
LIMITED CONSTRUCTION TIMEFRAME
On weekdays construction work needs to take place between 
01.00 and 05.00 when the underground is not running.
 
For longer construction works to be carried out, two strategies 
can be employed:

1. Trains non-stopping at Barbican Station
2. Possession of the tracks between Aldgate and Kings Cross 
between close of traffic on Friday 00.30 to open of traffic on 
Monday 06.00am.

A crash deck would need to constructed over the platforms 
when the station is operational and work continuing above.

LU  STANDARDS
Structure gauge - minimum 50mm clearance must be kept above 
trains.

Minimum platform width 2.58m (calculation below).
LU standard minimum platform width is 3.00m from nosing to 
wall finish and 2.50m if limited. Posts and columns can only be 
installed along the platform wall within the 0.5m allowed for 
edge effects.

Crossrail tunnels protective zone - construction within this zone 
will be subject to scrutiny and will need to be carefully discussed 
with TfL to determine the types of foundations used.

Frequency of trains: 
Barbican Station is considered a Metropolitan line station - its 
highest train frequency is 1 every 2.31 mins (peak hours weekdays) 
and 1 every 5 mins (off-peak weekends).

MINIMUM PLATFORM WIDTH CALCULATION FOR 
BARBICAN STATION

EXISTING STRUCTURE
The station’s retaining wall would need to be reinforced to 
support any extra load. 

VIBRATIONS + NOISE
Any structure close to the working station will be subject to the 
vibrations and noise from the trains - this needs to be taken into 
consideration.

SITE SECTION 01

SITE SECTION 02

SITE SECTION 03

7935
7935 x 0.45 = 3570.75
3570.75 x 0.27 = 964.1
964.1 / 15 = 64.2
60 / 26 = 2.31 minutes
64.2 x 2.31 = 148.47
148.47 x 35% = 51.97
51.97 x 0.93m2 = 48.3m2
122.3m x 25% = 30.58m
48.3m2 / 30.58m = 1.58m
1m
1.58m + 1m = 2.58m

Peak three-hour platform load
Peak hour platform load
Peak 15-minute platform load
Peak minute platform load
Train service headway
Peak headway platform load
Busiest section of platform load
Space requirement (area) 
Busiest section of platform length
Width (without ‘edge effects’) 
Edge effects
TOTAL PLATFORM WIDTH

1.02 THE SITE:
SITE CONSTRAINTS



1.07 DESIGN DEVELOPMENT
EARLY MODELS

Early concept models exploring the combination of using fabric as soft ‘greenery’ 
(trees and lawn) and hard structural pathways



The projects has been developed through iterative interior and exterior views.

The ‘underbelly’ of the park would be viewed from platform level, and the 
design has developed in part around creating a diverse and varied roof/ceiling 

over the sunken platforms.

1.07 DESIGN DEVELOPMENT
ITERATIVE VIEWS

View up the church tower from platform level View from the golf driving deck of the driving range

View from the platform level at the Barbican station end Interior view of the tea gardens and dancefloor



View from church tower 

View from golf driving deck

Interior view of church tower entrance

View of sucken tea rooms from platform level

Interior view of tea garden area View of park entrance from Crossrail ticket hall



1.11 STRUCTURAL STRATEGY

LIGHTWEIGHT STRUCTURE
The park structural frame is a large tensegrity structure of steel columns, beams and 
cables, with the main cladding being ETFE panels.
A pre-fabricated, component-based architecture was chosen to minimise construction 
time and period of station closure, with lightweight materials chosen to overcome the 
need for large spans across the sunken platforms.

VIBRATIONS
Any structure on this site will be subject to vibrations from the running trains.
ETFE pillows have a high tolerance for deflection, making it a well-suited material for 
areas prone to earthquakes or where there is a risk of explosion. ETFE roofs have been 
used in government bulidings and transportation infrastructure where there is risk of 
attack.

In this case, the ‘underbelly’ of ETFE pillows facing onto the platforms should absorb a 
lot of the train vibration. 

LOADBEARING CAPACITY OF EXISTING RETAINING WALLS
This was discussed with a structural engineer, with the conclusion that the walls as they 
are only have capacity to support the existing structure. Their foundations would need 
to be reinforced to support any extra load. If reinforced, the walls could only support a 
standard one storey structure.

Therefore, the decided structural strategy was to put new steel columns in place, 
independent of the existing walls, to support the park scheme.

Two options were discussed with the structural engineer as shown below in order to 
find a strategy whicih would allow more slender structural elements.

PRIMARY STRUCTURE
Compression member
Tension member

SECONDARY STRUCTURE
Compression member
Tension member

Option 1: reduce vertical cantilever by half by 
propping columns midway with beam

≈ 15M

≈ 15M

≈ 1.5M

Option 2: Beams at park level held in tension,
structure propped at the top with thinner struts, 
supported by cables to prevent buckling.

≈ 30M

>1.5M

CHOSEN OPTION

ETFE roof used at the Transport Interchange, Terminal 5, Heathrow Airport, RSHP

Plan of Park Level showing the network of beams 
suspended by the main steel columns

Beam spans are shortened by frequent cable connections 
directly to the roof cable network, and then to the main 
columns. This allows shallower beam depths.



PRIMARY STRUCTURE

Roof bracing stabilising main columns.

Main columns suspending a network of steel beams.

SECONDARY STRUCTURE

Roof : Stabilising cable network connected to main columns.

Centre : Mast and cable network connected to beams.

Lower : Cable network connected to main columns - supporting pipework.

CLADDING + INFILL

Roof + External Walls : ETFE pillows supported by roof cable 
network.

Ground : ETFE pillows supported by centre mast and cable network and 
primary beams.

Ground : Floor plates sit on primary beams.

CHURCH TOWER

Structure : A tensegrity structure of diagonal struts and cables, supporting 
a spiral staircase.

Cladding : ETFE pillows supported by the twisting cable structure. 



1:500

Source: http://www.bre.co.uk/pdf/RainNoiseGuidance.pdf

75-80dB
(trains)70-75dB

(trains)

67dB 
(rain)

55dB 
(road)

Target: 
40-60dB

RAIN
Manufactured rain suppression layers for ETFE can lower 
noise levels to 51dB. An external metal mesh layer would act 
as a rain suppression layer, bringing rain noise levels down 
but keeping it as a ‘tranquil’ background sound.

INTERNAL TARGET SOUND INTENSITY
Varying acoustic targets along the length of the park are 
shown in the section below, to create a gradient of external 
and internal ambience.

The CBRE participatory appraisal study showed that the 
following sounds were considered by most as indentifiably 
‘tranquil’:
- ‘wind though leaves’
- ‘sound of water, rivers, waves’
- ‘the sea’
- ‘hearing bird song’

The articulation of the park’s envelope will be explored in this 
report in order to aim to recreate such sounds or equivalents.

TRAIN
Noise of trains would need to be suppressed from 80dB to 
55dB. The ETFE pillows on the base of the park could be 
inflated more during working train hours, creating a larger 
sound-absorbing air cavity within the building envelope.

1.12 ACOUSTICS STRATEGY 
DESIGNING TRANQUILITY

Source: http://services.defra.gov.uk/wps/portal/noise/maps
Map showing rail noise levels recorded at the site Map showing road noise levels recorded at the site Measured sound intensity levels on different roof 

elements

Park playing 
fields: 40-60dB

Dance/sports 
floor: 40-60dB

Tea rooms:
40-50dB

External to internal ambience



2.04 THE FARADAY CAGE

Designing for a closed Faraday cage greatly affects the design of the park as the size 
of openings are limited and the envelope needs to be conductive and sealed (as 
much as possible, using the components shown on the next page). This determines 
a specific material palette.

ELECTROMAGNETIC (EMI) SHIELDING OVERVIEW
The shielding effectiveness of material depends upon the the thickness of the 
materia, the type of incident field (electric, magnetic, or plane wave) and the 
frequency of the wave, which determines its skin depth (how far the wave travels 
through the material). Shielding effectiveness is usually broken down into a reflection 
loss (the energy bounces off the shield rather than penetrates it) and an absorption 
loss (the energy is dissipated within the shield).
http://www.learnemc.com/tutorials/Shielding02/Practical_Shielding.html

POSSIBLE CONDUCTIVE MATERIALS
Commonly used EMI shielding materials are:
GFRP 
Aluminium - often used: has high conductivity, but oxidises easily.
Copper mesh - most often used: high conductivity, but low abrasion, low tensile 
strength.
Source: Thermosetting polymer composites for EMI shielding applications, Sankaran. S.

REFLECTION LOSS SHIELDING: DETERMINING APERTURE SIZES
Rule of thumb is that aperture sizes should be 1/10 or 1/20 the frequency of the 
wave to be blocked. The Offline Park wants to block between 0.9-2.4GHz.
            
                
Wifi, Bluetooth
3G
GSM 
          
                       
Therefore 6.25mm is the limiting aperture size of the cage.

ABSORPTION LOSS SHIELDING: DETERMINING MATERIAL DEPTH
The skin depth of Copper at 2.4GHz = 1.33 microns and at  0.9GHz = 2.17 microns

Rule of thumb is for the material to be at least 5 skin depths of the material. This 
ensures good performance without excessive thickness.
http://www.microwaves101.com/encyclopedias/skin-depth

2.17 x 5 = 10.85 microns

On the lower left are woven meshes used for EMI shileding. The thinnest and 
least obtrusive mesh (100/3) is 0.03mm or 30 microns thick, so this should be thick 
enough to use. 

This woven mesh and will be used on the walls and underside of the park.
Expanded walkway mesh will be used for the roof / golf driving range

Using this rule, the lowest frequency I could block if I wanted to would be 
approximately 0.12Ghz (120MHz), at which copper has a skin depth of 5.94 microns.
This means the cage would also block VHF and UHF signals which are used for FM 
radio, digital radio and TV broadcasting. UK amateur radio (70-70.5MHz) would not 
be blocked.

PARK ENTRANCES
When people open the cage to enter the park this breaks the contact of the 
conductive envelope, so will be need to be controlled.
An interstitial entrance lobby space created by 2 layers of mesh curtains allow the 
cage to self-close.

VENTILATION
Care needs to be taken to design a closed conductive envelope while allowing for 
sufficient ventilation.

Freq
2.4 GHz
2.1 GHz
1.8 GHz
0.9 GHz

Aperture
6.25mm

8.3mm
16.7mm

Woven wire mesh used for EMI shielding
Source: http://www.wiremesh.co.uk/applications-of-locker-wire-mesh/emi-and-rfi-shielding

http://www.wovenwire.com/products-woven-wire-cloth-mesh.htm

Aluminium mesh curtainZinc foil insulation detail

Terunobu Fujimori - zinc foil insulation-clad house



2.0X ROOF PANEL TYPES / OPTIONS

THE SERVICING MESH
Copper mesh wraps around the entirety of the park in order to retain the Faraday cage 
requirements which will block internet and mobile phone signals. This conductive 
enevelopecan be used to incorporate heating, cooling and lighting elements. 

PELTIER THERMOELECTRIC COOLERS
Thermoelectric coolers are solid-state systems that convert electrical energy into 
temperature gradients that drive thermal-energy flows. Peltier modules generate hot or 
cold from the input of a DC electric current. 
The hot and cold side depends on the direction of the current. 

The coolers are a sandwich consisting of:
1. Thermoelectric semiconductors - an n-type conductor (containing negative charge 
carriers) and a p-type conductor (containing positive charge carriers), connected 
electrically in series and thermally in parallel.
2. Ceramic plates on either side:  The ceramic surfaces provide electrical insulation and 
thermal conduction from the elements to the heat sinks.

A typical module (pictured) measures 40mm x 40mm x 3.5mm, but these can be 
manufactured to larger or smaller sizes and different shapes. 
Fixed onto the mesh, this allows flexilibity for local heating and cooling by varying 
module density across the park, creating their own landscape.

The greater the temperature gradient between the plates, the greater their efficiency, 
which is why a heat sink is required when these are used. If heat is not removed from the 
hot side, the plates will even out in temperature.

GENERATING ELECTRICITY FROM INTERNAL AND SOLAR HEAT GAIN
When a temperature gradient occurs naturally across the two ceramic plates, this 
generates electrical current. This is not the intended function for these coolers, so they 
are only 2% efficient, however internal and solar heat gain would potentially provide 
free energy which could be stored and to contribute to the park’s energy consumption. 

CALCULATING VIABILITY - COOLING REQUIRED

Max. Total Heat Gain = Max. Solar Heat Gain + Max Internal Heat Gain

Max. Solar Heat Gain:
At midday in the UK on a cloudless day in summer, the solar intensity on flat land area is 
600-800W/m2. This is 60% of sun at the equator due to tilt in the Earth surface. 
Source: http://www.withouthotair.com/c6/page_38.shtml 

Therefore, inside the park, for 1m2 of roof:
Max. Solar heat gain = Solar Intensity x Solar Transmission x Area
             = Solar Intensity x G-value of 2-layers clear ETFE x Area
                                    = 800 x 0.71 x 1
                                    = 568W/m2 

Max. Internal Heat Gain: 
Heat gain from people will be the main contributor to internal heat gain.
This will be in the sports/dancefloor area : 
210W per person at a max. density of 1 person per 1.5m2.

           210 / 1.5 = 140W/m2

Max. Total Heat Gain  = Max. Solar Heat Gain + Max Internal Heat Gain
   = 568 + 140
   = 708W/m2

Using the 97W coolers pictured on the right, to cool 708W I would need 8 coolers per 
m2. This suggests that using the peltier modules could be a realistic and viable option.

Source http://www.adafruit.com/product/1330 

The model pictured has the following specifiations:

Max current: 6A @ 12V
Suggested Voltage range: 12V to 15.5V
Maximum temperature differential (Tmax @ Qc = 0): 66°C
Maximum cooling power (Qcmax) @ 15.3V: 97W
127 Peltier elements
DC Resistance: 2.5 ohms
Silicone seal
Dimensions: 40mm / 1.57” x 40mm / 1.57” x 3.5mm / 0.13”
Wire Length: 339.72mm / 13.32”
Weight: 20.68g

SOLAR

FROM ADJACENT 
BUILDINGS

FROM 
TRAINS

FROM PEOPLE ON 
PLATFORM

FROM 
ADJACENT 

INTERNAL

Heat gains within the park

3.03 HEATING + COOLING
AN ACTIVE ENVELOPE



2.11 PHYSICAL TESTING
TESTING THE GEOMETRY - THE VIEW TO BE TESTED

1. THE DAWN

2. THE LAKE

3. THE SUNSET (AND 
THE RAINBOW)

DEFINING A VIEWPOINT
To test material combinations and their ambient effects with the actual geomtery of the scheme, a 
view within the park was defined to identify three key areas of focus.
As the angles and curvature of the park’s surfaces are complex, varied and variable in use these tests 
aim to provide a representation and basis for the design development of the park as a whole.

1. THE DAWN 2. THE LAKE 3. THE SUNSET (AND 
THE RAINBOW)



2.12 THE DAWN
ENVELOPE BUILD UP + PANEL TYPES

Light from above (sunlight in the day, LED lighting at 
night) reflects off the white polyester mesh, giving the 
roof panels blue hues
from within and the floor panels pink

 

ROOF PANEL
Expanded copper walkway mesh

LEDs + Peltier coolers attached to underside of mesh

3-layer ETFE cushion with external cable 
reinforcement

Lower ETFE layer has 6mm cables sewn in at 2000mm 
centres

Iridescent film applied to lower ETFE layer

FLOOR PANEL

White polyester mesh

3-layer ETFE cushion

Lower layer has cable reinforcement sewn in

Woven copper mesh

LED lights fixed to underside - provides a lit 
landscaped canopy for the platforms below

All wall and roof panels along this area will have the 
same film applied to create a full dawnlike envelope

EARLY IRIDESCENT FILM TEST - 
MOVING VIEWING ANGLE

Changing the viewing angle of film 
changed the perceived colour from pink 
to yellow.

This colour change would arise by 
applying the film to the curved panels, but 
would also change as you move around 
the park, creating the feeling of a variable 
landscape.



TESTED PANEL ASSEMBLY ELEMENTS

Clear panel

Iridescent film

Copper mesh

Copper mesh 
(aperture size to scale)

Roof panel with film applied

Floor panel

2.12 THE DAWN
TESTS ON SCALE MODEL - THE SET UP



VIEWPOINT 3

VIEWPOINT 4

VIEWPOINT 5



2.13  THE LAKE 
ENVELOPE BUILD UP + PANEL TYPES

ROOF PANEL
Expanded copper walkway mesh

LEDs + Peltier coolers attached to underside of mesh

4-layer ETFE cushion with external cable 
reinforcement

Fritted internal layer to produce dappled shadows 
and reflections

Lower ETFE layer has 6mm cables sewn in at 2000mm 
centres

Diffraction grating film applied to lower ETFE layer

STRUCTURAL GLASS FLOOR
One-way glass partial floor over sunken dance/sports 
floor area 

This reflects above at park level but allows views up 
to the roof, or ‘leaves’, when at dance level (-1) and 
retains the feeling of a large open space.

The reflected leafy frit of the roof panels should create 
the illusion of a reflecting pool of water. The diffraction 
grating filters the reflection into a stylised, idyllic 
image.



2.13 THE LAKE 
TESTS ON SCALE MODEL - THE SET UP
 

Long-range view
reflected roof panels

Long-range view
reflected roof panels

 tested reflected roof panel



2.14 MOMENT 3 : THE SUNSET + THE RAINBOW

Diagram of  Sunset area 
panels around Tea Rooms 

roof panel 02 - entrance

Tea Room floor panels

Tea Room floor panels

roof panel 01

roof panel 01

rainbow lens 
drainage outlet

No films are applied to the panels in this area, so the copper mesh reflecting light 
back into the park should create a sunset glow effect. 

EARLY WATER LENS TEST
A quick test with a clear plastic bag half full of water and a torch was 
carried out. The entering light is refracted by the body of water, and 
separated into a spectrum of colours.



2.14 THE SUNSET + THE RAINBOW
ENVELOPE BUILD UP + PANEL TYPES

ROOF PANEL TYPE 02 - ENTRANCE
Expanded copper woven mesh - larger 
aperture to decrease shading (interaction 
with inner mesh below)

5-layer ETFE cushion with external cable 
reinforcement

Lower ETFE layer has 6mm cables sewn 
in at 2000mm centres

Internal woven copper mesh folds over 
reinforcement cable into mesh entrance 
curtain.

LED lighting attached to woven mesh

TEA ROOM RING FLOOR PANELS
White polyester mesh ‘floor’ level

3-layer ETFE ring cushion, no cable 
reinforcement

External woven copper mesh encloses 
tea rooms

Clamp to pin polyester mesh ‘floors’ 
together at points in top and bottom of 
ETFE ring panel

RAINBOW LENS DRAINAGE 
OUTLET
The inclined roof panels channel 
rainwater into the drainage outlet at 
the centre, creating a temporary area 
of pooled water before it drains away.
On a sunny day, or with LED lighting at 
night, this could be used as a lens to 
project rainbows down into the park.

ROOF PANEL TYPE 01
Expanded copper walkway mesh

LEDs + Peltier coolers attached to 
underside of mesh

5-layer ETFE cushion with external cable 
reinforcement

Fritted internal layer to produce dappled 
shadows

Lower ETFE layer has 6mm cables sewn in 
at 2000mm centres



2.14 THE SUNSET + THE RAINBOW
TESTS ON SCALE MODEL - THE SET UP

TESTED PANEL 
ASSEMBLY ELEMENTS

Clear panel

Frit (2 scales)

Water

Clear roof panel

Pool of water

Tea room

For testing the rainbow lens, one of 
the tea rooms was suspended below 
the clear roof panel. This tea room 
was chosen as the angle of sunlight on 
site would fall on this tea room in the 
afternoon.



LIGHT ANGLE 1
(Summer, 11am)

LIGHT ANGLE 2
(Summer 12pm)

LIGHT ANGLE 3
(Summer 3pm)



2.16 DETAILS
DETAIL 01: VENTILATION CHANNEL
DETAIL 02: RAINWATER CHANNEL
DETAIL 03: RAINBOW LENS/DRAINAGE OUTLET

DETAIL 01: ROOF PANEL JUNCTION WITH VENTILATION CHANNEL
The designed channel allows for natural ventilation without mechanical 
actuators or cluttered design. Perforations in sides of the channel also allow 
the mesh envelope to feed in and out of the building, allowing for continuous 
electrical conductivity. This means that peltier coolers on the external mesh can 
(in desired areas) be operated on the same circuits as LED’s connected to the 
internal mesh.

1. Perforated aluminium ventilation channel (20% open area)
2. Expanded copper walkway mesh 12.7mm, 6.25mm aperture
3. Peltier cooler module
4. Cushion steel reinforcement cable 20mm diameter
5. ETFE cushion, varied finishes, varied  number of layers, 150-250 microns.
6. Aluminium ETFE panel restraint with designed lower lip to slot into tuning 
clamp
7. Steel tuning clamp - provides lateral restraint for ETFE panels
8. Steel roof cable 30mm diameter and cable clamp
10. Air supply tube 100mm diameter
11. Woven copper mesh with LED lighting attached

DETAIL 02: ROOF PANEL JUNCTION WITH RAINWATER CHANNEL
Along the panel joint towards the ventilation channel at a peak in the roof 
gradually inverts into a rainwater channel at the trough. This will be a bespoke 
folded channel as it requires acute folding angles.

DETAIL 03: RAINBOW LENS / DRAINAGE OUTLET
1. The expanded copper walkway mesh curves upwards so not to be submerged 
in the rainwater collection point. 
2. LED lights on the mesh can be clustered around these rainbow lenses to 
project into the park on cloudy days or at night.
3. Aluminium rainwater channel
4. Syphonic drainage outlet
5. Copper rainwater pipe 110mm diameter
6. Steel hollow mast
7. Steel cables
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DETAIL 01 1:10

DETAIL 02 1:10

DETAIL 03 1:10


