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The building and construction sector is responsible of almost 40% of CO, emissions in Europe
Construction materials made with biomass can invert this
Bio-based construction materials have been largely overlooked with the exception of timber.

Can timber be used to turn the global building stock into a
carbon sink?

|A) Global overview of forest area (C) Supply demand balance + (positive)

A s [Pomponi et al. (2020),
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Bamboo has the potential to meet the
increasing demands of the building stock
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What are the differences between wood and bamboo?

Family wood grass

Time to grow 30-50 years 3-5 years
Regeneration By plantation Grow itself back
Fibers 2 directions 1 direction
Stem Solid cylinder Hollow cylinder
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What are the challanges posed by geometry and microscopic
features?

- Hollow cylinder

- Diaphragms

- Tapered along
the axis

Bamboo Transverse cut
culm section
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What are the challanges posed by bamboo microscopic features?

PROPERTIES MATRIX FIBRE

Bamboo is a composite material:

Tensile 50 610
1) Vessels 10% strength (MPa)

Young
2) Parenchyma 50% modulud (GPa) 2 46
3) Sclerenchyma 40% Density 067 1,16

(Kg/cm?)

Functionally graded in radial but also in the longitudinal direction

Deeply orthotropic behaviour

@ Fibre (E = 46 GPa, Tensile = 610 Mpa)*
[ Matrix (E = 2 GPa, Tensile = SOMpa)

Outer
00000000000

/

Amada et al. (1997)

Inner
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What about mechanical performance?

Test in two directions
Parallel to the fibers

and orthogonal
to the fibers
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What about mechanical performance?

Compression strength parallel to the fibers Tension strength parallel to the fibers
fe0 [Mpa] E.o[GPa] w [%] fro [Mpa] E¢o[GPa] w [%]
Mean std mean std mean std mean std mean std mean std
BAM | 8043 | 6,75 | 2034 | 502 | 9,60 | 0,79 BAM | 22028 41,911 21,80 | 260 | 959 | 078 | \, .
EDU | 68,69 | 806 | 14,04 | 3,64 | 1084 | 030 EDU | 19351 42,73 | 1519 | 292 | 9,09 | 030 MO at” .
IRI [ 80,12 | 5,00 | 21,89 | 3,99 [ 10,38 | 0,39 IRI | 229,38 | 34,92 | 1822 | 3,12 | 911 | 039 en. ra_s :
vio | 5950 | 7,26 | 1627 | 571 | 10,15 | 1,50 vio | 14891 31,40 | 18,17 | 463 | 9,04 | o023 | Fabiani Struct
viv | 6435 | 280 | 17,37 | 261 | 1011 | 023 VIV | 188,84 37,62 | 1490 | 475 | 894 | 15 | Ures. 24:59-
VIR | 714 | 570 | 18,11 | 7,87 | 12,03 | - VIR |21499] 3386 | 1695 [ 235 | 1037 | 052 | 72.2020.
fco Eco ft0 Eto0
56-68 MPa 17,8- 20,0 GPa 108-163 MPa 17,6 20.2 GPa
Phyllostachys Bambusoides, Edulis, Iridescens, Violacescens, Vivax, Viridiglaucecsens
Tension strength orthogonal to the fibers Molari, Garcia.
. Journal of
Tensile strength (MPa Building
Inner Outer Engineering, 33,
17,6 (0,30) 30,5 (0,23) 101557, 2021.

39,9 (0,16) 14,5 (0,16)
16,9 (0,27) 23,2 (0,12)
24,1(0,72) 22,6 (0,27)
9,9 (0,24) 16,5 (0,24)
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https://www.sciencedirect.com/science/article/pii/S2352012419302322?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352012419302322?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352012419302322?via%3Dihub

Comparison with other materials
Merit indices

Specific strength
strength/density

14,0
12,0
10,0
8,0
6,0
4,0
2,0

steel bamboo timber

Energy in [MJ] for the production of 1 m3 per unit strength [MPa]

Material MJ/mA3 Mpa

Steel 1500
Wood 80
Bamboo 30

[K. Ghavami]
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Structural applications

Engineered

Flakes and fiber
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Arch. Mauricio Cardenas
https://www.studiocardenas.it
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Architect Yasmeen Lari and the Heritage Foundation of Pakistan. The shelters.

~

https://edition.cnn.com/style/article/pakistan-floods-bamboo-shelters-climate-intl-
hnk/index.html?fbclid=IwAR2cA5SrK6YLrkESBY6iC3jN4M33M529npdYt8ZV1FrGiOsF-ETviu5L7CA
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https://www.heritagefoundationpak.org/Hf
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Arch. Mauricio Cardenas INBAR PAVILLON
https://www.studiocardenas.it

Canyaviva ltalia
https://www.facebook.com/canyavivaitalia/

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA



12

éhaﬁ at-8

Photo by Tim Street Porter

https://inhabitat.com/interview-ibuku-founder-elora-hardy-on-cr »

amazing-sustainable-buildings-with-bamboo/sha rma—sprin%iﬁi;lg%@%/gggiggm
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Engineered

Planed
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Scrimber bamboo

Truncation and radial splitting

Exfoliation of
waxy layer

>

Bamboo bundles

> </ Ditferent /&
a
\ . v S - Dipping is the key process,
L - ——— impregnation of phenolic
.y ‘ resin (in vacuum or at normal
pressure) designed according
- to the requirements of
‘ > ‘ - v bamboo scrimber’s
Bamboo scrimber stock Hot curing Coldpressing g performance and use.
- s RS
-_— W w density from 1.02 to 1.3 g/cms3,
Qe seeimbar board Hot pressing Assembling s ﬁgg ff:;grr;l zgl 4t(1?03§ 28 évl GPlE)la

Process flow diagram of bamboo scrimber
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Development of bamboo scrimber: a literature review
*Yuxiang Huang, Yaohui Ji & Weniji Yu
Journal of Wood Science volume 65, Article number: 25 (2019)

[Yuy, et al. 2018].

The water absorption
decreased from 43.0 to
5.01% [Xie J, et al. 2016],.
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https://jwoodscience.springeropen.com/articles/10.1186/s10086-019-1806-4
https://jwoodscience.springeropen.com/articles/10.1186/s10086-019-1806-4
https://jwoodscience.springeropen.com/articles/10.1186/s10086-019-1806-4
https://jwoodscience.springeropen.com/

Laminated bamboo

Bleached

Radial
Vertical

Glued

_ Radial
and Pressed /§ Horizontal
Caramelised .
Strip
Orientation
Fig. 2. Laminated bamboo general manufacturing process in China.
Table 2
Material properties for structural bamboo and comparable bleached bamboo and timber products.
Density Compression Tension Shear Flexural Epl
4 fe fer fy fer 7 fo Ep
kg/m® MPa MPa MPa MPa MPa MPa GPa kN-m?
Bleached bamboo* X 644 55 a 124 3 14 76-79 10.2-10.5 79-89
cov a 0.09 0.15 0.15 0.14 0.09 0.09-0.07 0.08-0.06
Semi-caramelised® X 673 60 22 116 3 17 79 10.4 81
cov 0.01 0.04 0.07 0.20 0.11 0.03 0.12 0.08
Caramelised bamboo” X 686 77 22 90 2 16 77-83 10.8-12.9 82-103
cov 0.05 0.05 0.07 0.26 0.13 0.05 0.06-0.08 0.05-0.06
Raw bamboo Phyllostachys pubescens X 666 53 - 153 - 16 135 9
Sitka spruce®’ X 383 36 - 59 - 9 67 8
Douglas-fir LVL®" X 520 57 - 49 - 11 68 13

¢ Present study.

b Sharma et al. (2015) [24].

¢ Ghavami and Marinho [25].
d de Vos [26].

¢ Lavers [27].

f Kretschmann [28].

& Kretschmann et al. [29].

b Clouston et al. [30].

Effect of processing methods on the mechanical properties of engineered
Bamboo, Bhavna Sharma, Ana Gatoo, Michael H. Ramage Construction and

Building Materials 83 (2015) 95—-101
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What is limiting the use of bamboo? What can be done?

Issues: durability and strength, variability in dimension, connections, cultural feelings,
lack of standards

Advantages: rapidity in construction, sustainability

International Standards:

ISO 19624 Bamboo structures — Grading of bamboo culms Basic principles and

procedures

ISO 22156 Bamboo — Structural Design (milestone)
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Engineered -

Issues: sustainability (adhesives), industrialization of the process, standardization

Advantages: durability, strength, standardization, dimensions

International Standards:

Published:

ISO 23478:2022 Bamboo structures — Engineered bamboo products — Test methods for
determination of physical and mechanical properties

Under developments:

ISO/DIS 6128 Laminated products made of bamboo strips for indoor furniture purposes
(Draft International Standard)

ISO/WD 7567 Bamboo Structures — Glued laminated bamboo --Product specification
(working draft)
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https://www.iso.org/contents/data/standard/07/56/75683.html
https://www.iso.org/contents/data/standard/08/20/82086.html
https://www.iso.org/contents/data/standard/08/30/83076.html

Bamboo flake and fibers

Bamboo Based Biocomposites
Material, Design and Applications
S. Siti Suhaily, et al.

Biocomposite: Mytril with Hemp and bamboo without chemical additives 100% bio product)

MY.FIBERS B

innovation & green technologies

https://www.myfibers.it/
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Conclusions

Bamboo is a sustainable material with good mechanical properties which can play a
crucial role in the green transition of the construction sector

Row bamboo material can have great applications but the engineered bamboo can
greatly spread the applications

Standards need to be enlarged to cover all the aspects of the constructions.
There is the path already designed by timber.

There are new completely green perspectives also in panels made by bamboo fibers.
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