical buckling 
loads predicted by finite element methods lower loads 
compared to the ultimate loads before splitting. The 
specimens were able to withstand higher loads after first 
buckling occurred and went to post-buckling modes.  
 
Table-5. Comparison between finite element and 
experimental results of Gigantochloa apus specimens. 
 

Types of 

specimens 

Finite Element 

Methods: 

Critical Buckling 

Loads (N) 

Experimental 

Ultimate 

Loads (N) 

No nodes 45,459 65,000 

Central nodes 44,260 46,000 

End nodes 46,572 84,000 

 
CONCLUSIONS 

The present studies investigated the behaviour of 
bamboo column under compressive loading. Buckling was 
found to be the most critical mode during the studies, for 
both the numerical analysis and the experimental ones. 
The presence of nodes did not affect significantly the 
failure modes and the critical buckling loads. The low 
shear and compressive modulus and strengths affect more 
on the critical buckling loads, rather the presence of nodes. 
The numerical analysis compared well with the 
experimental ones. The Gigantochloa pseudoarundinacea 
bamboo was able to withstand 80,000 N the lowest, while 
the Gigantochloa apus was able to withstand 46,000 N the 
lowest. All bamboo specimens failed in splitting mode. 
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