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Showcase of the structural and sustainable
oossibilities of laminated Guadua bamboo as o
material for a multiple story residential building in

Guayaquil Ecuador.
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The Questions

Research question

‘How to design a residential building (complex) of multiple floors in Cuayaquil
Ecuador, showcasing structural and sustainable possibilities and consequences
of laminated Guadua bamboo?”

* s the world, and especially Ecuador capable of building a laminated Guadua multi floor

buildings? In other words: |s the world Ready?
* How to create a building that shows the possibilities of laminated bamboo, but at the same

fime complies with the current expectations of a building. In other words, How could it look

ike (and be excepted)?
* What are the decisive structural and technical limitations of a residential building with multiple
floors in Laminated Guadua bamboo and how high the building can be according to those

limitations. In other words: Can it be done”?
* |nwhat way does it contribute to the three spheres of sustainability and how does the building

preform compared to similar sized buildings regarding environment. In other words: |s it

sustainable?



Motivation

Motivation

“The Future Depends on what we do in the
Present” (Mohatma Gandhi 1869-1948)

Quito

= Reduce human impact now go positive in

the future
= Bamboo could be the timber of the 21¢
century. | FCUADOR
= To show the world the potential of laminated
Guayaquil
bamboo

= Help solving the housing shortage in
Cuayaquil (50%)
= Dense context asks a high building
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Motivation

Larger scale
= Use of local natural resources helping a developing country develop
= Majority of buildings in the 21 Will be building the developing world

™ a0
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s the world ready?
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Ecuador is ready

ECUOdOr |S reOdy (in o few years)

Yes in a few years

9 Story building Rome ltaly 10 story building London England
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\/\/OOd prOdUCTS(Ecuodor is ready)
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Ecuador is ready

BO M bOO prOdUCTS (Ecuador is ready)

Cross core Strandwoven

Strandwoven

Cross laminated bamboo Scrimber
veneer (LVB)

Laminated bamboo veneer
(LVB)
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ow could it look like?
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It would look like

UrbOﬂ wOrk models (It would look like)
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It would look like

Sketches i woud ook like)
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It would look like

Uern p|Oﬂ (It would look like)
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It would look like

Uern p|Oﬂ (It would look like)
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It would look like

Uern p|Oﬂ (It would look like)
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It would look like

Uern p|Oﬂ (It would look like)
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It would look like

U rbO N p | AN (It would look like)

Physical testing Conclusion

Future recommendations

. Public space

. Restaurant
. Shops
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It would look like

Restaurant plan o woud ook like)
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It would look like

Apartment plan o woud ook lke)
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7 apartments per floor
BVO */-109m? per apartment
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It would look like

E|€\/OITIODS (It would look like)
Front
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It would look like

E|€\/OTIODS (It would look like)

Right side
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It would look like

E|€\/OITIODS (It would look like)

Back

LIRRERIN
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It would look like

E|€\/OITIODS (It would look like)

Left side
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It would look like

View inside i woud look lie)
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It would look like

View inside i woud look lie)
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It would look like

\/ieW iﬂSide (It would look like) Al
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ow could it be done?
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STI'UCTUI'C” SYSTEM (How it could be done)
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STI'UCTUI'C” SYSTEM (How it could be done)

IENERERERERR
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STI'UCTUI'C” SYSTEM (How it could be done)
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STI'UCTUI'C” SYSTEM (How it could be done)
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How it could be done

Combining systems tow it coud be done)

Infernal dissipative system

Normal situation Movement in earthquakes Movement in earthquakes
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How it could be done

Energy QbSOrpﬂOﬂ(How it could be done)

Self Centring Energy dissipation Hybrid system

] J
BLJE_//‘{EJ

M4 M & M4

L

Pre-compressed Lamboo Dissipative Proposal
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How it could be done

STI’UCTUI’Ol SYSTem (How it could bbe done)

- i
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Hoor bU”d‘Up (How it could be done)
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How it could be done

HOOI’ p|OTe bU”d‘Up (How it could be done)

30mm lamboo panels
1660mm wide

30mm lamboo panels
1460mm wide

30mm lamboo panels
1660mm wide

Reused pallet wood,
serves as fire protection

10mm lamboo panel
Finish

Bearing cam
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How it could be done

|:|Oor p|OTe bU”d‘Up (How it could be done)
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HOOI’ CONNECTION (How it could be done)

Cap of recycled plastic

Bold M10 HoH. 500mm

Hols drilled on site e

Intemnal LBV sline [ SRse eSS

Prediilled holes |

Slith for the internal spline Smm
larger on all sides than the
spline

Recycled wood 2layers of B
30mm

Bearing cam L o0

Nut M10

Cap of recycled plastic
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\/\/Q” e|emen1' bUl|d UL it could be done)

£60mm

440mm

440mm 2860mm

9900mm

2860mm

440mm

2390mm

2N
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Wall element build UL (How it could be done) 3

Steel connectors
200x400mm 10mm
thick To help align®==========""==""*

the elements LVB spacers
40x40 hoh.
Steel tendon head. 300(vertical)
Spanning one element .. faiertaetr bt ARIBUINRIDEENENSE S CI N ———— el and 510mm(hor-
izontal

Rockwool sound
isolation 40mm

ers of 30mm 3-phiR | 1R R R R L (Y Corbel 90mm
bambog wide 440mm
high
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How it could be done

||d UL (How it could be done)

Top

Wall element bu

paooid
20 0} UOPUB} MOJO wwQog suopuay
O} [0y WUREKOl 2ais Buuuni Yyibuay| N4

Yoy wwop
SPIM WUWO4 PTI0D) dasp wwoz

" GA7 om juewpody WOZXGZZ SHS

T dasp wwpz
WLOTX00L sHIS WLOLEXOST
wwoT aod |Paig
uopua} juod
U O} pIpRM SPON

daep wwooz
R VAT

wwog suopusy
Volllellely

punos jooid 2114

"AA] (oM S500IDIS JuDjsisa!
“sizoods WWORXOYXOY 24 Al SISA0D UO YOI =+
......... uoyp|os! joord aiy uoyojos! Jooid ang**
$12200ds WWOPXOPXOy
QAT llom juswpody
UOJID[OSI PUNOS

-WWOZ suopus} [eays
..... Buuun Yidus| [Ny

dssp wwzz
WWOTX0OZ SHIS

¥o0| 26pam paig

juswale suo Buuuodg
POaY UopUS| 991G

.......... dasp wwoeg
L V5[0 o (O s I . S—
E_:oﬁmgc_a [9915 Pud WLQEEX0LE YRION
PO
WWOT WWOOKFX00Z AT |Iom SSODUDIG

"SI0JO3UU0D |991G

_... uuQg suopusy [eais
T Buuun ybua| |y paooyd g o} uopus)
MOJO O} 30y WWOEeX)y

Bottom

41

Future recommendations

Conclusion

Physical testing



The Questions Motivation Fcuador is ready It would look ke How it could be done  The sustainability

FlOOr(How it could be done)
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How it could be done

Floor build- Up (How it could be done)

- -« Click on covers trip fire resistant
Rockwool sound isolation 100mm wide 400 mm deep

Screws to make gutter

Lamboo plate 10mm 110mm wide

Lamboo blocks 40x40mm x90mm. hoh. 300mm
Electric wiring

Lomboo plate LOmm 100mm wide

sa_Onnection point elements once every 3 fioors

Pressure resistant sound isolation

Staircase wall LVB 6 layers of 3-ply bamboo

ST WY

ll .. . &=Rockwool sound isolation 40mm
=

utt = = VDB spacers 40x40 hoh. 300(vertical) and
! lOmf“(r“or zontal
| BApartment wall LVB 6 loyers of 3-ply bamboo

=
e
e

= Tlw=

z2%5°

iy \\\\\\

I T ey

-
.
] =

|

l oo - Pressure resistant sound isolation

\

Al

orbel 90mm wide 440mm high

teel tendon

loor element 250mm high with bearing cam connect-
ed width front wall element using self tapping 550mm
, “l Org screws

Noler proof membrane

w .. Pressure resistant sound isolation
H nu H l
4 I '

... Concrete topping with Electra piping 50mm

igure: 101. Exploded wall connection core element

Conclusion Next steps Future recomme



How it could be done

HOOI’ bUild‘Up (How it could be done)
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COre bU”d‘Up (How it could be done)
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How it could be done

COI’@ bU”d‘UD (How it could be done)

Fire proof sound isolation

Click on covers ship

Self tapping screw 550mm long [EETIEEREIIE 4 P
hoh. 900mm

UFP energy dissipater100mmx-
100mmx8mm with sliding slots

Self-tapping bolts 8x per
dissipater [

Nuts 8x feeeee et eneae=
Core wall element
9900x1 600x400mm

Core wall element
9900x1 600x400mm

-----------------
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How it could be done

COI’@ build U (How it could be done) 6

Staircase wall LVB 6 layers of 3-ply DOMDOO s sssesessasseasmmmemnsmasmssuuesscestostsssmscasennrscssmcnsmnsscssannssnnnnnnn, i

Rockwool sound isolation 40Mm. ... eeceeccceesescaseamnscescasnssassnssnasssnnasnsnnn

Top cover plate LOmm lamboo 1400x340mM. .. cuciccccaacmccccaccaccccaacaaceascaacaaaaaann,

o
—
-
——
-

Fasteners.ceeeaaeaa-s & e

Inner opening height: 820, Width :1400mm, Depth340mm
allowing post tensioning
Location of cover stips to cover isolation

Circular opening with a diameter of 1200mm

...................

[€ ]

Window frame with fire coating and thermo glass

Steel wedge lock

Steel plate 10mm 150x1340mm acts as force distibutor , .

Steel tendon 20mm before tensioning

Nomfrer cevet rBA s e

xlﬂg

Two steel plates spreading pressure and allowing placement

Bottom connection pin part of decoration

‘ | {
o
j 4
Air fight TUBDEN .« e e e e eeeeeeeeeememeanaat i |
i
COVES SIS s vicuss v wumeiseninin S s s i s wsdas - ! -
LVB spacers 40x40 hoh 300Wverlical) and S10MGHZONGI__ ...+ eeeecseeeeeeememeennns J.......d. | [ .
] i1 S
Apariment wall LVB 6 layers of 3-ply bamboo e R i R ! I
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How it could be done

COI’@ bUl'd U (How it could be done)

Modular green roof system 1L30mmithick . ieeeees
Waterproof membran€e e eeae.- s
Pressure resistant Isolation layer on slop€e.eaueas . B N
Concrete 1opping. ... _

Hoor element 250mm high with bearing cam,

Steel tension cable (horizontal)

Combel S0mmwith 440mmheight . . . 4t
UFP energy dissioater L00mmx LO0MMBMM_ . o o o o e e e e e
Open stair 80MM WIS, - - - o e o e e e e oo e e e e e eee e an

Omamented window with fire coating and
thermo glass
Click on covers trip fire resistant

Platform

Elevator shaft, executed in LVB (kept franspor s .-'—.5-"""‘"

ent in this image to show elements behind nk_&u;.,;_, s

w ?:m =
: N
Concrete topping with +*” Sy LA I
e e 10 ARmss
Electra piping S0Omm = e 146 N
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ow dustainable is it?
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Sustainability

Sustainability for me is:
“Improving the world for
tomorrow, based on the
three pillars: Social,
Economic and
Environmental.”

Looking at only one
oillar is lying to your
self

Example: “Something can be @
100% environmental but not
offordable or drastically reduce
the standard of living.”

Socidl
Standard of living
Equal Oppertunity
Communication
Education

Boml:»oo
Sustainability

The sustainability

Economic
Economic growth
Cost saving
Profit

Environmental
Environmental management
Use of natural resource
Pollution prevention

50



E d U CO-h Oon (Social Sustainability)

Typical fraditional orginisation

Design stage Construction stage

Little to no
feedback

.......................................
No public reports

DrOwbocks
— Financial control near impossible.

— Lorge amount of misinforming

— Large amount of misinforming

— Large amount of misinforming

— Everyone (except the client) is only inferested in their own part and
dissension will hinder others leading to overall cost increase.

— Little to no feedback of consequences of decisions in the design
face to the experts.

Pro’s:
+ Architect has larger degree of freedom

+ For standard buildings fast and cheap
+ Invested time of different parties is minimized

The sustainability

Proposed orginisation
Design stage

¢ Consultants/experts Frequent meefings Construction stage

: o O T I T PR PP P T T T .
E @6 # With all porties : \ndusfry =
.y

L.
£
3

e

Feedoack reports

.
O e e T TR T

Reports of discoveries to the public

Drawbacks:
— Al parties have to be fully committed.

— Most information is irelevant to different parties, but all have to attend for that
small part that is relevant leading

— Vast amount of decisions have to be made in an early stage

— Time consuming meetings

— Gooals can differ
— Industry will not be happy to shear knowledge

Pro’s:

+  Allows better cost control

+ Reduces miscommunication

+ Increases understanding the building process for all parties

+ Involving the executing parties to the design table allows them to optimize the
design to their specialties and helps them understand the overall goals of the
project.

+ Would boost the entire industry

31



The sustainability

| ﬂT@I’O Ch Oon (Social Sustainability)

' Public space

. Restaurant
. Shops
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The sustainability

Standard of living/Equalization seee swanasin

Increased jobs for woman from

31% (aw cum industry) to

12
—_ Premium processing 4 9 % (premium processing)
0] 10 ook Flooring, Laminate
< 14 sticks
) ° fumniture LBL an CLC
= Research also shows an
é 08 Medium balue processing increase in education of ared’s
S with a developed bamboo
— Mat board even mat
je industry
CO6|
8
9O
S04
2 Low value bulk processing
0‘2 r+pU|p
Typical western approach, building cheop
Raw culms for (Zharcoal _ .
construction houses with culms, keeping people poor
0 500 1.000 1500 2000 2500 3000

Local pro-poor financial impact per ha (US $)
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Price comparison (2008)

prl /& COMm pOH SON (Econonic Sustainability) VB Cluam/vL e

g Soft wood S Soft wood e - - 2X4
5 £
Sl ° .
A Cost lX
Speed Life time
A 2x4 is a European 5x10cm.
o e . > of the most common sizes in construction
Earthquake proof building system NZ cost overview 2010 +Press-LBV S
3,000,000
Early estimation:
2,500,000 30% more expensive
then concrete
puildings
u Roof
u Jpperfloors

m External walls and finishes

Costs of building in €
= = N
(o) w o
S S S
O o o
o o O
8 8 8

m Structural frames

B Substructure
500,000 A Curency rate:
141 NZ$ - 1€
o . Date: 10-05-2015

Press-lam Concrete Steel Press-LBV
Building system
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The sustainability

CH“CO‘ DOTGS (Economic Sustainability)

Concrete floor non structural

TCC floor.
(Nimber concrete composists)

Notch / Inefayer shear connectars

LBV solid floor

Physical testing Conclusion Future recommendations 35



The sustainability

Environmental Sustainability

External ecological cost P External Social-economic
of Planet” costs P of people”

“Total Eco-cost”
Total Environmental

S-Eco-costs
Eco-cost

Addition (no weighting)

Eco-cost of
carbon
footprint

Eco-cost of
human health

Eco-cost of
Eco-systems

Eco-cost of resource
depletion

I

“Endpoint”

F 9

>7

)

) e
)7

Normalization M) M
factors o
8 |z S m > < |0 |g
o) Q — py o) 0. = Q 3 o
> | 9 = |8 Q o} a L ol I3 '
“ . . " 0 ; 8_ Q % (D _l._ = -9_ 5. Q 8
Midpoints o |§ gl = 0 Qe 9 & Q o}
ol o | @ |§ o o 2 9 Q25
A _D_ F‘) 0] [ 8 i— O =+ O =
0] &F (8 S5 g P Q
5
Characterization \_
factors T T T T T
. . Metals + \ (Wood + " (Oil + Emissions of substances to: Mining and manu-
Substances . o
rare earth Food Cas air, water, ground facturing shop floor
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The sustainability

C 2 G VS. C 2 C (Environmental Sustainability)

C2G = Cradle to Cate

I -~
[ Sourcing+Manufactering # Building use # End of Life (EOL) \

Transport Transport

C2C = Cradle to crade

ST T Tt -~
[ Sourcing+Manufactering # Building use # End of Life (EOL)
\

___________ J
Transport Transport
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The sustainability

KG/ mz + Llfe SpOn (Environmental Sustainability)

Structural weight for a 12 story building per material (kg/m?)
700 - 643

Concrete is a heavy building
material

E
o) 282
= 300 A 234 242 242

Concrete Steel secondary  Ply wood (LVL) Ply bamboo (LVB)Ply bamboo (LVB)
reinforced in NL in Ecuador
Construction material

Avarage life span non residential building
100

87.2

80 775 143
. 60 it Life time of a single structure
o]
= less than a 100 years

20

O T T T 1

Masonry Wood Concrete Steel

Construction material
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ECO‘COST (Environmental Sustainability)

Concrete reinforced  |Steel secondary Ply wood (LVL)* Ply bamboo (LVB) in NL
kg/m?2 643 282 236 242 242
Eco-cost/kg (C2C)0.05 0.12 019 035 0.20™
End of life 0 0 -0.18 -021 -021
Eco-cost (C2G) (321 339 453 719 49
Eco-cost (C2C) |32.1 339 38 211 -1.9

* Pty wood (LVL) Is @ hybrid structure 80% wood, 20% steel
** Ply bamboo (LVB) in Ecuador No shipping, no transport to harbor, no fransport to warehouse, only 300km from plantation to factory not 600km
Table: 1 6. Eco-cost for each structure

Ecocost C2G + end of life (€ per m?) of a 12 story building

OEcocost (C2C)  DEcocost (C2C)
800 1

The sustainability

Ply bamboo (LVB) in Ecuador ConCreTe is more

“sustainable” because

about 3X |€SS material is
used than in the case of LVL

Without EOL included @
tall laminated biotic

719
7001 building is le5S sustainable
6001 wo  thenaconcrete buiding
500 - 453 :

& 400 - 339 339

321 321 - - .

& o \With EOL included a all

211 . .. NORT .

200 - laminated bioftic building is

100 38 MOre sustainable then a

OO v ! ¥ L | — ' . .
concrete building
-19
-100 -
Concrete reinforced Steel secondary Ply wood (LVL)* Ply bamboo (LVB)inNL ~ Ply bamboo (LVB) in
Ecuador
Physical testing Conclusion Future recommendations 59
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Carbon + Eﬂergy (Environmental Sustainability)

Concrete reinforced  [Steel secondary | Ply wood (VLY Ply bomboo Ply bamboo Concigte einforced  |Steel secondary Ply wood (VL) Ply bamboo Ply bamboo
vB)inNL (LVB) In Ecuador (VB)InNL (LVB) in Ecuador
kg/m2 643 282 236 242 242 ka/m2 643 282 236 242 242
Carbon (kgCO2e/kg) 019 0.42 077 118 099 Energy (M) 2 9 12 22 154*
End of life (kgCO2e/kg) 0] 0 098 -1.18 -118 End of life 0 0 208 .25 .25
Footprint (kgC/m) (C2C) 333 32.3 49.84 781 651 Footorint (WWM2XC2G)  |357 205 789 1478 1035
Footprint (kgC/m) (C2C)  |33.3 323 -137 0.2 -12.8 Footorint (MWWHM2)(C2C)  |357 705 574 202 -£45
* Py wood (M) Is & hybid sichuse 80% wood, 20% steel Py wood (M) I b a0 o0 20 siost
%;ifi?gb(éggﬁo): liﬁﬁiﬁﬁ;ﬁ?:ﬁtﬂtﬁm o harbe, no ansport fo worehouse: only 300km from plantation to factery not 600km ** Ply bamboo (LVB) in Ecuador No shipping. no tronsport fo harbor, no transport to warehouse, only 300km from plantation to factory not 600km
» Table:2 |. Energy foatarint for each strcture
Carbon footprint structure 12 stories . .
% Energy footprint structure 12 stories
OFootprint (kgC/m2)  OFooiprint incl. end of life OFootprint (\whim2)  OFooipint incl end of fe
1000 4 = 2000 -
800 1 b 1500 1478
651
B 1035
600 1
2 498 1000
s 2 05 705 %7
3 ]
2 400 1333333323 323 8 500l 357 357
= g
3 3 1]
200 1 2 Q r : — T I:I T |
56 o -202
[
574 445
-200 + . -1000
Concrete Steel secondary  Ply wood (LVL)® Ply bomboo (LVB) Ply bamboo (LVB) - Concrete Steel secondary  Ply wood (LVL)* Ply bomboo (LYBIPly bamboo (LVB)
reinforced in NL in Ecuador reinforced in NL in Ecuador
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The sustainability

Systems compared (and-Use

%
O
@)
Z
0 0
2 2
z :
e =
>
T
- i In
P +-1.950m3 W +/-1.250m3
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The Questions

Motivation

Ecuador is ready

FU N dO mento |S (Land-Use)

Height of bamboo

20m

15m

10m

't would look ke How it could be done  The sustainability

Cuadua matures in 4-D years
ond van be harvest

Plantation is |Yature ofter 9
years

= o] 5 g o}
c
Z - § 2 3 < $
> % 2, 2, 5 5 5
20 O O O O O O
Planting the New sprouts Bamboo storfs to - Bamboo new sprouts are In ideal circum- Plantation Is now
Seedlings start to form create it's own regulates its own +/- 10cm stances shoots from | mature and can
Culm size height and micro climate culm  microclimate and the 4th yearreach | be commercially
2mm thickness of size of new the culm of new Cuadua's maximum | harvested as
culm storts 1o sprouts +/-1cm sprouts cre +/- height potential building materials
increase 4cm SOME wore
between 20 and
25m
Source: hitp//wwwauaduabamboocom/blog/guadua-bamboo-growing-habits
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The Questions Motivation Ecuador isready It would look like

FU N dO mento |S (Land-Use)

Parts of a bamboo

[ Sticks, bamboo Leaves: Remains:
Leader (copo) | ~ poles and Compost/mulch, Fiber boards
[ scaffolding fodder, pigments, Charcoal

medicine, juice and Pulp

77777777 R iy)[ S beverages Lumber
P _ Fuel
Stick (varillon) O

woven arficles and

/ handicrafts
N "l

How it could be done  The sustainability

The hole plant except the
roots CaN e used.

The roots are needed to

’ Flooring and
Top (sobrebasa) laminated furnit
&[ aminated fumniture regeﬂercﬂ'e
__________________________ Twigs:

| Brooms and Bamboo culm
Mide (basa) l textile/clothes

i W

i Construction

\

7777777777777 .7 - | I‘t Stem cavity
Bottom (cepo) @ Intemode
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Source : httpy//wwwiccepdiigovph/admin/img/industry/Full-Utilization-of-Bamboo-part- Lipg
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The Questions Motivation

Ecuador is ready

Yl@'d rQTe (Land-Use)

CLT 15m3/ha/year

Sm3/year

Annual harvest

’Averc:ge Canadion pme\
/ plon’roﬂon \a

:\
W

\
\\
‘ 100m ‘
LBV 15m3%/ha/year
| 1(?{:!‘ J://\
j %fh “'\}/ 23
) Nl ‘!\ ’f\ vg -§
- ! J-'\ i Z
o | | 25% " 12
/Tl
/1l Q\ Annual harvest ‘: ) \
Averoge Natural Guadal \g, ;T |\

(Cuadua forest moss)

100m
Physical testing

Loyt 8

Rotation

]. OO%(sm/yeor) 4 5%dry sawn timber

1250 Culms/ha

Used in other
Applications

#i

Conclusion

[=ter

It would look like

Lost

1o*

1000 culms
Processed in to strips

How

Laminated

it could be done  The sustainability

Other oplications

Biomass of dry sawn
Lumber (2.25m?)

Bl Losses from planing

" ]. 4m3/ ha/year
Lumber

Laminated

Recycled

Other
Applications

Biomass of

__ships (21.5m3) // Removal of imperfections
Losses second brush

15m*ha/year

Laminated bomboo
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The sustainability

R@SU HS (Land-Use)

Una reunion educo- Regular multistory
tiva con el bambu CLT building
. +/-1160m : +/- 3010m
I - A? l - - e
= Recycled |
: % wood (forrest) |
s . l Wood
N a |
I ’ | Forest
: ) N S
| + — | . O
I | ‘ o 908ha
i +/-920m | ¥
I l
| £ Guadua | )
i o~ Forrest
P 84,3ha |
| |
| |
| |
| M —
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The sustainability

/A\d he SIVES (Adhesives)

= Adhesives hOVG to be used

= There are NO sustainable structural adhesives only less bad
ones

= Wood can use more ‘sustainable’ structural adhesives

= No good sustainable alternative at the moment but there is hope

= Structural adhesives based on sOyeans and other organic
material

= PF adhesives are NO danger to the health of human
OCCUpPANTs
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|mpOCT (Adhesives)

Process

Production of insecticide
Transport oc culms

Transport of preservation water
Production of boric acid

Steel sponges production

Rest of processes

Production of Boric oxide
Electricity for pressing

Transport of preserved culms to plant
Production of Vinyl acetate
Production of Urea formaldehyde

The sustainability

LCA (C2C) - Greenhouse gasses (carbon analasis)
Laminated Guadua (bamboo) panel in Ecuador

00% 5.0% 100%  150%  200%  250%  300%

Influence on overall result

6/



The Questions Motivation Ecuadorisready It would look lke  How it could be done  The sustainability

’hysical tests
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The Questions

Motivation Ecuador is ready It would look like

Physical testing

5+ Name graph = name sample
_O e L ] [ ] L N N ]
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How it could be done

O §) 10 15 20 25 30 35

o0 0 0 0 0 00O OO OO OLBDLOSEBSOEDS 'Y

: Deformation [mm] .: Defomation measured in point C.
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Physical testing

Formula's [Mlechanical
Modules of Elasticity Stress caused by bending (bending strength)

Formula’s Otartistics

Mean Standard deviation Standard error of the mean
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Physical testing

Lamboo Moso

MOE (MPa) o, (MPa) MOE (MPa) o, (MPa)
Mean: 9446 48.1 9688 56.8
SD(o): 516 0.4 650 4.4
Oz 108 1.13 174 1.18
CV: 8569 39.2 8620 495

Values claimed by MOsO fit in standard error of the mean.
Values LamboO can not be confimed or disclaimed.
The wrong marterial was obtained.
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Conclusion

A 12 story building in Lamboo seems technically possible. Although more research is needed, it can
meet fire, sound and structural demand.

If the right context is applied it can be sustainable and could provide multiple story buildings for
dense cities allowing a more sustainable alternative to concrete and steel

However there are still some issues to solve (adhesives, cost, local cooperation)
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Future recommendations

= Connections: FEM analysis structure

= Material: PhySiCCﬂ testing: creep,
delamination fire behaviour and gas
Eemissions.

= Stuctural Physicol testing: vibrations,
building system

= Analysing the building COst within
contfext.

= Sustainability: Possibilities of high-tech
indlustry in Ecuador, Full Complete LCA
study fully adapted to Ecuador, How to

reduce the impact of adhesives, 2 ,
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Thank you




