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Column
(Plybamboo LBL)

Beam
(Glubam Glulam)

1. Elements to be connected

3. Elements aligned and fastened with bolts

Indentation
for faceplate

Slit for
knifeplate Steel
knifeplate

2. Elements sawn to size & prepared
for internal knifeplate connection

4. Hidden and fire-safe connection







A Different Approach To Standardization

Previously, standardization has meant identical. Products are made to identical
specification in a factory assembly line to create a standard product time and time
again.

More recently, however, strong developments have been made in digital manufac-
turing. This entails production by a single or set of robots, that can individually per-
form multiple and more complex tasks. These robots are controlled by software,
which can input different data.

What this means in practice, is that elements can be made to size and/or altered in
any way, without affecting cost. This is because it is not an assembly line requiring
the same step every time. Instead it is a series of computer generated commands,
based on 3D model data.

Geometric Freedom

What digital manufacturing allows, when combined with the right material, is full
geometric freedom, but not at the detriment of production cost. This opens the
door to a host of new types of design, including parametric designs or simply more
complex shapes.

Engineered Bamboo

Engineered Bamboo, like other wood-based products is easily editable. It can be
cut to size at various lengths and angles and can be CNC milled to create indenta-
tions or more complex connections. This material, therefore, combined with digital
manufacturing allows nearly endless possibilities with regards to geometry. More
easily so than with materials like concrete or steel, which can be difficult to alter.




ENGINEERED BAM
COMFORT

Accoustics

Moso Bamboo posesses excellent accoustic proper-
ties, very similar to those of mineral wool. Engineered
forms of bamboo that keep the fibres relatively unal-
terd (such as plybamboo or flattened bamboo), main-
tain these accoustic properties well.

Thermal Comfort
The thermal conductivity of Engineered Bamboo, al-
though not comparable to that of insulation materials,
is good. Not only does this help with the energetic
performance of the building by preventing heat loss,
but it also feels warm to the touch.

Mental Health
Recent studies have shown natural materials such
wood having a positive impact on mental wellbei
and productivity. Applying Engineered Bambi
only in a load bearing construction, but also as a
ishing for users to interact with, can therefo’n‘ﬁ* p
tively contribute to wellbeing.




Flattened

MR Reinforced Concrete. i -
Bamboo Steel (5355) Aluminium Exp.Cork  Norit
€242552 €80200 g +€5692229 + €107004 -€soMs - €86509
Glass (HRH+4)  Min. Wool ~ Gypsum
-€109509 4 +€74169 +€21800
Fiattened Reinforced
MOF rc Glubam Bamboo Concrete  Concrete  Steel (S355) Glass (HR+++) Norit  Gypsum STl
-e2u2552 €M1t -€305.538 €940 +ewigs7  +€232553  +€I66530 +€I4 +€86509 +€21800 3]

Aluminium Exp.Cork  Min. Wool
+€107.004 renogr  +€85978
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SPRING/AUTUMN SITUATION WINTER SITUATION

Climate in The Netherlands

The location's climatic parameters were researched in order to formulate what is
possible with sunlight entry. KNMI and Meteo.be data were used to determine / \ / \
when and how much the building needed to be heated or cooled, as well as the o

months and hours during which it needed to be heated or cooled. Blue months are

those with an average nighttime low temperature of less than 18 degrees Celsius ‘[

and an average daytime high temperature of less than 18 degrees Celsius (stan- 7 e
dard inside temperature). It is critical to have both day and night heating through- S

out these months. Green months have an average nightly temperature of less than ~

18° C but an average daytime temperature of more than 18° C. There will be no ad- : R
ditional cooling or heating required. Yellow months have daily and nightly average Split up South Facade: Increases effective solar entry during morning and evening, reflects intense noon sun Split up South Facade: Increases effective solar entry, reduces loss area
temperatures of at least 18 degrees Celsius. As a result, cooling is required

throughout the day as well as at night.

Facade Tilt

A tilt of 6,5 degrees is applied to the facade. This fully reflects high sun angles of

46 degrees or higher. This angle was chosen because it represents the lowest sun SUMMER SITUATION CENERAL
angle at midday on August 31th (yellow month). As a result, noon sun angles are to-

tally reflected in summer and are partially allowed in spring/autumn and fully al-

lowed in winter. U ——— e
Triangular Shape B i \

The triangular shape’s purpose is to increase the amount of direct sunlight on the QU N

facade plane, whilst also reducing loss area. This is especially important in the blue / i

months, which represent a large part of the year in the Netherlands. The diagrams
to the right show the angles required to get as much sunlight as possible during
the day. The slant of the facade prevents any additional heat buildup this shape : \ \
would cause during the warm months. It is therefore paramount that the two are
used in conjunction.

No Tilt 6,5° Tilt

Facade tilt: Fully reflects high sun at midday Facade tilt: High sun angles are reflected (> 42°). Low sun angles are allowed (< 42°)
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Centroid

The centroid is a geometric property of a shape and represents the exact center
of mass, if the shape were to have a weight. By finding the centroid of a shape and
drawing a line from it, towards all corners and/or all midpoints, the shape is divided
into exactly equal parts. ey M,Q,ua o ST wbw}
What this translates to in a grid system is very efficient weight distribution, very ef-
ficiént wind force distribution and an inherent functional hierarchy that is spatially
very efficient.

Load Bearing Points

The main advantage of using a grid system that is in line with the geometry of

shape, is that the shape itself can form the load bearing structure. This means no

additional beam- and column substructure is needed, and beams can span directly

from facade to atrium.

This creates complete functional freedom on the inside of the building and as such @
enables easy future adaptability.
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Scale Hierarchy

Although not strictly necessary, the choice was made to use the load bearing grid
to define the spatial grid as well. Because of the variations in shape, dimensions
and load bearing points, the grid automatically creates a hierarchy of scale, result-
ing in interesting functional infills. It is made up of triangles of varying depth and
width. Their floor area and the practicality of the shape dictate the type of function
that can be applied.

For example, small triangles are ideal for a studio appartment, while a large appart-
ment could benefit from more facade area.




Apartments
Studio
Social
Medium
Large
Luxury

Office Space
Companies
Flex-spaces

Public
Library
Supermarket
Daycare
Gym

Health center
Restaurant
Small Horeca
Roof Garden
Parking

Routing
Technical

Total

Amount

123

29
50
20

-
N

SN S SN N Ny S

UFA (GBO)

54
7
99
135
225

2272
256
166
255
248
420
88
531
2537

2934
88

Total UFA (GBO)

12034
1026
2233
4950
2700
125

14508
6357
8151

6773
2272
256
166
255
248
420
88
531
2537

2934
88

36337
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Onyx Solar HR+++ transparent BIPV panels
(24Wp/m? LTA=07)

Retrieved from: https./twittercom/onyxsolar/status/1374272125536776193
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Smoke Portals
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Active cooling
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+101.400k Wh / Year

Onyx Solar BIPV panels (1744 m?) Cr\b
+20.928 kWh / Year
| —F—T—T—1 ,
Mechanical ventilation Total energy production/year:
f— 3 +122.328 kWh/ Year 4
o = Enough for + 36% of apartment electric- 3
= ity consumption 2
i EB Rain transported A
~ ks downwards through ]
e = e exoskeleton pipes
Natural cross ventilation 2
by storm-proof tilt & turn T i F
windows i i 2
— - 7 Grey water
= =t ] used for toilets
=| -
— ~ , {
! gy | =3 ] T
o \
— ol 1
| -
s =1 1
| "o Mechanical ventilation in atria | :
ex e = and kitchens/bathrooms ]
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Strand Woven Bamboo

The exoskeleton is finished with Moso Xtreme strand woven bamboo strips. This is
the toughest kind of engineered bamboo and is very suitable for use outside. Over
its lifespan it greys to give it a patina. In the harsh conditions of a skyscraper, it
should be replaced every 30 to 35 years. This is not difficult and does not necessi-
tate any damaging maneuvers. However, it adds ongoing CO2 compensation
throughout the building's lifespan.

Moso Xtreme facade cladding
Retrieved from: https:/awood.ni/gevelparket/moso-bamboo-x-treme-gevelparket/




Bamboo Exoskeleton

The exoskeleton of the building is largely composed of plybamboo LBL, which is
the most efficient type of engineered bamboo for normal loads, because it retains
its original fiber direction. The bracing is composed of glubam, which is engi-
neered to widthstand load in multiple directions. This is due to the bracing being
used at more severe angles and experiencing transverse loads in addition to typi-
cal loads.

Expanded Cork

Expanded cork is used to insulate the bamboo skeleton. This is not only one of the
most environmentally friendly and thermally insulating insulation materials avail-
able, but it also has good moisture-blocking characteristics and naturally repels bi-
ological growth and pests.

Contrast

The strand woven bamboo of the exoskeleton differs in color and strip height from
the strand woven bamboo of the closed facade. This creates a strong contrast be-
tween the two, visually separating megastructure from infill. Because of this visual
separation, when the infill is modified, the architectural image of the structure does
not change dramatically, preserving its aesthetic quality while being exceedingly
adaptable.

Wind

Large sections of the tower are located at a high elevation and, as a result, can be
subjected to significant wind speeds. As a result, inwards oriented balconies were
adopted because, when coupled with the exoskeleton beams, they offer a more
enclosed outside space. This makes the balconies significantly more pleasant
while retaining the open look and feel.

-----
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minated bamboo prefabrication

BN Eirieved from: https:/mcgrawimages.buildingmedia.com/CE/CE_images/2016/May-Lamboo-3.jpg
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MDF
-€242552

Flattened
Bamboo

MOF
€242552 oo

Larch
-€109.509

Fiattened Reinforced
Glubam Bamboo Concrete  Concrete

re
-€im2181 -€305538 -€179470 +E€M1857  +€232553

Reinforced Concrete

+€1.281214

Steel (5355) Glass (HR++) Norit  Gypsum

+€166.530 +~€127124, +€86.500 +€21800
Aluminium Exp.Cork  Min. Wool

+€107.004 venogr  +€85978

Steel (S355)
+€5692229

Atuminium Exp.Cork  Norit

+ €107.004 €805 - €86:509
Glass (HR+++)  Min. Wool ~Gypsum
€274 +€74169 +€21800

building ECO-cost




CONCLUSION ®
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