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This graduation report is part of the
Delta Interventions Msc4 and focuses
on my process done during the grad-
uation process of the delta interven-
tion studio. In this studio students are
free to choose their own fascination /
subject in relation to flood risk design
or designing with water.

Within the Delta Interventions studio
there is a strong link in between re-
search and design. From the research
and analyses we will derive insights of
aspects related to flood risk into tools
relevant for water related design.

This report is a research report in
which the debate and flood risk task
in the Parana delta of Argentina is dis-
cussed by research and reflections of
the own design, case studies and liter-
ature. Insight in the topic of flood risk
and its relation to aesthetic and tech-
nical / functional requirements for the
architectural design brief is showed.
Besides an overview of architectur-
al design tools addressing aspects of
aesthetics / technical / functional re-
guirements of flood risk is discussed.

(text partly out the course base of
Course AR3A160 Aspects of water-re-
lated design)

The methodology used in this report
are Case study analyses, Research
by design and research by literature
study.

The report consists out different parts,
all addressing other specific design is-
sues. The major part of my process is
showed in this report
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1. Context



Many coastlines of many countries over
the world consist of Deltas. These Deltas
are a useful vain of transportation. At the
water front of the delta different functions
are situated, harbours, industry and
dwelling in the form of shanty towns and
communities for people with a higher
income. The whole waterline is a scope
of different atmospheres because of the
different stakeholders with their different
needs. A delta which stands in this this
position is the Tigre delta of Argentina.
The Parana delta is one of the biggest
deltas in the world as showed in fig. 1.

In fig. 3 is showed that this Parana delta
is located between Argentina, Uruguay
and Brazil. The location chosen for the
project is the coastal area of the Parana
delta and the Argentine side. The coastal
area reaches from Rosario to Buenos
Aires as can be seen in fig.3.

The Tigre delta is the lower delta of the
Parana delta which is the intercontinental
transportation route from the amazon to
through the border of Uruguay and Ar-
gentina to the Atlantic. For this the area
is an important economical part of South
America.

Metropolisation of the Parana Coast-
line
My interest are these parts of the delta
coastline where new communities are
built due to the metropolisation of the
Parana delta coastline. 75% of the pop-
ulation of Argentina lives in this coastal
area. In the upcoming 50 years the pop-
ulation will even increase with 150%, see
fig.2 This has to do with the economical
movement in Argentina.

Because of the change of livestock hold-
ing to cultivating soybeans in the pampas
area, many farmers leave their land and
move to the metropolitan area of Buenos
Aires and Rosario to find a job in other
sectors. This economic movement, which

important source of the metropolisation
of the Parana delta Coastline. Migrants
moving from areas with a lack of eco-
nomic opportunities to the metropolitan
area. They occupy the cheap, free land
and built their own settlements, fig. 4.
These new communities from the low-
er middle class, have to cope with bad
living conditions. The areas where they
settle are mostly part of the floodplain
area of the Parana Delta which might

be dangerous during heavy rainfall and
harsh South-East winds. The people
built their houses with local material and
do not take the flood risks into account.
With the result that during a flood the
houses will flood and the people will lose
their belongings. For that | think it is very
important to come with a housing pro-
totype which is affordable for the lower
middle class which solve these problems
of hygiene, economic possibilities and
flood risk.

Communities

The last years many gated communities
are built at the coastline of the Parana
delta of Argentina. Building in communi-
ties has its positive sides. | see a com-
munity as a group of people which feel
responsible for each other’s wellbeing.
For that | understand the concept of the
gated community. The inhabitants of the
gated community share some facilities
such as sport or recreational areas. Be-
sides the gate and the security guards of
this community provides safety for all the
inhabitants of the community. But | think
that gated communities increase the
segmentation of cities because with their
fences they separate different part of a
city from each other as said in the Final
Booklet of the Tigre delta made by the
studio of Global Housing. With that they
separate the interaction of the different
group of people which might increase
several problems between these different
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classes of people. | do not agree that

is the perfect way of designing a com-
munity. In the research | made about
communities appendix 1, | separate
different types of communities in gated
communities, communities formed by
routing, communities formed by a cluster,
communities which share a semi-public
space and communities which share a
collective space. The idea of this catego-
rization is that all these communities are
formed by a common aspect. Because
of this common aspects people will feel
responsible for that aspect and with that
they will feel more responsible for each
other.

The counter side of these communities
is that these communities are mostly built
at reclaimed land. For that they changed
the natural layer of the Parana delta.
With dams, dikes and increasing the
land with sand, new land is made. These
gated communities ignore the natural
system of the delta which may occurs
problems for the ecological system of the
delta. During a flood the water of the del-
ta’s rivers might not have enough space
because of reclaims of the land. For that
the river will get out of its slopes and the
urban settlements will flood. The flood
might be even worse than without the
dams and the dikes because the water
can’t get out of this closed area.

Other counter is bad access to and from
the different communities but also the
access to and from the delta. Gated
communities and informal settlements
exclude public access. Some of these
gated communities have their own water
protection in form of a dam or wall. But
instead of protection this only occurs
more risks. A walled gated community
will be more at risk when the water level
reach the height of the wall and floods
the enclosed area. The whole enclosed
area will have more damage than without
wall because the water can't leave. (E.C.



wall because the water can't leave. (E.C.
Penning-Roswell, 1996) Besides dams
might protect a part of the area, but it will
increase problems in other parts of the
delta. An example of this has to do with
the Itaipu dam, fig. 8. This is a hydroelec-
tric dam which regulate the water stream
of the Parana River. But the ecological
and hydrological system of the delta
needs these floods and streams to func-
tion optimal (R.C. Volpe, 2013) Because
of the draught and leak of water, there is
more erosion in the area which damage
the ecological environment. Besides
many fish and mammal species and
plants depends on the dynamics of the
waters of the delta. The dam provides
energy but brings a lot of other ecological
and environmental risks with it.

According to Fabricante twenty-tree new
urban settlements such as gated com-
munities, residential and touristic projects
end extension of the urban environment
are build or planned between Buenos
Aires and Rosario. This pictures the
scale of development in this metropolitan
area and with that need of planning and
design of the new built projects. Now we
come at a second problem, the manage-
ment of the Parana delta. Because the
management of the Parana delta in-
cludes many different stakeholders, from
private till governmental with all their own
responsibilities, the management of this
Parana delta is rather complex. This is
also the reason why there is such a bad
management for this area. The definition
and public awareness of the flood risk

is ignored due to the lack of information
provided by the governments, which
makes the people vulnerable for the haz-
ards. The planning of the flood affected
areas gets political. Local landowners,
industrialists and other stakeholders will
dominate these discussion. The prob-
lem in this area is the bad regulation
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fig. 3., Location, Own work (2014)
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between the stakeholders of the area.
Many stakeholders are involved and
there is not an overarching community
which is in charge of the wellness of the
delta environments. That means that the
delta is not taken care of and not only the
ecological system is in danger but also
the belongings and lives of many people
living in this area (E.C. Penning-Roswell,
1996That means that the delta is not
taken care of and not only the ecological
system is in danger but also the belong-
ings and lives of many people living in
this area (E.C. Penning-Roswell, 1996).
For that | think a good start for the plan-
ning of all these new urban settlements
will be an integral management system
of strategies for this delta between the
different stakeholders. In that way you
explore the diverse interest within a com-
mon delta plan and can research divine
a type of housing development in this
specific delta.

These gated communities are main-

ly build for the higher income class of
Argentina. As said before, there is a de-
mand for social housing for the migrants
of the lower middle class.

Vunerability

The Parana delta is a vulnerable, grow-
ing delta. This means that due to sedi-
mentation of the river new land is formed
in the Rio de la Plata. This new land will
reach Buenos Aires within 80 years ( it
grows 50 till 100 meters a years), fig. 9.
This means new possible opportunities
for the use of this lands. The Parana
delta is a dynamic natural environment.
It changes because of the dynamics of
the changing meander of the rivers and
the sedimentation. This new land means
new opportunities for living in the delta
and its coastal area. At the moment, as
said before, the coastal area is closed
by the informal settlements and gated
communities. No connection to the delta

GATED INFORMAL CITY CORE
COMMUNITIES SETTLEMENTS

DENSITY HIGH DENSITYDENSITY
30H/HA 200H/HA

fig. 4., Settlements, Own work, (2013)
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is provided. If the delta has to be a part
of new living opportunities, this discon-
nection has to be solved first.

Floods

Floods occur frequently in this area (M.
Iriondo, 2004) Because of heavy rain

fall and the Sudestadas, south eastern
winds, the water level increases with al-
most two meters in a hour (ABBA, 2009).
Big parts of the delta flood because of
this, as can be seen in fig.5 and fig. 6.
and fig.7.

Importance ecological system of Para-
na delta

The lower Parana delta is a wetland of
17.500km2 fully consisting out of fresh
water. The floods from the Parana
Rivers, the Uruguay Rivers, the local
rainfall and the storm surges from Rio
de la Plata dominate the hydrological
regime of this area. These flood pulses
are the most important for the ecological
system of the Parana delta. This delta

is the habitat of a rich biodiversity and
has many ecological functions fig. 12.
First the delta is a flood buffer during the
floods pulses. Besides the delta functions
as a water purification system, heavy
metals, nitrogen recycling, degradation
of organic compounds is all done by the
delta which function like a big kidney as
Rodrigo Castro Volpe likes to describe
in his master thesis. The third service
of the delta is its primary productivity

of vegetal biomass (made out of CO2,
which is one of the sources of the global
warming) and carbon storage. As said
the delta is the habitat for many species,
such as fishes, bees used for apiculture
and native forests. At last the delta is
used for other activities fishing, hunt-
ing, forestry and cattle ranging are the
main activities in this lower delta. But
the activities of the man are a threats to
these ecological functions. Infrastructural
works such as dams, dikes, waterways
and roads influences the water velocity

ARl 3, 2007

o AD Ky
mr 0

Jcmcry 13, 2007
Fig. 5. Floodplain Parana delta, NASA, (2007)
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The flood risk of the delta is because of the high
amount of rainwater, some 1207 mm with a max-
imum of 1984 mm and a minimum of 197 mm
which is quite high.

Timing of floods

Inter annual floods - 17-8 year cycle floods and
ENSO (every 100 year)

In Buenos Aires difficult to predict precision
location flood by rain--> intense rainstorm and
Sudestadas (overflow drainage system) -->
Combination is maximum risk hypothesis

fig. 6., Own work, (2014)
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fig. 7.2., Enrique Marcarian/Reuters, (2013) fig. 7.3., EFE, (2013)
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and the sediment transport by the river.
The erosion and the drainage system of
the wetlands are affected by this infra-
structural works. Another threat is the
pollution of the industries. They release
the wasted water directly in the channels,
this may kill many species which influ-
ence the ecological system of the delta.
Also the intensification and expansion of
the current wetland affects the ecologi-
cal system of the delta. By draining the
wetlands big parts of habitats of many
species disappear.

That is why | state that this ecological
system must be understood by the inhab-
itants of the delta and must be recog-
nized. That also includes the importance
of the integration of the importance of
the delta in the building projects in these
delta areas.

All by all it is important that while making
communities in a delta some aspects

are taken into account. The communities
must be affordable for the lower middle
class, there must be common facilities so
the social control is guaranteed and the
ecological system must be recognized
and understood by the inhabitants.

Recommendation

My position in this topic is that due to

the pressure at the delta landscape new

communities for the lower middle class is
needed in the Tigre delta and these new

communities must recognize the ecolog-
ical and hydrological system of the delta

to be a sustainable community.

My recommendation for the design re-
search is as follow. The research ques-
tion for the graduation is:
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fig. 8.1., Parana delta waterworks, own work (2013)

fig. 8.2, Itaipu dam, Usmanawan68 (2014)
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How to reavaluate housing for the lower
middle class as a densify area in the eco-
logical important Parana delta of Argenti-
na as a part of the metropolisation of the
coastal area between Rosario and Bue-
nos Aires?

For that | will design affordable housing
for the lower middle class. This prototype
housing is a cluster of houses which
forms a community of households. This
prototype for a community includes com-
mon facilities which makes the habitants
feel responsible and increase the social
control of the community. These common
facilities consists out a public building
and collective and public outdoor space.
Besides the public building make the
area also accessible for outsiders, in this
way segmentation will be minimized. This
public building can diverse with each
community, you can think of a school,
space for manufacturing, cattle holding
etc. The public outdoor area is a de-
signed outdoor space which has as main
goal to make the habitants aware of the
ecological dynamics of the delta.

The prototype dwelling will cover the
primary needs of a household, there will
be space left over which people can fill
in by their special needs. In this way the
living conditions are much better than

in a shanty town, and the people might
change their property during time as
wished. To come with a proper design |
used sketches, models and animation
models from sketch-up. In this way | re-
searched the possibilities of the form and
the space these forms left for expansion.
Besides the communities must adapt
and recognize the changes of the delta
in the different part of the delta with their
different environments. These different
environments must be explored, for that
| researched with help of the Wetland

fig. 9. Growing delta, Own work, (2014
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society of Argentina. With them | found
out what to take into account while build-
ing in these different parts of the delta.
The houses may not flood during heavy
rainfall and south-east winds from the
Rio de la Plata. For this research about
differetn building prototypes is done and
can be found in the following chapters.
For the houses ecological materials will
be used. Research of the possibilities of
ecological materials and local materials
by references is done and can be found
in appendix 2. By designing the com-
munities with ecological materials, the
ecological system will be harmed less.

The connection with the continental
coast is also a key factor in this system.
By increasing the connection with the
continental coast, the connection to and
from the metropolis is provided. By mak-
ing such connection possible the com-
munities must include a harbour for their
boats. Besides the communities must be
connected with each other by a spatial
plan. For this is will make a proposal,
but since | am an architectural student |
will concentrate me at the forming of the
houses and the community as a whole.

For this design | have chosen a pilot
location. This Pilot location is the former
Peurto de Frutos and amusement park.
This location is located at the continental
coast surrounded with urban tissue. By
making the former amusement park part
again of the wetlands, by reintroducing
the wetlands, the people who will live in
this location will be made aware of the
ecological system and its importance.
The houses built their have to cope with
these changes of the wetland and will so
be a good pilot location for the housing
in the delta. The houses will be test in
three other location in the delta. In this
way | will be sure these housing may be

implemented all over the coast of the
delta, as my concept suggest. In this way
| also will be aware which specific parts
of the communities have to be flexible

in order to make it suitable for all the cho-
sen locations. The research can be found
in the analyses chapter.
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fig. 10., Diagram problem statement, Own work (2014)

16 Delta Interventions Graduation Booklet, N.Y. de Korte 2013-2014

WHY IS THE ECOSYSTEM OF THE WETLANDS SO IMPORANT?

: O
em

Livestock movement the cattle affects the
natural environment of the delta. Their faeces
produces soil and water pollution. Besides,
the soil of the slopes get loose because of
the grazing. This occurs erosion at the river
slopes, which at itself may occur flooding of
the wetlands.

Economic movement the population at the
border of the Parana delta is increasing. Bue-
nos Aires and Rosario are still growing. Also
new settlement are built.

Flood pulse Tides of the Rio de la Plata,
Flood of the Parana-, Gualeguay-, and Uru-
guay river and Local precipitations are the
sources of the floods of the wetlands of the
Parana Delta

Urban settlements new, none plan urban set-
tlement are built in the Parana delta. Because

\ of the reclamation of the land, the water in

the wetlands can't flow. The flood pulse of
the wetlands is the most important and most
biological productive feature of the ecosystem
of the wetlands

Dams at the higher delta destroy aquatic hab-
itat and is the source of flooding of 100.000
HA of land.



& Wedands Intenafonal - Fundacifn Humedales

fig. 11., Diagram ecological importance, wetland international (2008)
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2. Position, Aim and
Research Question



My position responds to the pressure of the
delta coastline. It focalizes on the needs of the
lower middle class. Under this perspective
new communities must recognize the eco-
logical system of the delta to be a sustainable
community. Within the consideration of the
re-accessibility of the coastal areas and of the
connectivity with the metropolis.

By making people aware of the dynamics

of the ecological system people will respect
this natural environment more, they will feel
responsible for its wellbeing.

By giving people power over their own hous-
es, by make it possible to expand it if wished,
people will indicate their self with their

living environment which makes them more
responsible for this environment. In this way
the community will be a liveable area with
social control. Which will make the location a
safe and healthy place to live.

How to revaluate housing for the lower
middle class as a densify area in the
ecological important Parana delta of Ar-
gentina as a part of the metropolisation
of the coastal area between Rosario and
Buenos Aires?
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3. Analyses
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.

For this report four different waterscapes
with their own characteristics are de-
scribed. A case study design is imple-
mented in these waterscapes to describe
the influences of the water and flood
characteristics. Different aspects of the
design will be transformed as such that it
will be adjusted to these different wa-
terscapes. The delta waterscapes used
for this assignment are the continental
coastal area, coastal area of the inner
delta, the new land by sedimentation of
the river and the coastal area of Rio de la
Plata, see fig. 4.1

Fig. 3.1 The waterscapes, Nienke de Korte, (2014), underlayer: google maps, (2014)




The chosen design is a social housing
project called Quinta Monroy located in
Iquique, in the north of Chile. In this pro-
ject the affordability of the houses were
the leading topic. The Chilean govern-

ment asked the architectural bureau of

Elemental to redevelop the illegally used
Quinta Monroy area of 5,000sgm and
host the same 100 families in there. This
didn’t not work out but they still made a
nice, expandable design for this side.

After a short analyses, which partly can
be seen in fig. 3.3. the conclusion of this
building is as following.

The construction of the house is of prefab-
ricated concrete blocks, fig. 3.2. A building
block consist out of five dwellings. Each
dwelling is half built, that will say that the
owners can expand their houses to a
dwelling twice as big. The connection to
the upper dwellings are by a stair in front
of the building.

This design is used in the rest of the re-

port to reflect the needs of building in dif-
ferent waterscapes

Fig. 3.2. Quinta Monroy, Cristébal Palma

:
@) RouTING
@) UNDEFINED SPACE L
WEATH CELLS & y
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PISO 3| 3rd FLOOR

Fig. 3.3. Functions Quinta Monroy, Nienke de Korte , (2014)
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waterscapes of
the Parana Delta

Fig. 3.4. Floodplain coastal area, Nienke de Korte, (2014)
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Parana Delta

The first waterscape is the coastal
area of the Parana delta. This specific
place is located in the municipality
of Tigre, in the north west of Buenos
Aires.

This area is part of the Rio Lujan. This
river is mainly used for small trans-
port and recreation. It is also the river
that gives access to and from the delta
and Buenos Aires. These transport
boats originate small waves but are
not of a big impact.

Because of heavy rainfall and south
eastern winds flooding occur in this
area. The water level can increase
with almost two meters an hour. This
means that this coastal area will flood.
Besides the drainage system of the
city flows through this area. This
increases the flood risk. Also parts of
this area are closed by gated commu-
nities and dams, this moves and in-
creases the flood risk to other coastal
areas. fig. 3.4.
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Versus
chosen object

To reflect on this situation, the cho-
sen design must replace a part of the
urban context at the coastal area. In
this case the impact of a major flood
in this area with the chosen archi-
tectural object is showed in fig. 4.2.
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Fig.3.5. Facade Quinta Monroy, Nienke de Korte , (2014),
underlayer: elemental, (2003)

Problem
statement

In fig. 3.5. can be seen that the
dwellings at the ground floor will
flood during a major flood in this
location. this means that 2/5 of he
whole area cant be used during a
flood. This same amount of house-
holds will lose their belongings in a
flood. Because these floodings occure
frequently, a sollution must be found.

]

Fig.3.6. Facade Quinta Monroy and fl

underlayer: elemental, (2003)

Goal

The design must change in a way
people are safe in their house during
a flood and will not be harmed by the
rising water, fig.3.6. The construc-
tion of the house and its materiali-
sation must be off use in this water
environment. Besides the access of
the building will change. Here for

a solution has to be found as well.
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Rising water level
Versus
architectonical
object

Fig.3.9. Houses lifted with stairs, Nienke de Korte, (2014)

Lifting the house by poles

By lifting the house by poles the
houses rise above the maximum water
level, fig.3.7. This is a static solution,
that means that if the water level will
rise even more, the house cannot
adapt this higher level, fig. 3.8.

For the access of the houses stairs are
needed, this makes the access more
difficult, fig.3.9. A solution might be a
lifted street along the area which can
be reached by a slope, fig.3.10.

Fig.3.7. Houses lifted by poles, Nienke de Korte, (2014)

Fig.3.8. Houses lifted by poles major flood, Nienke de
Korte, (2014)
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Fig.3.10. Houses lifted and slope, Nienke de Korte, (2014)

By lifting the house they get another
architectonical character. By rising
the houses views under the houses
are possible and with that connection
with the environment as can be seen
in fig.3.11. These areas can be used

if there is no flood by the people as

a shade area on hot days. But with a
high density of these kind of houses
these area might pauperized and not a
nice place to be.
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Fig.3.11. Connection environment, Nienke de Korte,

(2014)



‘ Rising water level
o Versus
architectonical
object

Amphibious housing

By making the houses amphibious
they will rise with the water if there
is a flood, fig.3.14. and fig.3.15. The
houses always be lifted from the
ground because of the foundation. It
is possible to let the foundation sink
into the ground but this might fill
itself with durt during a flood and
occure problems. The foundation of
these houses (taken the chosen object
as example) will be 1.2 meters high.
This is because of the weight of the

Fig.3.12. Amphibious, Nienke de Korte, (2014) Fig3.13. Amphibious flood, Nienke de Korte, (2014)

Fig.3.14. Amphibious path, Nienke de Korte, (2014)

Fig.3.15. Amphibious platform, Nienke de Korte, (2014)

object by for example using light ma-
terials such as wood, bamboo or plas-
tic, fig.3.16., this foundation might
me thinner and an easier access will
be possible. During a flood the access
is only possible by boat or a floating/
amphibious path. It is also possible

to make big amphibious platforms,
fig.4.15. In this case areas around the

houses are accessible as well during a
flood.

27



_ N
Rising water level

versus
architectonical
object

Solid houses/changing materials
It is also possible to make the dwelling
waterproof by excluding facade open-
ings until a height of 2.5 meters. The
materialisation must be waterproof, is
said must not be affected by the water
of a flood.

The architectonical object is of
concrete. Strong concretes are not
harmed by water. But if it is porous, it
will be affected by the water. Besides
the steel reinforcement in the concrete
will oxidize and loose its strength

Fig.3.17. solid first floor, Nienke de Korte, (2014)

Fig.3.19. New plan, Nienke de Korte, (2014)

It is important in this case that the
materialisation of the building is clad-
ded or impregnated with a waterproof
material. The access of the house au-
tomatically will move to the first floor.
This makes the access to the ground
floor impossible without changing the
whole concept and floor plan of this
object. The most important change in
this case is the aesthetic of the ground
floor what will not have openings and
be of a solid material and the infill of
the floor plan as such that the dwell-
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Fig.3.18. new acces ground floor Nienke de Korte, (2014)

If the facade openings are excluded from
the ground floor facade, the access to the
ground floor must be provided from the first
floor. In this diagram, fig. 4.17. and fig. 4.18.,
| implemented a closed entrance. In either
cases of having the access at the first floor,
the houses at the first floor will lose space to
expand their houses.

A possibility is to have all the houses, and
with that the entrances at the first floor. In
that case the ground floor can be used as
possible expansion area and will me accessi-
ble by an indoor stair. In this case the whole
floor plan of the design must change, fig. x. is
an example of this change. The building has
a gallery at the first floor. In this case all the
access to the houses are at the first floor.

ings at the first floor are accessible
during flood as well. An indication
can be seen in fig. 3.19.
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LThe i inner part of
the Iower Parana
Delta

This part is directly influenced by
the tides of the Rio de la Plata River.
This tides can reach 3 meters during
the Sudestadas (strong south eastern
winds and heavy rainfall) the islands
are stable and are the habitat of many
species. As can been seen in the sec-
tion in fig. 3.20 the islands are sur-
rounded by a small hill with different
trees. In the inner part of the island
is lower and mainly covered by reed.
These monospecific groupings of reed
eventually will form solid floating
parts which can be used as refugees
for species during a flood.

~ waterscapes of
the Parana Delta

.
‘hdlli‘

Fig.3.20. Inner delta, AABA , (2008),
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Versus
chosen object

Fig. 3.21. New plan, Nienke de Korte, (2014)

Problem Goal

The design must change in a way
statement people are safe in their house during
In fig.3.21. can be seen that the a flood and will not be harmed by
dwellings at the ground floor will the rising water. The construction
flood during a major flood in this of the house and its materialisa-
location. This means that 2/5 of the tion must be off use in this water
whole area can’t be used during a environment. Besides the access of
flood. This same amount of house- the building will change. Here for
holds will lose their belongings in a a solution has to be found as well.

flood. Because these flooding occur
frequently, a solution must be found.
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Inner delta
versus
architectonical
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Fig.3.23. Foundation of reed, Nienke de Korte, (2014)

Use of natural environment as
flooding defence

The monospecific groups of reed can
be used as an amphibious/floating
foundation. This is not a new, for ex-
ample in Peru they are using the reed
as a floating foundation at the lake,
lago titicaca as seen in fig.3.22. In this
case the object has to be very light
weighted. That can be done by using
other materials than the concrete. The
problem with using reed as floating
foundation is, that it rots easily. The

Fig. 3.22. Lago Titicaca, Nienke de Korte, (2008)

Fig.3.24 Cradle to Cradle, Nienke de Korte, (2014)

owners of the house have to repute
reed all the time at the foundation
since the reed beneath the foundation
rots away. At the other hand, this
kind of foundation is really affordable
and of no harm for the environment.
It fits beautifully in the concept of
cradle to cradle. fig.3.24
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waterscapes of

t h e Pa Frand De Ita This part is directly influenced by
the tides of the Rio de la Plata River.
This tides can reach 3 meters during
the Sudestadas (strong south eastern
winds and heavy rainfall). In fig.3.25
the section of this area is showed.
The difference with fig.3.23 is clear,
in fig.3.25 this area is covered by
depositions of mud by the river and
the so called young islands which are
growing in front of the existing delta
islands. In this section the intense
processes of the succession of ecolog-
ical change that triggers the replace-
ment of species that are linked to the
expansion of the delta emerged or
submerged, extending from the bot-
tom of the estuary are recorded.

—

Plantacion de Bosque
(Alamos y Saloes dﬂi Cardazal

Ju
| rlesf i
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Fig.3.25. Young delta, AABA, (2008)

33



Versus
chosen object

Fig.3.26 Situation young delta, Nienke de Korte, (2014) Fig.3.27. Situation flood young delta, Nienke de Korte,
(2014)

Problem Goal

The design must change in a way
State me nt people are safe in their house during
In fig.3.26 and fig.3.27. can be a flood and will not be harmed by
seen that the dwellings in this the rising water. The construction
delta waterscape will flood up to of the house and its materialisa-
the first floor due to the rise of tion must be off use in this water
three meter during a major flood. environment. Besides the access of

the building will change. Here for
a solution has to be found as well.
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Fig.3.28. Foundation principle, Nienke de Korte, (2014)

Lifting the house by poles ad
amphibious housing

Two possible solutions to cope with
the changeable and not yet settled soil,
is to build at poles or to build with an
amphibious structure. The foundation
has to reach the deeper, settled soil

to avoid the structure to bent over if
the water level in the ground changes.
Probably an even more convincing
way of building in this environment
are moveable houses, fig.3.28. In this
environment these houses should be

17 T : ‘ﬂ ‘ ’“
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made as such that they are moveable
over water since there are no roads

using springs the in this poles the
foundation will be equally levelled all
but just waterways. In this case the the times.
foundation of these houses must

be moveable or replaceable as well.

Because for amphibious houses the

object must be lifted from the ground

a little to let the rising water get under

the building the floating foundation

must be designed as such that the wa-

ter can get underneath it. in fig.3.29

an idea is showed how the poles are

integrated with the foundation. By
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Fig.3.30. Infografia AABA, (2005)

tthe coag_tal area.of
Rio de la Plata

The fourth waterscape is the coastal
area of Rio de la Plata, in front of the
capital of Argentina, Buenos Aires.

This area is located in Rio de la Plata.
This mouth of the Parana delta will
end in the Atlantic Ocean. Here the
Sudestadas winds are the most in-
tensive winds and can reach up to 75
to 90km/h. The result is the increase
and decrease of the water level and
flooding of the coastal area of Buenos
Aires. Winds of 20 to 50 km/h can in-
crease and decrease the water level by
1 meter. The Pampean winds (winds
from the southwest) do have the same
effect. Besides the tides of the Atlantic
Ocean influence the water level of Rio
de la Plata. But this is influenced by
the winds. 67% of the time the water
level amplitude is between 0.3 and
1.29m, however with intense winds
this can decrease to 4.06 and increase
to 4.16 meters.

In this area there are waves with

an amplitude of not more than one
meter. The highest waves, at the outer
part of the river are 0.6 meters. In

the inner part the wave's reaches 0.3
meters. The winds that originate the
highest waves are coming from the
east (from the pampas) the waves
with the least impact are coming from
the east-southeast.

This strong winds and fluctuating
water levels influence the design.
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la Plata
Versus
chosen object

Fig.3.40. Situation coastal area Rio de la Plata, Nienke de
Korte, (2014)

Problem
statement

In fig.3.40. can be seen that this wa-
terscape is a wetland within normal
circumstances covered by water pools.
The dwellings must adapt this existing
water. Besides strong winds originate
waves and high water levels, fig.3.41.

Goal

The design must change in a way that
the dwelling in the normal weather
circumstances can live with the ex-
isting water. During heavy winds and
rain the people must be safe in their
house. The construction of the house
and its materialisation must be off use
in this water environment. Besides
the access of the building will change.
Here for a solution has to be found.
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Fig.3.41. Flood situation coastal area of Rio de la Plata,
Nienke de Korte, (2014)






Coastal area Rio
de la Plata
vVersus
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Fig.3.42. Wind and waves, Nienke de Korte, (2014)

Change the facade

To make this object water and wind
proof some changes has to be made.
First the orientation of the building
makes sense in this environment.

The strongest winds come from the
southwest and the south east, the
biggest waves come from the east and
the east south-east, fig.3.42. To pro-
tect the houses as much as possible
for the winds and waves, the facade
must have as less as possible openings
in these orientations, or the openings

well during these strong impacts. The
shore is situated at the west. Looking
at the design, the front of the build-
ing better faces the west to make a
better connection and to protect the
people from waves and winds when
they enter their houses. In this case
the backside of the building faces
the strong winds and waves and will
be a more closed facade to protect
the interior for the winds and waves,
fig.3.43. In fig.3.46. the Torqueay
house is showed. Here the facade is
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Fig.3.43. orientation houses, Nienke de Korte, (2014)

protected by total closed facades to
protect it for storms. The existing
materialisation of the chosen object,
concrete does fit in this scene.

At the other hand this side of the
building has a nice view over the

Rio de la Plata. A solution might be

to make openings in the facade but
make an implementation that closes
these openings very well during waves
and winds.



1 Strong winds and
waves
versus

architectonical

object

Fig.3.44. Current back facade, Nienke de Korte, (2014)

Fig.3.45. Closed facade, Nienke de Korte, (2014)

An example of this is showed in fig.3.47. In the Feanor
Cottage moveable panels are used. Because the facade has
to cope with winds and water, the materialisation of the
building must be strong and water and windproof. In the
Feanor cottage these panels are made of perforated metal
screens. In this case there is still a view from the inside out
but the cottage is protected against winds and rain. These
two sollutions are implemented in the design in fig.3.45.
and fig.3.48.

M| [OF] [@D
M| (m |m
mi [

Fig.3.48. Facade Panels, Nienke de Korte, (2014)

Fig.3.46. Torquay house, Derek Swalwell, (2012)
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When building in a waterscape it

is important to analyse the charac-
teristics of the waterscape and the
characteristics of the water during
an environmental change such as a
flood. As can be seen in this report,
the four different waterscapes diverse
even they are all part of one delta
system. No part of a delta is the same,
that means that none design in such
a delta can be the same without good
research and analyses.

To reduce the costs of loses by flood-
ing I recommend that new built urban
tissue in this delta will be well consid-
ered. The risk of the changeable envi-
ronment of water, soil and strong cli-
matological changes, can be reduced
by designing with take these changes
into account. The outcome will be
flexible objects which can adapt these
changes. This can partly been done

by building the objects on studs or to
make them floating or amphibious, all
depending on the specific delta water-
scape with their own challenges.

For this delta specific I recommend to
build amphibious and demountable
objects. This because this environ-
ments knows a lot of changes by the
characteristics of being a growing
delta and because of the heavy rain-
falls that occurs floods. In this first
case it might be necessary to move the
building to another location. In the
second case the house must adapt the
rising water that can be done by an
amphibious structure.

In the chapter research typologies
litlle more research is done about dif-
ferent typologies. Not only the build-
ing type but also the materialisation is
of importance. Water proof material
must be used for these parts of the
object which are in connection with
the water to make the live spam of the
object longer and the objects more
sustainable.

And because of the heavy winds and
rainfalls the facade opening are a
design challenge as well. They must
be protected against the elements to
make the object a safe living environ-
ment.

The waterscape of a delta is a dynamic
environment and with that designing

in such an environment is a challenge
for every designer.




housing

This part discuss the possible water
management strategies in a dynamic
delta environment. The delta is an
economic, ecological and hydro-
logical important area which has to
deal with many problems due to the
human hand (Volpe, 2013). Because
a delta is a dynamic water area with
risks of flooding, it is important that
the inhabitants are protected against
flooding. People from the lower mid-
dle class still built their houses at the
coast of the delta because these areas
are mostly unused and cheap land
because of the risks of these areas.

It is important that these people get
aware of the risk of this area and live
in a safe environment. That is why in
this chapter the different water man-
agement strategies and prototypes of
water resistant housing is researched.
The research question of this chapter
is:

In what ways housing can be designed
as water resistible housing in a dy-
namic water environment?

This question is answered in the up-
coming sections. First a brief explana-
tion of the effects of a delta by using
journals of delta experts, like Volpe,
Baigun, Fabricante and Kandus. The
second section discuss the ways of
water management also supported by
literature of Bowker. The third section
discuss the different water resistant
prototype housing such as pillar

houses, floating houses and amphibi-
ous housing. Here for literature from
experts such as Boo, Mongkonkerd,
Hirunsalee, Kanegae and Denpaiboon
is used, besides references of build
prototypes are discussed. The litera-
ture of these chapters and the refer-
ence projects is be compared and put
in conclusion.

2 The delta environment

Many deltas are used for agriculture,
water transport, industry, recreational
and residential use. Because of this
the ecological system of the delta is
disturbed, problems in a delta are

the pollution of the water, the infra-
structure such as dams and levees and
the privatization of the coast. These
elements are the reason the ecolog-
ical end hydrological systems of the
wetlands are in danger (Volpe, 2013).
There still is a high demand for hous-
ing for the lower middle class in these
areas. But living in a delta area might
be a risk. A delta is a changing natu-
ral environment due to the changes
of the water streams and the seasons.
Because of the segmentation of the
rivers new land is created and because
of the erosion land disappears. These
are the causes of the consequently
change of the delta environment.
Besides the delta is a wetland. These
wetlands are exposed to tides and
floods caused by heavy rainfall and
strong winds out of the ocean and
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river streams. (Fabricante et al., 2012)
This means that building in such an
environment might be a risk. While
building in a wetland you have to

take the change of the water and the
soil into account. Nevertheless, so far
these risk are not taken into account
in the built environment of many
coastal areas of wetlands. Mostly the
urbanization of the coastal wetlands is
done by the habitants themselves. The
housing are slums and not suitable for
floods. Other communities construct
dams and levees, which just makes
more risks of flooding as be explained
in section 3.

3 Water management

The Dutch, are coping with flood risk
since 1000 before Christ. They built
dams and dikes, made levees and
windmills to pump out the water to
create land. But these interventions
might not always be the solution to
control the water and its flood risk. As
said in the introduction, these control
of the water is bad for the hydrology
and the ecology of the delta. The delta
is the natural habitat of many species.
It is also a water purification system
(Baigun et al., 2008). Nevertheless
people want to live in a safe envi-
ronment, protected by the possible
floods. In this chapter a view of the
possible ways of water management is
explained.



3.2 Flood preventing management
At a bigger scale flood management is
done by constructing dams and dikes.
These dams and dikes keep water out
of the land. In this way people can live
safely at dry land. A great example of
that is the Afsluitdijk in the Nether-
lands. This dike, part of the Waterw-
erken, separates the North Sea with
the inner land of the Netherlands.
With this dike, the land will not flood
during a storm. Excluding the water
from the natural delta also has side
effects. By keeping out the water, the
ecology and the hydrology of the nat-
ural environment change drastically.
With that the natural habitat of many
species is lost.

3.3 Temporary water management
Besides the infrastructural way of
flood preventions, there are other
ways to protect housing for floods. In
her article “Making properties more
resistible to floods”, Bowker describes
several ways of flood protection. She
describes the sandbag as the tradi-
tional way of flood protection (Bowk-
er, 2000). These sandbags are placed
at the fagade openings to stop the
water from entering the building. The
sandbags are not sustainable, they are
not reusable ant they can leak. Besides
they are very heavy. Bowker catego-
rizes local protection in three sectors;
temporary and demountable barriers,
removable barriers and materials and
techniques that minimise damage

from floodwater. These categories
are based on the relation of the route
of the flood water or of the property
itself.

3.4 Temporary and demountable
barriers

Examples of temporary barriers are
filled container with permeable or
impermeable liner, air- or water- filled
tube, free standing flood barrier, flood
barrier with frame, panel barrier with
frame and panel barrier with rigid
lengths. Temporary defences can be
used to add height to existing barri-
ers or to protect small communities
during a flood. Demountable barriers
need more time to be installed so they
can only be used if there is sufficient
warning time. It consists out of light
weight metal profiles supported by
posts.

Removable barriers seal the proper-
ties doors, windows and airbricks.
Examples of these barriers are flood
boards and airbricks which are used
for all fagade openings such as door-
ways en window openings. These
walls have enough strength to protect
the property for floods up to 9 meters.
But they are only of use if the boards
are intact and if the water cannot
enter the house through the floor or
drainage system.

3.5 Architectural influences
More integrated flood protection in

architecture might be external walls
made out of flood resistible materials
such as solid masonry, cavity walls,
timber framed walls and half timer
framed walls. Water-resistant coatings
and paints help prevent for flood as
well. The coating should be placed
500mm abode the expected level of
flooding.

4 Architectural typologies

As might be clear, flood occurs a lot
of damage in properties. In an archi-
tectural point of view, a better way
than protect the property with tempo-
rary water management or dams and
dikes, which sometimes even are the
source of flooding, is to create hous-
ing which are flood proof. This part
discuss three types of so seen flood
proof buildings; pillar housing, float-
ing housing and amphibious housing
and compare these prototypes with a
solid building, fig. 4.49

4.1 Pillar housing

These housing, protected by flood by
lifting them with pillars, is an ancient
way of building. In many areas all
over the world people try to pro-

tect their property by living in pillar
housing. In the research made by
Mongkonkerd, Hirunsalee, Kanegae
and Denpaiboon, the damage made
by flood in Thailand by pillar housing,
one storey housing and two storey
housing are compared by the average
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time and the damage of the physi-

cal structure of these three housing
types. It happened to be that the pillar
housing suffered the less of the flood
in these three categories (Mongkonk-
erd et al,, 2012). Pillar housing is a
suitable building type in a flood zone.
But, in the case of global warming,
the water level rise even more in the
upcoming years. Pillar houses are
aligned with a certain water level, in
the future this level might even be
higher, than the pillars are not high
enough and the house shall flood. So
in the short term this architectonical
typology is a good solution for flood-
ing, but at the long term it might not
be sufficient. fig. 4.49.

4.2 Floating housing

A second architectonical typolo-

gy of flood resistant housing might
be a floating house. This typology,
originally built by people from the
lower classes (Rijcken, 2005) such in
Vietnam, Peru etc., now is also seen as
a possible solution for flooding (Boo,
2005). During a flood the floating
house rises with the water level. This
might make floating housing suita-
ble for flood risk areas. Nevertheless
this flood proof typology also has its
counters. The platform used for float-
ing is minimal one meter under the
water. When the topping gets heavier,
the deck sinks even more. When you
are building in an area with shallow
waters the deck might rest on the

soil. If this soil is non uniform, the
deck might crack and the construc-
tion might sink. Deeper waters are
needed when using floating housing
(Boo, 2005) Rijcken states that if

you make floating islands instead of
floating houses the deck is unsinkable
(if made by Styrofoam foundation),
there is more outdoor space and it is
more stable (Rijcken, 2005) It is also
recommended that the construction
of the building is as light as possi-
ble, for that wooden construction is
recommended. Besides the construc-
tive side of floating housing, floating
housing also might occur problems
as planning permissions, mortgages
and insurances while floating housing
possibly are no part of the real estate.
Many countries, where among the
Netherlands, do not have clear ad-
ministrative options for living on the
water. This makes the new innovative
way of living visibly more difficult
(Boo, 2005).

4.3 Amphibious housing

The third described option for a
prototype in this paper is amphibious
housing. The construction of this kind
of housing is founded with pillars
which works like a car antenna (fig.
4.50). During a flood the deck under
the house is lifted up by the water, the
antenna like pillars keeps the con-
struction in place. When the water
level reduces, the house gets down
with the water level. In this way the
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is protected for flooding and will not
break, like a floating house, when it
touches soil. This is a suitable solution
for flood risk areas. A nice refer-

ence are the Maasbommel houses by
Dura Vermeer Architects (fig.4.51).

A possible counter is that the houses
are founded and because of that not
moveable.

fig.3.51, Maasbommel (friederike de Raat, 2007)



fig. 3.49, Nienke de Korte, (2014)

The solid building can be a construc-
tion that has the possibility to be high
and increase with that the density

of the area ( more people per sq can
live, if the building is a tower of more
floors). It is also relativily easy to ex-
pand because of its subsoil.

But this kind of buildings are quiet
vunerable to flooding. During a major
flood the first floors can be destroyd
by water becasue there is no protec-
tion against the water. This can be

Solid building
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solved by dams, dikes and some
architectonical implementations. The
problem with protection with dams,
dikes is the influence this has at the
ecoligcal system as explained in chap-
ter 1.
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The pillar building has as features that  owners them self, fig. x. A problem

it is elevated. That means that during  is the connection with the mainland,
a flood the water will not reach the this always must be done by stairs or
living area of the building. The owners an elevated road. An extra feature of
will be safe. But it cannot adapt possi-  the pillar building is the shaded area
ble higher water levels, since the water  under the building. These areas can
level will rise the upcoming years, this  be used for livestock, family reunions
kind of building is not perse the most etc, if no flood occurs.

sustainable solution for a flood risk

area.

The possibilities of expansion is high.

As can be seen in many informal set-

tlements were pillar building are used,

the houses can be expanded by the

Pillar building
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The floating building is made to be the hydrological system if situated in
used at water. It looks like the best a 100% waterscape.
solution in a water scape area. It sure

is if the water is always there. Since

the waterscape of a delta is dynamic,

sometimes with flooding sometimes

with a lack of water, a floating build-

ing might have some problems. If the

deck of a floating building gets in con-

nection with soil, it might break. This

damage the buoyancy of this building,

it will sink than during a flooding. At

the other hand, it does not obstruct

Floating building
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The amphibious building prototype
is a flexible prototype. The concept of
this kind of buildings is that it is built
at mainland but during a flood will
float. This can be done because of the

construction underneath the building.

This construction is made of a deck
that will float on water. This construc-
tion is founded to the land so it will
not drift away during a flood. The
feature of this kind of construction is
that it can adapt any water level, con-
sidering the stability element of the

construction to be high enough.
Amphibious building
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In this way water always can flow
wherever it wants to go and will not
be obstructed by the object. Besides
the connection to the mainland but
also to the water is high because of
its ability to adapt the water level.
The environment can change around
the object without the object being
harmed or destructed. This kind of
prototype suits in the dynamic envi-
ronment of a delta.
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SPACE UNDER PILLARS CAN
BE USED FOR DIFFERENT
FUNCTIONS.

IT PROVIDES SHADE AT HOT
SUMMERS, IT CAN BE USED
FOR CAR PARKING, CAN BE
USED FOR STORAGE, CAN BE
USED FOR CATTLE. THIS ALL
WHEN THERE IS NO FLOOD
RISK.



Conclusions

A delta is a dynamic environment due
to ecological and hydrological system
and the input of the human. Not-
withstanding the possible flood risk,
the housing demand is high in these
wetland areas. There are several ways
of protecting the living environment
such as flood preventing manage-
ment by dams and dikes, temporary
water management such as sandbags
and barriers and architectural influ-
ences such as sandbags in the door
openings. Another way of protecting
is to make the residents flood proof.
Three prototypes are described in this
paper; pillar houses, floating houses
and amphibious houses. In figure
3.52. These three prototypes plus a
solid building to compare with are
compared with each other. As can be
noticed in this image the pillar houses
are suitable for flood areas, but they
are aligned with a certain maximum
water level, if this maximum water
level rises, the pillar houses flood
anyway. The second prototype is the
floating housing, this prototype is
also suitable for a flooding area but if
the water level reduces or the water

is shallow, the deck touches the soil
and it might break. The third option
is amphibious housing. These hous-
es are founded and have an antenna
like construction which provides the
rising water level to push the house
up. In this way the house goes up and
down with the changing water lev-

el. This last prototype likes to be the
most suitable flood proof prototype in
a dynamic water environment.

RESEARCH

La e

o

Fig. 3.52. Research conclusion building prototypes,
(Own work, 2013)

Recommendations

As an architect it is my duty to make
suitable housing according to the
social aspects but also according to
the environmental aspects. In my
graduation project I design a dynamic
prototype for social housing at the
Parana delta coast of Argentina which
must be implemented in different
parts of the delta with their different
demands. They also have to cope
with possible flood risk due to heavy
rainfall and flooding of the rivers.
This dynamic environment demands
for dynamic housing. This chapter
described the different possibilities of
water protection, as an architect my
recommendation is to integrate the
flood protection in the architectural
design. This kind of flood protection
is not the leading topic of my project.

IH

Because the design is a prototype
which must be implemented in water
but also in dynamic environments
(example: River buffer zones), the
floating housing is not suitable for
my project. The deck might break in
more shallow waters. Pillar housing
is a good alternative because they are
above the water level. But I recom-
mend the amphibious housing. This
housing typology adapt more changes
of the water because they level with
the water heights. Besides this kind of
housing do not harm the ecological
system since they do not depend on
the soil of the location but are lifted
from the soil by the antenna like con-
struction. At last this housing typol-
ogy is better accessible than the pillar
houses because they are connected to
the ground, less stairs are needed to
enter the houses which might reduce
the costs of this typology and makes
these typology suitable for different
functions
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4. Target group
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The target group of this project is the
lower middle class of the society of
Argentina.

The history of this class starts in the
19th century and beginning of the
20th century. Immigrants of Europe,
mainly Italian, German and Spanish,
tried to find their luck in Argentina.
They settled in small and unhygienic
housing. In this time a cooperation,
Hogar de Obrero, started to build
more hygienic and comfortable social
housing. After a hundred years and
many changes in the society and den-
sity of Buenos Aires, there is a new
demand for social housing for the
lower middle class because of the eco-
nomic movement. People from others
parts, mainly the pampas, move to the
metropolis belt at the coastal area of
the Parana delta to start a new living.
In the current situation a majority of
these people live in informal settle-
ments. These kind of communities
are known as unsafe and unhygienic,
such as the housing in the beginning
of the 19th century. That is why there
is a demand of hygienic, affordable
and safe social housing for this social
group.

The community of my design are
suitable for small families and starters
from the lower middle class. Commu-
nal aspect is important in the design
to increase the social control of the
community.

The houses in the community are also

More space around the dwelling

attractive for the middle class and

even the credit class because of the
open space around the dwellings, the
possibility of expansion and the good
connection to the metropolis and the
delta, see fig.x. By selling a part of
the houses to these middle and credit
classes, the housing for the lower
middle class can be financed. This
mixture of classes will stimulate the
economic value of the area. In the de-
sign I will concentrate on the housing
for the lower middle class.

Green environment

\E

Connection economic hart

\

¢ s s ) o
‘? ‘- T fig. 4.1, attractiveness living in delta, own work, (2014)



5. Social housing in Argenti-
na



L_ -
‘housing in

rgen-
tina

Social housing in Argentina is a topic
of the past100 years in Argentina.
The middle 19th century and the
beginning of the 20th century, there
was a big immigration to Argenti-

na from out Europe. This European
movement increased the size of the
Buenos Aires Capital rapidly. In this
time. This immigration was the basis
of the cultural forming of Argenti-
na. With that different cooperation’s
started, included the in 1902 founded
El Hogar Obrero., which is a coop-
eration for housing. In the first years
they build different social houses. The
cooperation El Hogar Obrero tackled
a social problem; hundred thousand
persons lived in unhygienic housing.
The cooperation wanted to change
this. Justo, Repetto, Gimenez y Dick-
man were doctors were part of the
cooperation and were aware of the
problems of these settlements. Peo-
ple lived in rooms of 4x4meters with
their whole family. The rooms were
badly ventilated and insulated. People,
lived, cooked and slept in the same
area. In 1907 tenants broke a strike.
They refused to pay their rent. The
social governable party considered
this arguments of the tenants because
they saw that these protest influenced
the productivity of the labours. They
concluded that more houses were
needed. But the opposition did not
agreed. However it happened to be

a topic in the parliament. In 1910 el
Hogar Obrero started to build several
social housing projects. They did not
only change the quantitative deficit,
but also the transformation of popu-
lar housing, especially the sanitation.
The upcoming years the cooperation
build many more social housing. They
were diverse in prototype of renting,
from 1948 they started to sell the
apartments. They also started to build
complete neighborhoods of apart-
ment buildings and collective build-
ings, with commune routings and
functions. At 1991 the cooperation
build over 5300 houses. The crisis, just
before the First World War, affected
the building grow.

There used to be a discussion in the
cooperation about the prototype of
the wished social housing. A part
idealized the individual housing
surrounded by green, meanwhile the
opposite preferred collective housing
because this would be the solution for
the economic grow. In an interview
of an owner of an individual houses
she tells that the dormitories an in
compared with the living room and
kitchen are quiet big, see fig.x. She
does not really agree with the floor
plan. The value of these houses is the
neighborhood where everyone knows
each other, also thanks to the commu-
nal origin of the social cooperation.

But in between 1913 and 1955 the

collective house was the mainly build
prototype. In contrast to the indi-
vidual houses, the collective houses
used the ground in its maximum. The
collective houses proposed to increase
the living conditions of the houses.
Another characteristic of these kind
of houses are the communal areas
such as reunion areas, educative,
cultural social and sport areas, which
were designed as part of the commu-
nity. The apartments are situated in

a building block, more families can
be placed in this way, which is good
for the finance. The discussion about
the individual houses and collective
houses were a big topic in these times.
Both typologies, as described before,
have cons and pros.

In my opinion the individual houses
have a nicer atmosphere. The owners
feel more responsible for their houses
because they can identify themselves
with their house. Besides the green
environment is positive. At the other
side the communal areas of the collec-
tive houses connect the dwellers with
each other. This also is important for a
community. Interaction with inmates
increases the social control and the
safety of an area.

During time the cooperation changed,
the function, hygiene and comfort
were the leading topics of the social
housing. Also the treatment of the
communal areas changed and got
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more important. The interaction of fa-
miliar and social was used in different
scales in the building environment.
The routings now also needed to be
used as social and meeting areas. In
this way social control is formed.

The changes are also visual in the
floor plan. The dormitory got smaller
which made it possible to make an-
other dorm so the adults and the kids
could sleep separately. Besides the
kitchen got bigger.

Routing and communal spaces

In general the collective houses are
integrated with great areas of green
and communal functions at different
levels, from the urban scale to the
domestic scale. Many inner spaces are
integrated in the collective housing
design which are used for interaction
of the owners. The equipped commu-
nal spaces increase the connection
with the neighborhood.

Present collective housing

Talking about the current collective
housing means analyzing the inter-
action between the many actors and
circumstances that surrounded the
construction, administrative man-
agement, the maintenance and the
appropriation of the owners. Con-
structively speaking the problems of
the social housing are affected by the
complexity and the high costs which
the conservation of the quasi cente-
narians demand.

After a building break in the 80’s of

approximately 17 years because of the
economic and political crisis in Ar-
gentina, there is a new generation of
collective housing. A multifamily to-
tally industrialized house was the new
prototype for the middle and higher
class. But this did not came off the
ground. Again a break of almost 20
years started. Now a days the demand
for housing is a current issue that
affects hundred thousands of families
in the metropolis area of Argentina.
It’s said that the current situation,

in a different and diverse scheme, is
similar to the situation in 1905 (R.
Dunowics & F. Villaveiran, 2013).

That means that there is a demand for
a reformed social housing typology
that answers the demands of the mod-
ern lower middle class of Argentina.
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To get a better impression about so-
cial housing in South America, I have
done two case studies. The conclu-
sions of this case study can be found
in fig. x. I concentrated at the initial
floor space and the budget of social
housing in South America. Thanks

to this case study I got an impression
about the possibilities for my own
design

D
|

M=

VILLA VERDE, ELEMENTAL

fon |

-

CDNSTITUEIIfIN, CHILE

BUDGET: ? US $204 /s0M
484 HouseEs + 3 COMMUNITY CENTERS
SITE: 85,000 M2

TYPE 1

INITIAL AREA: 56.44 M2, 11526 U5 &

FINAL AREA: 64.90 M2, 13260 US &

TYPE 2:

INITIAL AREA: 56.88 M2, 11628 U5 &%

FINAL AREA: S85. 10 M2, 17340 USs &
COMMUNITY CENTER: ©95.90 M2, 195384 U5 &
37% MINIMUM OF GROUND BUILD

48% MAXIMUM OF GROUND BUILD

57 HOUSES PER HECTARE
FOR PROTOTYPE:

INITIAL AREA: 54 M2
FINAL AREA: ©0 M2
COMMUNITY CENTRE: 180 M2

- |

: e T
l:ll_llﬁTA MDNI{"'&:Y, ELEMENTAL

IQUIQUE, CHILE

BUDGET: US $204 /sgM
UNITS: 93 HOUSES

SITE: 5000 M2

CONSTRUCTED AREA: 3500 M2

INITIAL AREA HOUSE : 36 M2, 7344 S &
FINAL AREA HOUSsE: 70 M2, 14280 Us $

INITIAL AREA APARTMENT: 25 M2, 5100 LS &
FINAL AREA APARTMENT: 72 M2, 14688 US 5

70% OF GROUND BUILD

186 HOUSES PER HECTARE

BUDGET: US $204 /s@M
40 HOUSES PER HECTARE
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6. Spatial Concept
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Analyses

Before making a spatial concept the
location has to be understood. In
the chapter before an analyses of the
location has been done. This chapter
will focus a little more ate the differ-
ent waterscapes in the lower Parana
delta. For that three areas are chosen
and analysed for land use, accessibil-
ity. This are the continental coast, the
delta coast and the inner delta coast
see fig. 6.1.

fig. 6.1 land use different location lower parana delta, Own work, (2014)

1

Continental coast

2

Delta coast

3

Inner Delta coast
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The vulnerability of the ecological
system of the wetlands is high at every
part of the wetland. At the continental
coast because of the pollution and the
erosion. In the inner land because of
the erosion but also because of the
sedimentation.

The land use at the continental coast
is mainly part of informal settlements,
gated communities and industry. This
is the reason that the coastal area is
not accessible for public. Because

of that there is a bad connection to
and from the delta. In the scope of
the high pressure at this coastal area
this bad connection to the delta has

to change to create new sustainable
living environments by using the delta
as a new sort of living environment.

The prototype communities I will
design must be the start of a renewed
communal system which can be
implemented in the delta. The land
use of these communities are of a
high importance. The connection to
and from the delta is one of the most
important design strategies in this
design.
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fig. 6.2 land use and connectivity different location lower parana delta,
Own work, (2014)
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The chosen pilot location for the As can be seen in the image, the
design id the former Puerto de frutos  coastal area is completely privatized

and amusement park. In fig.6.3. is and because of this inaccessible for
showed how the land is used in this the public, such as in many of the
area in the current situation. coastal areas of the Parana delta.

-ENTERTAINMENT PARK
&

MANUFACTURING PARKING

UNUSED LAND
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As can be seen in fig6.4. the cho-

sen pilot area is in a mixed area of a
rundown area of the lower middle
class, recreational area of the high
class, area of touristic and with that
economic value also thanks to Puer-
to de frutos. The new development
of this area can be a katalysator not
only to redevelop the chosen area but
also the surrounded rundown area.

URBAN TISSUE

URBAN TISSUE RUNDOWN
AREA

CONOMIC HIGH VALUE

:

fig. 6.4 Economic value analyses, Own work, (2014)

Mauricio, (2005)

Flavio Pigazzi, (2009)
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The check areas chosen in the Delta
are only accessible by boat.

Space for harbour is needed in the
community. At the bigger scale, a net-
work of public transport might be an
option. In this way the waterways will
be less grounded, and the ecologic
system less affected by the boats

IJBURG, THE NETHERLANDS, PRIVATE LANDING FOR BOAT,
(2013)

LITTLE HARBOR, NOVAVEST, ALKMAAR (201 3)

NEW CONNECTION POINT TO 2.3 -"
1
AND FROM DELTA .! o @

EXCISTING CONENCTION TO ~ A
’

AND FROM DELTA ‘i"
=

WATERWAY

fig. 6.5 Connection analyses, Own work, (2014)
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By integrating the delta system into
the urban system several known prob-
lems of the area are counteracted.

This new urban system of integrating
the delta system and the urban system
gives the coastal area more value.

The spatial concept is to open up the
coastal area to reintroduce connection
to and from the delta and reduce the
pressure, occurred by the gated com-
munities and informal settlements, at
this coastal area. For this the wetlands
will be reintroduced in the urban
structure, see fig.6.6. Nature has
many appealing aspects. Nature has
the ability to create an atmosphere. A
green environment gives the atmos-
phere of serenity and relaxing, besides
this kind of environments are ap-
pealing for family’s to come together
and passing time together. Nature in
urban tissue also has a positive effect
on its environment. The environment
gets more appealing because of the
effect of the trees and plants.

Also by making the urban tissue in
the coast less dense, I counteract at
the missing permeability of the coast-
al area. The coastal area now is a flood
plain that can adapt huge amount of
water during heavy rainfall.

There is a high risk of flooding in this
area this makes it important that run
of water coming from the city, can be

absorbed in the soil. The underground
of the city mainly consists out con-
crete or other hard materials, these
materials do not have a high perme-
ability. This means the water can sink
into the soil and will decrease the
flood. By keeping the underground
natural soil, water can be adapted by
this soil. The water level decreases.
The coastal area of the Parana delta
needs to be a buffer zone for the run
of water from the city to decrease the
risks in these areas. That is why in my
concept the natural layer will be left
intact so the permeability of the area
is as high as possible. Fig. 6.7.

fig. 6.6 Reintroducing wetland in urban tissue, Own work, (2014)
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Fig.6.7., Pressured coastal area, new connection, flood risk and lower density, Own work, (2014)
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Penetrating the closed coast of the
delta will give re found access to and
from the delta and gives new op-
portunities for living, see fig.6.8. By
connecting the new routings to the
existing routings, good connections
are provided. The area will be attrac-
tive because of its natural character
and because of its public areas. Be-
sides this area is the hop on hop of to
and from the delta by boat.

By making the routing to the coast
attractive by a public building and
public areas, people will enter the
area and will be physically connected
to the delta system and its dynam-
ics. Because of its attraction, people
from the metropolis and tourists

will visit this area. This is also good
for the economic value of the area

Fig.6.8., Pressured coastal area, new con-
nection, flood risk and lower density, Own @ ~-ruse ‘*’ COMMUNITY
.
work(2014) - RE-INTROCUED - PuUBLIC BUILDING
WETLAND
T CONNECTION WATERWAY

—
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As can been seen in the figure at the
left, above the natural layer and the
existing urban tissue and routing, a
new urban structure is placed at the
coastal areas which make connec-
tion to and from the delta possible
by its open structure and public
accessibility. Besides the nature will
be reintroduces in this coastal area/
altogether new routing are formed for
the connection to and from the delta.

New urban tissue

Excisting routing

Excisting urban tissue

~ Fig.6.9., Layers, Own work,(2014)
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7. Masterplan



The pilot location is the former
Puerto de frutos and amusement
park in the municipality of Tigre,
fg.7.1. This area is the hop on hop of
to and from the delta, for that this is
a perfect location to start this re-
newed community prototype. This
area can be the start to open up the
coastal area and be an example for
the rest of the coastline to intro-
duce these kind of open coastlines.

L

Fig.7.1., Pilot locarion, Own work, (2014)

In fig.7.2 the master plan for this area
is showed. This master plan has a den-
sity of 56 houses a hectare. The den-
sity is medium high, this to increase
the permeability of the areas. In the
current amusement park the nature is
reintroduced as in the former Puerto
de frutos the docks are maintained.
Besides there is space left for a har-
bour to make the connection to and
from the delta by boat. At the water-
front place is reserved for recreational
fishing.
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LAND USE

- AREA INTRODUCE URBAN IN
NATURE

- AREA INTRODUCGE NATURE IN
URBAN

- DIKE WITH PARKING FACILITIES
- HARBOR--> HOP ON HOP OF
TO AND FROM DELTA
DISTRIBUTION CENTER RECYCGLA-
BLE MATERIALS FOR USE IN
COMMUNITIES

EcoNOoMiIc

- ACCESSIBLE FOR PUBLIC

- PUBLIC BUILDING AS ATTRAG-
TION IN AREA

CONNECTIVITY
-PuBLIC ROUTE CONNECTS DE-
VELOPED AREA BY COMMUNITY

WITH THE DELTA

-HARBOR PROVIDES CONNECG-
TION TO AND FROM DELTA

Fig.7.2., Masterplan, Own work, (2014)
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Fig.7.3., Expansion and axpnsion strategy, Own work, (2014)
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To make this plan as reasonable as
possible it is important to make a
strategy for the development of the
area. That is why I made a strategy for
this pilot location. fig. 7.3

Fase 1:

Developing the harbour. This will
increase the economic value of the
area and makes this area an attrac-
tion point of the city of Buenos Aires.
Besides this will provide the access to
and from the delta which is important
in my concept.

fase 2:

Developing houses for the higher
middle class. The money provided
from this project will be used in fase
3.

Fase 3:

In this stadium the houses for the
lower middle class will be built with
the money from fase 2.

fase 4:

In fase for the prototypes will expand

into the delta. A new generation of
living in the delta will start.
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8. Architectonic Concept



The first topic of this project is the
possibility of expansion, see fig. 8.1.
Expansion in regional, communal and
building scale. The project is that of

a communal prototype, which also
must be implemented in other parts

of the delta region.

At communal scale the community g -

must have the opportunity to grow. % 4 b b -
For that a structure which can adapt + T ‘f
expansion must be found. And at Y "‘3‘ 23 B
building scale the expansion also Regional scale ‘e

is integrated by free area where the
owners can expand their houses as
wished.

T
NN
IR

Communal scale

T T
X T

T3

Building scale

Fig.8.1., Concept expansion, Own work, (2014)
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The second topic is the awareness

of the dynamics of the delta, see fig.
8.2. In my opinion it is important

to make the people aware of the
dynamics of the delta. By making
people aware of the changes of the
hydrological system, people will
notice the consequences of rising
water and the changes of the envi-
ronment. By making them aware the
people will respect these dynamics
more and will feel responsible for the
wellbeing of the delta system. The
people will be made aware of these
changes by architectonical interven-
tions in the communal spatial plan.

Fig.8.2., Concept awareness of the dynamics of the delta, Own work, (2014)
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The third topic is the use of recycled
and local materials as facade and con-
struction elements. By using recycled
materials the waste in the delta will
be removed and will get a new pur-
pose as a facade element. The waste
are plastic bottles and cans. Besides
local materials, such as bamboo will
be used to decrease the costs of the
buildings and make these houses
affordable for the lower middle class.
The research done for useable mate-
rials can be found in appendix 2. The
chosen materials are showed in fig 8.3

Fig.8.3., Materialisation, Own work, (2014)
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9. Design
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Fig.9.1., Community, Own work, (2014)

79



tions

Social housing

Built in cluster per four houses. one
house floorplan in 54 square meter
(indoor and outdoor area)

A cluster plus communal area is 288
square meters

The amount of clusters at a public
route can variate, for the design I used
eight clusters of four houses

Public route

lic route concist out of two
parts. One part has a connective
function, it connects the urban tissue
with the delta, It is a straight road for
pedestrians only accesable for cars in
a emergency situation.
At both sides of this road a stroke of
water related elements are designed.
These elements are seen as small out-
door livingrooms were people meet
and interact with their enviroment.

fig.9.2.

Fig.9.2., Functions community, Own work, (2014)
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As explained in the chapters before, I
have chosen to work with an amphib-
ious construction because of it char-
acter of adapting rising water during a
flood see fig9.3.

In this case people are not harmed by
rising water, neither are their houses
and belongings.

The houses are sustainable because it
can adapt a possible higher water level
than expected at the first place.

Changes of the environment are
visible when the houses rise with the
water level, this makes people aware
of these changes.
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Fig.9.3., Amphbious houses, Own work, (2014)
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By clustering the dwelling per couple
and connect them with the routing in
between, the stability of the dwelling
is occurred. The different parts are
connected with a ridged connection.

Make gardens with a max and min-
imum amount of weight. During
construction of expansion the garden
will be demolished and that weight
will replaced by the weight of the
construction.

UNSTABLE BY
EXPANSION OF
THE DWELLING
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STABILISATION
ELEMENTS

Fig.9.4., Stability, Own work, (2014)
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The structure of the floating founda-
tion is made of bamboo and chicken
wire. The bamboo are connected by
tires. This is a rigid but also a cheap
solution.

Bamboo is a light material, which
makes it suitable as floating object.
The bamboo needs to be impregnated
against the water.

The bamboo structure will be filled
with packed Pet bottles. These can be
collected in the environment. This
cleans the environment as well. It is
important that the bottles are sealed
with a lid and packed firmly together
to optimize the buoyancy.

Oftf course water can still entre the
structure and reduce the buoyancy,
but a cheap solution

The bamboo is connects by bamboo
connection stick and with tires. These
are cheap solutions and also light
solutions.

Source: The Li




The communal area is formed by a
cluster of four houses and its reed
field which are used as water purifi-
cation system. It works like a court-
yard for different households, see
fig. 9.5. In this area neighbours and
neighbour children come together
to play and to have conversation.

This picture also shows the interior
space of the houses. The hall con-
nects the communal outdoor area
with the interior of the house and
makes a connection with the natural
environment at the backside of the
houses. This is strengthen by the use
of the same material as in the outdoor
space and with the sightlines of the
hall. The back facade is showed in
fig. x.. In this figure you see that the
facade is totally open able. Because
of this there is a strong connection
with the interior and exterior. The
facade elements are horizontally
open so they also work as sunshades.

4,2@3 ﬁa,

Fig. 9.5. Communal area and interior space, Own work, 2014
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Fig.9.7. Interior space, Own work, 2014
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Fig.9.8., Community impression, Own work, (2014)
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One of the important topics of the

design is the possibility of expansion.

The idea is that people can expand
their houses as wished. Possible rea-
sons for this is a grow of the family,
grow of economy, wish for commer-
cial activity, wish to rent a part of
their property to another. In fig. 9.9.
and fig.9.10 possible expansion time-
table is showed for a growing family.
The figure also indicates the costs of
this expansion.
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f%gt:h%a%%lvsn work, (2014)

Costs

1 m2 facade pollibrick= 51 dollar
sqm

1 m2 facde/floor bamboo = 50 dollar
sqm

Totaal= 1350 dollar for 27sqm

Costs

1 m2 facade pollibrick= 51 dollar
sqm

1 m2 facde/floor bamboo = 50 dollar
sqm

Totaal= 2250 dollar for 45sqm



Fig.9.10., Expansion secon

ﬂ |

oor, Own work, (2014)

Costs

1 m2 facade pollibrick= 51 dollar
sqm

1 m2 facde/floor bamboo = 50 dollar
sqm

Totaal= 3150 dollar for 63 sqm

Costs

1 m2 facade pollibrick= 51 dollar
sqm

1 m2 facde/floor bamboo = 50 dollar
sqm

Totaal= 3600 dollar for 72 sqm
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pansion

It is important the people them self’s
can expand their houses. For that the
materials used must be easy to mount
and inexpensive. That is why I have
chosen to make a catalogue of possi-
ble to be used facade elements. These
elements can exist out of bamboo
panels, Polli-brick panels in different
colours or open glass panels, fig.x.
Owners can choose the materialisa-
tion as wished, in this way they will
identify them self with their house
and feel more responsible for it and
the community of which it is part

of. In this way the community will
get its own character, formed by the
inhabitants, such has happened in La
Boca, an outstanding neighbourhood
of Buenos Aires were the facades are
characterized by the different colour
facade elements, fig. 9.11.

‘La Boca was the first port in the

city. The neighbourhood appeared
and developed as a neighbourhood
of sailors. Therefore, La Boca was a
region of immigrants, mostly Geno-
ese, arrived between 1880 and 1930.
The outfall of the river was the natural
refuge to vessels which had arrived in
Buenos Aires. There was great move-
ment of seamen and traders. The land
was low and swampy and that is why
the houses were of wood, built on
pilots.

The origin of various colours is relat-
ed to leftovers of paint that the sailors
brought to their homes. As there

was enough money to buy ink and
the quantity was limited to paint the
entire house the same colour, is used
to the last drop of ink that could. The
houses had just been painted in vari-
ous colours, each window a different
colour, the door of another colour and
the walls of various colours

(Colors and history of La Boca -
Caminito Argentina, R. Donask,
(2009)

90 Delta Interventions Graduation Booklet, N.Y. de Korte 2013-2014

Fig.9.11., Coloured facades, Own work, (2014)









Fig.9.12., Possible expansions, Own work, (2014)

93



94 Delta Interventions Graduation Booklet, N.Y. de Korte 2013-2014



10. Communal area



The communal area is an important
part of the design. In this communal
area neighbours of a cluster of four
houses share facilities such as water

storage system. This is also an area
where they can interact with each oth-
er and where their children can play.
This area also will be used as pass way
for neighbours of other clusters. This
makes these areas lively. Because of
the connection between the neigh-
bours, there is a high social control
that makes this area also safe to live.
Fig. 10 gives an impres-

sion of the communal area.

LA

Fig.10., Communal area, Own work, (2014)
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11. Public Area



The public area is the main routing
of the community. This area consist
out a routing with at both sides water
related elements. These elements will
be explained further on in the report.
The public routing is shielded by
vertical elements which strength-

en the sightlines to the end of the
routing were the open delta lies. The
focus to this point is important in the
concept because I want to make the
people aware of the importance and
the dynamics of the delta, this only
can be done if the focus point is at the
delta. These vertical elements have a
second function; the stability of the
amphibious path. They are designed
as such that they also provide shadow
at the path and surrounded elements.
The vertical poles are cladded with
recycled cans. They will reflect the
sun and water and they also change of
color after connection with the water.
So after a flood, the water level can be
seen at these oxidized cans. This also
shows the changes of the environ-
ment. The vertical elements continue
in the facade of the public building at
the end of the route. This building is
placed aside so the view to the delta
from the routing is not blocked. The
vertical elements continue in the
facade as a gesture to the dynamics of
the delta, fig.11.1. The entrance of the
building is situated at the first floor. A
stairs leads to this floor. The building
itself is founded, that means that dur-
ing a flood the water will go up

along the fagade. That is the reason
why the entrance is at a higher level.
The stairs is always accessible, even
with a high water level. In this case
the public building is an informa-
tive centre about the delta and the
amphibious houses. Because the
function might change during time,
the building has an open floor plan,
see fig.11.2. At the first level glass is
implemented in the fagade, this to
give a vision over the delta, also when
the water level rises. The other side

is made out pf concrete. This con-
crete en the cladded vertical elements
will change colour during time. This
shows the changes of the environment
such as the vertical elements of the
routing, see fig.11.3. The first floor
consists out of Polli brick and glass
even as the second floor to make the
areas light and with a lot of view to
the environment.

Argentine people, in comparison with
most Dutch people, are used to spent
time outside their houses with family
and friends. It is common to hang
around at the street and parks, have a
mate together and talk about the daily
live. For me it was important to de-
sign outdoor areas in the community
for the people to make it possible to
have this interaction with each other.
The elements at the sides of the public
routing are steppingstones, sitting
blocks and an element to stand in. All
these elements give a different expe-
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These elements can be seen as small
living rooms were people can come
together and experience the environ-
ment in different ways.

The separation between public and
communal/private part of the com-
munity is done by placing a small
obstructive element in the path to the
more private zone. The obstruction

is done by lowering the walking path
and placing an object. By lowering the
walking path people will notice that
from that point something is chang-
ing. The obstructive element forces
people to go through a small hatch.
They have to zig zag between this
hatches. This also indicates that this
area is not for public access. To give
these hatches an even more private
appearance, I integrated mailboxes in
the hatches. This shows that you are
entering an area where people live,
and with that a private area. Because
of this intervention, people will not
enter this area if they are not intended
to. In this way public and communal/
private are separated. Fig. 11.4 amd
fig 11.5 show these intervention.



Fig.11.1., Impression public building, Own work, (2014)
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Fig.11.2., Floorplan public building, Own work, (2014)
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Fig.11.3., Material change of public building, Own work, (2014)
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Fig.11.4., From public to communal, Own work, (2014)
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Fig.11.5., From public to communal elements, Own work, (2014)
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OCKS

These blocks are part of the public
area. The purpose of these blocks is to
give people the opportunity to come
together and spent time together is
the delta environment. The second
purpose of these blocks is to make
people aware of the dynamics and
changes of the environment. A part
of the blocks, the blocks made out
bamboo mesh, are founded to the
ground while the Pollibrick blocks
are amphibious. During change of
water level the blocks move rela-
tively to each other. In this way the
small compartments were the people
mead change and the visitors will

be aware of these changes and with
that be aware of the changes of the
environment. Also because of these
different levels the sightlines change.
All together this area is a subtle

way to be dynamics of the delta.

Fig.11.6., Blocks, Own work, (2014)
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tan-in

The second element of the pub-

lic area is the stand in. In this area
people can take in their environment
in quiet. The element is founded to
the ground so during water level
changes, the horizon of the visi- 4 1A
tor change as well. In the figures at e LRl L
the right the changes are showed. '
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Fig.11.6., Stand-in, Own work, (2014)
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tppmgstones

The last element are the stepping-
stones. This element is more an
active way of being part of the del-
ta environment. By changes of the
delta, some stones are not accessible
anymore, this make people aware
of these changes. Besides after a
high water level the steppingstones
are not accessible at all, also for
the safety. In the figure at the right
these changes are demonstrated.

- Fig.11.7., Stepping stones, Own work,
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Night vision

The illuminated elements pro-
vide a safe and nice place to
stay even during an evening.

Fig. Night v131]on Own work, (2014)

11.8.,
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Fig.11.9., Night vision 2, Own work, (2014)

107



12. Climate technical
concept



In this chapter the climatological
concept is addressed. There is an
explanation of the natural ventila-
tion system of the social houses and
the self-sufficient of the buildings
by the storage and purification of
rainwater and the energy supply

by solar collection. Besides the
process of the influences of the cli-
mate at the design is pointed out.

delta

The climate of the Lower Parana
delta can be described as follow-
ing; the summers are hot and often
muggy. The daily temperatures are
between 18 and 22 degrees. In the
night this drops to 16-20 degrees.
During summer there are heatwaves
in which the temperature can reach
the 40 degrees. Thunderstorms are
well known in this period and they
bring cooler weather and rain. Also
the southern winds bring cooler air
in the hot summer months. In the
winter the temperature is in be-
tween the 13 and 18 degrees and at
night 3 to 7 degrees. But because of
the humid weather the temperature
appears to be colder. Precipitation
ranges from 1000mm to 1400mm.
The peaks are in late spring/early
summer and late summer/early fall.

. _LEl

Because of the hot summers the
climatological design of the dwellings
is important. I started the design with
the concept of a tropical roof. The first
roof has an insulated function while
the upper roof keeps out the direct
heat of the sun. The gap in between
the two roofs stimulates air to flow
through which cools down the roof.
The warm air in the interior moves
upwards, which increases thermal
draft; cooler air from the outside
flows in the interior and pushes the
warm air upwards. This warm air has
to leave the house, which is why a
gap is made in the first roof. In this
way the warm air is drafted away and
cool air is drafted inside the building.
The outdoor air will be cooled by the
presence of the water. The water has a
lower temperature than the outdoor
temperature, in this way the air cools
down and the thermal draft increases
(how bigger the difference between
the inner and exterior temperature,
how stronger the thermal draft) fig.
12.1.

At page x-x the process of designing
an object which is designed to use
natural ventilation is showed. During
this process I designed different ways
of stimulating the thermal draft.
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Fig.12.1.,, Ventilation scheme summer, Own work, (2014)
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Fig.12.2., Ventilation scheme winter, Own work, (2014)

Fig.12.3., Ventilation scheme winter night, Own work, (2014)
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design proces

: I
OPTIMAL VENTILATION IN THE SUMMER CAN BE

PROVIDED BY A TROPICAL ROOF AND VENTILA-
TION UNDER THE FLOOR BY LIFTING THE HOUSE.

Fig.12.4., Ventilation scheme abstract, Own work, (2014)
IN SUMMER IT CAN BE VERY WARM, THE DESIGN

MUST HAVE IMPLEMENTED A SOLAR SYSTEMS TO
KEEP THE SUN OUT.
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design proces

In this first sketch the dynamics are
visible in the openable facade ele-
ments. in the same times this provides
shade and natural ventilation.

Contra:

In winter the object will not have
daylight because of the closed facade,
(profiding and openable elements and
large glass panels the construction
would be to expensive.

In this second sketch the roof is
lifted a little so warm air from the
building can escape. In this sketch
also openable elements are used for
shading and extra ventilation. This
time moving elements are part of the
facade. This is also a costly sollution.
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esign proces

In this thirth sketch an other way of
designing a roof as a tropical roof was
tested. In this case focussing on water
storage. By rotating the roof it will
have a slope which will lead the water

wo one point where it wil be collected.

Nevertheless it was not as functional
for a tropical roof.

In this fourth sketch the form of

the roof also changed. In this case
the room provided because of the
overhelling wall, creates a buffer-
zone in which natural ventilation
takes place. After talking this trough
with the mentors the conclusion
was that probaply the roof does not
really work as a tropical roof but will
even block the natural flow of air.
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design proces

In this fith sketch a combination
between the lifted roof and the helles
wall is made. I this case the in be-
tween space is a outdoor space and
the helled wall is more a aesthetic
choice.

In this sixth sketch the tropical roof is
reitroduced in the design. This be-
cause in this way people do not have
to construct the secod part of the roof
by them selfs if they want to expand
their house. besides it is usefull for
shade and collecting rainwater.
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esign proces

In this seventh sketch diagonal lines

of the overhelling wall is brought back
in the design. this because diagonal
lines emphazise the view lines of the
walking paths through the delta and
makes the people more aware of their
environment.

e -

In this eight sketch, the tropical
roof as a whole is intergtaed int
he design even as the overhelling E‘;r— i |
wall. In this case the overhelling

wall is used as extra floorspace and
it brings shade in the exterior area.
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li-brick

The design had to be tested if the heat
load in the summer and the heat loss
in the winter were acceptable. Here
for I used calculation made with a
spreadsheet provided for the course
BK4050. These sheets can be found in
appendix 3.

The first step was to calculate the
warmth accumulation factor of the
Polli brick and the time needed to
warm the Polli brick element. The
following calculations are done:

Accumulation factor Polli brick

Rpollibrick= 12

d=0,02m

A=d/R

0,02/12= 0,002

This is a respectively low lambda
factor

Accumulation:
Qpollibrick=p*c*d*DeltaT

p= 0,91 kg/m~3

c= 1470 JJKG K

DeltaT= 15

C=0,91%1470=1337,7 K]/M3K
Q=0,91*1470*0,002*15= 40,131 M]J/
m2

d=0,3m

AMucht= 0,024

This is a respectively low lambda
factor

By using a parafine with a melting
point of 25 degrees, means that the
material turns solid and releases
warmth as the temperature drops

warmth as the temperature drops
under the 20 degrees. It will melt and
capture heat above the 25 degrees. An
inner temperature of 25 degrees in
Argentina in summer is acceptable if
there is enough ventilation. The paraf-
ine used need to have a melting point
in between the 20 and 25 degrees. The
concrete floor panels will be impreg-
nated with parafine. In fig.x can be
seen that the addition of parafine
doubles the heat storage capacity, in
this case concrete blocks were used
for a test.

Qlucht=p*c*d*deltaT

p= 1,29 kg/m~3

c=1]J/KG/K

d=0,3

MT= 15

Q=1,29*1*0,3*15= 5,81 MJ/m2

c=1]J/KG/K

d=10,3

DeltaT= 15

Q=1,29*1*0,3*15= 5,81 MJ/m2

Qtotaal= 5,81+40,131= 45,941= 46
M]J/mA2

Thermische capaciteit= C

C = (p xcxd)/1000 kJ/(m2K)
C=1,29*1*0,3= 0,387 KJ/M3K
Delta=pxcxdx(1,5xd/\)
=1,26*1*0,3*(1,5%0,3/0,024)= 7,08
sec. om Q te leveren aan lucht

Conclusion:

Polli brick is a weak warmth accumu-
lator (the combination of the polyeth-
een and air is not sufficient), it does

not store heat.

By integrating a gas with a high accu-
mulation factor into the Polli bricks,
the accumulation of these bricks will
be probably get higher. But this means
a reduction of the translucent of the
bricks and the system will get highly
complicated, which will cost more as
well. This is not the best solution for
this design. Other ways to store heat is
by PCM’s. At page x this Phase change
materials are explained and the choice
of use in the design as well.
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The second step were the calculations
of the heat load and loss of the build-

ing. In the sheets used, appendix 1,
the following result were found.

The building consist out two parts,

a Polli brick part and a partly glass
part. the heat gain in the Polli brick
part during day is 5151W for one
floor, the Polli brick side has 2 floors,
so the heat gain will be calculat-

ed as 5151*1,5= 7726.5W , but the
glass part has a heat loss of 2250W.
This means an overall heat gain of
5476.5W at day time. In winter that is
positive, the warmth can be stored in
a PCM and released if it cools down
during night. In summer this means
that the temperature inside is quiet
high. Ventilation is needed. Following
the sheet (1*glass part and 2*pol-
librick part):

2*1,83m3/s + 1,36m3/s= 5,02 m3/s
Air is needed to ventilate the house.
In this fase the gaps in the roof are
essential for the ventilation. Warm
air elevates, so the warm air wants

to leave the roof. The gaps in the
roof makes this possible. fig.12.5.
The following calculation shows the
size needed for this gap to ventilate.
With natural ventilation the needed
amount of outside air for cooling is:

A=totaal luchtvolume(m3/s)/1
A=5,02 m2

The gap in the roof is > 5,02 meter
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Fig.12.5., Ventilation gaps in roof, Own work, (2014)
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elements

Because the heat gain of the building
are quiet high, solutions to keep the
sun out are essential. One solution of
the design are the sunshade elements
at the glass part of the building. Cool-
er exterior air (the air is cooled by

the water of the environment) has to
enter the houses. For that a part of the
facade can be totally opened. These
facade elements also has a sunshade
function. They open horizontally in-
stead of vertically, by folding the ele-
ment as can be seen in figure x. In this
way the sun cannot enter the interior
of the houses. The interior is covered
in shade which makes this area cooler
that the sunny exterior.

In winter these facade elements are
closed. The sun can enter directly the
houses and will warm up the interior.
In this way Sun radiation in summer
degrees when in winter the sun radia-
tion is gained

In the winter it is wished to keep the
warmth inside to come to a comfort-
able interior climate. The first step is
to decrease the thermal “lack” of the
roof. Gaps were made to draft of the
warm air in summer but in the winter
you need to keep this warm air inside.
That is why panels are made in the
roof construction which can close of
the gaps see fig.12.4. These panels are
insulated and decrease the thermal
leakage as much as possible. The
second step is to collect warmth and
store this warmth. Here for also the
PCM floor elements are of use. The
sun is lower in the winter. The doors
in the facade are closed in winter so
the sun shade function of these door
panels are not of use which means
the sun will enter directly the floor
elements in the houses. The warmth
of the sun radiation will be stored in
the PCM and will be released when
the interior temperature gets below an
x degrees.

PCM is short for phase changeable
materials. Chemical bonds are used to
storage and release heat by changing
from solid to liquid and the other way
around. PCM’s have melting point be-
tween 20 and 32 degrees. This can be
lowered by editing calcium carbonate.
The material changes at an x degrees,
during this process it absorbs the heat
from the area, and this area will cool
down during this process. If the areas
temperature drops, because of change
of season
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or day and night, the material chang-
es to get solid again and releases the
stored heat to its environment. In this

way heat storage during summer/ day
will released during night,/ winter,
fig,12.2 and fig. 12.3 (V.V. Tyagi &
D.Buddhi, 2005)

This use of PCM’s is a passive system,
without the use of mechanical sys-
tems. I have chosen this to decrease
the costs of energy and material.
Several materials can be used as PCM
in the floor. The top layer of the floor
is a concrete layer of 5cm. This at itself
can storage heat by warmth accumu-
lation. The heat storage in this layer
can be increased by editing a parfine
mixture in the concrete top layer.
(V.V. Tyagi & D.Buddhi, 2005) The
PCM material needs to have a melt-
ing point in the rage of the interior
temperature, so in between 20 and

35 degrees. By using a parafine with

a melting point of 25 degrees, means
that the material turns solid and
releases warmth as the temperature
drops under the 20 degrees. It will
melt and capture heat above the 25
degrees. An inner temperature of 25
degrees in Argentina in summer is
exeptable if there is enough ventila-
tion. The parafine used need to have a
melting point in between the 20 and
25 degrees. The concrete floor panels
will be impregnated with parafine.

In fig.x can be seen that the addition
of parafine doubles the heat storage
capacity, in this case concrete blocks
were used for a test.



In fig.12.6 a test is showed of two
gypsum wallboards impregnated with
a PCM. Two wallboard samples with
dimensions 100x100x10mm were
impregnated with paraffin (23.2%

in weight of RT20) and BS (22% in
weight of BS). These wallboard were
compared with a control board of
gypsum without a PCM. The test was
done by forcing warm (30-33) and
cold (17-20) air over the same side
of the board for thermal cycling tests
and are presented in fig.x. This is just
one of the many test results done.
The PCM was completely melted
and frozen. The results of these tow
PCM’S show that tthere was no ten-
dency for the PCM to migrate in the
wallboard. Neither was a sensible de-
terioration of thermal energy storage
capacity. (Khudhair A, et al. 2003)

What this figures demonstrates for my
design is that a with parafine impreg-
nated floor will have positive effects
for the interior climate. This kind of
parafine is low-cost but will have good
results. The use of the PCM impreg-
nated floorboards will storage heat
during day which in summer will cool
down the interior and in winter this
warmth will released by a temperature
dropping. In this way, the interior will
be warm even during colder outdoor
temperatures.

The climate control of this design is
as such that during the warm humid
summer, the interior space of the
houses are cooled by natural venti-
lation by water cooled air drafting
through open able windows, a gap

in the roof for thermal draft and a
tropical roof which reduces solar ra-
diation through the roof. Besides the
horizontal open able facade elements
work as a sunshades and will exclude
the sunrays’ to enter the interior. The
interior of the house will be bathing
in shadow at the glass side. At last the
PCM in the floor has an influence at
the indoor interior by its capacity of
storing heat.

In winter the sunshades are down,
that means the solar rays will warm
up the interior space. The solar energy
will be stored in the PCM coated
floor. The PCM will release this ener-
gy if the temperature drops under the
melting point of the PCM. This can be
seen in fig. 12.2 and fig. 12.3.
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The type of the block A A A R R
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% PCM in block 5.6 8.4 8.4 3.9 3.9
Temperature range ("C) 15-25 22-60 45-60 22-60 45-60
Storable sensible heat in blocks (kJ) 1428 5337 2107 7451 2941
Storable sensible heat in PCM (kJ) 233 1136 449 705 278
Storable latent heat in PCM (klJ) 977 2771 2082 1718 1291
Total storable heat (kJ) 2638 9244 4638 9874 4510
Total storable heat/storable sensible heat in block 1.9 1.7 2.2 1.3 1.5
Fig.12.6., Calcualted heat storage values for various PCM-Block combinations, Lee et al., 2000
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purrifiction system

Another aspects of the social houses is
their self-sufficiency. Because this de-
sign is a pilot for a community which
has to be implemented in all the parts
of the delta, even parts without elec-
tricity or water supply, it is important
that they are self-sufficient.

The roof of the houses are formed in
a way that they can collect water. In
fig x the cycles is showed. Rainwater
is collected by the roof and stored in
drums at the roof. A part of this water
will be heated by the sun in a water
heating system at the roof. This warm
water is collected and stored for use.
The cold and warm water enters the
houses for use in the bathroom and
kitchen. The grey water leaves the
houses and enters the water purifica-
tion system. This system consist out

a bed of reed. Reed has the ability to
purification water. Grey water enters a
pipe in which the roots of the reed are
growing. The water get cleaned and
drips out the pipe, passes some soil
layers and this clean water streams to
the collector. This water collector is in
the communal area of the communi-
ty. With a water pump this water can
pumps to the roof if there is a lack of
water in a household. An overflow of
water will leave the system by pipes.
In this way the water will be refreshed
naturally. Only clean water will leave
this system so the environment will
not be harmed by human waist.

The needed size of the reed bed is
adopted from the article at foodfor-
est.com. For a household of 2 person
they calculated with the following.
They assume that a household of 2 a
3 person use 300 litres of water daily.
Assuming that rain water is used also
for hot water. They design a 1650lit-
er water tank which give a retention
time of 5,5 days in primary treatment.
Citation from the article:

“Sizing of reed bed

Using the TPlugflow modelP as en-
dorsed by the US Environment Pro-
tection Agency and allowing for local
SA conditions the following formula
and values were adopted:

Flow (cubic metres/day) X BOD of
inflow

Area of bed = BOD of out-

flow

Temperature Constant X bed s porosi-
ty X depth of water

Where:

. Depth of water 0.5 metre

. Porosity of gravel in bed 40%
. Biological Oxygen Deficit (or
Demand) of inflow 300

. Biological Oxygen Deficit of
outflow from bed 20

. Temperature average of 15
degrees C gives a Constant of 0.473

. Flow 0.3 cu metre/day (300
litres)

Therefore the Area of the reed bed
must be 8.52 square metres

Using a width of 1.2 metres length =
area/width

The length of the bed must be at least

7.1 metres.

Using modules of 2.4 metres length,
three modules give a reed bed length
of 7.2 metres which is thus adopted.

The volume of this reed bed will give a
retention time of a fortnight, well over
double the retention time required by
many reed bed designers in Australia.
A pump sump will be at the exit end
of the reed bed fitted with a submers-
ible pump and irrigation piping to the
woodlot.

These are calculation following

the rules in Australia, there are no
guidelines for this kind of systems

in Argentina that is why I used these
guidelines.

Concluded can be said that the reed
bed per household must be 8,5 square
meters. The reed bed in the design is
9 square meters, with the guidelines
used this is sufficient.
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WATER STORAGE

WATERPURIFICATION
SYSTEM

CLEAN WATER

GREY WATER

Fig.12.7., Water purification system, Own work, (2014)
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13. Constructive aspects



In this chapter the building with
bamboo is pointed out. Bamboo is
the main constructive material of the
dwellings designed in this graduation
project.

First the characteristics of bamboo
are explained. Next the possible joints
used by building with bamboo are
pointed out at last an explanation
follows with the chosen technique for
the design is described.
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There is a wide and diverse range of
bamboo species. Some of them are
applicable for construction. Bamboo
Guadua Angustifolia, found in the
Parana Delta is such a bamboo (M.
Brea, A.F. Zucol, 2007)

Competiveness Bamboo

Bamboo is a cheap material, compare
with wood. J.J.A. Janssen states in

his report that bamboo costs 1,5 US
Dollars for a 8 meter culm. Calculated
this will be 105 US Dollars per cubic
meter. Because of its hollowness the
efficiency of the bamboo is 1.9 higher
than wood. So competitive seeing the
wooden beam cant cost more than
105*1,9=55 dollars per cubic meter.
But wooden beams costs a lot more
Janssen states.

Harvesting bamboo

Harvesting bamboo needs special
care. If done wrong the plant wills
stop growing or will even die. A clean
cut is essential. This can be done by
using a chainsaw. (B. Byrnes, 2009) in
this way the diameter will get bigger
and will get taller.

Fun fact: In the lower Parana delta the
Tigre municipality started a project
to learn people how to harvest bam-
boo to maximize the commercial and
environmental appeal.

Bamboo is a cheap material, in com-
pared to wood. J.J.A. Janssen states in
his report that bamboo costs 1,5 US
Dollars for a 8 meter culm. Calculated
this will be 105 US Dollars per cubic
meter. Because of its hollowness the
effeteness of the bamboo is 1.9 higher
than wood. So competitive seeing the
wooden beam cant cost more than
105*1,9=55 dollars per cubic meter.
But wooden beams costs a lot more
Janssen state..
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In fig.13.1 the stress failure diagram

is showed of concrete, bamboo/wood
and steel. In short, how wider the
diagram how bigger the rage of failure
of the material. This means that bam-
boo and wood has a big uncertainty.
Concluding from this outcomes steel
looks more economical for construc-
tion than wood/bamboo. However, in
the case of hurricanes, strong winds
and earthquake, the stresses multiply.
In such circumstances the values of
steel will get in the failure area, but
timber and wood would not. Steel
constructions suffer more than timber
and wood, if built with care. The
“failure “of the stress of bamboo is not
a real failure as such. Because of its
elasticity, bamboo after deformation
will return in this current state. So
after deformation by an earthquake
of heavy winds, the structure, even if
slightly damaged, will return in cur-
rent state. The damaged parts can be
replaced eventually.

Besides bamboo, after steel, has a high
strength and stiffness, in other words
is resistant against deformation. This
also makes this material suitable for
hurricane and earthquake sensible
areas.

The Parana delta suffers from strong
winds, heavy rainfall and also earth-
quakes. Bamboo, with its constructive
characteristics described here for, is a
suitable material for this area.

(J.J.A. Janssen, 1999)

The natural durability of bamboo is
very low if not preserved. The live
span of untreated bamboo is:

1-3 years in the open in contact with
soil

4-6 years under cover and free from
contact of soil

10-15 years under very good storage
conditions. (J.J.A. Janssen, 1999)
Some point are useful to increase the
natural state of the bamboo.

- Harvesting in the season when
starch content is low

- Dry storage, of the soil

- By construction keep the bamboo
free from water

Preservation is needed to increase
the lifespan of the bamboo. The outer
skin of bamboo has a high silica con-
tent, this keeps water out and prevents
insect but also makes it difficult to
preserve the material. The inside has
a waxy layer which also makes pres-
ervation difficult. The only way to
preserve bamboo is through conduc-
tive vessels. These vessels close within
24 hours after harvesting.

There is a traditional and a chemi-

cal way of preservation of bamboo.
Traditional ways are curing, smok-
ing, soaking and seasoning and lime
washing. In large scale project, such as
my design, chemical treatment is una-
voidable. Cheap and affective ways are
with a boron- based fertilizer. Once
mixed with starch and sugar of the
bamboo there is no waste at all and it
can be used as a fertilizer.
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wood/bamboo
s
Suse Ssu Smean

steel

fig.13.1., 7654321Detail 7

Two ways of fertilizers are used;
modified Boucherie treatment and
dip-diffusion. The first one has to be
done directly after harvesting. The
chemicals are pressed in to the culm.
The vessels absorb the chemicals.
The second treatment dips the culms
in a bath of chemicals so it passes the
culm by diffusion.



beam

To make the right choise fot the meas-
urements for the beams some calcula-
tions have been made with help of the
report of ].J.A. Janssen.

Calculations bamboo deformation

Formulas:
F=(5*q*LA4/)(384*EI)
Or

F=(F*LA3)/(48*EI)

E=20000 N/mmA~2
P=3,14

1= 0,40AN2
D=150mm

Deformation acceptes= 1/3 spam
Spam = 3m
Deformation accepted = 1 cm

1=0,03D"4

A=0,26DA2

S=D/(3*L) (N/mmA2)
S=150/(3*3)= 17,7 N/mmA2

Deformation:

10%3A2*16,7/ 150= 10,02 mm = lcm
M=16,7*181442=3030081 Nmm
Q="*M/LA2= 2,7 N/mm

Diameter of 150 mm is ok for a beam

Fig.13.2.,Construction forces remittance, Own work, (2014)
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m

boo construction

Because of its round form, the ap-
proach of jointing bamboo is different
than rectangular constructive ele-
ments. Bamboo has a high strength,
even though, it is susceptible for
crushing and splitting if the character-
istics of the bamboo are not known.
By using nails, pegs and notches the
strength of the bamboo can reduce
drastically. Therefore it is important
to know how to deal with this materi-
al. In this part different joints used for
bamboo are pointed out with its con’s
and pros.

Under the traditional joints the fol-
lowing joints are known according to
wikispace which got his information
from J.J.A. Janssen.

This joint consist out of two bamboo
elements. One part is cut out and bent
around the second bamboo element.
It is hold together with wires or ropes,
see fig. 13.3.

Because of the cutting the bamboo
looses strength and it requires precise
manufacturing. At the other hand

it is a low cost solution and it has a
smoother joint and doesn’t need a
complicated lashing technique.

To fit
vertical

member
|

Double Butt Bent
Joint

fig.13.3., wikispace, (2002)
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This joint consist out of two bamboo
elements hold together with wires or
ropes, see fig. 13.4.

It requires precise manufacturing. At
the other hand it is a low cost solu-
tion and it has a smoother joint and
doesn’t need a complicated lash-ing
technique.

fig.13.4., Plemenka Supic, (1937)



This technique uses the interlocking
of a third element to contain their
strength. Thus joint is mainly used in
combination with a rope.

The used bolts have to adapt and
transfer the tractive and comprehen-
sive forces.

In this case holes must be made in the
bamboo. The holes in the vertical ele-
ment must be bigger for the wooden
or bamboo pin. In this pin a wedge is
interlocked to strengthen the connec-
tion. For extra strength rope can be
used.

This technique gives smoother con-
nections and it doesn’t need compli-
cated lashing techniques. Besides it
can stand big forces. But the holes
reduces the strength of the bamboo
and might be weak in the vertical di-
rection. It also needs more manufac-
turing techniques such as drilling etc.
(Jansen, J., 2002)

SIDE VIEW

VERTICAL
CROSS SECTION

keeptight ||

HORIZONTAL
CROSS SECTION

fig.13.5., Dukelberg, (1987)

In this technique the extra wedge

is cutted or rope is used to keep the
interlocked bamboo in tis place. This
technique can be combined with the
plug-in and lashing technique.

Here the appereance of the joint are
more appealing. It can also reduces
the costs of bamboo poles when mak-
ing combined connections for exam-
ple with rope.

Nevertheless this technique askes

for highley skilled manufacturing
techniques and the holes in the poles
reduces the strenght of the bamboo.

;;\f“"{f‘,umu

g

Fig.13.6.,Jansen, J., (1981)

‘. -

i .
.Ii'_"rl*-tl.prlockirrg- conhections

&

These kind of connections are done
by integrating glue or shedding
connection with the bamboo. Wood
core connections but also steel anchor
techniques are known. The wood core
is most used. Many inner wood parts
are can be applied depending on the
demands of the connection.

This kind of connections can be used
under more circumstances and the
connection are normally stronger
than other connections. No other
joint techniques such as nails are
needed. But this kind of connection
are more costly and it requires precise
manufacturing skills and equipment.

e Aluminium or steel ring

=+Bolt

——-Wooden plug

fig. 13.8., Renzo Piano, (1997)
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In my graduation design it is impor-
tant that the design is affordable. So
learning from local and traditional
techniques is important. In the pages
here for different joint techniques
are explained. Because of the affor-
dances of the design and the need

of easy to make joints I have chosen
for the second, the friction tight rope
connection. In this chapter different
manners of friction tight rope joints
are described and discussed.

All grated by easiness to make,
strength and sustainability of quality
and time.

Natural materials used as rope are
cocos/sago palm fibre, bast, strips of
bamboo and rattan.

To strenghten the connection green
strips of green bamboo are weathered
and rapped around the connection
area. While drying these strips short-
en. That's how the connection can be
made stronger.

These kind of natural materials are
vulnerable for moistening, rotting and
insects and because of this not highley
sustainable. These elements have to be
impregnated to protect them for these
elements
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The location of the graduation project
is a delta and with that exposed to
water and insects. These kind of joint
can be used if protected against the
moisture and insects.

Jaap Overal tested three different
kinds of natural materials as joints for
bamboo during his graduation project
for building technologys; sisal rope,
hemp rope and flax and resin com-
posite.

This last one happens to be the
strongest joint, according his report.
Besides it is a smooth joint which
makes it aesthetical more appealing.
At the other hand it needs more man-
ufacturing time.

This kind of joint is used a lot by
bikes, see fig. 13.10.

fig.13.10., Leeds, J., 2011

Fig.13.9., Overal, J., 2011



. o8 & e
Industrial materials are iron wire and
plastic tapes and ropes. Plastic tapes
and ropes can turn brittle during
time. Besides the sustainability the
plastic tape is not directly a nice
aesthetic choice. The rope can form
very nice looking joints, fig.13.12.
and fig13.14. Another way is to use
the iron wires, they are vulnerable to
oxidation and which can make them
weak. But it is an economic solution
because of the labouring time to make
them and the cheap materialisation,
fig. 13.13. Also the joints are very
minimum, which make the construc-
tion look like having no joints at all
and strengthen the visual effect of a
very light construction.

Better is to use galvanized steel as a
wire. This has a longer lifespan that
iron wire.

fig.13.11., The wire lacing tool, dr. P. Huybers (1999)

Fig.13.12,, Mason lane farm, B. Meinhofd, (2009) Fig.13.13., Japanese noodle restaurant, DSA+s, (2010)
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The Delft wiring lacing tool is a tool For my design the affordances, and

that provided strong joint of wire, see the easy way of manufacturing the

fig. 13.11. In this way the wire joints joints is really important. Besides the
are very tight and with that strong materialisation of the joint must resist
and a good choice for a constructive humid and insects. That is why have
joint. (dr. P. Huybers, 1999) chosen to use galvanized steel wire.
The tool easily to made, affordable (anping, 2014). By using the Delft
and easy to handle, it fits perfectly in Wiring Lacing tool, strong joints can
my concept. be made easily. In fig.13.14. can be

seen how the facade is built and what
kind of costs are possible to make.

Fig.13.14., facade prototype houses, Own work, (2014)
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Joint with rattan lashing (Dunkelberg 1985)

Plemenka Supic, (1937)
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DETAIL 3
FLOOR

DETAIL 5
BUOYANCY ELEMENT

DETAIL 6
BUOYANCY ELEMENT
& FACADE
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DETAIL 1
ROOF
STORMWATER
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INSULATION
VAPOR TIGHT FOIL
BAMBOO BEAM
_IRON WIRE JOINT
BAMBOO COLUMN

BAMBOO BEAM
VAPOR TIGHT FOIL
ALUMINIUM ROL
ELEMENT
INSULATION
WATERPROOF FOIL
BAMBOO STROKES

—
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BAMBODOO
BAMBOO BEAMS

DETAIL 2 BAMBOO FACADE
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CONSTRUCTION
IRON WIRE JOINT
IRON CHICKEN WIRE
TO JOIN POLLI
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UV PROTECTIVE
F'LASTIEk PANEL

BAMBOO
LEAVES
WATERPFOOF
FOIL
INSULATION
WATERPROOF
FOIL

SLOPE OF
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FLOOR &
FACADE

DETAIL 7
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PET BOTTLES
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DETAIL 2

DOOR

WOODEN DOOR

FRAME

SHIM

ALUMINIUM PIVOT

ELEMENT

ALUMINIU FOLDEING -
FACADE FRAME

000
o0

FOLDING FACADE
SOURCE: SOLARLUX

DETAIL 3

ALUMINIUM FRAME

ELEMENT

FOLDING FACADE
----------------------------- PIVOT POINT

————————————————————— CORNER DETAIL 5
POLLI BRICK
FACADE

UV PROTECTIVE PLASTIC PLATE 1:50 FLOORPLANS
POLLI BRICK

FRAME OF BAMBODO AND GALVANIZED
STEEL WIRE

BAMBOO COLUMN

JOINT OF GALVANIZED STEEL WIRE

e
0
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DETAIL 4
FOLDING
FACADE

Fig.14.2., Details, Own work, (2014)
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DETAIL 1
FOLD FACADE

L PROFILE STEEL

MOUNT ELEMENT OF ALUMINIUM INCLUDING INSULATION
ALUMINIUM WINDOW FRAME

ROLLER BLOCK TO ADJUST FOLDING FACADE

DETAIL 2
FOLD FACADE

ALUMINIUM HINGE ELEMENT

DETAIL 3
FOLD FACADE

ALUMINIUM FRAME
CONNECTION ROLLER BLOCK TO WINDOM FRAME

1:10 VERTICAL DETAILS
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GROUP OF HOUSEHOLD WHICH ARE CONNECTED
BECAUSE THEY SHARE FACILITIES, SUCH AS SPORT
FACILITIES. THERE IS A HARD BORDER IN THE FORM
OF A FENCE AND A GATE PROTECTED BY GUARDS.

ARISES WHEN WALTHY PEOPLE LIKE TO LIVE IN A
SAFE AREA. GOVERMENT OR MINICIPALITY IS IN
CHARGE IN SUCH PROJECTS.

COMMUNITY FORMED BY ROUTING, FOR EXAMPLE A
ROAD. (THIS IS COMMON IN VILLAGES)

THESE KIND OF COMMUNITYS ARE MOSTLEY
HOUSES BUILT BY THE OWNERS THEM SELFS A SIDE
OF A ROAD.

COMMUNITY FORMED BY A U-BLOCK. THE PEOPLE
LIVE IN A BLOCK BUILDING WHERE THEY SHARE
SOME FACILITIES SUCH AS ELEVATORS AND A SEME
PUBLIC OUTDOOR SPACE.

BLOCKS ARE MOSTLEY GOVERMENTAL/MUNICIPAL
PROJECTS.

COMMUNITY FORMED BY A BLOCK. THE PEOPLE
LIVE IN A BLOCK BUILDING WHERE THEY SHARE
SOME FACILITIES SUCH AS ELEVATORS AND A COL-
LECTIVE OUTDOOR SPACE.

BLOCKS ARE MOSTLEY GOVERMENTAL/MUNICIPAL
PROJECTS.

COMMUNITY FORMED BY TYPOLOGY. TYPOLOGYS
ARE FORMED BY CULTURE, INCOME, BUILDINGTYPE
ETC. THESE KIND OF COMMUNITIES EXCIST MOST-
LEY IN THE FORM OF SHANTY TOWNS.

THESE INFORMAL SETTLEMENTS ARE MADE BY THE
OWNERS THEM SELFS. NO RULES OR REGULATIONS
ARE MADE. THIS PROVIDES IT SELF IN UNHEALTHY
LIVING ENVIRONMENTS.

STEELVLIETHOF
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MATERIAL CATALOGUE
MATERIAL

TRANSLU-

—
CENT P =
TIC BO
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RAIN IMPACT

IMPACT OF PESTS LUMINOUS
(RATS, MOUSES) TRANSMIT-

TANCE

NO

YES

NES

THERMAL
cCONDUC-
TIVITY

0,12 W/m*K

0,2 W/m*K
0,8 W/m*K

0,2 W/m*K

Plastic 0,2 W/m*K
Air at 0: 0,024

0,83 W/(m*K)

0,18 W/(m*K)

0,035 W/(m*K)

0,83 W/(m*K)

0,83 W/(m*K)

79 W/(m*K)

RECYCLABLE

if not impreg-
nated; yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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WEIGHT (KG/M3)

700-1100 kg/m3

2400 kg/m3
2500 kg/m3

910 kg/m3

910 kg/m3

150 kg/m3
900 kg/m3
25-30 kg/m3

150 kg/m3

7860 kg/m3

CONSTRUCTIVE
MATERIAL

WES

YES

NES

YES

YES

YES

YES

Y ES

YES

UsSING FOR

CONSTRUCGCTION
FACADE

CONSTRUCTION
FACADE

WINDOWS

FACADE

CONSTRUCTION
FACADE

FACADE

INSULATION

FACADE

FACADE
RAIN PROTECTOR



INVETARISATION
MATERIAL LUMINOUS TRANS-
MITTANCE

CONCRETE

THERMAL CON-
DUCTIVITY

0,12W/m*K

0,2W/m*K

0,8 W/m*K

0,2 W/m*K

Plastick 0,2 W/m*K
Air at 0: 0,024 W/m*K

0,83 W/(m*K)

0,035 W/(m*K)

WEIGHT (KG/M3) CONSTRUCTIVE MATERIAL

700-1100 kg/m3

910 kg/m3
910kg/m3 YES
150 kg/m3
25-30kg/m3
7860 kg/m3 ves

USING FOR

CONSTRUCTION
FACADE

FACADE

WINDOWS

FACADE

CONSTRUCTION
FACADE
INSULATION

FACADE

INSULATION

FACADE
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TU Delft; Faculty of Architecture; heat_load --> Room specifications

tight side:

left side.

back side.

foof side.

Room dimensions and orientation
Net height [meters]

Gross height (floor-floor) [m]

Window height [m]

Window width [m]

Fagade | front side width [m]

Room depth [m]

Orientation (N, NE, NW, S, SE, SW, E, W)

Temperatures
Design temperature, t, [°C]

adjacent room temperatures, if applicable

Do not leave cells empt

pe 0in unused cells

- Please fill in the yellow fields
- More info can be found in the Reader Klimaatinstallaties or the website

winter

And translation of the symbols are stated in the table Symbols on the site

Right side [°C] sc| 3oc]
Left side [°C] 20c| 26|
Back side [°C] 20c| 26|
Front side [°C] sc| 3oc]
Above [°C] sc| 3oc]
Below (floor? outside?) [°C] 20c| 26|

Other windows, if present (only outside windows!)
Right side window height [m]

Right side window width [m]

Orientation (N, NE, NW, S, SE, SW, E, W)
Left side window height [m]

Left side window width [m]

Orientation (N, NE, NW, S, SE, SW, E, W)
Back side window height [m]

Back side window width [m]

Orientation (N, NE, NW, S, SE, SW, E, W)
Roof window length [m]

Roof window width [m]

Orientation (N, NE, NW, S, SE, SW, E, W)

Calculations (no entry)
Areas (gross height)

front side window

front side parapet

roof or ceiling; window excluded

floor

tight side wall; window excluded

left side wall; window excluded

whole sidewall

backside wall: window excluded

front and back side; whole faade

window (right), if present

window (left), if present

window (back), if present

window (roof), if present

total window area

Horiz.

Depth
-
Facade Right side
g
k-] ®
Z 2
g a
© &
Leftside

Ceiling/ Roof

Front side
I apis yoeg

Did you fill in the numbers (and units!) correctly?
Numbers will automatically be inserted in the calculations!!
=> Proceed with "heat loss" calculations

A=7,80m2
A=10,80 m2
A= 21,60 m2
A= 21,60 m2

room volume
net height x floor area 54,0 m3
percentage of windows (uith respect to gross wall area)
of facade 2%
of right side wall 28%
of left side wall 28%
of back side wall 0%
of rooff ceiling 0%
of total wall area 23%
At with respect to adjacent rooms and surroundings
winter  summer
window (inside-outside) 15K 10K
parapet (inside-outside) 15K -10K
roof or ceiling 15K -10K
floor K 6K
right side wall 15K 10K
left side wall K 6K
back side wall K 6K
inside air-outside air 15K 15K
max, min values
width or depth of room, largest value 60m
width or depth of room, smallest value 30m
steady figures winter summer
outside t, [°C] scC sc|

Education aid tool for building services

Areas (net height)
front side window
front side parapet
roof or ceiling; window excluded
floor
tight side wall; window excluded
left side wall; window excluded
whole sidewall
backside wall: window excluded
front and back side; whole fagade A=180m2
window (right), if present
window (left), if present
window (back), if present
window (roof), i present
total window area A=15,0m2

percentage of windows (with respect to net wall area)

of facade 50%
of right side wall 33%
of left side wall 33%
of back side wall 0%
of rooff ceiling 0%
of total wall area 28%

WhiaH
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TU Delft; Faculty of Architecture; heat_load.xls --> Heat loss

ROUGH HEAT LOSS CALCULATION, ®w (stationary method)

Please fill in the yellow fields

more info more info
e u A At @,
transmission (-1 Wim?K] (m’] K] wj
Window (front) 1,26 S 9 15 865
Paparet 1,05 1,2] 12,6 15| 238
Ceiling or Roof 1,05 12 18 15 340
Floor 1,05[ 1.2 18 0 0
Wall, right side 1,26 SNl 7.8 15 750
Wall, left side 1,26 S 7.8 0 0
Wall, back side 1,00 0,083 21,6 0 0
by other windows, if present
Window, right side 1,26 SN 3 15 288
Window, left side 1,26 SN 3 0 0
Window, back side 1,26 51 0 0 0
Window, roof/ceiling 1,26 SN 0 15 0
(@) 2481 W
Bopy =05 XD, 1241 W
more info more info
Quintivent P c Atinout | Dinyent
Outdoor air flow [m?/s] [kg/m®] [J/kg K] K] [J/s] = [W]
infiltration ,0014] 12 1000 15 25
ventilation ,0014] 12 1000 15 25
Max(®;) 25 W
overall heat 10ss, ® =0 +®py+ Rintvent 3747 W
Characteristic numbers - building services
Specific heat loss Dw.spec = Dw / Avioer = 208 W/m*
Air exchange rate of outdoor air Nintvent =(v,intivent ¥ 3600) / V= 0 time/ hour
With air heating
volumetric airflow required for heating
with high SUPPIY At e v < 20 K Guaw = Do/ (p C A = 0,16 Ms

with low supply At e ary < 40 K

air exchange rate required for heating

Quow =Py ! (pcAY =

with high supply Neireu = (daw * 3600) /V =
with low supply Neireu = (Gow * 3600) /'V =

Characteristic numbers - general
facade area

window percentage (facade)

floor area

room volume

design temperature

21,60 m2

42%

18,0 m2
54,0 m3

20C

control figures - infiltration

utility / industrial building, minimum value g, int
utility / industrial building, maximum value g, ¢

residential building, minimum value gy, in
residential building, maximum value q, iy

minimum value ¢yt

maximum value qy

control figures - ventilation:
guideline, minimum value ¢y, ven

guideline, maximum value qy, yent
guideline, minimum value ¢y, ven
guideline, maximum value qy, ent

25 m3/h
150 m3/h

5 m3/h m2
35 m3/h m2

minimum value g yen

maximum value qyyent

Education aid tool for building services

|mure info Imure info |

,019 m3/s
,045 m3/s
,002 m3/s
,135 m3/s

,002 m3/s
,135 m3/s

,007 m3/s
,042 m3/s
,025 m3/s
,175 m3/s

,007 m3/s
,175 m3/s

10,4 maal /uur

5,2 maal /uur

% of total heat loss
transmission through windows
transmission through roof/ceiling
transmission through floor

infiltration
ventilation
other

Delta Interventions Graduation Booklet, N.Y. de Korte 2013-2014

562 m3/h
281 m3/h

30,8%
9,1%
0,0%
0,7%
0,7%

58,8%
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TU Delft; Faculty of Architecture; heat_load > Cooling load

ROUGH COOLING LOAD CALCULATION, @, (stationary method)
I

Please fill in the yellow fields
i

[Heat load by people, ®,

ore
z Acaam ZTA
in 1 ) 1
ront side S | o0 | 022 | @ 079
rightside w [ 600 | oas | s 079
left side E | 1600 | oas | 3 079
back side N | 1600 | 10 | o 079
ool boiz | 1600 | 100 | o 079
£z Z | Aaan | ZTA | ooy | fo | @uq
n1 1 ) 1 i | w
front side s 9.00 0,22 9 0.79 310 .5 242
rightside [ T Y ) 079 | w0 E 109
Teftside €[ oo | oas | s 079 | 350 X
back side N 9.00 1,00 [ 0.79 100 . 8( [
roof [Horiz. 9.00 1,00 0 0.79 760 .6 0
D) 725 W
z Avaam | ZTA
in 1 ) 1
frontside S [ o0 | o2z | ® 079
rightside [ T Y ) 079
left side E | 1o | oas | 3 079
back side N [ oo | 10 | o 079
ool boiz | 1300 | 100 | o 079
z Aaam | ZTA | Qoo | fa | @290
03] O] (m’) ] | wmh | o) w
front side s 13.00 022 9 0,79 310 1,00 485
Tight side w | 100 | o | 3 079 | 310 05 161
left side E | 100 | oas | 3 079 | 30 0.6 224
back side N | 10 | 1o | o 079 | 10 10 0
ool oz | 1500 | 100 | o 079 | 760 1,00 0
U, ) _8%0 W

>
Heat 0ad by lighting @,
Heat load by equipment ®a
]
£ more nfo |
Aan | ZTA | Geome | Ta
sunradiation, OUTSIDE windows ] i (1 | wma | (g
front side indow (fagade) s 22] 79| 310l 100
‘outside window, right side w|_10) 5] 75| 40| 050
outside window, left side e 1 XE 79| 350 0,60
outside window, back side N 1] 00} 79[ 100] 1,00]
outside window, roof Hor] 1] 1,00] of o7l 7o 10q] 0
E@;aan) 830 W
Max(®; ) 937 W
Uraam Avaam | Atin ou | Firraam
via OUTSIDE windows wmik| m1 | K
front side vindow (fagade) 3
‘outside window, right side :
‘outside window, left side :
‘outside window, back side’ ]
outside window, roof 0
@) __zow |,
a A A .
sunload via OUTSIDE walls and roof -1 m | wim? w
parapet (iront side) s 7] 9 [
roof Horiz Xi 19| 76
outside wall ight side w 7] 6| 25 107
outside wall, left side’ E X 6 25 107
outside wall, back side N 0.7} 18] 259) 321
X0,,) ouw
» ¢ | Atou| O
access of outside air o) | prokl | 1| psl=w
infization 13 1000 5] E
more info C
external 10ad, @u=, g+, o+ @+ 1207 W
rough cooling load ®=0;+®,
e numbers - building services:
‘specific cooling load Dyspec = D/ Avioer =
infitration-factor Mint = (Gt * 3600) /V =
needed amaunt of i for caoling
oo [5] amenipen= ozs s
needed circulation factor fo cooling
circulation factor for cooling Nereut = (Guo * 3600) /V = 16,6 times/ hour
At natural ventilatior
needed amount of outside air for cooling Gepu = D/ (pC A = 1497 m3ih
needed ventilation factor for natural cooling. Nspui = (Gspui * 3600) /V = 27,7 times/ hour
Characteristic numbers - gener: 9% of toal cooling load
fagade area 18om2 internal load 20%
Window percentage (fagade) 50% et load persons 67%
Floor area 180m2 heat oad lighting 18.4%
Room volume s40m3 heat load machinery 00%
Design temperature 200
external load 0%
contro figures - general Sun radiation through outside windows. 62.6%
floor area per person 9,m2 ransmission through outside windows 180%
sun load through outside walls and roof 08%
outsice air supply 5%
nirol figures - i n
minimum valde q vint 02713600 003 mais
maximum valve vt 03713600 005 mais
minimum value Qvinf 003 m3ls
maximum valve Quinl 005 s
contro figures - venilation
‘guideline minimum value vent 25m3h 007 m3ls
guideline maximum value ] vyent 150mIh 042 mals
guideline minimum value qvent Smanm2 025 mas
guideline maximum value g vyent Bmanme 175 mas
minimum value Quvent 007 mls
maximum value Quven: 175 m3ls

Education aid tool for building services
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TU Delft; Faculty of Architecture; heat_load --> Room specifications 16-6-2014

ROOM SPECIFICATIONS, INPUT FORM Caution!
Do not leave cells empty!! Type 0in unused cells
- Please fill in the yellow fields

- More info can be found in the Reader Kimaatinstallaties or the website
Room dimensions and orientation bk

Net height [meters] 3.0 m| |And translation of the symbols are stated in the table Symbols on the site
Gross height (floor-floor) [m] 3,60 m| Senm
‘Window height [m] om
Window width [m] om
Facade Right side
Fagade / front side width [m] 30m|
Room depth [m] 60m|
Orientation (N, NE, NW, S, SE, SW, E, W) B 3 @
H e |5 i
Temperatures winter __ summer
|Design temperature, { [°C] [ 20 2sq] —
Left side
adjacent room if applicable
Right side ['C] 5§ 5C|
Left side '] sc| 5]
Back side ['C] 20c] 260 IM_
Front side [C] 5] 5]
Above ['C] 20c]  26¢ € (3 g I
2 2 = . |a
Below (floor? outside?) [C] 5l 50 é S J g g
Other windows, if present (only outside windows!) Floor Below
Right side window height [m] om
fight side | Right side window width [m] om)
Orientation (N, NE, NW, S, SE, SW, E, W) E
Left side window height (m] om
leftside | Left side window width [m] 0m|
Orientation (N, NE, NW, S, SE, SW, E, W) w
Back side window height [m] om
backside | Back side window width [m] 0m|
Orientation (N, NE, NW, S, SE, SW, E, W) N
Roof window length [m] om|
foof side | Roof window width [m] D
Orientation (N, NE, NW, S, SE, SW, E, W) Horiz

Did you fill in the numbers (and units!) correctly?
Numbers will automatically b inserted in the calculations!
=>Proceed with "heat loss” calculations

Calculations_(no entry)
Areas (gross height) Areas (net height)

front side window A=30m2 front side window A=30m2

front side parapet 2292 m2 front side parapet 20,76 m2

roof or ceiling; window excluded = 77,76 m2 roof or ceiling; window excluded

floor 7,76 m2 floor

tight side wall; window excluded 8,88 m2 right side wall; window excluded

left side wall; window excluded A=38,88 m2 left side wall; window excluded

whole sidewall 8,88 m2 whole sidewall

backside wall: window excluded 5,92 m2 backside wall: window excluded

front and back side; whole facade A=2592m2 front and back side; whole fagade

‘window (right), i present window right), if present

window (left), if present window (left),if present

window (back), if present window (back), f present

‘window (roof), if present ‘window (roof), if present

total window area total window area

room volume
net height x floor area 256,61 m3
percentage of windows (with respect to gross will area) percentage of windows (with respect to net wal area)

of facade 12% of fagade. 13%
of right side wall 0% of right side wall 0%
of left side wall % of left side wall 0%
of back side wall % of back side wall 0%
of rooff ceiling % of roo ceiling 0%
of total wall area 2% of total wall area. 3%

At with respect to adjacent rooms and surroundings

winter summer
window (inside-outside) 0K 2K
parapet (inside-outside) 30K 2K
r00f or ceiling 5K 2K
floor K K
tight side wall K K
left side wall K K
back side wall WK 2K
inside air-outside air K 2K
max, min values
width or depth of room, largest value 1080m
width or depth of room, smallest value 720m
steady figures winter summer
outside temperature, t, ['C] sc[  2sc
Education aid tool for building services 2002 1
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TU Delft; Faculty of Architecture; heat_load.xls --> Heat loss

ROUGH HEAT LOSS CALCULATION, ®w (stationary method)

Please fill in the yellow fields

more info more info

e U A At @,

transmission (-] [W/m? K] [m?) K w]
Window (front) 1,00 0,083 3 30 7
Paparet 1,00 0,083 22,92 30 57
Ceiling or Roof 1,05 %2 77,76 5 490
Floor 1,05] 1.2 77,76] 0 0
Wall, right side 1,00 0,083 38,88 0 0
Wall, left side 1,00 0,083 38,88 0 0
Wall, back side 1,00 0,083 25,92 30 65

by other windows, if present
Window, right side 1,00 0,083 0 0 0
Window, left side 1,00 0,083 0 0 0
Window, back side 1,00) 0,083 0 30 0
Window, roof/ceiling 1,00 0,083 0 5 0
(@) 620 W
Dy, =05x D, 310 W
more info more info
Qu.infivent P c Atinout | intvent
Outdoor air flow [m’s] lkg/m’] [W/kg K] Kl |[/s] = W]
infiltration ,014] 1,2 1000 30 504
ventilation ,014] 1,2 1000 30 504
Max(@;,) 504 W
ovi

Characteristic numbers - building services

Specific heat loss Dw,spec = Dw / Avicer =

Air exchange rate of outdoor air

With air heating

volumetric airflow required for heating
with high supply At e an < 20 K
with low supply At e an < 40 K

air exchange rate required for heating

with high supply Neircu = (daw * 3600) /V = 0,8 maal /uur
with low supply Neircul = (Gow * 3600) /V = 0,4 maal /uur

Characteristic numbers - general

Ninfivent

facade area 25,92 m2
window percentage (facade) 12%
floor area 77,76 m2
room volume 256,61 m3
design temperature 20C

erall heat 10Ss, @, =0+ @, + Pinjvent 1433 W

18 W/m*
=(Qv,nivent * 3600) / V= 0 time/ hour
Quow =Dy / (p CAY = 0,06 M’/s

Auaw = Py (p €AY =

% of total heat loss
transmission through windows
transmission through roof/ceiling
transmission through floor
infiltration

ventilation

other

control figures - infiltration Imore info Imore info |

utility / industrial building, minimum value d,
utility / industrial building, maximum value g, in¢
residential building, minimum value g, int
residential building, maximum value g, jn¢

minimum value gyt

maximum value gt

control figures - ventilation:

guideline, minimum value qy, vent 25m3/h
guideline, maximum value qy, ven 150 m3/h
guideline, minimum value qy, vent 5 m3/h m2
guideline, maximum value qy, ven 35 m3/h m2

minimum value g, vent

maximum value ¢, yent

Education aid tool for building services

,023 m3/s
,054 m3/s
,007 m3/s
,642 m3/s

,007 m3/s
,642 m3/s

,007 m3/s
,042 m3/s
,108 m3/s
,756 m3/s

,007 m3/s
,756 m3/s

215 m3/h
108 m3/h

0,5%
34,2%
0,0%
35,2%
35,2%
-5,0%

16-6-2014

2002 1

151



152

TU Deltt; Faculty of Architecture; heat_load > Cooling load

ROUGH COOLING LOAD CALCULATION, @ (stationary method)

Please fill in the iellow ields

more nio
z Azam | ZTA | Geony fa .
1 1 ] 1| wmd | wl
front side S 9 1,00 3 0,60 0 80| o
night sce 3 o 045 0 060 0 0] 0
Teftside w o 045 0 060 0 20] [
back side N 9 022 0 0,60 0 ,50] o
roof [Horiz. 9 0,00 0 0,60 0 60| 0
E®.q) [
E z Adan | ZTA | ooy fq L
1| m) ] 1] w
front side. S 16 1,00 3 0,60 0 .90] o
right side E 16 045 [ 0,60 [ .50] o
Teftside W 045 0 060 ) 00 0
back side N I 022 0 060 0 0] 0
roof | Horiz. 16 0,00 0 060 0 .90] [1]
O, ) w
z2 | Aaan | ZTA | Geony | fa | @
h1 -1 ] 1 | wml |- w1
front side S 13 1,00 3 0,60 0 00| o
ight side 3 13 045 0 060 0 60] 0
Teftside W 1 045 0 060 0 50] [
back side N 13 022 0 0,60 0 00| o
roof [Horiz. 13 0,00 0 0,60 0 00| 0
@) W
z Acan | ZTA | Qeony fy L22)
() O] | 1) 1] 0 w
rontside s 1 100 3 060 0 100 o
rghtside 3 ] 045 0 060 0 60] [
left side w 13 0,45 0 0,60 0 ,50] o
back side N 13 022 0 0,60 0 00| o
roof |Horiz. 13 0,00 0 0,60 0 00] 0
PO

more o
P D,
L] w
[Heat load by people, @, | 2] 100
Aviger ° o
m’] w '
Heal [0ad by lighting @, 77,76) 200
Heal 10ad by equipment ®a 77,76 0
internal load, ®=0,+®+®, 300 W
—h
| e (Nae]
A | ZTA | Geony \\
sunradiation, OUTSIDE windows i (1| wim?
front side vindow (fagade) 0]
outside window, right side E 60]
outside window, left side. B .60]
outside window, back side’ E .60]
outside window, roof Hor|_3| 00 o 60]
2D aam) w
Max(® raam) w
Uraam Acaan | Atin o | Fiesaam
via OUTSIDE windows m* m) [
front side vindow (fagade) 1 2
outside window, right side 2
Outside window, eft side
outside window, back side
outside window, roof
PO w o,
a A o,
sunload via OUTSIDE walls and roof 1 | e [ wmd |
parapet (iront side) s 7 76] 9] 668
roof Horiz 7 76] 29 2504
outside wall ight side 3 7 64] 29 1148
outside wall left side w 7 64] 2] 1148
outside wall, back side N 07 2374 2] 765
(P.,)_ 6233 W
Gt 3 o | At o
access of outside air | (ms) [kg/m’] | (3kg K] K] [t
infiration [ omid 12 1000 2
e
external 0ad, ®=; o+ g+ @, + Oy
rough cooling load ®,=B+®, 6584 W /
cl numbers - building services:
specific cooling load Dyspec = D/ Aviger = 85 Wim?
infiltration-factor Nt = (Gt * 3600) / V. 0,30 times/ hour
needed amountof air for cooling
Quaniity of cooled aif At e 1, = Quax =D/ (peay= 011 ms 3950 main
needed circulation factor or cooling
circulation factor for cooling Neeu = (Quax * 3600) /V = 15,4 times/ hour
At natural ventilation [rore info
needied amount of outside air for cooling Qg = D/ (p €AY 01,63 m3/s 6584 m3m
needed ventiation factor for natural cooling Ny = (Gepui * 3600) 1V = 25,7 times/ hour
Characteristic numbers - general 9% of toal cooling load
fagade area 2376 m2 internal load %
Window percentage (facade) 13% heatload persons. 5%
Floor are: 77,76 m2 heat load lighting 30%
Room volume 25661 m3 heatload machinery 00%
Design temperature 260
extemal load o5t
nirol figures - general Sun radiation through outside windows, 0%
floor area per person 3om2 wansmission through outside windows 00%
Sun 0ad though outside walls and roof 4.1
outside air supply 08%
control figures - nfitration
minimum value qvint 02+Vi3600  onamals
maximum value G vint 03+VI3600 021 mals
minimum value Quit 014 mals
maximum value Quint 021 mals

control figures - ventilation
guideline minimum value qvvent
guideline maximum value ¢ vvent
guideline minimum value qvvent
quideline maximum value qvyent

25 mam

150 m3im

5maihm2

dmanmz 756 mals
minimum value qusent 007 mals
maximum valve Quent 756 m3ls

Education aid tool for building services
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