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1.01: OVERVIEW
PROGRAM

The building, sited in central Athens, Greece, is a cross-programming of a 
public bathhouse and a community theatre that correspond vertically with 
each other. Athens’ new grid plan significantly lacks public space and has 
resulted in a congested city within its Mediterranean climate. 

My early research into the labyrinthine arcades (stoas), hidden within 
Athens’ city blocks, in which public space was physically carved through the 
block through bottom-up initiative architecture of the community. This lead 
to my physical modelling explorations of carving negative and positive spaces 
within a block, reinterpreting horizontal and vertical elements.

SITE

My site is an abandoned public square, in which a previously constructed 
public outdoor pool failed to attract visitors. This was the inspiration for 
my program, as I will look to creating indoor baths of contrasting internal 
climates (hot/cool, wet dry) and manipulating light and steam across both the 
theatre and the bathhouse. Both programs originate from Ancient Athenian 
public traditions, and use carving processes and stone materiality in their 
designs. Horizontal elements involve the circulation of people, while light 
and steam will be manipulated vertically within the building, and each room 
within the bathhouse requires the maintenance of its internal environment in 
terms of water/temperature/light/noise, based off ancient bathing rituals and 
Greek/Roman bathhouses. Each of these environments has been paired with 
a space within the community theatre program (that rests on top), in which 
both spaces complement each other’s desired environments.

FOCUS

My design realisation report will be orientated around the building’s 
construction process in terms of modern and ancient carving methods, 
both prefabricated and in situ. I have been and will continue to explore the 
relationship between casting and carving as a method to create positive and 
negative space, partitioning and uniting architectural elements as well as 
directing both public and environmental circulation. Processes will include 
hand-carving, digital milling and CNC, as well as large-scale quarrying and 
excavation. With each design decision I must consider the construction 
process and the structural properties of the stone I choose to use and how can 
structural details be carved. Using research on ancient/modern quarrying 
methods for large-scale carving, and small scale sculptural finishes and 
joinery (such as block joints), I will develop a structural language that will 
become the essence of my architecture.
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1.02: ATHENS & PUBLIC SPACE
The essence of the project originated around the existing crisis of public space 
in modern Athens. The new grid system, based on 19th Century European 
city planning, does not accommodate for public space, a critical element of 
Greek society and traditions, dating back to the layouts of the ancient Greek 
Agora. Community was always has been a key feature of Greek architecture, 
particularly in the amphitheatres, bathhouses and public toilets.

The grid does not comply with the Mediterranean climate of Greece, and 
public spaces do not have sufficient shade or enveloped spaces, leaving 
them abandoned. The map below shows how the remaining public space 
is abandoned, and how communities looked to inhabiting negative space 
within the city blocks, creating bottom-up, community lead systems.

N

KEY:

Positive Space 
(unoccupiable)

Negative space (occupi-
able)

Successful public space

OUTDOOR PUBLIC SPACES - SQUARES

SITE

INDOOR PUBLIC SPACES - STOAS

THE STOAS

The arcades (stoas) of Athens are a series of interconnected passages that 
carve negative space within the solidity of the urban block, spatialising the 
essence of Athenian community beyond the facade of the city. As a typology, 
these spaces are dominated by retail, advertising mainly by word of mouth to 
the locals. The stoas were originally designed to be direct passages between 
streets, yet their existence has evolved beyond the architect to become cities 
within a building, each containing unique narratives. I studied four arcades 
as a typology, relative to the block, exploring how they carve negative space 
beyond the original passage.

PATCHWORK COMMUNITIES

An image of a skylight within Stoa Pirairos, a visual representation of the patchwork community, 
in which the original intentions of the architectural has been overwritten and adapted over time 
according to the needs of the occupants, trough a bottom-up driven architecture.

These spaces are scarce within central Athens and those that exist are unused, 
uninhabitable square that have been abandoned as a result.

POSITIVE AND NEGATIVE SPACE

A map of central Athens showing the lack of public space, and how the more successful spaces 
are enveloped within the blocks of the city, rather than outdoors, where the environment does 
not suit the community requirements. 

Kotzia Square

Retail Theme

Elevation (front)

Typical Cross Section

Typical Level Plan - Original Passage

Typical Level Plan - Evolved Passage

Roof Plan

Elevation (back)

Kairi

Kourtaki Tristato

Arkesiou/Vivliou

Klauthmonos Square

1

1

2

2

3

3

4

4
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I approached my research on the Athens stoas as a typology study, in which 
the stoa physically carved out negative public space from the solidity of the 
building block that inhabited it, its original passage between streets acting as 
a spine that supported the internal city within a building.

This lead to a series of physical carving explorations, in which its materiality, 
form and manual/digital processes of carving as a method of design, in which 
the final product emerged as a result of intuitive decision making rather than 
preliminary design, which  follows the emergent development of the stoa case 
study

CARVING 3: DIGITALISING THE PROCESS

I explored how the previous test can be re-imagined 
digitally, through the photogrammetry scanning of a 
layered cast model, and cutting into its geometry to create 
space.

3CARVING 1: ADDITIVE AND SUBTRACTIVE DEVELOPMENT OF SPACE

A mixed media study of the verticalisation of the arcade passages into the block, pushing the extents of the negative space within the block. This introduced the 
method of subtractive design (carving) and additive design (casting) as a form of an intuitive design process as aswell as a controlled method of construction, 
This model is predominantly made from modelling wax, as a soft material to hand carve into and sketch into a 3D model, while the infilled elements are made 
from cast plaster and concrete.

1

CARVING 2: SUPERIMPOSED BLOCKS

A series of smaller models, made from foam and wax, introduced an exploration of scale and superimposition within the method of carving.  This analyses how 
the same model of different elevations can be combined into a larger scale composition of labyrinthine routes, flipping between verticality and horizontality. 
This is a method that can be exploited in the construction of a building at real-scale.

2

Scanning the cast and manipulating the geometry

Inhabiting the cast, negative space digital model
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1.04: SITE CONTEXT

460m²

SITE HISTORY

The square is a prime example of the issue of public space within Athens. 
While it has seen several schemes over the years to enhance its presence 
within the dense grid, it has failed to deliver. This strikes an interesting debate 
on what defines a successful public space within Greek community, and how 
can this be encapsulated in an architectural form. 

Competition schemes for the site, approach the square only as an outdoor 
public space, which limits the versatility of the program due to the 
inappropriate environmental conditions. Like with the existing arcades, my 
project recognises the requirements for internal spaces, regarding cooling 
during summer and noise/pollution reduction, and that public space and 
indoor space are not mutually exclusive.

SITE STRATEGY

An analysis of the constraints and advantages of the site, and how this can 
be approached my design

1

2

3

4

5

2

3

1

5

2

1
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Medical Centre/
Residential

Listed Neoclassical 
Residential

STADIOU PANEPISTIMIOU

Retail/
Residential

Retail/
Residential

Retail/
Residential

Magician
Theatre

Theatre Rex

SITE SECTION
1:1000

SITE

SITE

The site was originally a public pool designed by SixPoints Architects in 2010, 
to enhance Athens issue of public space, and the full scheme can be viewed 
on their site. However this program failed to attract visitors and has since 
been abandoned.

The site today, showing the public pool filled in with stone and moss.

My proposed site is an abandoned public outdoor pool within the Commercial 
Triangle of Athens. It makes up the majority of a block within the city grid, 
that connects two of the existing arcades routes that I had studied.

LANDMARKS
1. Kotzia Square
2. Ancient Agora of 
Athens
3. National Observa-
tory of Athens
4. Pompeion
5. Piraeus Port

THEATRES
1. Theatre Rex
2. Romantso Theatre
3. Technopolis

STOAS
1. Stoa Arkesiou/
Vivliou
2. Stoa Orfinadou
3. Stoa Athinon
4. Stoa Manou
5. Stoa Kairi

KEY

A listed Neoclassical residential 
building on the site, that I am 
therefore obliged to preserve, 
as Athens has a history of 
demolishing buildings from this 
era in favour of the erection of 
modernist buildings and ancient 
excavation sites.

Existing trees should either be 
maintained or redistributed to 
comply with Athens’s urban 
scheme to retain and enhance 
green spaces.

The existing public pool means 
that there is underground water 
supply, that can be used for 
the bathhouse and other water 
strategies for my site without 
disrupting the plumbing.

Views from the higher levels 
must be taken into account 
when design the more private 
areas of the building, such as 
showers and changing rooms. 
The current trees provide some 
view obstruction, so retaining 
them or planting taller trees will 
contribute to the issue.

1 2 3 4
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1.05: SITE MAP

N

Site Map of the Wider 
Context



Scaling Skalisma

SECTION 1: BUILDING FORMS, SYSTEMS AND PLANNING

12

1.06: SITE ANALYSIS

JANUARY

0900 0900

1200 1200

1500 1500

JUNE

NOISE MAP OF THE SITE AND ITS CONTEXT

According to a survey by the Ministry of Environment and Energy (2017)The site is heavily noise 
polluted, reaching a noise level of 75dB along the main road which explains why the previous schemes 
for outdoor spaces either failed or never achieved planning permission.

According to a survey by the Numeo regarding the cleanliness and pollution in Athens.

POLLUTION IN ATHENS

PURITY AND CLEANLINESS IN ATHENS

SHADOW STUDY ON SITE

SITE

56.44 - Moderate
18.55 - Very Low
64.93 - High
66.59 - High
56.73 - Moderate
31.42 - Low
42.83 - Moderate
75.11 - High

Air Pollution
Drinking Water Pollution and Inaccessibility
Dissatisfaction with Garbage Disposal
Dirty and Untidy
Noise and Light Pollution
Water Pollution
Dissatisfaction to Spend Time in the City
Dissatisfaction with Green and Parks in the City

56.44 - Moderate
81.45 - Very High
35.07 - Low
33.41 - Low
43.27 - Moderate
68.58 - High
57.17 - Moderate
24.89 - Low

Air Quality
Drinking Water Quality and Accessibility
Garbage Disposal Satisfaction
Clean and Tidy
Quiet and No Problem with Night Lights
Water Quality
Comfortable to Spend Time in the City
Quality of Green and Parks

!

!

!

!
!

!

!
!

The site was orginally a public pool designed by Sx Points architects in 
2010, to enhance Athens issue of public space. However it is clear, based on 
the environmental analysis, and thorugh my own visits to the site that this 
program failed to attract visitors due to the hostile, congested location within 
the city’s centre, and the air/noise pollution.

My site is on an abandoned public square, in which a previously constructed 
public outdoor pool failed to attract visitors. This was the inspiration for 
my program as I will look to creating indoor baths of contrasting internal 
climates (hot/cool, wet dry) and manipulating light and steam across both the 
theatre and the bathhouse.
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THEATRE REX

21.01 1200 - WINTER SHADOW

21.06 1200 - SUMMER SHADOW
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BATHHOUSE

COMMUNITY THEATRE

CARVING A COMMUNITY

The building is a cross-programming of a public bathhouse and a community 
theatre. Both these programs date back to Ancient Greece as architectures 
that encouraged communities to engage with one another. While the building 
takes over the existing public square, it incorporates the concept of public 
space within its envelope, creating environments for public space that the 
current square failed to do.

Both programs are exclusive in terms of users present within the building, 
for the sake of privacy and other programmatic differences, yet the spaces 
connect and interact through their environments. Within the building i am 
exploring how through the use of natural stone as a construction method, the 
material can be carve to manipulate light and water as well as control noise 
and temperature, to create a dynamic cross-programmatic relationship.

The arrangement of spaces within the bath house is based on Ancient Greek health rituals, and Greek/Roman bath house spaces.

2

3

4

5

6

7

1

1

2

3

SITE ACCESS STRATEGY

The two programs are set out inversely on top of each other, with the 
bathhouse on ground level and the theatre below. The occupants are 
separate during the entrance sequence, entering the building at opposite 
ends, with the occupants within the pool and baths shielded from the 
views of the theatre attendees.

Scaling Skalisma
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1.08: PROGRAM OVERVIEW

OUTDOOR PUBLIC SPACE

While the envelope of the building directly responds to the issue of public space, I wish to retain some outdoor space on the roof of the building, that is 
accessible to the general public, with a view towards the Acropolis and raised above the polluted environments of ground level.

CONSTRUCTION STRATEGY

The choice to use natural stone within the design also originates to 
Ancient Greece, stone and water being used in health rituals within the 
bathhouse, and Greek amphitheatres using stone as a material to carve 
into the natural topography of their site. My design incorporates ancient 
and modern carving and quarrying techniques in its construction, as 
well as the programmatic spaces and their environmental requirements 
relating to the ancient bathhouse and its rituals.

Greek/Roman 
Bathhouse arrangement

Greek Amphitheatre 
arrangement

APODYTERIUM: Changing Rooms

TEPIDERIUM: Warm dry room with heated 
walls and floor. Relaxes muscles and joints, 
as well as improves circulation, digestive 
system and appetite.

PALESTRA: Exercise room

CALDARIUM: Hot steam room with an 
underfloor hypocaust system. Consists of a 
small pool of hot water and a fountain of 
cold water. Opens capillaries and causes 
sweating.

LACONIA: dry hot rooms, located adjacent 
to the Caldarium.

FRIGIDARIUM: Large cold water pool, often 
open air, the water supplied through a drain 
in the basin, and reused as toilet water. 
Closes pores, and protects from drafts.

LATRINAE: Toilets, marble seats over a 
water channel.

AUDITORIUM: The seating traps 
background noise and projects the 
performance, following the structural 
acoustics of ancient Greek theatres.

STAGE: Dark backdrop for focus on 
performance. Materials are acoustically 
absorbent of background noise yet aid the 
projection of the performance. Steam is 
manipulated in the performances

BACKSTAGE: Can be noisier than the 
auditorium space, but kept at a cool 
temperature for the actors and the storage 
of props and sets.

The theatre is a socially centralising program dating back to Ancient Greece. My community theatre  is a small scale response to the acoustic and 
material and orientational aspects of Greek amphitheatres, brought into an enveloped space
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BATHHOUSE

Tepidarium

BackstageAuditorium

Cue Pit

Wings

Stage

Fly-tower

Roof

Caldarium

Frigidarium

COMMUNITY THEATRE

OUTDOOR PUBLIC SPACE

SECTION 1: BUILDING FORMS, SYSTEMS AND PLANNING

1.09: DESIGN PROPOSAL
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1.10: SPATIAL ORGANISATION

SECTION AA: CROSS-PROGRAMME RELATIONSHIPS
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OVERVIEW

The spatial arrangement of both programs are inversely related in terms of 
circulation and environmental requirements. These diagrams show plan and 
sectional cross-programme pairings and spatial relationships that will be 
addressed in my building.

The cafe spaces for the users of both programs are paired together for 
matching use, and for ease of loading/unloading and delivery, as well as noise 
levels being retained within the same area, and towards the other areas of the 
building, as they are less affected by street noise and other environmental 
pollution.

The auditorium are paired due to the large scale of the spaces, and their 
relative flexibility of form, as i intend for both forms to be influenced by their 
neighbouring spaces, and wrapping between them. The auditorium should be 
kept cool, for the comfort of the users, which can be cooled using the water 
from the frigidarium pool.

The tepidarium requires a warm, dry as do the storage spaces of the wings 
and dressing rooms within the theatre, so the two are positioned together

The caldarium/frigidarium/stage is the space that deals with the most 
extreme environments which will be the focus of my technical analysis. 
While the caldarium requires high temperatures and humidity, the stage 
and frigidarium are cooler, yet the exchange of light and steam between  the 
space will create a unique performative environment. The space is the most 
sensitive to external environments, such as noise and temperature, therefore 
it is positioned within the centre of the building

The workshop and palestra (gym) are both cool places that are louder and 
less sensitive to external environments, therefore are paired together and 
positioned on the outskirts of the building.

PLAN LEVEL 00: BATHHOUSE PLAN LEVEL 01: COMMUNITY THEATRE
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1.11: DESIGN DEVELOPMENT

BATHHOUSE CAPACITY: 
60 users (but allows for 100 at maximum)

112m²

64m²

36m²

25m²

36m²

25m²

64m²

64m²

228M²

112m²

100m²

2.5m²

Rehearsal Room

Workshop

Dressing Rooms

Wings

Flytower

Stage

Auditorium

Cue Pit

Gallery

Foyer

64m²

36m²

100m²

72m²

81m²

16m²

25m²

375m²

250m²

25m²

36m²

Foyer

Apothycaria

Palestra

Tepidarium

Laconia

Steam Rooms

Caldarium

Frigidarium

Cafe Space

Massage Rooms25m²25m²25m²

DEVELOPMENT OF THE FORM

I chose the building to be geometric in form, using 2 main grids, at 90° and at 
12°, based on the site’s relative location to Omonia, which is the origin point 
of Athens (0,0,0).

Omonia
(272,-161,0)

Site
(0,0,0)

Site

12°
Axis towards Omonia

This came from a study of the ancient Greek amphitheatres and their 
astrological orientation based on the significance of certain constellations 
their respective mythology.

Sicyon

Dionysus Delphi

Epidaurus

TECHNICAL FOCUS

MASSING STUDY

A set of area requirements, based off the metric handbook, for both programs 
in order to inhabit its total nuber of occupants.

THEATRE CAPACITY: 100 audience
                                          12 actors

INITIAL DESIGN AND MASSING

Based off the area requirements and my environmental parameters, I 
developed an arrangement that logically followed my design intentions. This 
was done through sketch carving models in wax, in which the placements of 
spaces on site defined where I would be excavating into the existing ground.

The plan below is a collage, accumulated from my massing models and my 
physical carving explorations, exploring how material textures, thickness and 
physical qualities can be exploited to realise the spaces in my design.



Scaling Skalisma

SECTION 1: BUILDING FORMS, SYSTEMS AND PLANNING

18

1.12: MATERIALITY

LIMESTONE PENTELIC MARBLE GRANITE VERMONT SOAPSTONE

ORIGIN Didima Beige Quarry, South 
Greece

Penteli Quarry, Attica, Greece United Kingdom Brazil

APPEARANCE Warm beige Pure-white, semi translucent, 
fine grain

Dark grey, with visible grains Grey, but deep green when oiled

LIGHT Light and warm Low refraction index of calcite 
lets light penetrate the several 
mm into the marble, giving it 
a wax glow, desirable amongst 
sculptors.

Darker in appearance, but 
can be polished to reflect light 
effectively.

Has a warm undertone is desirable 
in well lit areas.

THERMAL Thermal Conductivity: 1.26W/
mK
Specific Heat Capacity:
0.91J/kgK

Thermal Conductivity: 2.96 
W/mK
Specific Heat Capacity: 609 
J/kgK

Thermal Conductivity: 1.73W/
mK

Thermal conductivity: 6.4 W/mK
Specific Heat Capacity: 0.98 J/gK
Density: 2,980 kg/m³

ACOUSTIC Excellent acoustics -used in 
ancient Greek amphitheatres. 
Corrugated surfaces.

Can be milled to achieve a 
variety of acoustic qualities.

Can be milled to achieve a variety 
of acoustic qualities.

STRENGTH Flexural strength along the 
grain: 16.8 MN/m²
Flexural strength 
perpendicular to the grain: 
15.7 MN/m²

Compressive strength: 12.45 
MPa

Compressive strength: 131 MPa

DURABILITY Highly durable in any 
environment. However a 
polish wil not be retained

Highly durable Highly durable

MALLEABILITY FOR CARVING Easy to Carve if you follow the 
natural direction of the bed. 
Wet the stone to see the bed 
clearly.

Can be carved to a fine 
tolerance

The toughest stone to carve. 
Requires diamond saw to cut, 
stubborn and easily damaged.

Can be carved by hand with a 
carving knife.

WATER/POROSITY Quite porous - a sedimentary 
rock

Slightly porous and needs 
sealing

Non-porous but needs sealing Non-porous - does not need sealing

LIMESTONE

Limestone is carved best along the natural grain’s direction.  Shapes are 
defined with a point chisel, creating ridges and grooves a few cm apart. Using 
a point chisel at and angle above 45° can cause the stone to bruise. Grooves 
are smoothed using a tooth chisel at a 45° angle. Texture from the tooth chisel 
is removed used a flat chisel. Final finishes are done with a rasp, and polished 
with sandpaper.

MANUAL CARVING METHODS

GRANITE

Granite is the hardest to carve, and requires carbide-tipped tools, grinders 
and diamonds saws. It is high in silica content so a respirator must be worn 
when working with granite.

MARBLE

Marble is tough to work with but produces fine detail, and can be sculpted 
to a high polish.

SOAPSTONE

Soapstone is composed of talc and is slippery like soap. It is soft and can be 
carved using a carving knife. It can also be carved to a fine tolerance, and 
polished, and versatile for manual carving.

FRIGIDARIUM

STEAM ROOM

WCWC

40°C

Showers

AUDITORIUM

Wing

Wing

Showers

LACONIA

EATING SPACE

40°C

70°C

WCWC

STEAM ROOM

MARBLE

Thermal 
conductivity: 
2.07W/mK
Density: 160 
- 177

SOAPSTONE

Thermal conductivity: 6.4 
W/mK
Specific heat capacity: 0.98 
J/gK
Density: 2,980 kg/m³
Flexural strength along the 
grain: 16.8 MN/m²
Flexural strength 
perpendicular to the grain: 
15.7 MN/m²

LIMESTONE

Thermal:
Acoustic: Used in ancient 
amphithetres. The Stone 
forms a high pass filter, 
so that background 
sound from the stage is 
absorbed.

GRANITE

TECHNICAL FOCUSOVERVIEW

The primary material within the building’s design is stone, and the document 
will explore the various cutting, treatment and maintenance processes for 
marble, granite, limestone and soapstone, and the parameters each stone 
requires. The initial arrangement of materials, as shown, is base upon the 
environmental requirements for each space and its pairing across the 
programs.

Bathhouse: The spaces varying according to humidity, temperature and light 
on the health benefits of Ancient Greek bathing rituals.

Community Theatre: The theatre requires specific acoustic qualities, for 
projection and absorption of sound. Limestone is the main material used in 
ancient theatres for this.
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An exploded isometric of the caldarium/stage, showing how the design 
developed from the initial carving studies, to the collaged proposal for the 
space, towards a three dimensional model.

SECTION 1: BUILDING FORMS, SYSTEMS AND PLANNING

1.13: DESIGN PROCESS

TECHNICAL FOCUS
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1.14: STONE TREATMENT PROCESS
3  TREATMENT

The forms and finishes used within the building.

The tolerance of stone averages at ±3mm

Honed

MARBLE

Oiled

Untreated

SOAPSTONE

Split Split Split

Diamond Cable

LIMESTONE

Honed

Corrugated

GRANITE

Honed

Sandblasted

The digital and manual processes to be used to achieve these 
treatments and their tolerances.

5-axis CNC Machines, equipped with a lathe, 
for high accuracy carving up to 3m high. To be 
carried out off site, near the quarries to work 
directly on the quarried blocks.

Finishes: Honed, Corrugated
Tolerance: ±0.1mm

Directing pressuring matter at a surface to create 
a rough stippled finish.

Finishes: Sandblasted
Tolerance: ±3mm

Will be primarily used with soapstone elements, 
as it is a soft enough stone to be carved by hand

Finishes: Sandblasted
Tolerance: ±3mm

This process involves drilling 12mm holes 
regularly into a stone block, and hammering steel 
stone wedges into the drilled holes until the block 
splits.

Finishes: Split
Tolerance: ±120mm, for blocks averaging at the 
dimensions I am using

MILLING

SANDBLASTING HAND CARVING

SPLITTING

5

4 ASSEMBLY

The final carved blocks are light enough to be transported to the site, and assembled. The digitally 
milled elements will seamlessly assemble to create larger scale carved forms, while the manual 
processes will have a visible divide due to human error.

FURTHER CARVING?

After construction, some elements will be manually treated for further finishing, based on iterative 
responses to the site, or for fixing seams.

2

2.7m 2.0m

2.0m2.8m

1.5m
2.0m

1.5m

3.0m

1.5m

EXTRACTION

Typical quarry block dimensions provided to manufacturers.

Extracted from the 
Pentelli quarry, Attica

Extracted from the 
Didima Beige quarry, 
Southern Greece

MARBLE GRANITE LIMESTONE SOAPSTONE

Honed

Machine Tooled

Raw

Honed
GRANITE

MARBLE

SOAPSTONE

LIMESTONE

Sandblasted

Split

Honed

Diamond cabled

Split

Oiled

Untreated

Honed

Machine Tooled

Raw

Honed
GRANITE

MARBLE

SOAPSTONE

LIMESTONE

Sandblasted

Split

Honed

Diamond cabled

Split

Oiled

Untreated

1 DRAWING

A tender package of drawings defining the treatment and construction of stone within the design.

Honed

Machine Tooled

Raw

Honed
GRANITE

MARBLE

SOAPSTONE

LIMESTONE

Sandblasted

Split

Honed

Diamond cabled

Split

Oiled

Untreated

Honed

Machine Tooled

Raw

Honed
GRANITE

MARBLE

SOAPSTONE

LIMESTONE

Sandblasted

Split

Honed

Diamond cabled

Split

Oiled

Untreated

Honed

Machine Tooled

Raw

Honed
GRANITE

MARBLE

SOAPSTONE

LIMESTONE

Sandblasted

Split

Honed

Diamond cabled

Split

Oiled

Untreated

Honed

Machine Tooled

Raw

Honed
GRANITE

MARBLE

SOAPSTONE

LIMESTONE

Sandblasted

Split

Honed

Diamond cabled

Split

Oiled

Untreated

OVERVIEW

This section illustrated the construction process of stone in architecture, and 
how I intend to apply it to my design. The building uses stone throughout 
to create the various environments the program requires. I am focussing 
on carving as a process of construction, analysing it from the extraction of 
quarry blocks to the precise digital/manual treatments and finishes of the 
stone within the building. 

The construction of the building looks at how a quarry block can be 
manipulated and superimpose, using its construction parameters to drive the 
form and design of the spaces.

Marble

Split

Split

Raw

Untreated

Diamond Cabled

Sandblasted

Machine Tooled

Oiled

Honed

Honed

Honed
Limestone

Soapstone

Granite

TECHNICAL FOCUS
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1.15: STRUCTURAL STRATEGY
THE STONE SCULPTURE

Thicker stone elements will be 
carved as hollow where possible 
to reduce load and cost, yet will 
appear solid. The building should 
not expose the steel support and 
should appear as a self-supporting 
stone sculpture. 

This structural study explores one of the walls within the stage/caldarium 
space, that is part of the main structural core, and consists of thick stone 
walls as it acts as  environmental barrier for humidity and heat.

Precedent for joining stone 
elements together using a steel 
structure.
(Clerkenwell Close, Amin Taha)

A granite quarry face, expressing 
the different quarrying methods 
and their effect on the stone’s 
finishes.

The overall structural grid is relatively regular, yet allowing room for carving 
explorations to form at a more personal scale. The steel structure is developed 
vertically around the three steam rooms and spans to reach the rest of the 
building. Beam dimensions were calculated based on the potential load of 
stone, calculated using the known densities of the stones used and their 
proportion within the design.

The block is milled 
80mm away from 
its original surfaces, 
in order to achieve a 
finer, more precise 
response to the 
digital model

Honed

Split
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SECTION 1: BUILDING FORMS, SYSTEMS AND PLANNING

1.16: ENVIRONMENTAL STRATEGY

21st Jan
12:45

21st Jun
12:20

5°angled roof for 
condesnation at 

night

WASTE WATER 
TO TOILETS

40°C

40°C

40°C

SEW
AG

E

21°C

21°C

21°C

17°C

21°C

4. ACOUSTICS

I considered the acoustic requirements in 
general arrangements of spaces, allocating 
the rooms that are louder and less affected 
by street noise towards the exterior of the 
building, such as the workshops, gym, eating 
spaces and toilets. The quieter spaces that are 
more dependable on acoustics are located 
in the centre of the building away from the 
street.

Thicker stone walls of at least 400mm are 
used in spaces that require silence from 
neighbouring rooms and the external 
environment. Within the bathhouse this 
is applied in the steam rooms and private 
massage spaces, while in the theatre the 
auditorium and rehearsal spaces are 
soundproofed.

The acoustics within the auditorium are 
controlled through routed limestone seating, 
following the corrugations of Ancient Greek 
amphitheatres that provided perfect acoustic 
throughout the vast space, while absorbing 
background noises.
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3. WATER AND DRAINAGE

I grouped the spaces vertically that share 
coherent requirements regarding water, steam 
and humidity. The steam rooms are highly 
hot humid, positioned above the cold pool 
(frigidarium), and beneath  the theatre stage, 
in which the steam is carried into the theatre 
performance (although can be trapped when 
steam is not desired). Dry spaces such as the 
tepidarium passages, and the changing rooms 
are located beneath the backstage rooms and 
storage spaces of the theatre.

Within the steam rooms, a non porous stone 
such as marble and granite is used. The 
honed finishes will trap moisture within the 
room and is easy to clean, to avoid mould. 
Seats, floors and ceilings are angled for water 
collection during condensation, to avoid 
puddling and dripping. Importance of non-
corrosive materials in high moisture areas, 
and use of vents, ducts.

Water is drained downwards into the ground 
and off site. Waste water is taken from the 
pool and showers to be used as toilet water.
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4.VENTILATION

Stack ventilation is used where possible to 
be energy efficient, entering through ground 
level entrances and exiting through the roof.

The kitchen spaces share the same are of the 
building, therefore extraction can be provided 
for both.
Within the eating areas of the building and 
the auditorium, and spaces underground, 
mechanical ventilation is pumped through 
the stone floor. Seemingly solid blocks of 
stone were hollowed out in construction to 
allow for mechanical ventilation and other 
services.
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2. SUNLIGHT

The building spans across the middle of the 
site, in response to its dense surroundings, in 
order to have access to daylight for as many 
hours as possible. Rooms that require more 
light, such as the eating spaces are located on 
the south side of the building while the steam 
rooms and massage rooms require a more 
focused light from above.

Open glass roofing and flooring will 
allow light to enter from above and to be 
manipulated throughout the spaces. Thick 
glass has similar properties to the stone 
materials i am using, therefore it can be used 
to allow light to enter spaces without affecting 
the environmental integrity created by the 
stone.

Carved form-work and finishes of stone, as 
well as the type of stone used will also provide 
light and shadow within spaces, and will 
create more efficient distributions of light and 
shade.

1. HEATING AND COOLING

The coldest part of the building is the pool, 
within the steam rooms above, allowing for 
effective heat transfer upwards through the 
building. Spaces are also paired vertically 
with coherent temperature requirements for 
energy efficiency.

All the stones chosen for the building have 
efficient thermal properties and high thermal 
mass. This not only will prevent unwanted 
heat transfer, but within the Mediterranean 
climate, heat from the day is trapped within 
the stone, and released at night when 
temperatures drop.
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The environmental requirements for each space within the 
building define the parameters for my structural explorations, 
as the decisions for how each stone is treated and finished is 
dependent on the environmental role it is playing within the 
scheme. This overall strategy breaks down the various cross-
programme groupings and defines their environmental states 
regarding temperature, humidity, light and noise, as well as 
understanding how internal systems such as water and ventilation, 
can be designed to be energy efficient and environmentally 
sustainable.

TECHNICAL FOCUS
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1.17: FIRE STRATEGY
The building deals with extreme temperatures within its program, therefore 
the use of granite, marble and soapstone, stones that have high thermal 
properties, will help to reduce the risk of spreading in the event of a fire.

According to Approved document Section B, the occupants of the building 
must be always within 30m of a fire exist in terms of walking distance, and 
that fire extinguishers, alarms and defibrillators must be available at regular 
intervals, and near hazard zones. I have used the bathhouse level for the stud 
due to its frequent hazard zones and the locations of the fire exits for both 
other levels.

Hazard Zones: The steam rooms and saunas, that enclose high temperatures, 
and are positioned furthest from the building’s facade.

8m

30m

24m

24m

16m

Fire Exit for Level 1 (Theatre 
Backstage)

Assembly Point 
(adjacent to the existing 
pedstrian route)

Fire Exit for Level 1 (Audience)

Fire Hazard
Fire Route
Fire Exit

Fire Extinguisher
Defibrillator

KEY

N
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1.18: WATER STRATEGY
The water strategy for my building is key for both environmental efficiency 
and for the overall performance of the building. It also creates a fluidity 
between the spaces and defines how the stone would be carved.

The building deals with several categories of water within its system: bathing 
water (17°, 21°, 40°), evaporated water, condensed water, shower and sink 
water, cooking water, rainwater (although uncommon in Greece) and waste 
water. The stone walls and floors are hollowed out to provide room for these 
systems to occur, as well as the overall structural beams to pass through.

The floors are designed to let water naturally fall towards collection pools, 
that redistribute it as waste water for toilets.

Water systems throughout the 
bathhouse program

Plan of Level 0 (bathhouse) 
showing the overlaid routes and 
types of water systems, and how 
this has scripted the design’s form

N

TECHNICAL FOCUS
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1.19: ACCESSIBILITY STRATEGY
While the bathhouse part of the building deals with a complex topography 
of baths, steps and water channels, I have designed the floor slabs to have 
accessible routes, where the floor is either level or ramped, to key locations 
within the building. Occupants that require this can access the main steam 
room and showers, which is via the changing areas and the tepidarium, 
and they can continue through to the cafe space and massage rooms via 
the external ramp. The Frigidarium is accessed via lift, and also provides 
accessible routes where required.

These routes are all a minimum width of 1500mm, and the accessible lift has 
an internal area of 1300x800mm, as defined by the Metric Handbook v2. The 
theatre and auditorium are also accessed by lift, and wheelchair spaces are 
located at the front of the auditorium to avoid steps.

Lift to theatre level

Lift to frigidarium level
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2.01: OVERALL STRUCTURAL BUILD-UP
OVERVIEW

This exploded isometric is a breakdown of the structural elements that make 
up the spatial point of focus. This section acts as a core, along with the two 
other steam room spaces, taking advantage of its thick stone walls to envelope 
the steel structure. It deals with the majority of structural and environmental 
challenges that the overall building faces, and therefore the studies and 
solutions within the document can be echoed to resolve the rest of the design.

I Beam span = 34810mm
I Beam span = 16575mm

Level 1: Granite and marble 
within the stage walls

Roof: Light timber strategy and 
glass opening

Level 1: Granite Theatre Floor, 
angled at 5° for audience views, 
and for the condensation strategy 
of the caldarium

Steel I Raker Beams: in order 
to support the stage floor at an 
inclination of 5°

Level 0 : Caldarium walls consist 
of marble and granite for their 
efficient thermal qualities, and 
strength

Level 0: Marble flooring for 
the showers, limestone for the 
cafe flooring, and granite for 
the caldarium. Carved stepping 
allows for water collection 
strategies to take place

Steel I Beams: at dimensions..... 
in order to support the potential 
load of solid stone elements.

Level B: Limestone and marble 
flooring for the frigidarium 
flooring, and granite as a the 
base for the plant room. Carved 
stepping allows for water 
collection strategies to take place

Piles to support the steel structure

The existing site is excavated 
and in-filled with split Pentelic 
Marble quarry blocks, to create 
an artificial quarry pool (the 
frigidarium)
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2.02: THE DIMENSION STONE
QUARRY VISIT

In order to develop an acute understanding of the processes for treating stone 
for architectural use, I visited Cadeby Quarry in Doncaster, UK, managed 
by Grants Precast, a stone manufacturer that have worked on projects such 
as Fosters’ Bloomberg, and the restoration of the House of Parliament. The 
Quarry directly supplies the company with limestone and sandstone, but 
they also work with imports of other stones within their on-site factory. I was 
guided through each stage of stone treatment by Iain Kennedy and Clinton 
Haigh, from Grants Precast.

This primary research aided my understanding the dimension stone, and its 
properties and processes, within the case of the Limestone. The knowledge 
and information is then cross-checked with the other stones in the design 
(marble, granite, and soapstone) to compare how their properties affect the 
parameters laid out, regarding machinery required, cutting time, and block 
dimensions.

THE DIMENSION STONE - DEFINITION

The dimension stone is defined as the raw quarry block, before it is processed.  
It has a zero tolerance and the average dimensions are dependent on the type 
of stone. Depending on the stone, their maximum dimensions are subject 
to chance, and it is more economically efficient to request a typical block 
size to be replicated in the stone’s extraction, that suits the building’s design 
requirements. The dimensions also depend on the height of the quarry 
bed that the stone is extracted from. Below is a breakdown of the typical 
block dimensions for granite, limestone, marble and soapstone, that will 
be requested for, based on the information I received from manufacturers 
contacted.

THE BLOCK STORE

The blocks are categorised, and marked up with 
the identification number, weight (tons), and the 
quarry bed in which they were extracted, and 
stored in organised rows for the client/architect 
to visit and select the desired blocks. Block that 
have been bought are marked up with the buyers 
company initials.

BLOCK PROCESSING

The stone can be processed within the quarry it 
was extracted from, or exported to be processed 
by another manufacturer, depending on client 
preferences, the weight of the block, the type of 
equipment required to treat it and the desired 
outcome of the block.

Process Tolerance: The typical dimension stone 
has a cutting tolerance of ±8mm.

2.7m 2.8m

1.5m

2.0m 1.5m

3.0m

2.0m 2.0m

1.5m

2.0m 2.0m

2.0m

Extracted from the Pentelli quarry, 
Attica. Dimensions given by Aspers 
Marble  & Granite.

Extracted from the Didima 
Beige quarry, Southern Greece. 
Dimensions given by Grants 
Precast.

MARBLE GRANITE

LIMESTONE SOAPSTONE

Extracted in the UK and transported. 
Dimensions given by Aspers Marble  
& Granite.

The blocks, ready for selection, with their number, quarry bed, weight and cutting instructions spayed 
on. Stones rest on timber beams, leaving a gap to allow for easy pick-up.

EXTRACTION

In the case of Cadeby, the blocks are cut from the quarry face using a 
chainsaw, that cuts along tracks. The saw cuts a total length of 30m, along 
the track, per day’s work. Steel bags are placed inside the cut, and filled 
with water in order to separate the dimension stone from the quarry face, 
to be picked up and transported.

The time taken 
to cut a typical 
dimension stone 
depends on the 
stone’s hardness 
and density.

TRANSPORTATION

Blocks up to 20 tonnes can be in theory transported by land or water, in 
loading. Barn doors must be used in order to load and unload the blocks.

1

2

3

4

GEOLOGY

The the stone industry follows a highly bespoke 
process for treating stone, due to their geological 
variations, even within the same type of stone. 
This sample wall displays the range of Cadeby 
limestone and how it varies with depth of the 
quarry bed from which the stone is extracted.

BED 1

BED 2-6

BED 7-8

BED 9-10

BED 11-13

Limestone: 1hr

Marble: ≤24hrs

Granite: ≤24hrs

The largest block in the quarry. While the limestone block can reach a length 
of 7m, this cannot be cut on demand for customers

The chainsaw sawn cut 
finish of the extracted 
block.

The steel bags, when filled 
with water reach a 
thickness of up to 8mm.

Steel bag at 2mm Steel bag at 8mm

Marble: diamond cable
Granite: water jet grooves in stone 
64mmx300mm
Limestone: wire saw
Soapstone: manually using 
jack-hammer drilling
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2.03: CARVING PROCESSES

2800mm1500mm1500mm2000mm

A bounding box is required from which the step downs are measured. In this 
case, the original dimension stone is the bounding box. A pass of 80mm is 
applied to each dimension stone to flatten the tolerance of the split quarry 
face, unless that surface is desired.

CNC PARAMETERS 
 
Climb cut is preferred on a CNC machine, as there is less grain tear-out.

Conventional cut is safer when using hand-held routers, as it allows for better 
control. 

Up spiral: chip removal, tear-out on thin surfaces

Down spiral: poor chip removal, no tear-out, slow feed rate

Spindle Speed: rotation of spindle revolution (rpm)
Feed Rate: Surface speed mm/min

Step-down: area engaged in the z axis

Step-over: area engaged in the x and y axis

Feed Rate = chip-load x cutter diameter x number of flutes x spindle speed.

The minimum thickness that can be directly cut from the dimension stone 
is 30mm, which is used in thinner walls of my building that are not required 
to serve structural support or thermal insulation. The minimum thickness 
that can be directly cut from the dimension stone is 30mm, which is used in 
thinner walls of my building that are not required to serve structural support 
or thermal insulation. 

Granite: Will not be cut or profiled manually, due to the time it would take, 
resulting in high manufacturing costs.
Marble: Will be mainly profiled through CNC, but some final finishes are 
done by hand.

Limestone: It is softer than marble and granite, therefore can be treated in 
0.02x the time. Therefore there is more opportunity for large scale manual 
carving.

Soapstone: Will be exclusively hand-carved, for smaller elements, such as 

STONE PARAMETERS

OVERVIEW

This diagram shows a visual breakdown of the cutting processes that each 
stone will undergo in the construction process, including the tolerances that 
must be allowed for at each stage’

MARBLEGRANITE LIMESTONESOAPSTONE

Length

Arbitrary

12mm drill bit every 
400mm

To be cut into 
400x400 tiles.

Chainsaw

Steel Wedges

Not cut

Sculpting 
knife

A

B

C

D

H
O

N
ED

PO
lISH

ED
RO

U
G

H
ED

SPLIT
SAW

N

Handheld

HOW IS IT CUT?

Drill

HOW IS IT 
PROFILED?

CNC

Manual

Thickness

400mm

200mm

80mm

30mm

Endmill 
Upcutter

20mm

8mm

2mm

Diameter

Ballnosed 
Cutter

8mm

Abrasive 
Materials

SCRIPT FOR A STONEMASON

Step-down from 
20-80mm
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2.04: MATERIALITY 1

MAINTENANCE

The mixing of stones of different natural properties can lead to premature 
wearing, particularly on the floors, due to different abrasion resistances.

In areas of heavy volume traffic, such as passages, a harder stone should 
be selected for a greater longevity of finish. Limestone is much softer than 
granite or marble, yet it is assigned to space of high traffic due to light and 
acoustic requirements. Therefore finishes and maintenance of these spaces 
must take potential wear into account.

Marble: Polished marble will deteriorate in exteriors.
Granite: Clean every 10 years with water
Soapstone: Oil annually if an oiled finish is required
Limestone: Does not hold a polish, must be re-polished every 6 years.

FINISHES (ALL):

Polished surface: Polishing disc
Honed surface: Grinding disc (F 400)
Medium ground surface: Grinding 
disc (F 120)
Sandblasted surface
Machine-tooled surface
Hand-carved surface: Chisel, Saw, 
Carving Knife

THE SAUNA:

Conditions: 70°C average temperature, 40% humidity, quiet.
Materials: Granite, Marble, Timber
Finish: Honed

THE AUDITORIUM:

Conditions: 21°C average temperature, 40% humidity, 
requires focussed acoustics.
Materials: Limestone, Timber
Finish: Honed, Split, Machine Tooled

THE CALDARIUM:

Conditions: 45°C average temperature, 100% humidity, quiet. 
Materials: Granite, Marble, Soapstone
Finish: Honed, Polished, Split, Machine Tooled

SHOWERS:

Conditions: 25°C average temperature, 70% humidity, space 
for transition
Materials: Marble, Soapstone, Limestone
Finish: Honed, Hand Carved, Machine Tooled

THE STAGE:

Conditions: 21°C average temperature, 40% humidity, 
requires focussed acoustics and light.
Materials: Granite, Limestone, Granite, Soapstone, Glass
Finish: Honed, Split, Machine Tooled

A SINK:

Conditions: 70°C average temperature, 40% humidity, quiet.
Materials: Granite, Marble, Timber
Finish: Honed

Translucent marble 
top-light of thickness 
30mm Timber surface, for com-

fort of sitting down in high 
temperatures

Hand-carved & 
oiled soapstone sink

Machine 
tooled marble 
flooring

Granite threshold walls and 
floors of thickness ≥400mm

Split and machine-tooled 
limestone to acts as 
acoustic traps

Granite as a dark 
backdrop, to focus 
light on actors and 
scenery

Marble and granite are dense 
stones that provide thermal 
resistance

Honed/polished 
wall surfaces 
for retaining 
moisture

Soapstone 
hand-carved 
seating Soapstone 

hand-carved 
showers

Machine-tooled 
floor for slip 
resistanc

Marble used for surfaces 
facing daylight, and 
granite on spaces facing 
away, for contrast in light 
conditions.

Machine-tooled 
floors for slip 
resistance

TOLERANCES:

A finer tolerance is required for elements such as joints, environmental 
thresholds and fine detailed elements within the building. The process of 
CNC has a tolerance of ±0.1mm, and is the primary method of carving 
elements that require precision.

Areas of the building that are less precise, such as visual partitions, façades, 
and articulatory areas, are designed with a lower tolerance and can use 
processes such as splitting (±120mm) or the bare quarried face, that has a 
zero tolerance.

THERMAL PROPERTIES:

The bathhouse requires the use of marble and granite as the materials for 
thermal barriers, such as the walls of the caldarium, which will be explored 
in higher detail within Section 2. Soapstone, while non-structural, has very 
high thermal properties. 

Granite and marble require sealants for watertight jointing while soapstone 
does not.

THERMAL CONDUCTIVITY

Marble: 2.96 W/mK
Granite: 1.73W/mK
Limestone: 1.26W/mK
Soapstone: 6.4 W/mK

SPECIFIC HEAT CAPACITY

Marble: 609 J/kgK
Granite: 664 J/kgK
Limestone: 0.91J/kgK
Soapstone: 0.98J/kgK

MOISTURE PROPERTIES:

Water is dealt with across both programs, in the forms of water, steam, and 
humidity. Marble and granite and soapstone are all non-porous rocks of high 
density

POROSITY

Marble: Non porous
Granite: Non-porous, needs a sealant
Soapstone: Non-porous, does not need a sealant

LIGHT PROPERTIES:

The arrangement of materials based on light regards the stone’s visual 
appearance, and is explored further in terms of finishes, to achieve the 
desired light conditions of the space.

FINISHES: GRANT’S PRECAST

Some of the stone finishes observed at Grants Precast, showing the processes involved and their tolerances.

Sawn of a limestone dimension stone 
extracted from the quarry bed.

Sawn finish on split Portland stone. CNC milled vertical tool paths on  a 
honed Portland slab. the split face is 
visible along the left edge.

A failed CNC process, in which the 
tolerance of the tool path resulted in 
breakage.

OVERVIEW

The allocation, thickness and finish of stone is decided according to the 
space’s environmental requirements, which also defines the parameters used 
to cut the stone. Below is a breakdown of the key material characteristics of 
each stone and their processes and tolerances, based on information provided 
in the BSI British Standards, for the application of stone in architecture.

STONE MINIMUM WIDTH OF JOINT

MORTAR (mm) SEALANT (mm)

Granite 3 6

Marble 3 6

Limestone 5 6

Soapstone 4 N/A

STONE MINIMUM 
THICKNESS 
(mm)

Granite 30

Marble 30

Limestone 50

Soapstone 30

1 2

3 4

5 6
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2.05: MATERIALITY 2

3

4

6

5

2

1

MARBLE

SOAPSTONE

LIMESTONE
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2.06: RESOLUTION OF TOOL PATHS

Top Pass

400mm off top

Offset Pocket Pass

800mm tool end-mill
800mm below top
800mm step over

Offset Pocket Pass

200mm end-mill
800mm below top
280mm step over
170mm step down

Offset Pocket Pass

Drill 800mm
1: 3500mm below top
2. 800mm below top

Contour Pass
80mm
1200mm below top
80mm step over
80mm step down

OVERVIEW

The overall form of the building is set out as though it is cut as a 1:100 mod-
el under a set of tools of radii 2mm, 4mm and 8mm (200mm, 400mm and 
800mm. These larger scale dimension parameters were set out in the early 
stages of design in order to maintain a consistent building form that can be 
manipulated and detailed, and to explore the variations of  finishes and toler-
ances-created using the four types of stone.

900mm - minimum width for a public passage
1500mm - minimum width for an accessible passage
170mm - riser depth of a stair (step-down)
280mm - tread depth of a stair(step-over)
200mm - typical interior wall thickness
400mm - minimum wall thickness for thermally insulated spaces
80mm - water channel systems

TOOL PATH PASSES - CONSTRUCTION SEQUENCE

Below is a breakdown of the tool paths that would be used to construct the 
building as a 1:100 model. This is not related to the real-life construction 
on site, but the form language would be developed within the design, and 
constructed in individual blocks off-site, according to the Fusion 360 model 
produced for the manufacturers to mill.

900 1500

400

400

600

600

200

80

80

280

280
400 200



Alexandra Campbell UNIT 21

SECTION 2: BUILDING CONSTRUCTION

49

2.07: RESOLUTION TESTS

HUMIDITY

Floors: Tool size increases with humidity of space - to provide more grip.

+80% humidity: 20mm tool
40-80% humidity (sloped): 20mm tool
40-80% humidity (flat): 8mm tool

Walls: Tool size decreases with humidity for honing walls and retaining 
humidity within the space. Step up/Step over parameters increased for 
condensation and water channelling along wall surface.

+80% humidity: 4mm tool/20mmstep over/80mm step down
40-805 humidity: 8mm tool

LIGHT

Dark space requiring light: 20mm tool/20mm step over/80mm step down

Marble
Block Depth 2800x2700x1500

Process: Drill 20mm holes in at 
200mm intervals, use a steel wedge 
to split the rock down the drilled 
holes.

Tolerance: ±120mm

Appropriate in spaces that require a play with light, and along surfaces of walls. Unsuitable for tight joinery and walls that require a lower tolerance.

Soapstone
Block Depth 2800x2700x1500

Process: Use a point chisel to 
hammer into the stone, until it 
splits 

Tolerance: ±160mm

Limestone
Block Depth 2800x2700x1500

Process: Drive wedges along the 
grain for 2 minutes

Tolerance: ±40mm

Granite
Block Depth 2800x2700x1500

Process: Drill 20mm holes in at 
200mm intervals, use a steel wedge 
to split the rock down the drilled 
holes.

Tolerance: ± 120mm

DIRECTIONALITY OF TOOLPATHS

Based on drainage, footfall, light requirements, and ventilation

VARIATION IN MATERIALITY

Granite is the darkest in appearance, and requires a lower resolution of tool 
cuts to achieve a similar lightness to marble. However it provides a more 
visually contrasting light/shadow play, which is a desirable aesthetic.

OVERVIEW

The parameters set out for the cutting of stone at real-scale are in response 
to the environmental requirements of a wall or floor in a space. Below is a 
breakdown of the cutting methods and parameters applied on a wall in each 
setting.

CNC TOOLS

20mm Endmill
8mm Endmill
4mm Endmill
8mm Ballnose

GROUND RESOLUTION TESTS

The ground must be machine-tooled to provide friction and prevent slipping. The resolution and tools used depends on the water exposure along the floor and 
the humidity conditions of the space. These surfaces are then applied to areas of most human traffic, such as key passages to sup-spaces.

WALL RESOLUTION TESTS

Testing finishes regarding light and shadow, on marble and granite.

Tool: 20mm Endmill

Groove Dimensions: 20x20mm, at 40mm intervals

Humidity level: 70-100%

Tool: 20mm Endmill

Groove Dimensions: Vertical, 
20x20mm, at 40mm intervals

Provides a higher visual contrast 
om granite than on marble

Tool: 20mm and 8mm Endmill

Groove Dimensions: 12° angle, 
20x20mm, at 200 mm and 80mm 
intervals

The visual contrast is higher on 
marble than granite

Tool: 20mm Endmill, Drill

Groove Dimensions: Vertical/12° angle, 20x20mm, at 40mm and 200mm 
intervals, on a Split Rock face

The visual contrast is higher on marble than granite with the split faces, and 
higher with granite on the machine tooled surfaces

Tool: 8mm Endmill

Groove Dimensions: 8x20mm, at 80mm intervals

Humidity level: 50-70%

Tool: 2mm Endmill

Groove Dimensions: 2x2mm, at 80mm intervals

Humidity level: 40-50%

SPLIT FACES
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2.08: CONSTRUCTION SEQUENCE 1
O

N
-S

IT
E

O
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IT

E1 A

2

3

C

D

EXCAVATION OF EXISTING SITE

The geology of the site consists of limestone and clay aggregates, which can be excavated using an industrial 
excavator, in the areas that the slabs are built upon, as well as digging the extents of the frigidarium pool.

PRIMARY  AREA

For the secondary structures such as floor slabs and thinner walls, a wire saw is used to cut the dimension 
stone into manageable sizes.

B SECONDARY  AREA

The smaller blocks are cut 
to their required size, using 
handsaws, that provide 
a higher tolerance than 
the wire saw, allowing for 
thinner, more precise cuts.

PROFILING

The use of CNC 5-axis machines in the milling and profiling of the cut stone. The primary structures are 
milling immediately after extraction from the quarry and transportation to the factory.

Profiled blocks and slabs are 
mounted on wood for easy 
pickup and to avoid damage to 
the finish.

MASON SHOP

The blocks require finishing beyond profiling, in 
order to achieve a polished or honed surface. This 
is done using flat. Sealants and coatings are added.

HORIZONTAL BEAMS ASSEMBLED

The horizontal beams span across the extents of the excavated site to support the building. The dimensions 
of the beam are 1016x305x249, according to the British standard for an I-Beam that supports a potential 
load of 248.7kg/m.

OVERALL STEEL STRUCTURE ASSEMBLED 

The frame is concentrated around the steam rooms, creating a structural core for the rest of the building to 
span from. The building extends to a height of 10.2m above ground and 5.6m below ground.

The stone is placed on 
a bed of plaster as let to 
set, in order to avoid it 
slipping out of place.

The minimum  thickness 
that can be cut at this stage 
is 30mm due to the friction 
of the blade.

The retaining wall (600mm thickness) 
becomes the walls for the pool and lower 
levels of the building.

Water is used to aid the 
cutting process and to 
cool the blade of the saw.

Drilling for on-site-
joinery

SIDE ROAD FOR LOADING ACCESS 
INTO SITE
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2.09: CONSTRUCTION SEQUENCE 2
O

N
-S

IT
E
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6

SECONDARY STONE ELEMENTS ASSEMBLED

The horizontal beams span across the extents of the excavated site to support 
the building. The dimensions of the beam are 1016x305x249, according to the 
british standard for an I-Beam that supports a potential load of 248.7kg/m.

ROOF CONSTRUCTION AND FINAL FINISHES.

A flat timber-structure roof with glulam beams, is erected, and glass elements 
are fitted into the building. Final finishes and stone treatment is performed, 
before the building is complete.

BUILDING CORES ERECTED 

The granite blocks that make up the core steam rooms arrive on-site to be attached to the steel frame using 
brackets that had been milled into the inside of the blocks during off-site manufacturing.

Blocks are lifted to their location by 
a series of pulleys, and hang off steel 
channels bolted to the main frame.

Compressed cables are inserted 
through the drilled holes of 
prefabricated stone floor slabs for 
the construction of a post-tensioned 
system protruding from the steel 
frame.

Final finishes on 
stone are done 
by hand on site, 
such as polishing, 
and removing of 
residue

4

Rigid insulation, soundproof 
systems and gypsum boards 
are assembled within the core 
wall build up.

EQUIPMENT USED

Off site: Excavator, Forklift, Wire saw, chainsaw, 
diamond saw, 5 axis CNC, router, point chisel, flat 
chisel, drill

On-site: Excavator, Crane, Pile Driver, Hoists Forklift, 
portable 5axis CNC, point chisel, flat chisel

RISKS

Off site: 
• Exposure to silica dust: Correct PPE must be 

worn when working with stone treatment.
• Heavy duty vehicles and machinery: Stay clear 

when in use.
• Heavy loads and toppling: Do not go beyond the 

maximum load weight and travel with care.

On-site:
• Lifting heavy loads: Do not go beyond the 

maximum load weight and travel with care.
• Working at height: Ensure that all scaffolding 

and structure is secure and that a harness is used.
• Collapse of excavated site: Support unstable 

ground, and built the retaining wall within the 
first stage of on-site construction.

• Harm towards visitors on site: Only let visitors 
on with a site access pass, and ensure they are in 
correct PPE.

DURATION OF CONSTRUCTION

Off site:  4 Months
On-site: 18 Months
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2.10: BLOCK JOINERY
OVERVIEW

Below is a visualisation for the structural build up of one of the walls within 
the caldarium/stage, showing how the hollowed blocks are hung off a primary 
steel frame. The process follows that of a pre-cast concrete unit, but reversing 
the method to mill a bracket into the form-work of the stone stone block, 
to attach onto steel channels. This structure is preferred over a load bearing 
structure in the case of the design, since the focus of the materiality is for 
finishes and environmental integrity over structural support.

The blocks, weighing approximately 1 tonne, are lifted onto the frame using 
a pulley, as presented in the construction of KPF’s 55 Hudsons’ Building, that 
uses panels of Jet Mist Granite on a steel frame.

WALL DETAIL

While this is an internal wall, insulation is still required as the wall acts as a 
threshold between a temperature difference of 20°C. Stone requires a shadow gap 
of 10mm. On the wall facing the steam room this gap is filled in using a bonding 
agent to minimise moisture passing through. Granite and marble are chosen for 
the materiality of the steam room due to their high thermal properties and non-
porosity.
SEALANTS

The walls facing the steam room require a sealant to maintain moisture, therefore 
a damp-proof course is required. Granite and marble are non porous, therefore a 
penetrative sealant is used on the surface. This also helps to maintain the polished 
surface of the stone walls. Soapstone does not require a sealant

1.  Granite dimension stone (3000x2000x1500)
2. Finished granite
3. Rigid Insulation
4. Steel hanger
5. Steel channel
6. Steel I-Beam
7. Marble dimension stone (2800x2700x1500)
8. Finished marble
9. Shadow gap 10mm
10. Sealant
11. Soapstone Moisture channel
12. Waterproof Membrane

Marble Block 1500x2700x2800

Marble Block 1500x2700x2800

Steel channel

Steel I-B
eam

Rigid Insulation

1

2

3

4

5

6

6

6

7

8

9

9

10

10

11

12

11
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2.11: POST-TENSIONED STRUCTURES
OVERVIEW

In the thinner horizontal structures within the building, including the floor 
slabs that are in junction with the cores, a post-tensioning system is applied 
in order to avoid the stones caving under load. Stone is a brittle, rigid material 
that does not allow for bends, and could break under load if not properly 
reinforced.

PRECEDENTS:

While this method is more common in in-situ 
concrete structures, it is used in prefabricated 
masonry units, and can be applied to traditional stone 
slabs. The system has been used in the finishing of the 
Sagrada Familia, and in free-standing stone structures 
such as the spiral staircase by Web Yates.

Under zero load, 
the stone already 
experiences gravitational 
pull to bow downwards 
where unsupported.

Under a load the stone 
would in theory bend in 
the centre, but the brittle 
nature of the material 
would make the stone 
snap.

A post-tensioned stone, 
has a compressed steel 
cable through that 
“compresses” the stone 
from either end to avoid 
the bend.

The stone can take the heavy compression that is applied by the steel cables, 
while a good proportion of the tension is absorbed by the cables.

F

F

F

F F

FLOOR JUNCTION DETAIL

This structure is explored in the 
passage between the wings of 
the theatre, and the set-making 
workshop. This space in particular 
requires to be testes, as heavy loads 
of solid stone are transported for 
scenery and props in the theatre. The 
material is primarily limestone, and 
is extended off a steel I-beam from 
the main core of the stage/caldarium.

1. Steel I-Beam
2. Stress anchorage grout
3. Steel monostrand cable
4. Limestone slab (200mm)
5. 10mm joint gap
6. Insulation
7. Steel bolts
8. Granite soffit

STRESS ANCHORAGE GROUT DETAIL SLAB CROSS SECTIONS

Holes of diameter 12mm are drilled into the stone slabs by CNC, for the cables 
to pass through and tighten the slabs together.

Slabs join at a right-angled joint to increase stability in the floor.

1 2 3 4 5 6 7 8
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2.12: LIGHTING
OVERVIEW

The steam room space is located below the stage, and due to its environmental 
requirements has very solid honed walls, with little initial openings in order 
to maintain soundproofing, humidity and temperature. The space is therefore 
very challenged regarding its quality of natural light, which is required for 
the integrity of the space, and for the dynamic between the carved stone and 
light. A series of render tests are set out during June 21st, 12:00, to test the 
maximum daylight entering the space, and manipulating the ceiling, wall and 
floor finishes in response.

TESTS

Working Method: Rhino V-ray with geolocated sun.

MATERIALITY:

The caldarium is predominantly granite and marble for their thermal 
properties. Granite is a darker natural stone, so the arrangement of materiality 
within the space is in response to natural light. Marble is the primary stone 
used on walls facing the light, and granite on the walls facing away. Users of 
the caldarium have the option to stay in the brighter or darker area for their 
treatment.

TEST 1

The initial design was a circular opening through the steam room ceiling. 
Through testing this, it did not provide adequate light, and directed it to the 
space in a one-dimensional route. The wall finishes are under developed 
and through a series of cuts based on light tests, these will iterate through 
the tests.

TEST 2

June 21st
1200

Shape of the opening changed to be a 
reflection of the carvings in the floor of the 
space. Additional smaller openings reflect the 
passages to seating areas.

TEST 5

June 21st
0900

Hardly any light enters the space from the 
toplight. Artificial lighting will be added for 
morning hours.

TEST 3

June 21st
1200

Shape of the opening changed to be a 
reflection of the carvings in the floor of the 
space. Additional smaller openings reflect the 
passages to seating areas.

TEST 6

June 21st
1200

Shape of the opening changed to be a 
reflection of the carvings in the floor of the 
space. Additional smaller openings reflect the 
passages to seating areas.

TEST 6
Wall Elevation

TEST 7
Wall Elevation

TEST 4

June 21st
1200

Further opening cuts are added, and the 
surfaces of the walls are floors are manipulated 
to capture the top lights.

TEST 7

June 21st
1500

Further opening cuts are added, and the 
surfaces of the walls are floors are manipulated 
to capture the top lights.

TOP LIGHT STRUCTURAL BUILD-UP

• The opening must:
• Let in adequate daylight into the caldarium space
• Maintain the integrity of the sound-proofed floor. This is done by 

allowing for a void of 800mm between the two marble panels, as well as 
a rubber seal to dampen vibrations.

• Maintain the humidity within the steam room. The rubber seal acts as a 
membrane for retaining moisture.

• Be flushed against the soffit of the steam room, and have a channelling 
system to avoid the dripping of condensation.

Steel Window frame

Steel Window frame

Rubber Seal

Rubber Seal

Translucent Marble

Granite Cladding

Translucent Marble

VO
ID

 - 
80

0M
M

VO
ID

 - 800M
M

TOP-LIGHT TO 
BE TESTED

PRECEDENT:

The Lakeside Baths at Caldero, by 
Next Enterprise Architects. The 
light should be a top-light, and not 
overbearing (20-50 lux).

MARBLE

GRANITEN
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OVERVIEW

Water, it its several forms is a key element to be considered when constructing 
the building, regarding the building’s performance in use. This section 
focusses on how water is heated, cooled, filtered, reused and channelled 
throughout the design. Cool waste water from the pool is reheated to provide 
steam for the caldarium, aswell as an energy efficient method of heating the 
rest of the building in winter.

Grooves of 80mm thickness and depth are cut through slabds and walls to 
provide water channels. Drainage systems of 80mm depth for condensation 
are present in the walls surrounding baths and steam rooms.

2.13: WATER SYSTEM
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Filtered water used in sinks

Waste water to 

be filtered in 

plant

Filtered water directed to 

pool. Fountains and taps are 

fitted for use by occupants

Filtered water used in Kitchen

Steam to the secondary steam rooms

Steam to the secondary steam rooms

Steam enters caldarium through 

the walls from the hypocaust 

plant

Filtered shower water

INTERVAL BATH - 40°C

WCS & SINKS

SHOWERS

CALDARIUM BATH

70°C

HYPOCAUST PLANT

FRIGIDARIUM POOL - 17°C

Caldarium bath - 70°C
Water states: Bathing/Rinsing/Steam

1

Interval bath - 40°C
Water states: Bathing/Rinsing

2

Frigidarium Pool - 17°C
Water states: Bathing

3

WATER CHANNELS

Oiled soapstone channels 
are carved to channel water 
throughout the building. They 
are finished with a hydrophobic 
coating that allow water to move 
freely along the channel for 
efficient transportation.

Without 
hydrophobic 
coating

With 
hydrophobic 
coating

FILTER

CLEAN WATER

WASTE WATER

Pool water
17°C

Bath water
30-80°C

Heat Generator Toilet flushing 
water

Cooling water

Shower water
30-80°C

Sink water
10-80°C

Sewage

1

2

3

2
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2.14: DEVELOPED DESIGN
OVERVIEW

The developed design of the focal spaces within the building, in response to 
the key structural explorations. The images show how the research on carving 
methods, parameters, environmental and site conditions has pushed the 
design towards a more intricate articulation and resolution of spaces. There 
is opportunity, however to develop details further, exploring the possible 
finishes across the focal space and the rest of the buidling, using this techincal 
study as a tool for design.

LEVEL 00 - CALDARIUM

LEVEL 01 - STAGE

LEVEL B - HYPOCAUST PLANT SECTION BB
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3.01: VENTILATION
N

S

W E

ESE

ENE

WWS

WNN

SE

NE

SW

NW

SSE

NNE

SSW

NNW
OVERVIEW

The building requires sufficient ventilation systems in order to maintain its 
air circulation within the extreme temperature contrasts. The spaces have 
been stacked so that areas that require cooler temperatures are located lower 
in the building, and that air rises to heat the higher spaces that require warm-
er temperatures for thermal comfort. The main challenge of the building is 
the ventilation of the caldarium/steam room, which requires hot air and hu-
mid conditions, yet have a small opening for stack ventilation when needed. 
Its ceiling must be thermally insulation to keep the stage above cool. The 
hypocaust plant deals with humidity and hot temperatures, so a large air duct  
extracts the excess hot air to leave the building via the roof.

PRECEDENT

The facade for Fosters’ 
Bloomberg Headquarters, 
manufactured at Grants’ 
Precast, is an evident example 
of how the carving of natu-
ral stone is used to direct air 
through a threshold.

Hot air leaves 
through large open-
ing in the fly-tower

Air duct 
extracts hot 
air from the 
hypocaust 
plant room

Hot air from 
the hypocaust is 
pumped into the 
steam room Hot air leaves 

the steam room 
through stack 
ventilation, 
when required

Hot air leaves 
the building 
through stack 
ventilation

Steam from the 
heated pool enters 
the steam room

Cool air from the pool 
cools the lower levels of the 
building, and rises through 
the stairwell and openings 
in the floor.

Cool water reused to heat 
water in hypocaust plant 
room 

Thermal isolation and underfloor cooling 
prevents the hot air from the steam room 

enterng the stage
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3.02: ROOF DESIGN
SHADOW STUDY ON SITE FOR OUTDOOR SPACES

In the Mediterranean climate, it is required for the frigidarium pool to be shaded, in order for the pool to be at maximum use during its opening hours.

ROOF STRATEGY 

The roof is comprised of timber beams and frosted glass, that are positioned south facing along the beam, and spaced at a distance of 0mm, 200m and 400mm to provide shade from the summer sun, while 
letting in light into the spaces, with greater spacing for areas that require more light.

ROOF STRATEGY

The design for the roof to be a lightweight timber structure of varying densi-
ties follows the roof styles seen in Mediterranean cities. It interprets the logic 
behind window shutters, shielding the inhabitants from direct sunlight while 
providing daylight with the spaces from above.

Translucent marble panels of 30mm are used in the openings to create a 
warmer colour , and a more private design. It filters daylight  and warms the 
outside during an evening performance. A honed marble slab is sandwiched 
between two glass panels, that meet the timber frame. This is a material used 
in roofs and façades for several public buildings, including Marc Mimran’s 
Parisian Boulevard Barbès, and the World Trade Centre Performing Arts 
Centre.

JANUARY

JUNE

0900

1500

0900 1200

1200

1500

1500

SITE

N

Glass (8mm)
Marble (30mm)
Glass (8mm)

Glass x2 (20mm)

Openings: Boulevard Barbès

Façades: World Trade Centre Performing Arts Centre

Translucent marble occurs in various areas within the design beyond the 
roof, including the north facing wall of the caldarium, that leads to the 
laconia/sauna. Light is passed between the two spaces, as well as heat, while 
the moisture is maintained within the caldarium, as the laconia requires a 
dry climate.

Roof Blocks: Precedent Unknown
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3.03: ACOUSTICS
OVERVIEW

Regarding the performance of the theatre, the acoustics of the space must be 
considered on two levels. The first is by using the natural stone to created a 
perfect acoustic that amplifies the performer, while absorbing background 
noises. The second is to ensure that the theatre and auditorium are acoustically 
isolated from the rest of the building. 

The limestone seating forms a high pass filter, which acts as an acoustic trap 
in performance. Frequencies up to 500Hz are absorbed while frequencies 
above 500Hz are carried through.

ACOUSTIC TRAPS

The architecture of the auditorium itself has a significant role in the acoustic 
qualities of the theatre. The limestone selection and finish of the podiums 
follow research on Epidaurus amphitheatre performed by Georgia Tech, 
in which they recognised the main influence of the theatre’s almost perfect 
acoustics was within the natural corrugated surface of the limestone seating.

The porosity of the limestone acts as an acoustic trap, absorbing low 
frequency background noises, while carrying the high frequency sound of 
the performer throughout the audience. The effect is similar to the regular 
corrugations of generic sound proof walling systems.

SOUNDPROOFING BETWEEN PROGRAMS

Both the stage and the caldarium are highly sound sensitive regarding the 
success of their spacial environments. Since they are stacked above each 
other, it is key to provide an effective sound barrier that isolated the sound of 
the stage, and the voices within the steam room.

Background noise is also absorbed in the clothing of the 
audience,working together with the inclination of the 
auditorium to improve the acoustic quality of the space. 
This is taken from the inclined topography of Greek 
amphitheatres, usually built upon a natural slope, or 
carved into natural stone.

A
m

pl
itu

de

Frequency500Hz

Level 1 Plan, showing the soundproof wall enclosing the stage and auditorium 
from the rest of the building
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4
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11

1. Granite block - external wall
2. Steel Hangers
3. Drywall (16mm)
4. Steel Stud (80x25mm)
5. Acoustic Block
6. Quietfibre (100mm)
7. CMU block (203x203x406mm)
8. Marble - internal wall
9. Granite, machine tooled
10. Steel bolt
11. Granite soffit
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3.04: HUMIDITY
OVERVIEW

The stones used in the humid areas of the bathhouse must be non-porous and 
carved in a way to channel and control the different forms of water in order 
to be the most efficient as a standalone system. The maintenance of the stone 
surfaces must also be considered as these spaces deal with moisture over the 
long term and could be susceptible to weathering and mildew over time if 
not maintained properly. In the case of the caldarium space, the dimensions, 
form, carving finishes and key angles have been considered in order to 
respond to the humid requirements.

WATER RUN-OFF AND MAINTENANCE

Based off the standards provided for by Building Standards 
5628-3:2005, the design and installation of damp-proof 
features in masonry architecture, rainwater runoff strategies 
for a facade are applied to the control of humidity within the 
steam room.

The walls require a fine joint, through the use of flexible DPC 
sealants within the required 10mm joint.

FINISHES

The resolution of tool paths used are adapted to reduce the risk of slipping on the floor, while remaining a honed finish, to maintain humidity. The walls are 
polished, and carved to channel condensation away from the users of the space.

MOISTURE AND DAMPNESS CONTROL

Stone that is exposed to long-term dampness is susceptible to decay. This is controlled by the type of stone and its finish, as well as type, absorbency and 
shrinkage characteristics of the jointing materials. The stone used in the steam room space is granite and marble, for their low porosity/permeability, and the 
walls are polished to maintain water on the surface of the stone. Granite has an absorbency of under 0.4%, provided the stone is in good condition.

The 400mm continual thickness of the walls of the caldarium follow the traditional methods of moisture control, with the stone walls relying on their 
thickness to prevent water crossing their threshold. This is more effective in this case than a modern composite stone wall, regarding moisture entering from 
exterior to interior. In the case of the caldarium, however, the humid climate is more extreme, and the wall remains vulnerable to moisture.

Vertical cuts and hand-carved 
soapstone channels on the south 
and east walls direct the water 
back into the plan filters, and 
away from the users.

CONDENSATION

Along with the channels in the wall, the ceiling is inclined in order to direct 
condensation away from the centre of the room towards the north facing wall 
to return to the plant to be filtered and reused.

6.
2m

3.
2m

5° IN
CLINATION

40-50% Humidity

50-70% Humidity

70-100% Humidity

KEY

STEAM TRAPS

In earlier iterations, the height of the caldarium ceiling reached 6.2m, which 
is twice the advised steam room height, in order for steam to remain at 
human level. By reducing the height to 3.2m, and allowing for an extractor 
at 3m, to circlulate the air, the room’s perforamance regarding humidity 
becomes more efficient.
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3.05: THERMAL PERFORMANCE
OVERVIEW

The building deals with extreme temperature contrasts, that need to be 
approached in detail within the design. This section looks at how the heat of 
the caldarium is contained within its walls, how the heat is generated into the 
space. The temperature of the caldarium averages at 40°C, while its externals 
range from interior spaces of 21°C to the exterior, that typically ranges from 
0-40°C year round (± 5°C). It also rests above the frigidarium pool, that 
requires water to be at 17°C, and below the stage, that requires 21°C.

HYPOCAUST SYSTEM

The heating of water, and the general temperature of the room is generated by 
a modernisation of the ancient hypocaust systems used in Greek and Roman 
bathhouses, where hot air is created within an underfloor furnace and travels 
through hollowed bricks in the walls into the caldarium. The internal stone 
wall is thin (≈30-60mm) to create less thermal obstruction, while the external 
wall remains thick (≈400m) to contain the heat.

THERMAL MASS

The stone walls of the building are energy efficient in regards to their thermal 
mass. The building is predominantly limestone, marble and granite, all of 
which are highly dense stone that have high thermal mass,, absorbing the 
heat from the day, allowing the building to stay cool, and slowly releasing 
the heat at night. This is effective during the Mediterranean summer days in 
which occupants for both programs will wish to stay cool.

Day: Stone absorbs hot external air, and 
cools interiors by releasing cool air stored 
from the night

Thermal Mass Chart for 
a thick stone wall in a 
building

Night: Stone absorbs cool external air 
and warms interiors by releasing warm 
air stored from the day.

The ancient 
hypocaust system, in 
which a thick brick 
stone wall keeps 
the heat in, that is 
created beneath the 
space and circulates 
between the stacked 
stone structures, 
and enters the space 
through hollow 
bricks in the walls 
that act as pipes.

A modern response 
to the hypocaust 
system, that 
maintains the 
thermal integrity of 
the stone walls and 
their thicknesses, 
yet adopts a steel 
structure, for both 
the support of 
the space, and the 
passage for the heat 
within the walls.

1. Granite block - external wall
2. Cavity wall (60mm)
3. Insulation (100mm)
4. Rigid insulation (60mm)
5. Granite block - internal wall
6. Steel frames (200x200x200mm)
7. Hypocaust Pipes
9. Steel I-Beam
9. Services
10. Shadow gap (10mm)

Hour of Day

No Wall

Thick 
Stone Wall
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3.06: THERMAL CONTROL

Expansion coefficient for steel = 0.12 x10 10-6 (°C)-1

Temperatures:

Caldarium: 40°C (max), 20°C (min)
Stage, Auditorium, Eating Spaces, Showers: 25°C (max) 20°C (min)
Outdoors: 40°C (max). 0°C (min)

STEEL EXPANSION

By multiplying the beam length with the thermal coefficient of steel, the
expansion can be calculated. In order to allow for this expansion i have given 
excess room within the junctions between stone and steel.

OVERVIEW

A steel structure, according to BS: 8298-1 2010, is susceptible to the following 
expansions:

Elastic deformation
Thermal Movement
Differential Settlement

The focus of this study is on the thermal expansion of the steel frame, due to 
the high contrast in internal temperatures within the building.

SOLUTION

Allowing for 2mm room for expansion will ensure that the steel can 
comfortable expand, and the building is prepared for any thermal fluctuations 
beyond the predicted ranges. For Beam 1, the external beam is susceptitble 
to greater fluctuations that could be caused by global warming, so 5mm is 
allowed for expansion.
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BEAM LENGTH/MM TEMPERATURE 
DIFFERENCE/°C

EXPANSION/MM

1 18200 40 0.9

2 7500 20 0.2

3 3500 20 0.1

4 10700 6 0.1

5 3300 6 ≈0

6 7800 20 0.2

7 8100 20 0.2

8 12200 6 0.1

9 5600 20 0.1

10 11000 6 0.1

11 7600 20 0.2

12 5800 6 ≈0

13 3800 20 0.1

17-21

21-25°C

25-70°C

KEY
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4.01: PROGRAM & PROCUREMENT 1
STRATEGIC DEFINITION

0.1
The client’s Business case is for an enclosed building is required in order 
to respond to the issue of public space in Athens, that provides space for 
communities within the protections of an environmental envelope. Previous 
failed public schemes on the site have been open to the hostile environment.

DEVELOPED DESIGN

0.1
A method of procurement is developed. The cost consultants work alongside 
the manufacturers and suppliers to provide a Cost Schedule for each stone 
type and its potential cutting processes. The architect then strategises for the 
building’s design to be the most cost-efficient regarding its construction.

PREPARATION & BRIEF

0.1
During weekly DTM’s the parameters for the building’s environmental 
requirements is discussed.

0.2
The building materiality is determined as local stone, to be reviving Athens 
as the forefront for stone architecture  and sculpture. The Project Program is 
also determined to be a bathhouse and a community theatre, a hybridisation 
of two Ancient Greek public building programs.

0.2
The architect sets out a drawing package for the cost consultant and 
manufacturer to review, that provides them with a cutting manual for 
each stone within the design, emphasising time taken for each cut. The 
consultants return the package marked with any points for concern, that 
are reviewed and edited by the architect.

0.2
The design is divided into Key Zones and Packages.

Zones: (Based on environmental Requirements)
• Zone A: The Cafés and Massage Parlours
• Zone B: Auditorium and Laconia
• Zone C: Stage/Caldarium/Frigidarium
• Zone D: Wings and Tepidarium
• Zone E: Workshop and Palestra

Packages (Based on Materiality)
• Package 1: Marble
• Package 2: Granite
• Package 3: Limestone
• Package 4: Soapstone

0.2
A detailed site analysis is undergone, and environmental data is compiled. 
Spatial pairing and requirements are decided and the materiality is distributed 
across the early plans.

0.3
Quarries are selected and visited for each stone type, and stone production 
parameters are calibrated. Contracters regarding suppliers and manufacturers 
set to join the contract.

0.3
The project team is assembled.
Client/site needs are reviewed, as well as 
feedback from previous projects on the 
site.

CONCEPT DESIGN

0.1
Structural engineers and cost consultant join meetings. Based on the costs of 
the selected stone, the team decided that a steel structure beneath hollowed 
stone blocks is the cost-efficient way forward in design that won’t affect the 
integrity of the building’s materiality.

0.3
A block for each stone is selected, and its quarry bed chosen. Tests are 
performed in the warehouse, exploring the stones’ limitations and time take 
for different types of cuts. The selection of stone is narrowed to the quarry 
bed from which it would be extracted.

0.2
Parameters are set out for the cutting methods that will be used on the stone, 
to be drawn up and tested off-site by the manufacturers.

Who would want an outdoor pool 
over here? The air is so bad I cant 
stand being outdoors in this city!

There is no where to sit down, where I 
don’t want to leave after 5 minutes

I always tell architects to come down 
here in person, to get a better 

understanding of the processes and to 
aid their design.
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Cost and quality are not exclusively linked, but they 
positively correlate when regarding other factors.

Any short cuts taken during production can result in lower 

quality finishes, that in the long run can cost m
oney to 

replace

Why cant we have magnificent stone 
structures like this built anymore? We 

have the natural resources!

From this arrangement of 
environmental conditions, we can 

assign the stones based on their 
natural properties.

The steam rooms must use granite 
or marble, as they have high thermal 

conductivity and are non-porous.

BED 3

THE MARBLE BROKE!

Parameters are changed to 
minimum 30mm thickness.

SURVEYOR

CLIENT
MAYOR OF ATHENS

ARCHITECT

ENVIRONMENTAL 
ENGINEER

MEP
CONSULTANT

HEALTH + LEISURE
CONSULTANTS

ACOUSTIC 
CONSULANTS

COST
CONSULANTS

CONTRACTOR
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N
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TIO
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A
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N

CE CO
N
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N

SUB-CONTRACTOR

900 1500

400

400

600

600

200

80

80

280

280
400 200

Construction Strategies:
• Choice of structural frame to be steel
• Source of the dimension stone, and factories for fabrication of stone 

and steel. The choice of local quarries where possible will reduce 
transportation costs

Project Strategies:
• Acoustic
• Daylighting
• Thermal
• Fire

• A drawing is set out by the Architect, in which the main strategies 
are outlined and drawn up, for the architectural intentions for the 
stone, and their cutting processes.

• The drawing is sent to the Structural Engineers who overlay the 
steel frame and mark out any points for concern.

• The Environmental consultant reviews the stone finishes, and sets 
out the required details that must be drawn up by the architect in 
depth, for further discussion

• A graphic code is set out by the design team, that communicates the 
cutting processes used. The drawings are to be iterated into by the 
team over the next 10 months.

A final Project Brief is issued.

MONTH 1 MONTH 2

MONTH 3

MONTH 4 MONTH 5 MONTH 6

MONTH 7 MONTH 8 MONTH 9 MONTH 10

Sub-Packages: (Secondary Materials)
• Steel
• Timber
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4.02: PROGRAM & PROCUREMENT 2

CONTRACTOR

PROJECT ARCHITECT

4

5

6

7

TECHNICAL DESIGN

0.1
Detail packages are developed to be sent to the manufacturers.

0.2
About two month before production starts, individual stones are selected 
from the and marked up to be sent for production.

0.3
A drawing package is developed with each stone element numbered and 
marked, for the manufacturers to process. For each stone the drawings have 
bespoke codification for the cutting process required.

CONSTRUCTION

0.1
Off-site construction is started, and a series of dry-lays are set out and tested 
on appearance, light, and water tests. Swaps rejections and approvals are 
noted on the drawings, to be archived for future stages.

HANDOVER & CLOSE OUT

0.1 The Architect visits the building with the Client, to check for any defects, 
and rectifying them before public reveal. Defects could include incorrect 
finishes, faulty doors letting out humidity, drainage issues. Smaller stone 
features such as furniture, plates and towel racks arrive on site and placed in 
their locations, according to the furnishing packages.

0.2 A drawing pack for the Handover Strategy is developed, and staff are 
trained to understand the codifications for treatment and maintenance of 
stone.

• Maintenance of stone, for each stone package, regarding mould, 
weathering, oiling and polishing of surfaces, cleaning and wear control.

• Construction drawings to be carried out for smaller, non-structural 
stone elements, should they require replacement, to be produced on-
site in the workshop.

• Training for new staff
• Post-Occupency evaluation.

0.3 The building is revealed to the public, and faces the final test - the 
popularity of public space. The initial use is for those involved in the surveys 
during Stage 0. Feedback is taken into consideration, and if its minor then it 
will be forwarded towards future architectural projects of similar briefs.

IN USE

0.1 A manual is set up for the Public, for how best to use the building, 
presenting the recommended journey through the bathhouse based off 
ancient Greek bathing rituals, and locations in the theatre with the best 
acoustic qualities. 

• Suggested routes through the bathhouse based on Ancient Greek 
bathing rituals, and daylight conditions.

• Acoustic map for the auditorium, showing the variations in acoustic 
quality between locations

• Suggested way to use the finished surfaces of rocks, as well as ointments 
to use and massaging tips.

Manuals are available online or at reception in both building entrances. Risks 
are also noted such as:

• Slipping or falling on wet/uneven surfaces
• Fire safety
• Room conditions and disclaimers for pregnant users, or with heart 

issues.
• Rules on showering between baths, and public hygiene.

0.2 The contractors remain on hand during the building’s use, in case stones 
needs replacement, due to vandalism, or for new fittings of services.

0.3 The longevity of the building depends on the level of maintenance upkeep. 
Each stone has a manual explaining how its finishes should be maintained 
and cleaned, in order for them to keep their original quality. Or else it will 
become another Ancient Greek ruin...

0.2
On-site construction is started, and further Design Queries arise from site.

0.3
The manufactured elements are delivered to the site to be constructed. The 
building erects its theatre workshop in the early stages of construction, to be 
used as an on site workshop for any amendments.

Every split face needs to be 
within the range required. 

We must check that they do.

Perfect for the stairwell 
walls! Can you cut 12 in 

these dimensions?

MONTH 17 MONTH 18 MONTH 19 MONTH 20 MONTH 21 MONTH 22 MONTH 23 MONTH 24 MONTH 25 MONTH 26 MONTH 27 MONTH 28 MONTH 29 MONTH 30 MONTH 31

MONTH 11 MONTH 12 MONTH 13 MONTH 14 MONTH 15 MONTH 16

Specialist Sub-Contractors Design and Specification (Stone manufacturer/
Stone Suppliers):
• Tolerance for cutting methods
• Visual communication for the cutting processes behind each stone.
• Jointing and Sealants
• Cutting Parameters
• Post-Tensioning

The Contractor overwrites the drawing packages for the As Built Survey, 
in which the information obtained during the construction process is 
documented. This includes:
• Stone tests, approvals, swaps and rejections according to each stone 

number.
• New site information arisen during excavation.
• Risks discovered during on-site and off-site construction.
• Cost changes due to any new alterations.
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How quickly can we get an 
L-203 block replacement? 
There has been an act of 

vandalism!

It looks like the water is dripping from 
this channel - there should be a notch 
carved out like in the detail. Is that 
quick to fix?

I love it! A modern 
monument

Sure - let me get in contact with the 
contractors -  maybe the coding 

should be iterated so that this 
miscommunication doesn’t reoccur.
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4.03: RISKS IN CONSTRUCTION
OVERVIEW

The contractor for stone fabrication play a significant role in the design and 
construction of the building. Therefore it is critical to asses the risks imposed 
upon them during the construction stages. The building deals with dense 
stone blocks that impose severe hazards on and off-site, as well as extreme 
environments and multi levelled flooring imposing hazard on the occupants 
in use. Below is a breakdown of the risks faced, according to the CDM 
Regulations of 2015.

RISKS IN CONSTRUCTION.
Imposed primarily on the stone contractor.

Off-site general risks:

The worker is exposed to airborne silica when cutting marble, granite or 
soapstone, which when inhaled can cause silicosis, kidney disease or lung 
cancer.

Precaution taken:

Appropriate masks must be worn when cutting stone.

PROCEDURE RISK(S) PRECAUTION TAKEN

Extraction Heavy loads can fall from the forklift 
and the quarry bed.

Collapse of quarry bed under use.

Workers must stay clear of extraction 
zone, unless operating a vehicle for 
the task.

Primary Cutting Station Workers are using heavy-duty 
machinery, such as wire-saws and 
drills.

The workers must be inducted with 
the machine, wearing the correct 
PPE, and the machine must be 
checked regularly for faults.

Secondary Cutting Station Workers are using heavy-duty 
machinery, such as wire-saws and 
drills.

The workers must be inducted with 
the machine, wearing the correct 
PPE, and the machine must be 
checked regularly for faults.

Profiling (CNC) Manual lifting of heavy loads can 
cause injury.

Improper clamping can cause object 
to fall off machine bed.

Use a lifting device to aid heavy loads 
onto the machine.

Check the object is correctly 
clamped. Set up a barricade between 
the operator and machine. Wear 
appropriate footwear.

Profiling (Manual) Injury/accident when using profiling 
tools.

Correct PPE must be worn. A 
maximum number of users in the 
workshop must be defined.

Excavation Collapse of excavated site.

Falling

Unstable ground supported, and 
retaining wall built in the first stage of 
construction.

Excavation area marked out and 
barricades set up.

Lifting heavy loads Overload of materials. A maximum load must be defined 
before construction begins.

Working at height Falling.

Unstable structures

Correct clothing must be worn and a 
safety harness attached.

Work platforms and scaffolding must 
be stabilised and checked.

Moving materials Overloading of smaller elements can 
cause injury.

A maximum load per person must be 
defined and a maximum distance for 
the load to be carried.

Visitors to site Injury caused by moving objects, or 
vehicles on site.

Correct PPE must be worn.

The visitor has passed their CSCS site 
safety test and bring their card to site.

In use Slippery surfaces in the bathhouse, 
and stepped floor slabs can cause an 
accident.

Hot temperatures can cause a fire.

No running. Handrails provided for 
stability. First aid kits supplied.

Sufficient fire alarms and 
extinguishers are supplied and 
checked regularly.

CHECK THE FOLLOWING M T W T F S COMMENTS

All wearing PPE

All guards in position and in good condition

Floor clean, tidy and free from waste

Saw fully cleaned down

Lifting equipment functioning correctly

Saws and tables greased and oiled

All saws running on all 3 axis

Blades showing acceptable levels of wear

Teeth of blades in place

Amps for al saws been checked

Water silo functioning correctly Water pump needs replacing

All chains in place and switches functioning

No unusual smells from the machinery

All emergency exits free from obstruction

Emergency equipment in place

Damage to structure (Doors/Cladding etc.)

Lighting Adequate

Emergency stops working and clearly marked

Walkways clear

Empty drums, cartridges and scrap removed

OPERATOR:

SHE Management System
Saw Shed Inspection Checklist

VACUUM 
LIFTERS

DELIVERY 
NOTES

FORK LIFT CHECK SHEETS

PROFILER 2 METER 
SAW

CNC WIRE
SAW
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Within the building’s design, there are several elements that do not 
require the structural or environmental integrity of stone, and can be 
created from the waste products produced in the primary and secondary 
stations of stone production.

• Bathhouse elements include:
• Towel racks
• Vases
• Plates
• Heated rocks for massages 

4.04: WASTE MANAGEMENT & QUALITY CONTROL
WASTE MANAGEMENT

A typical quarry has a waste factor of 99%, due to faulty dimension stones, or 
blocks too small to be fabricated into standard slabs. This waste is returned to 
the quarry, in the form of crushed aggregates, boulders, or discarded as dust. 
The larger waste typically finds use as stone samples, stones for sculptural 
projects, or safety barricades within the quarry.

An analysis of the types of waste produced at each stage of construction show that the main usable waste is produced in the primary and secondary areas of 
production, where large offcuts from the sawing of a stone can be recycled.

Waste returned to quarry

Waste used as route boundaries and safety barriers.

Waste from discarded CNC production.

Theatre elements include:
• Props and scenery for plays
• Souvenirs

EXTRACTION

Machines used:
Wire Saw/Diamond Cable

Waste form: Boulders up 
to the dimensions of the 
standard block

Potential use: Theatre 
Scenery.

PRIMARY CUTTING

Machines used:
Saws

Waste form: Rubble, Thin 
slabs

Potential use: Vases, plates, 
Towel racks

SECONDARY CUTTING

Machines used: 
Saws

Waste form: Rubble, Thin 
slabs, dust

Potential use: plates, heated 
rocks

PROFILING

Machines used: 
CNC, manual tools

Waste form: Rubble, dust

Potential use: not useful

TRANSPORTATION

Waste form: Fabricated 
elements damaged in 
transportation

Potential use: Theatre 
Scenery to be produced at 
the building’s workshop.

QUALITY CONTROL

Before and during dry-lay production, the client and project architect review 
the selected stones and carry out the swaps, rejections and approvals for the 
stones, The technical drawings are marked up and updated to be archived for 
future referral during construction on site.

In post-production, the fabricated stones undergo inspection and 
verification, before the reach the client. This reception control is performed 
by an organisation that was not involved in the production, and following a 
clear acceptance/rejection criteria  (based on ISO 9001: Quality management 
systems - Requirements), to ensure efficiency of a quality management 
system.

A random sample of blocks is selected for inspection, yet the entire batch can 
be rejected if the sample does not meet the criteria.

This method of quality assurance has its drawbacks, however, It is typically 
high-cost, has a slow information flow, and the inspector is unaware of the 
production circumstances or the pre-discussed requirements for the stone in 
design team meetings.
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4.05: DRAWING CODE
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OVERVIEW

This is an early iteration of a developing drawing, that will convey a graphic 
language for the processes undergone by each stone in the building. The 
drawing is divided into Zones of environmental conditions, regarding 
temperature, humidity, noise and light, and into Packages for each key 
material. The aim is to develop this towards a layered set of instructions, that 
can be divided into packages to be received and reviewed by contractors, and 
consultants, creating a dynamic communication centred around the stones 
process, rather than the visual architectural design.

Underwater

70-100%

50-70%

40-50%

Zone 1: Marble

Zone 2: Granite

Zone 3: Limestone

Zone 4: Soapstone

KEY
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PRIMARY RESEARCH

• Visit to Cadeby Quarry, and tour of Grants Precast factories.

              Cadeby Quarry,
              Garden Lane,
              Doncaster,
              DN5 7SN

BOOKS

• Metric Handbook Planning aand Design Data - David Adler - 1999
• BSI British Standards: Code of Practice for the Design and Installation 

of Natural Stone Cladding and Lining - 2010
          Masonry Construction Manual - Joachim Achtziger - 2001
• Roof Construction Manual - Ebehard Schunck - 2003
• Glass Construction Manual - Christian Schittich - 2007
• Material Stone: Constructions and Technologies for Contemporary 

Architecture - Christoph Mäckler - 2003

SITES

• Max Fordham - https://www.maxfordham.com/
• Webb Yates Engineers - https://www.webbyates.com/
• Webb Yates (Post Tensioning) -  https://nptel.ac.in/courses
• Amin Taha & Groupwork - http://groupwork.uk.com/
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