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Abstract–– Bamboo is a highly anisotropic 

natural material widely used in structural applica-
tions. A transversely isotropic constitutive equation 
is proposed here as the simplest law able to capture 
main anisotropic features of bamboo. Diametric 
compression tests were undertaken to determine the 
circumferential Young’s modulus of two bamboo 
species based on the transversely isotropic model 
and using a simple formula of elasticity, validated 
with finite element analyses considering true and 
simplified geometries. Results showed that the use of 
idealized geometries and simple formulas provided a 
good estimation of the circumferential modulus. 
Load-deformation curves displayed a softening 
behavior which was approximated with two straight 
lines. Using the slope of the first line, the circum-
ferential moduli were found to be 485 ± 172 MPa 
and 1685 ± 132 MPa for Guadua angustifolia and 
Phyllostachys pubescens, respectively. For Guadua 
angustifolia the circumferential modulus showed a 
significant increase with height, registering values of 
651 ± 153 MPa for the top, 465 ± 126 MPa for the 
middle and 344 ± 98 MPa for the bottom parts of the 
culm. For Phyllostachys pubescens the circumferen-
tial modulus was independent of the length of the 
specimen. Results confirm the significant anisotro-
pic behavior of bamboo, that should be considered 
in a reliable mechanical model of the culm.  
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I. INTRODUCTION 
Bamboo is an anisotropic and heterogeneous material 
(Ray et al., 2005; Ghavami, 2005) with physical and 
mechanical properties well suited for structural 
applications. In addition, the economical and environ-
mental advantages of bamboo have been widely 
documented in several studies (Ghavami, 2005; Cleuren 
and Henkemans, 2003). These characteristics have 
stimulated its uses and have waken the interest of the 
scientific community to extend and optimize structural 
applications, which include: steel substitution in struc-
tural concrete elements, concrete slabs with bamboo 
permanent shutter forms (Ghavami, 2005), temporary 
scaffolds, structural columns (Chung et al., 2005; 

Chung and Yu, 2002) and reinforcement elements in 
bahareque walls (González and Gutiérrez, 2006). 

The bamboo culm is a structure formed by a hol-
low cylinder reinforced with transversal diaphragms 
appearing at variable distances along its length (Fig. 1). 
The regions near the transversal diaphragms (nodes) 
have an external diameter slightly larger than that of the 
inter-nodal regions. The thickness of the bamboo wall 
remains almost constant in the inter-nodal regions and 
increases near the nodes. In addition to these geometric 
variations and similar to various types of wood, the 
anisotropy of bamboo is characterized by high mechan-
ical properties in the axial direction, which contains fib-
er reinforcement, versus low mechanical properties in 
the transverse directions, without fiber reinforcement. 

Experimental studies for the mechanical character-
ization of bamboo have focused mainly on the determi-
nation of the longitudinal elasticity modulus, which is 
currently the only elastic constant with a bamboo-
specific standardized protocol (ISO/DIS, 2001). One of 
these studies was accomplished by Ghavami and 
Marinho (2005) who conducted compression and ten-
sile tests instrumented with bi-directional strain gages 
to determine the longitudinal elasticity modulus and 
longitudinal-circumferential Poisson’s ratio of speci-
mens from the bottom, middle and top part of bamboo 
culms, obtaining average results of 13.85 GPa and 0.30 
for the elasticity modulus and the Poisson’s ratio 
respectively. Méndez and Vallecilla (2003) conducted 
wave propagation tests on specimens of Guadua 
angustifolia finding a value of 13.69 ± 1.76 GPa for the 
longitudinal Young´s modulus. Li (1999) finds from 
bending tests a Young’s modulus for the Phyllostachys 
pubescens equal to 8.68 and 13.4 GPa for one and five 
year old bamboo, respectively.  Sánchez and Prieto 
(2002) adapted the ASTM D 198 timber standard to 
obtain from bending tests a shear modulus of 644 ± 280 
MPa for Guadua angustifolia. As to the knowledge of 
the authors, no experiments have been conducted to de-
termine the circumferential or radial Young’s modulus 
of bamboo. One of the reasons may be the difficulty to 
prepare specimens in the circumferential or radial direc-
tions given the relatively small thickness of the wall.  

A transversely isotropic constitutive law was adop-
ted here in order to consider the anisotropy of bamboo. 
It is hypothesized that a transversely isotropic law for 


