BAMBhHhOuse

Seismic proof laminated bamboo structures
an architectural and socio-economical restart in the Groningen area

]
TUDelft

Delft
University of
Technology

P5_28June2016_LaviniaSpruit_4193083_AEstudio
Tutors: Ir. Job Schroén, Dr. Ir. Martijn Stellingwerff, Ir. Maarten Meijs.



Earthquakes in the Netherlands




Exploitation of natural resources

“The role of science has been
defined in terms of dominating
and manipulating nature for the
pursuit of man’s well being”
F.Bacon



Dealing with the conquences




Dealing with the conquences
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Groningen: a complex problem
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Groningen: earthquake proof




Groningen: earthquake proof and renewable energy




Obijective

The objective is to come up with a new and locally implemented solution for a recent and
unexplored problem in the Netherlands, seeing this as an opportunity rather than a threat for the
sustainable energy production and for the new antiseismic building industry.




High mass structures
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High mass structures
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High mass structures vs Lightweight




High mass structures vs Lightweight

Unreinforced masonr
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High mass structures vs Lightweight
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More than 1000 bamboo species...
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Guadua Angustifolia Bamboo
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4 times stronger!

¢ BON/mm? Laminated
E = 19000N/mm? Bamboo
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Where wood breaks...

Force

FI

f = 15N/mm?
E = 8000N/mm?
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...bamboo will keep bending!

£~ BON/mm? Laminated
E = 19000N/mm? Bamboo
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Laminated
Bamboo

h=1/20L h=1/40L

1
lam. bamboo wooden truss bamboo 1/2

material use

09098 €}« (€
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2,00 m
in 40 days

1,00 m
in 30 days
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20,0 m

in 8 months

2,00 m ,
in 40 days

1,00 m
in 30 days \
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1-2-3y
hardening

1,00 m
in 30 days
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each 4 years

1 hectare
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GUADUA

2

8 houses of 175m

each 4 years

1 hectare

LUMBER

1 house of 175m?
each 4 years

1 hectare

8!

1
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20,0 m

in 8 months
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GUADUA

2

8 houses of 175m

each 4 years

1 hectare

8!
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The challenge

adapt bamboo to the
Netherlands
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The objective

BioEnergy
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The objective

BioEnergy
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Species
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Phyllostachys Aurea Bamboo
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Quantitative Analysis

1 hectare plantation

e energy for 32 houses

60 tons

each year LE R B BB BB
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ENERGY

* 70% less CO, emissions than gas

® no need of replanting

* |ow ash content and alkali index compared to
other herbaceous species

37



BioEnergy-Plantation
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Context: North East Groningen
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An energy producing area
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peat stock energy 18-19th century

e

bamboo biomass energy2050?---->
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An industrial area

C
Groningen




Opportunity for now?
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Lroningen




Proposal
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Proposal
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2 houses of 175m?
1 hectare each year

e energy for 32 houses
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Concept
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Site: Delftzijl
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A | Delftzijl: industry and green
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Greenhouse...




Greenhouse...and plantation




i)
%))
O}
|-
O
O
)
-
_|




€
O
)
O
5
)
=
9
S
m

51




)
iyt
n
-
O
+
O
o
O
L -
o

I e i e JIjJI#trT_JIIIL;JIT_JI_A

T R 1 e 1 O /e B I

[kl <l | Bme

52



) The building i
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Workshop area

Offices

Labs

Workers changing rooms

l.

Entrance greenhouse
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Plan: entrance
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Welcome to BAMBhQuse!
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Entrance hall
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Research Labs
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Entrance hall
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Go upstairs!
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Plan 1st floor

Cafe
Offices

Entrance greenhouse

greenhouse
-

offices
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m Plan 1st: Cafe ;\"};
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BAMBhOuse Cafe
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In section




In section 2
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The greenhouse from the balcony
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The forest's bridge
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6000 culms (12cm diam)

each year

25% can be harvested

L b =

4th year
7th &8th house

L B |

R

[val

T3S
o
ke
¥
;)
4

AN T

72



Harvesting system

Greenhouse

Entrance volume Fabrication space
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7 BAMBhOuse Factory %ﬁ
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Fabrication chain

Building Material
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Biomass

78



Fabrication chain

2. Sawing
longitudinal

2. Sawing

longitudinal
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m’\ Fabrication chain \%r’

3. Sawing

trasversal

3. Sawing
trasversal
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2. Sawing
longitudinal
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m’\ Fabrication chain \

4. Lamination
pressure

4. Lamination 3. Sawing
pressure trasversal
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m The factory ;\"75
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Structure: dilatations
1
|
|




==
L Y
L
1l

I
I
LEL
/

I

Structure: shear walls and diaphragms
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Structure: greenhouse frames
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Detailing




Roof detail 1
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Roof detail 1
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Roof detail 1
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Roof detail 1
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Roof detail 1
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Climate control
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Climate control

min allowed t=16°
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ENERGY

* 70% less CO, emissions than gas

* no need of replanting

® |ow ash content and alkali index compared to
other herbaceous species
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Building material-Greenhouse

|

BioEnergy—Pl‘antation
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thank you
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o bamboo beam 170x250mm

o bamboo beam 95x120mm, 3%<

seismic window frame
integrated with Jansen glazing profiles

o

ouble layered glazing 10mm
etfe cushion frame

polycarbonate cover profile 3mm

bamboo interior panel
steel profile 10mm

insulation with aluminium coating 50mm
waterproof layer

epdm membrane 3mm

bamboo beam 70 x 500mm @

PR

"pluvia system" gutter
100mm
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O tension cable

[steel profile 60x60mm Q

bamboo beam on compression 230x270mm

bamboo column 2x2 (100x250mm) ©

qutter Pluvia system 100mm diam

(heaten) air recovery system ©
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