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� a tensegrity system is 
established when a 
set of discontinuous 
compressive 
components interacts 
with a set of 
continuous tensile 
components to define 
a stable volume in 
space (Pugh, 1976) 
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how to join 
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elements  
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Bamboo Joints 



1.  Transferring compression through contact to 
the whole section 

6.  Transferring force perpendicular to the 
fibers to the center of the pole 

2.  Transferring force through friction on the 
inner surface or compression to the 
diaphragm 

3.  Transferring force through friction on the 
outer surface 

4.  Transferring force through bearing stress 
and shear to the bamboo wall from 
perpendicular element connected from 
inside (4A) or outside (4B) 

5.  Transferring force perpendicular to the 
fibers 
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Bamboo Joints: New Classification 



Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 
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New Classification: Main Groups 
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New Classification: Combination 



�  Component: cylindrical steel pipe 
head 

�  Transferring force through bearing 
stress and shear to the bamboo wall 
from perpendicular element connected 
from inside (Group 4A) 

�  Advantages:  
•  Flexibility of compression elements length 

•  Easy and multiple pre-tensioning 

�  Disadvantages 
•  Variation of diameter of the bamboo hole 

•  May introduce shear crack 



� Component: cylindrical head; could adapt to 
different diameter by using metal sheet and 
fixing by bolted joint. 

� Transferring force through the friction from the 
outer surface and transferring force through 
bearing stress and shear to the bamboo wall from 
perpendicular element connected from outside 
(Group 3 and 4B) 

� Advantages:  
•  The flexibility to fit with different diameter in certain 

range  
•  The use of friction on the outer surface which is the 

strongest part of bamboo 
� Disadvantages:  

•  No much flexibility in the length of compression 
elements.  

•  Perpendicular element in the end of the pole may 
introduce splitting or crushing failure 



�  The wires are attached to the 
circular steel rod which is 
connected to the bamboo by 3 
intersecting steel screws.  

�  Transferring force through 
bearing stress and shear to the 
bamboo wall from perpendicular 
element connected from outside 
(Group 4B) 

�  Advantage: 
•  the high flexibility to attach the wire 

with the wide circular steel.  

•  adaptable for different diameter of 
bamboo and can be placed not just in 
the end of the pole, but also in the 
middle of the pole.  

�  The disadvantage  
•  the transferring force relies only 

through bearing stress. 



�  advantages: 
+  the strength lies in the outer 

part because of more fibers 
+  bamboo has round cross 

section and rope can fit 
perfectly on the outside 

+  hardness of bamboo skin 
prevent it to be cut off easily 
by steel wire 

+  winding rope prevents 
splitting 

+  lashing is one of the oldest 
and easiest bamboo joint 

+  there are many options of 
lashing technique that can be 
utilized to distribute the force 
to a wider surface of the 
bamboo 

�  disadvantages: 
-  the shrinkage of the bamboo 

will increase the length of the 
tension elements that reduces 
tension of the wire 

-  using rope outside steel wire 
makes the strength and 
durability of the joint difficult 
to predict 



radial 
compression 
perpendicular 
to fiber 

tension 

tension 

tension is 
converted into 
radial 
compression 
perpendicular 
to fiber 
 
the stronger 
tension > 
stronger radial 
compression > 
generate more 
friction 
 



Tangential friction (ff,⊥,T) in the joint 

ln            = μsβ F2,w,t 
F1,w,t 

              = e F2,w,t 
F1,w,t 

μsβ 

According to the theory 

of belt friction: 

mechanism of  
force transfer 



Radial Compression Tests 

Aim: to collect the data of radial compressive 
strength for calculation of the joint and 
determine coefficient of friction between steel 
wire and bamboo skin 
 
Two types of test: 
 
two ropes wrapped half turn each 
one hemispherical winding 
Sample 1, 3, 5  
(Test A, above)  
 
and two ropes wrapped one and half turns 
each three hemispherical windings  
Sample 2, 4, 6 
(Test B, bottom) 



Results: Failures 

Both test on six tubes showed the similar failure 
when the end of the tubes split or cracked 

Test A 

Test B 



Test B with three h. windings 
Sample 2, 4, 6 
 
Av. load capacity until initial 
crack: 6.88 kN 

Results: Load Capacity 

Test A with one h. winding  
Sample 1, 3, 5 
 
Av. load capacity until initial 
crack: 16.08 kN 



Discussion 

Average Load Capacity 

16.08 kN 

Average Load Capacity 

6.88 kN >

Radial Compressive Strength 
(Fu,b,c,⊥,R ) 

Sample 1, 3, 5 

Radial Compressive Strength 
(Fu,b,c,⊥,R ) 

Sample 2, 4, 6 
=

Test A 
one hemispherical 

winding 

Test B 
three hemispherical 

windings 



Phenomena of the effect of different number of 
winding, associated with a pulley mechanism 

Discussion 

= 20.64 kN 

x 3 
= 20.64 kN 



At slicing plane,  

 

ΣFARS=ΣFBRS=16.08 kN 

 

16.08=20.64 - 4 ff,⊥,T



4 ff,⊥,T  = 4.56 kN

 

ff,⊥,T=1.14 kN 

 

 

 

 

μs= 0.13 

 

Discussion 

ln            = μsβ 
FR0 
 

FS1 



alternatives of lashing technique 

modelling 



alternatives of lashing 
technique 

to transfer the force to the 
whole cross section of 

bamboo since principle 
of group 1 is the best for 

compression joint  
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9 bamboos 
hasso-plattner institute germany 2012 
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bamboo tensegrity 
needle tower and 
dome 
itb 2015 



tensegrity bamboo wheel 
creative market  

south tangerang 2015 
with nusantara bamboo academy 
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 bamboo tensegrity dome as 
meeting hall 

jcc 2014  
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