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Abstract

The environmental impact of the construction
and demolition industry is enormous; therefore,
the processing of architectural debris and the ex-
isting building stock has become the priority for
the design of sustainable buildings and cities. At
present, more focus is put on how to reduce the
carbon emission of buildings during the design,
construction, and operational stages of an archi-
tectural construction however less consideration
has been paid to the quantifying of the contin-
ued use and retaining of a structure embodied
carbon post end-of-life stage in the form of its
Demolition material waste. Currently it is com-
monly practice for structures to be deemed unfit
for use before their constituent materials have
reached their designed end of life stage due to
many factors ranging from ground conditions to
poor upkeep and changes in society (1) Because
of this A structure’s embodied carbon energy
can be seen to have been released earlier than
designed, resulting in the wasted potential of its
constituent embodied carbon. This demolition
material to conserve its embodied carbon poten-
tial should be fed back into the material flow of
the city converting the city and its contained sites
of demolition into stores of embodied energy in
urban quarries (2). Considering the scale of the
current climate crises requires that the materials
held in these sites be reclaimed to actively re-
tain as much of their original value as possible.
Through this process of reclamation via urban
mining principles of circular economy can be
applied.

Fig 1 Architectural
Quarrying




Introduction

At current, the earth is on track for unprecedent-
ed global climate change and global warming
driven by increased human economic activity
worldwide with the current environmental models
estimating an increase in temperature of around
1.5 degrees Celius with the next few decades(3)
a leading cause of contributor to this escalating
environmental situation is the construction indus-
try as a whole producing half of all solid waste
generated annually with construction sectors
contributing to 23% of air pollution from process-
ing, 50% of total climate change and accounts
for 50% of landfill wastes generated worldwide
.(4) in Dublin annually 1.2 million tons of CDW is
produced annually with the designed life span of
the average modern structure valued at 75 years
or above on average but as a result to chang-
ing trends are demolished and replaced before
reaching end of life stage maturity in Favour of
more efficient and denser architectural programs
(5) .The rate at which structures are demolished
is set to rise each year with an increasing pop-
ulation requiring greater densities of housing in
the greater Dublin area already under strain from
the existing housing crisis (5)At current trends of
urban expansion, the future city is predicted to
inevitably create a proportional increase in CDW
to its expansion further straining the local re-
gion’s ability to absorb the additional CDW. While
urban construction is set to increase the existing
building stock will additionally be reaching the
limits of its designed life span.

Fig 2 Disposable city
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Scope

As the severity of the climate crises is set to worsen the need to reduce the levels of new material entering the built environment and the need to retain ex-
isting embodied carbon energy in the city becomes crucial. The emphasis on the reuse of existing materials in a manner that holds as much of the materials
original embodied carbon as possible. Two approaches emerge in retaining the embodied carbon of Construction and demolition waste (CDW) materiality.
The first processes the material through transformation to create a transformed product. At each step, there are manufacturing, transportation, and labor
costs, which take time, energy, effort, emissions and have an additional environmental impact. Hence each production step, from extraction to manufacturing
and assembly, adds carbon value to a construction product. The second process maintains as much value as possible from the reclaimed CDW materials, for
as long as possible through reuse and upcycling without extensive progress. Through these processes materials removed from their respective sites through
means of either ‘urban mining’ or total demolition site excavation of CDW materials post demolition will be fed back into the material flow of the city in one
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Fig 4 Removed MethOdOIOQy

construction
waste 2019

To clarify the research case qual-
itative  bibliographical research
was conducted, together with
the study of CDW recycling and
upcycling techniques. Using cur-
rent material reuse practices an
16% investigation into the life cycle of
Metal 199.392T materials post end of life stage
through a circular economic sys-
tem was conducted, comparing
current recycling and upcycling
processes and their ability to con-

serve the respective embodied
- carbon and respective value of

Current approach on the built environment(recycling)

According to the European Commission: “The circular economy is emerging as an alternative to the linear economy construction, use, disposal in which
raw materials remain in use for as long as possible, their maximum value is extracted during use, while, at the end of their life, these products shall be re-
covered and reused” (6) Recycling is today considered to be the most Enviromental conscious method of tackling the flow CDW leaving the construction
industry today. In relation to the processing of material post end of life cycle it is transformative in nature, via mechanical, chemical or thermal processing.
converting input material into reformed products (fig 2.2). in terms of development, it is relatively a new development where building materials were tradi-
tionally organic in nature. Due to intensive processing required to transform the material into reformed products ready for use, recycling has become ener-
gy intensive. Recycling requires multiple stages of carbon level generation from the transportation of the material its which in most cases is a processing
plant located away from population centers and the processing of the material itself with additional embodied carbon being added to the material in the for
of additives vital to the transformation process. Additionallay through the act of conservation of embodied carbon of the material itself pollutants are inevita-
bly produced as a result (7). As a result, the process of recycling materials post-end —of-life to conserve embodied carbon is flawed. In efficiency and pro-
cessing, the most effective recycling method requires the least input, creating the least amount of additional embodied carbon and pollutant byproducts.

Through current legislation in Europe it is required that construction and demolition waste be recycled for reuse through the implementation of what is the first
stages of a circular system to the flow of construction materials created by European the construction industry dictating that ‘by 2020, the preparing for re-use,
recycling and other material recovery, including backfilling operations using waste to substitute other materials, of non-hazardous construction and demolition
waste shall be increased to a minimum of 70 % by weight’(8). Currently Ireland exceeds this target with a rate of 97% recovery of CDW (9) for the purposes listed

where much of that percentage being made up of soil and rock backfilling operations. With reuse targets for material recycling are set to increase to 60% by 2030é
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Fig 5 Additive
Recycling

Recycling techniques

Annually Dublin produces 1.2 million tons
of CDW (10) excluding soil and rock de-
bris. the Processing of materials post end
of life stage vary from category to catego-
ry with the major elements recycled con-
sisting of concrete, steel, glass, timber.
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Fig 6 Additive Annual Dublin concrete waste as a single form
at 524,605 tones

Conservation of embodied carbon through upcycling
reuse and change of function

Unlike recycling, most reclaimed material is downcycled through destructive
methods, meaning the material loss of value is primarily used outside the
architectural sector. Whereas upcycling is the preservation of an object’s embodied
value and embodied carbon potential. This value can be summarized in the steps
taken to bring raw materials from the point of extraction, their subsequent refining
into units of value, assembled into components and the final assembly of the object.
Every step along the supply chain requires natural resources, energy, labor, and time.
Transportation, and every step creating a total sum of embodied carbon. Every
product has embodied energy, embodied impacts, embodied potential.

Seen as a recent development in modern architecture and the built environment,
upcycling is as ancient as human society. In relation to the built environment, it relates
to the re-use of architectural parts. In the current setting it can be utilized as a means
of waste exploitation turning low-value materials into higher-value materials through
noninvasive means where it can simply be a simple change of function that brings
additional value.

Thesis Book

Concrete

Concrete forms the bulk of modern-day Irish constrution
material with an annual 524,605tones (10) entering the
end-of-life stage in its life cycle from Dublin alone but
retains much of its value even while in its demolished
form but also has one of the highest levels of embodied
carbon in the industry as a whole with 0.92 kg CO2e and
accounts for about 7% of global carbon emissions (11).
Once transported to the designated processing plant its
constituent materials must be separated as modern
concrete is a mixture of physical additive consisting of
mortar paste, gypsum, Trace plastics, metals and woods.
More commonly of chemical additives are added to
enhance its physical properties but reduce its
recyclability into higher grades of recycled material for
reuse as a since unwanted and potentially hazardous
composites should not be recycled into new products as
a result, concrete is commonly downcycled into an
inferior product via mechanical crushing/shredding to
form shredded or pebbled concrete aggregate or infill
material in infrastructural projects such as road
construction. Additional challenges come in the form of
percentage tolerances of allowable concrete aggregate
in reported concrete in order to meet specific mechanical
performance requirements (12) Through recycling it can
be found that concrete is subject to a loss in potential
embodied carbon because of its material value
degradation with additional carbon value added to its
transformed state.

11
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To investigate the viability of the thesis topic of
material reuse through change of function and
reclemation a prototype was created to test the

process in the field

This stage of the investigation focuses on the
exploration of maximizing embodied carbon
reclamation of CDW by means of a combination
of both methods of material reuse by
architectural means.

To demostrate this process a derilict site was

chosen to allow for the best utilisation of its em-
bodied materials.

14

Fig 7
Material
Cycle

), /727 PRt
v .

-

P tses.

/ .
N\ 77 '
777777/ ,
. f o

/ V

NARVESTL

V TR




[ uu! LT - L
Ea Tl (R 8 Seat
Hn ) g 55 =t
‘ EiSREiES s====:
T e < e
[T 11 i -=F-’l-l
i | di e
N =
5T der) e
i mtize e !

=
Rl nﬁ©/7 fi /\ >

ype Material The chosen site situated within tolka valley north of inner city dublin consists of a series of

site map Tolka abandoned foundation slabs left unused since the 2008 economic crisis. As a change of use of

Valley the site would require that the slab be repoured to fit a change of use the existing slab would be
unfortunalty be sent to landfill.
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Fig 10 Material sample remval

In its current form the foundation slab may only serve a
limited number of functions to rectify this the embodied
materials must be freed through change of form. This is
also to allow the floor slab to act as a test case for the
potential utilisation of concrete rubble as well as pristine
structural units. From the demolition of the floor slab we
then gain our sample set of materials.

This sample set will then be utilised to created the
prototype.

16

Fig 11 Material Rubble sample creation
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Fig 13 Rubble Sample Set
which it can be structurally sound while performing a

als the show structure was designed in a manner in
role as both wall and roof.

To fully realise the potential of the supplied materi-
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Fig 12 Machining the rubble
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Ia { Machined concrete rubble
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Fig 14 Rubble assembly

Fig 16 Section detail

Surface Geometry
Edge Intersection
Removed Material from individual unit

Fig 15 Calculating cutting area
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Fig 17 Cyclopean Masonry building order
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Fig 20 Site section

Inspired by iron age passage
tombs the form allows for the
supplied materials to perform
multiple roles where its original
purpose was just that of a floor
slab
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Fig 21 Atmospheric
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Fig 22 Phibsboro Centre Plan
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The Quarry

To realize my chosen thesis topic
where the city is viewed as a
continuous quarry where each
architectural expression can be seen
as a store of materiality alongside
the embodied carbon that materiality
wealth may embody.

To investigate the architectural
expression of such a ethos the
chosen site required that it be ripe for
harvest metaphorically where its
embodied architectural expression
has reached the end of its life cycle.
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Fig 24 Existing Wall detail
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Fig 25 Regional Map
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Site S =] | -
Phibsboro Centre was found to meet
the requirements needed to be
optimal for material reclamation and
up-cycling. Being marked for
demolition sometime in the year - o
2024/25 to make way for newer
developments where its embodied
materiality would be marked for

"'.'1-m_f{!ﬁ{_f. S | | Y landfil.

'I.:.z.'_ L L

VORI BONES W™ s o i L . N What makes the centre perfect for
: S0 - | - 2 - iw : - e -2 i ; @l reuse is its construction. Consisting
R o DN A 17 IRERE , Al AR Eat Sl Of mostly precast units the materiality ] i
= AT | | S5 b oy g il TN & and its structural units are ripe for o *
— - — ' SR reuse and adjustment where they

may be recombined and structurally
changed so that they may serve new
functions while preserving its
material value and embodied carbon
value.

Fig 26 Exiting facade elevation
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Fig 27 Existing elevation
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Fig 28 Exploded view Fig 30 Existing Axonametric view

Fig 29 Existing Side elevation
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Fig 31 Site analysis

32



Thesis Book
AN in _.7. 30 ey 9[0
AL /Sf—‘- '\A"‘ / Em lo b 9 Site
P ‘3 w 43 F j b‘j P,: . \.-'a'k./ BW/ Cenr mmbsﬂ :J‘
erw b p~ = walk, ?LIL, Gu.i,cﬂ" 4

‘j;coﬂg“; 5fw - waln, Ehle, &a, Cor

El::»ff:\f\ - Lo s s Deand Zone I'U;n - l.P-s/ZPH— q.PH
l

Qu-wwb—w;“b"/ 51(9?%
H
&
godbl&-‘ Pioenn 3
To be ” :
Redevelo 7 :
39/7.4
Perg, | 7 A l
,i; bw éw
i
|
v |
|
a
QL u-bk ~Youn
cn.\ Pot r\% \
— s -, \ - D”WA 5‘”’:" i ite analysis
/Sp.v\RM —\minbe. Fawm Feul food sf-ﬁ'R\Sb"' _1 '\ ro 2 gfl;adowl.}sltudy

33



Jamie Proctor

- L.L) »y o conbinu-ou-s (V,@_j —Lq’u"‘"';)‘”

b e evidence of oy Lo On e
W in which, men aninboabionall sealpb F"-ﬂf‘fj
(and V'GI'M:J w result in SEngl U“é €
j‘-"l"y-# ntfocbinatd lands

7 O eany

RUOMRS

K-'-:J

’: @fjﬂv\!'(.

ok, brab wrtes Fromn Dhe sitgin Lo
Rer wnsberaly ond Leody oo peek bo b onb.‘.‘-o(.

Gueh  tlemtnly

- E)ml-_u\'gb A«.W{;snﬁn«, -”"lta(ﬁ&f b o FM/NE#LQ

- Plabgheorpen \nabedl Ej locoly = Dousbn! abr

_Opsrt o Badplomn = albruine
v A‘b‘ . :m/:ﬂj , - Al
entigings ﬂ-:g:-'uém.f

Bﬂtbﬂlb&r - L Corkesie- rbf.lsﬂh
brut

Ren comcncke ia P

e s
~pkﬁh5bamv\—( ww\m.ma hohp — —oveid ak:»rf

= @mmmnn

pe Cnfnm'ﬂ

S
= naboal M:DT
- nokesl l':jw T

E
ot
p«t‘#}e{ 14 .Fub‘au“
B i t.-:?'.; Naia Cerculation Sec
— e Route ok i,
G ok
rvru
"4
Yhelle~ i
: o
Deep t . 'C" '
@ -- J| v
FPhernyd
S
+
fint  F
Meibe: Prisowm Crow porl
hmp.éul v VP
Fig 33 Site analysis

34

3] g =

ﬁm“hhﬂf ‘Tﬂiu{[ b
Mﬂ-‘ﬂ L',., _....,,].

e

The city as a continuous quarry

A quarry is evidence of mans action on nature, a
universe in which men unitentionally sculpt pleats
and volumes that result in strange and striking
geology .A “manufactured landscape”, organic
architecture that arives from the search for raw
materials and leads us back to the origin of such
elements
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We are currently experiencing a time where our urban
centres are fizling out. The Phibsboro plaza was a prime
example of this. Currently slated for demolision what if we
could turn it into something new and meanigful, what if we
folded the life back thats been lost from our urban centres
back into the centre of our communities. To give space for
us to really see each other again. To create something that
brings all aspects of society together and reinvigorates the
land, creating green landscapes at the centre stage in the
heart of phibsboro and to give landscape areas to the peo-
ple of dublin for the enjoyment of the greater community to
live,walk, and meet. To give the city a rich biodiversity city
centres typically never have.

Built history should be preserved where theres a truth to it
and building on it not fearing it.If we eradicate it we have
lost a key part of the cultural heritage of the region.
Phibsboro has the chance to reinvent itself a possibility
mny failing population centres today do not have.

The idea is to retain as many elements of the architectural
history as possible so that they may be amplified through
reuse. Preserving the soul and character of phibsboro.

Listening to the people of the area and colaborating with
them to create a vibrant and community spirited place
together based on what i learned from them. To rebuild a
true social fabric in the city to inspife and foster new gener-
ations while supporting the existing ones and to safeguard
a more sustainable equitable city.



By changing the use of the existing already
demed unfit for use we chance upom the
opertunity of change of use from shopping plaza
to civic space fostering community interaction
with the building. Through material reclemation
the plaza is transformed into a rich techtonic
enviroment. Via reuse of extracted materiality
new program may be introduced alowingfor the
full utilisation of a structures embodied carbon
through reuse. allows for the site specific needs
to be confronted in line with enviromental
responsibilities.
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Fig 39 Concept sketch
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Fig 40 Site walk through
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Scheme 2

Moving on from the previous scheme

_;_where the program set to utilise the
" entirity of the existing buildings floor

area.This scheme moves on from that

~“==—where to make the point of focusing

on comunity interaction. To incour-
age interaction the floor area of public
spaces is massively increased to the
point where the entirety of scheme 1°s

<" floor area in now set to be used as the

% oas (smdnpublic realm where it is sheltered from

- Urdue & —3

Camnd Hoor
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the realm of the car by the develop-
ment itself. To further this the site is
now moved to the exterior carpark as
so to maximise the space utilised by
people and not set aside for the stor-
age of cars where in the future individ-
ual car ownership is suspect at most.
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. Fig 47 Site development
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Conclusion .
On further development the scheme was found to not meet the requirements required Ll O

under the ethos of the design thesis as going further would require the use of external
sources of material bodies.
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Fig 48 Site location

Fig 48 Site organisation
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Fig 49 Site entrance

Intervention

The intervention for the development scheme 3
was the creation of a mixed use plaza that com-
prising of mixed residential units with retail spaces
on the ground floor to encourage community devel-
opment. From the removal of the program on site
marked in red which is already set for demolition
the scemes aim is to create a structural block com-
prising of the exsisting fabric on the main street and
then backed by the proposed intervention on the
rear. Once compleated with the addition of residen-
tial passage ways into the program it is hoped that
neighbour to neighbour interaction may take place
while using the shared access ways in and out of
the intervention.



RE-USE

From experience gained through the development of
the prototype project previously shown i began the
process of creating a scheme and process for the use
and reuse of the material body found within the
phisboro shopping plaza.

Through the development of the previous design
schemes this ethos of material reuse was tested. The
most effective method for material reclemation from
the existing structure was through a process called
hydro demolition

Hydro demolition is a concrete removal technique that
uses high preasure water and abrasive material
contained within to remove deteriorated and sound
concrete as well as a multitude of other solid
materials. This process was chosen as it creates a
ideal boding surface for new mateial and other
coating aplications while also being harmless to any
metal reinforcement found within a concrete member.
Its speed and efficiency was also a deciding factor.

Once the process of reclemation had been decided
to next was decision was the method of how to utilise
the reclaimed material.

For the constituating floor slabs the process was
simple.The existing floor slab is cut using hydro dem-
olition removing the concrete in set locations and at

a specific width to allow for sufficent metal reinforce-
ment to be exposed so as to allow for new concrete
material to have sufficient metal reinforcent to bond
too. To allow for stronger bonds the exposed rein-
forcement will aditionally bew bent to allow for individ-
ual cut slabs edges to be woven into one another.

Fig 50 Hydro demolition cut through slab
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i Nozzle Rotation
0-1,800rpm

High Pressure Water
15,000-40,000

Water Jet Velocity
Up to 1,500mph

Fig 51 Hydro demolition cut through slab
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Fig 52 Hydro demolition cut scheme

Fig 53 Floor slab connection detail
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Fig 54 Material reclemation

in progress
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Fig 55 Concrete joinery
concept
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Fig 56 Crane layout
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Fig 63 West face render
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Fig 64 North View Axo
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Fig 65 SouthView Axo
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Fig 67 Ground
floor
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Fig 75 1-20
Section and
Elevation
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Fig 76 Long Section
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Fig 77 Axo section
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Conclusions

Though upcycling techniques, though more costly in nature as it functions on an individual unit scale rather than blanket conversion under current practices in
recycling. The underlying theory is of more environmental merit as it demonstrates that the construction of a new building is temporary and not a permanent
condition. A construction and that of the built environment can be seen in base terms as a storage of materials and its stored embodied carbon and its poten-
tial combined to serve an immediate need and condition where once its purpose is complete said stored embodied materials of a structure may be reutilized
to fulfill a greater purpose. Additionally, through upcycling, the embodied value of a material is retained, allowing for more dynamic reuse potential. This pro-
cess of upcycling can be applied to existing embodied material stock as well as current CDW as a means of a more efficient method of resource reclamation
as upcycling functions on an in-situ basis without the need for pre-existing infrastructure to transform designated material present in recycling processes.

This paper will have hopefully demostrated the need to challange existing practices in the reuse of materials in the architectural realm and identified a method
of adaptive reuse and upcycling for architectural expression while also taking note of site based architectural expression.
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