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Bamboo

Guadua angustifolia Kunth




Round bamboo

Bamboo mats
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http://canyaviva.com (bamboo ropes)
http://bit.ly/UsK302 (Bamboo turbine) )
2011, Osorio et al., (Bamboo fibres)

http://bit.ly/Y7jFO0 (bamboo bullet proof jacket)



http://bit.ly/Y7jFO0�
http://bit.ly/UsK3O2�
http://www.plataformaarquitectura.cl/2011/06/24/casa-integral-de-bambu-the-oval-partnership/integer-bamboo-house-the-oval-partnership-1/�
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Crosswise variation of mechanical properties

Stress versus strain curves for sections 1 to 8 of bamboo and for steel.
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Strain (%)

Longitudinal stress vs strain percentage of a tensile test undertaken on bamboo slices cut
from layer 1 (outer) to 8 (inner) of a bamboo culm wall across the section*.

*2011, Li & Shen, J. Mater. Res., Vol. 26, No. 21, Nov 14, 2011
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Mechanical properties
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Traditional building.




Industrial use...
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Appropriate technology

(Context)

Efficient use

(Enhance)

Long lasting

(Biodeterioration)

High added value

(Non-Temporary)
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THMT

Thermo-hydro-mechanical treatments
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THM treatments

Visco-elasticity behaviour -Soften lignin - Densify

Glassy

-Increase the density & hardness
- Improve weather resistance
- Reduce fungi decay and hygrospicity

Modulus (Log E)

Transition

Rubbery

Viscous

Temperature

Variation of relaxation modulus with temperature for an

amorphous polymer. A UNIVERSITY OF
\
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Round cane Cross laminated
panel

P; = 540 kg/m3

MOE =16.21 GPa

Specific stiffness = 29.84 (m?/s?)

P; = 830 kg/m3
MOE =31.04 GPa
Specific stiffness = 37.58 (m?/s?)
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Preparation of the material
Material and methods

Material loss
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* http://www-materials.eng.cam.ac.uk/mpsite/properties/ (right)
* Wegst et al. (left)

THM modification

Materials and method

Vertical pressure
60kg/cm? (+ 6.20 MPa)
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Density (g/cm?)

Experimental plan
Materials and method

Bamboo species: Guadua

angustifolia Kunth Section: Middle (in height)

Age: Mature (3-5 years old)

Samples A Samples B Samples C

Raw un-processed Hot pressed + Dried Pre-soaked + Hot pressed + Dried
Time 0 20 min 20 min
Pressure 0 60 kg/cm? 60 kg/cm?
Temperature 0 150° C 150° C
Compress. Set (C) 0 46.08% 42.51%
Oven dried 540 kg/m? 810 kg/m? 830 kg/m?
density
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Testing
Flat sheet orthotropic material

- Two normal components of stress: o, , 0, and 0,, (shear)*
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X3 (R) The compliance matrix [8] in the principal direction
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*Remaining two shear stresses o,; , 0,;and normal stress o; are so small that can be safely ignored

(Bodig & Jayne, 1993).
UNIVERSITY OF
& BATH




Testing
Materials and method

90° Strain gauge for
Poisson’s ratio (T) and
Longitudinal extension (L)

X, (1)

Linear strain gauge for
/ Poisson’s ratio (R) /

Steel pad

t=Re
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Tensile test

Elastic zone applied load limits of 0,5kN,
1kN, 2kN and 3kN

Rate 0.10 mm/min

Strain gauges, resistance 350 Ohms

INSTRON 5585 (Mech. Eng)
VISHAY Data Logger SERIES 6000 (civil. Eng)
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Optical microscopy
Stereo microscope

-
c
[
=
=
(=]
o

Samples A Samples B

Samples C
Raw un-processed Hot pressed + Dried

Pre-soaked + Hot pressed + Dried
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Optical microscopy
Inverted reflected-light microscope
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Fibre’s surface area

E Image-J Analysis

Samples A Samples B Samples C
Raw un-processed Hot pressed + Dried Pre-soaked + Hot pressed + Dried

25.53 % 45.57 % 47. 78 %
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Material characterization
Elastic stress versus strain plots for longitudinal loading
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MOE (GPa)

35.00

Material characterization
MOE versus density
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Material characterization

Results

Sample A Sample B Sample C
E, 16.21 GPa 22.80 GPa 31.04 GPa
STADEV 0.76 GPa 0.73 GPa 0.47 GPa
Density (p) 540 kg/m3 810 kg/m?3 830 kg/m?3
Z‘C\’/‘:;:igce)smf”ess 29.84 27.99 37.58
Vi 0.27 0.33 0.27
STADEV 0.01 0.01 0.01
Vs 0.29 0.33 0.14
STADEV 0.02 0.01 0.02
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DRMS

Drilling Resistance Measurement System
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Results from DRMS

Drilling Resistance Measurement System
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THM madifications

Previous treatments to the bamboo structure
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Bamboo Treatment
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Future work



PANEL DESIGN

Cross Laminated Bamboo panels

e  3-ply and 5-ply
* Laminated with epoxy resin
RVE (Representative Volume Element) &

RVSE (Representative Volume Sub-Element

planes of
symmetry
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Mechanical Characterization & FEM of panels
Future work

5, 523

(Avg: 75%)
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+1.091e-01
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ODB: first-displacement-controlled-one-line.odb Abaqus/Standard 6.10-2 Fri Aug 31 13:44:26 GMT Daylight Time 2012

Step: displacement
Increment 7 tep Time = 0.5610
Primar : 1 '
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Conclusions

THMTSs can be applied to bamboo for improving its physical and mechanical
properties and for providing a new and more predictable and durable material for
structural CLG.

Straight-forward densification method that can be easily applied in industry.
Further studies need to be undertaken on the reduction of the water uptake and
spring-back effect (little investigation into the subject has been carried out for
bamboo to date).

Traditional processes can be enhanced with the use of simple technology.

The achievement of a dimensionally stable FGS by THM, with a uniform density

and achieved with reduced labour effort during manufacture, will be of key
importance for the development of structural applications, and could have a

significant impact in the bamboo industry.
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