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Contributing to rising global tempareture

over-cooling

Increasing thermal discomfort due to

Higher energy demand of global housing
sector (For heating, cooling and lighting)

Hi

gher energy demand of global housing
sector due to high emodied energy

A

Increasing dependency on Air Conditio-

Increasing use of modern construction
ning units materials and techniques

The abandonment of vernacular

architecture in the rural tropics

Long term effect

Increasing thermal discomfort in

Lack of skilled
construction workers

Design problems

Modern construction trends

Inflexibility of design and
economic status

Infestation by rodents/insects

Frequent need for repair

Absence of building facilities
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Typical Building Energy Consumption in Tropical Countries
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Global Concrete Block and Brick Manufacturing Market, by

Region
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Contributing to rising global tempareture

over-cooling

Increasing thermal discomfort due to

Higher energy demand of global housing
sector (For heating, cooling and lighting)

Hi

gher energy demand of global housing
sector due to high emodied energy

A

Increasing dependency on Air Conditio-

Increasing use of modern construction
ning units materials and techniques

The abandonment of vernacular

architecture in the rural tropics

Long term effect

Increasing thermal discomfort in

Lack of skilled
construction workers

Design problems

Modern construction trends

Inflexibility of design and
economic status

Infestation by rodents/insects

Frequent need for repair

Absence of building facilities
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Design Criteria Il

Design Criteria |

Design Criteria lll Design Criteria V

Design Criteria IV

Problem statement - Design question - Research question - Design criteria | - Design criteria Il - Design criteria Ill - Design criteria IV - Design criteria V - Design proposal



Design Criteria I Passively provide [adaptive] thermal comfort

Design Criteria Il Fully bio-based

Design Criteria IlI: Buildable with local construction workers

Design Criteria IV: Adaptable to users from different regions

Design Criteria V: Building system that can be implemented throughout tropical climate region
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How can a fully biobased rural dwelling for a tropical
climate be designed that passively provides thermal
comfort, is buildable by local construction workers, and can
be adapted to the specific needs of users/communities

from different regions?
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How and to what extend do bioclimatic strategies in
vernacular architecture provide adaptive thermal comfort
in a tropical monsoon climate?
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Wind Speed (m/s)

city: AMSTERDAM

country: NLD

time-zone: 1.0

source: IWEC Data

period: 1/1 to 12/31 between 0 and 23 @1
Calm for 0.66% of the time = 58 hours.

Each closed polyline shows frequency of 0.6% = 50 hours.
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country: CMR
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period: 1/1 to 12/31 between 0 and 23 @1
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Tropical monsoon climate characteristics

High solar radiation on west, east and horizontal surfaces (constant throughout the day and season)
High average temperature (constant throughout the day and season)
High average relative humidity (constant throughout the day and season)

High precipitation (constant throughout season and increase during monsoons)
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1.Building orientation and shape
2.Solar shading

3.Natural ventilation (cross ventilation (a), stack
ventilation (b), single-side ventilation (c)

4 Natural lighting techniques
5.Light weight construction
6.High thermal mass
7.Evaporative cooling

8.Earth cooling

9.Passive cooling by using color
10.Thermal insulation by material

11.Thermal insulation by design (e.g., well ventilated
attic, double-skin facade...)

12.Passive solar energy

13.Storm prevention

14.Flood prevention

15.Rainwater discharge

16.Moisture and condensation prevention

17.0thers
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Climatic Vernacular house Kerala Vernacular house Bamiléké Vernacular house Piaroa
Feature
Description No. |Image Description No. |Image Description No. | Image
Bioclimatic strategy Bioclimatic Bioclimatic
stratezy
High solar Deep eaves (0,7m) P Absence of
radiation on | and external windows to
west, east verandahs to protect prevent heat
and {wesf) walls from gain on west
horizontal excessive heat gain. and east walls.
surfaces
Opposite roof Use of natural
windows at the ridge toofing
to stimulate cross material (palm
and stack ventilation, thatch) for
that prevents heat against heat high insulation
accumulation. gain. value.
Wood fenestration Small door and
opposite walls to Absence of
Improve cross [ windows fo 9
ventilation prevent salar B
#| radiation
entering the
- building,
High average | Central courtyard Second facade Open facade
temperature | improves natural to protect inmer towards
ventilation by walls from courtyard to
inducing air —— solar radistion naturally
temperature m on west and ventilate ‘
differences. <t 4| east facade. dwelling.
High average | Lifted plinth to ) ovms o e Waffled wall Open facade
humidity prevent moisture s rvereeey, | that allows for towards
accumulating. ! ... | infiltration to courtyard to
—~— = mitigate naturally
accumulated ventilate
heat and dwelling.
humidity.
Heigh room and
ceilmg height (3-5m) e
to vertically stratify A=,
thermal comfort. L
High Deep eaves (0.7m) 0,7m eaves al Multiple drains ¥ -
precipitation | Discharge water around the to manage t \/ j/
improves lifespan of building to larze amounts
window and protect facades of
doorframes. from heavy precipitation.
rainfall.
Steep roof angle (30- o Steep roof
40°) to quickly angle (45-607)
discharge 4 to quickly
precipitation and ] discharge
prevent moisture precipitation
accumulation. and prevent
moisture
accumulation.
Verandahs extemnally
zround the building
to protect walls from
sun and rain.
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1.Building orientation and shape
2.Solar shading

3.Natural ventilation (cross ventilation (a), stack
ventilation (b), single-side ventilation (c))

4 Natural lighting techniques
5.Light weight construction
6.High thermal mass
7.Evaporative cooling

8.Earth cooling

9.Passive cooling by using color
10.Thermal insulation by material

11.Thermal insulation by design (e.g., well ventilated
attic, double-skin fagade...)

12.Passive solar energy

13.Storm prevention

14.Flood prevention

15.Rainwater discharge

16.Moisture and condensation prevention

17.0thers
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Palm thatched roofing - Grass thatched roofing - Clay tile roofing
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Infestation and frequent need for repair, especially in critical areas

™
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Lower insolation value, thus needing additional insolation
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Mud wattle walls — Laterite block walls
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Not compatible with building method
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Economic status, cracks, infestation

Problem statement - Design question - Research question - Design criteria | - Design criteria Il - Design criteria |ll - Design criteria IV - Design criteria V - Design proposal



Problem statement - Design question - Research question - Design criteria | - Design criteria Il - Design criteria |ll - Design criteria IV - Design criteria V - Design proposal



EXPOSED TO NATURAL WEATHERING

15 months

EXPOSED TO NATURAL WEATHERING

15 months

0 months

6 months

0 months

6 months

MATERIAL DESCRIPTION:
natural wood (exotic species from sus-

tainable plantation), planed surface

AVALIABLE ON THE MARKET: X /

ool €EEEE

DURABILITY: T gg{x*;

FIRE RESISTANCE: N @

RECYCLABILITY: CHCICY

MAINTENANCEEFFORT: o/ o o

months o 3 6 9 12 15
CIEL* 634 729 752 764 774 762
CIEa* 87 79 65 60 54 58
CIEb* 233 207 172 168 156 168
gloss 52 82 86 72 74 74

MATERIAL DESCRIPTION:
natural wood (hardwood), commonly
available, finished with wax

EXPOSED TO NATURAL WEATHERING

MATERIAL DESCRIPTION:
natural material, glued composite,

planed surface

AVALIABLE ON THE MARKET: x /

i €EEEE

DURABILITY: t e X’CP‘;

FIRE RESISTANCE: N @

RECYCLABILITY: Sy

MAINTENANCEEFFORT: o/ o o

months o 3 6 9 12 15
CEL* 528 621 635 657 643 634
CIEa* 122 107 90 84 74 81
CIEbL* 273 291 245 252 220 211
gloss 25 28 27 29 30 28

AVALIABLE ON THE MARKET: ¥ {

COST: €EEEE

DURABILITY: ' B &
FIRE RESISTANCE: L) @
RECYCLABILITY: LIy

MAINTENANCEEFFORT: o & o

months o 3 6 9 12 15
CEL* 670 734 723 765 774 771
CIEa* 76 6.9 63 51 45 a6
CIEb* 321 254 221 227 195 166
gloss. 22 24 24 28 28 25

EXPOSED TO NATURAL WEATHERING

15 months

0 months

6 months

MATERIAL DESCRIPTION:
durable softwood with the surfaces car-

bonized with fire, finished with oil

AVALIABLE ON THE MARKET: X /

COST: €€EEE

DURABILITY: T *{X%

FIRE RESISTANCE: o) @

RECYCLABILITY: Ty

MAINTENANCEEFFORT: o & &

months o 3 6 9 12 15
CEL* 248 235 268 332 361 325
CIEa* 01 02 0.7 15 18 1.2
CIED* 03 -02 1.0 44 64 42
gloss 13 13 13 20 24 23
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Design question
Research question
Design criteria lll: Buildable with local construction workers
Design proposal
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Lack of construction system
Nothing is demountable
Availability of construction equipment
No cranes used
Safety
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Design question
Research question
Design criteria IV: Adaptable to users from different regions
Design proposal



Age

Female 30 Male Female Male

Age
Age

20M 0 20M a0M 60M 8OM M 1.5M M 500K 0 500K ™ 1.5M ™ 5M am M M M 0

Population Population Population
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GDP per capita in Kerala was $2,900

GDP per capita in Cameroon was $1500

GGP per capita in Venezuela was <S$1500
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Cameroon

agriculture: 70%
industry: 13%

services: 17% (2001 est.)

India
agriculture: 47%
industry: 22%

services: 31% (FY 2014 est))

Labor force - by occupation

agriculture: 7.3%

industry: 21.8%

services: 70.9% (4th quarter, 2011 est.)
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Nuclear family

It consists of two
parents and children

e E£0 o

“)

L J

Extended family
It comprising of uncles,
aunts, nieces, and nephews
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Grandparent family
Grandparents raise their
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Single parents
A mother or father alone
raises a child
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Childless family
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Stepfamily
Many divorced, separated or
single form new relati
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Nuclear family
It consists of two

parents and children

A EO0 o

A

Extended family
[t comprising of uncles,
aunts, nieces, and nephews
is becoming common

[
' d
Grandparent family

Grandparents raise their
grandchildren

Single parents
A mother or father alone
raises a child

Childless family
The one that chooses to no
have children

Stepfamily
Many divorced, separated or
single form new relati-
onships
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Problem statement
Design question
Research question

Design criteria V: Building system that can be implemented
throughout tropical climate region

Design proposal



Digital production technologies: three principle areas

Generative procedures

also called primary shaping —
describe technologies whereby
a component part is
manufactured from formless
material, e.g. tiny particles.
Transferred to the architectural
setting, larger construction
elements are made from small
individual parts (e.g. 3D
printing).

Subtractive procedures

Subtractive procedures sever
the cohesion of the component
part at the point where it is
processed. Here differentiations
are made between cleaving,
machining and removal
procedures (e.g. milling).

Transformative procedures

Transformative procedures
retain the cohesion of the
material and generate
component parts through a
lasting alteration to the shape
of the unfinished parts.
Generally this allows for the
optimization of their initial
condition (e.g. bending).
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Digital production technologies: three principle areas

Generative procedures Subtractive procedures Transformative procedures
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Subtractive procedures

T2: Overview of the most important subtractive procedures with a comparison of the most important process parameters relevant for the designer Before

commissioning, a comparison of the cost 1ess and any r y finishing is recor ded. The manufacturing of processing templates may be
worthwhile.
CNC punch Lasering Water jat ‘Water jet Nibbling Plasma Milling Milling Robotic
TruPunch (pure) (abrasive) TruMatic cutting 2-axial S-aial lasering
5000 5000 MicroStep Bima 310 HERMLE (ulti- acdial)
csou ABE IRB
dynamic B6505
Material Sheets of Almest all Fubber, plas- Concrete, Sheeats of Conductive ‘Wood, All common All common
eteal, stain- materials tic, foil, tex- harder metals, stzel, stain- metal, raw (Eluminium), types of mate- materials
less steel, tiles, plywood.  glass, ceram-  |ess stesl, materials foam, card- rial including
brass, foam, paper,  ics: alsomulti-  brass, beoard soft plastics
aluminium foodstuffs layared and alumindurm
and copper combination and copper
materials
Matarial Up to & mm A0 mm fiube  Upto350mm Upto350mm  Upto & mm 3000 mm Up to & 700 mm to Dependent
thickness diameter) BpOro. £ 1150 mm an lager
250 mm (with
100 rrem dieill)
Size of con- 2550 % 4000 x 3000 = 2000 = 2800 30,000 = 1450 = & 700 mm to Almost any,
struction part 1280 mm 3000 mm A500 mm 1000 mm 1250 mm 8000 mm 3000 mm £ 1150 mm Arme 39m
3070 = B0 4000 = 3000 = 16830 x Large-scale
16B0 mm 2000 mm 3000 mm 1850 mm 5000 mm mill up to
16 = 2.5m 15 x60m
Spead 1400 strokesd 300 m/min 35 md'min 35 m/min 1200- 2800 & m/min Approsc Up to Dependent
{depending ITiin gtrobiEa)min 10 mimin A0 mimin an lager
on material)
Accuracy = 0.1 mm 0.05 mm 0.025 mm 0.025 mm 0.03- 02-05mm’ 0.1-02mm Very accu- Dependent
0L mm depends on rate, in the an lager
type of mate- H region
rial’shape
Cuslityof it Zhofthe Wery good, Rough to very  Rough to *faof tha Mot & consist-  Ribbed to Very good Depandent
length iz may |eave good wery good length is antly amooth emooth an lager
waste edge behind black waste edge cut surfaces
marks surface
roughnese
Waste caused  Oto 3 mm 0L1-0.5 mm 01 -025mm  1mm Oto 5 mm 0.8-1.5 mm 1 mm, Slight. Dependent
by tool dependent dependent an lager
on the miling o ool in
head to the p
region
Finishing Yes. grinding Dependenton Dependenton Dependenton  Yes, grinding  Yes, grinding  Grinding Mot neces- Dependent
needed the edges the material the material the material the edges sary an lager
Possibla ta no YEE yes YES no yes YES WEE e
parameterize
Geometry 2D 20 (30) 20 2D pin} 2D (30 20 (30) S-axial 3D Mutti-axial (6)
optians fen)
Overall energy 25-50 kW 100 kW 3T kW a7 kW 2550 kW Approm. 80 A 18 kW 20-60 kW Dependent
corsumption dependent dependent an lager
of pump on pump
Control data e.g. duf e.g. duf 20 construc- 2D construc-  eg. df a.g. duf diuf, dhwig, IGES, SEP Dependent
tion data, tion data, IGES, STEP on lager
a.g. def e.g. duf
Interim TrueTops TrueTops Mo, Mo, ToPs 300 Asperiin Imawop e.g. [TNC 530 Mechanical
softwars Laszer plug & play plug & play cut/dependant
on laser
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Subtractive procedures

aarameters relev
wfacturing of pr

Wiood,
{alurminium),
foam, card-
board

Up to
BROrm.

250 mm (with
100 rmemn dirill)
1450 x

3000 mm
1630 =

5000 mm

Approoe
10 mémin

0.1-0.2 mm

Ribbed to
smooth

1 mim,
dependent
on the milling
haad

Girinding
yEs

20 (30

18 KW

dif, dhavg,
IGES, STEF

Imawop
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CNC Milling Different structural systems

Appendix K, PAVILIOEN HUIS TER HEIDE Appendix |, INSTANT-HOUSE Appendix H, WIKI-HOUSE A dix J, HAITI SHELTER
, ppendix J,
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Technical Data G3

Base machine
Dimensions, weight, material

Overall dimensions,

Machine
weight

670 kg / 1480 Ibs

B40 kg / 1855 Ibs

970 kg / 2140 Ibs

1110 kg / 2450 Ibs

BYO kg / 1945 Ibs

1280 kg / 2825 |bs

980 kg / 2160 Ibs

1420 kg / 3130 Ibs

1120 kg / 2470 Ibs

1430 kg / 3155 |bs

Type Working area (D x C) incl. workstation (B X A)
M-1600 1330 mm x 1600 mm / 52" x 63" 2680 mm = 2510 mm / 1067 x 98"
M-2500 1330 mm x 2500 mm /527 x 98" 2680 mm x 3410 mm /106 x 1347
L-2500 1800 mm x 2500 mm /70" x 987 3150mm x 3410 mm / 124" x 134"
L-3200 1800 mm x 3200 mm / 707 = 125" 3150 mm x 4110 mm /1247 x 1627
XL-1600 2370 mm x 1600 mm /89" x 63° 3620 mm x 2510 mm / 143" x 98"
X1-3200 2270 mm x 3200 mm / 89" x 125° 3620 mm x 4110 mm / 143" % 162°
2XL-1600 2740 mm X 1600 mm / 107" x 63" 4090 mm = 2510 mm / 1617 =987
2XL-3200 2740 mm x 3200 mm / 1077 = 1257 4070mm = 4110 mm / 1617 x 1627
3XL-1600 3210 mm x 1600 mm /126" x 63" 4560 mm x 2510 mm / 180" x 98"
3XL-2500 3210'mm x 2500 mm /126" x 98" 4560 mm x 3410 mm /1807 x 134~
3X1-3200 3210 mm x 3200 mm / 126" x 125" 4560 mm x 4110 mm / 180" x 162"
Type max. materialwidth max. materialwidth
cutter with static work surface cutter with material transport
M-series 1610 mm / 63" 1330 mm / 52"
L-series 2080 mm / 81" 1800 mm / 70"
XL-series 2550 mm /100" 2270 mm / 89"
2XL-series 3020 mm /118" 2740 mm /107"
3IXL-series 34%0 mm /137" 3210 mm /126"
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1610 kg / 3550 lbs

Technical data subject to change without notice.



India - Cameroon — Venezuela
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Design Criteria I Passively provide [adaptive] thermal comfort

Design Criteria Il Fully bio-based

Design Criteria IlI: Buildable with local construction workers

Design Criteria IV: Adaptable to users from different regions

Design Criteria V: Building system that can be implemented throughout tropical climate region
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After P2
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Questions & reflection
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