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Portsmouth Coastal Marketplace

This sustainable tourist attraction exemplifies the perfect combination of
traditional working market programs and contemporary features, creating a strong
public connection to Portsmouth's beautiful waterfront.

Portsmouth, a city located on the south coast of England, is a popular tourist destination known
for its rich maritime history and stunning seafront views. However, there is a building on the
seafront called “The Pyramids Centre” that has become obsolete and currently underused. The
building is not designed on a human scale, and it fails to take advantage of the beautiful views
out towards the sea. Rather, the building is introspective, making it uninviting to the public.
Ultimately, the building makes access horizontally across the coast from the castle field to the
rock gardens very difficult.

Therefore, the council recognizes the need for a new development that can attract tourists and
create a new convivial space that is inclusive to everyone in Portsmouth. This report focuses on

the development of a central hub, consisting of a 4850m2 deck and a 15m tall canopy roof, that
improves coastal connectivity whilst taking advantage of key views.
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1.1 Introduction to the project

Centralised along the picturesque seafront of Portsmouth, there stands an
obsolete building known as the Pyramids. Constructed in 1988/1989, this
unique building boasts a predominantly concrete structure supported by a
central steel truss roof. Over the years, the space has been put to good use,
most recently undergoing a £4 million investment to transform it from a
swimming pool into a vibrant children's play area. However, the Pyramids
Centre is near the end of its design life (demolition due 2030). The
maintenance costs associated with the building are high, and substantial
investment would be required to elevate its standard to a more desirable
level, especially if it is to continue serving its current leisure purposes.
Therefore, the city council recognises the need for a new development that
ensures sustainability and guarantees long-lasting profitability.

The existing play centre serves as a "weatherproof" haven for families, but the
vision for the redevelopment extends far beyond its current offerings. With its
annual influx of approximately 11 million tourists, Portsmouth seeks to create
a focal point along its iconic seafront that will act as a magnetic attraction for
visitors throughout the year. A thriving hub accessed from all sides of the city
is the key to achieving this ambitious goal.

To meet the demands of both sustainability and profitability, the council
envisions a groundbreaking redevelopment project for the Pyramids. The aim
is to create a space that captivates tourists and provides an exceptional
experience for locals and visitors alike, offering a diverse range of activities
and amenities that can be enjoyed seasonally.

This project will revitalise the seafront and serve as a catalyst for economic
growth, positioning Portsmouth as a premier destination along the British
coastline. In this proposal, the report will explore the visionary plans for the
redevelopment by embracing the principles of sustainability, accessibility, and
adaptability. The project aims to improve the seafront image of Portsmouth
while preserving its rich heritage and natural beauty.

Ultimately, the proposal will focus on providing key views of the seafront,
especially where the current building has failed to utilise them. In summary,
this report will cover the design of a raised deck with an elegant 15m tall
canopy roof, designed for multi-use, tailored to the council's needs. The
height, size, volume, proportion, and arrangement of the building are
determined based on their potential effects on the overall ambience of
Southsea Castle, the conservation area (rock garden and castle field), and the
surrounding townscape and landscape. The council outlined that Paying
particular attention to the potential impact on the Special Protection Area
(SPA) and the population of Brent geese and Solent waders is essential.

1.2 Project brief

To replace the outdated ‘Pyramid’'s Centre’ with an adaptable
and iconic structure that accommodate a mix of uses.

1.3 Assumptions

The project assumes that the existing foundation will not
affect the soil properties or conditions on site. Using the
existing structure for development has not been considered
due to lack of engineering and architectural drawings of the
‘Pyramids Centre.’

Figure 3 - View of top deck

1.4 Objectives of the Project

Sustainability objectives

To use sustainable materials that lower the
embodied carbon of the project

To consider strategies that will maximise the
buildings use

To develop strategies that reduce the use of
concrete in foundations.

To ensure that the building is easily maintained in
order to maximise its design life.

To explore the use of renewable energy

General objectives

To utilise key views of the seafront

To be conscious of surrounding building'’s views
Enhance the ease of movement across the seafront
Provide a multi-use space, that can be enjoyed
seasonally

Provide iconic architecture that seeks to honor the
site's past

Ensure that accessibility is at the forefront of the
design

1.5 Project Goals

Short Term

+ Attract a diverse range of vendors to create a
vibrant marketplace atmosphere.

» Showecase local talent to enrich the cultural
experience.

Intermediate Term

» Create a welcoming and inclusive community
atmosphere for visitors, vendors, and residents to
connect and engage.

Long Term

» Create a bustling and iconic central hub that attracts
visitors to boost the local economy.

» To create a versatile environment that can be easily
modified to accommodate evolving needs and
objectives, ensuring the space remains relevant,
functional, and aligned with the council's vision and
goals for the community.



2.1 Site Analysis

SWOT ANALYSIS

Strengths

The coast of Portsmouth offers
stunning natural beauty with its
picturesque beaches, cliffs, and
panoramic views of the sea,
attracting both locals and
tourists.

The coast benefits from
established tourism
infrastructure, including hotels,
restaurants, shops, and leisure
facilities, supporting a vibrant
tourism industry.

Weaknesses

Like many coastal destinations,
Portsmouth's coast may
experience seasonal fluctuations
in visitor numbers, with higher
demand during summer months
and potential lower footfall in
off-peak seasons.

The capacity of the beaches
along the coast may be limited
during peak periods, leading to
overcrowding and potential
dissatisfaction among visitors.

Opportunity’s

There is an opportunity to
provide a centralised hub that
attracts visitors and locals from
far.

Embracing sustainable tourism
practices and promoting eco-
friendly initiatives can attract
environmentally conscious
tourists and enhance the
reputation of Portsmouth's coast
as a responsible destination.

Threats

The coast of Portsmouth is
vulnerable to the impacts of
climate change, including rising
sea levels, which can lead to
erosion, flooding, and
infrastructure damage.
Portsmouth faces competition
from other coastal destinations
both within the UK and
internationally, which may
impact its ability to attract
tourists and generate revenue.
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Figure 4 - Site Analysis Map

Figure 6 - View 2

Figure 5 - View 1

The proposed site is in South Sea Portsmouth. Site analysis, Figure 4, has provided
information for the design of the redevelopment, from wind speeds for wind loading,
to the sun path for pv panel organization. The result of the site analysis will be
outlined later in the report.

The Pyramids Centre is a large facility with multiple levels and spacious interior areas.
It houses various amenities and facilities, including swimming pools, a gym, a leisure
center, conference rooms, and event spaces. The site of the Pyramids Centre also has
direct access to the adjacent Southsea Beach. The Pyramids Centre is surrounded by
a mix of natural and built environments. On one side, it faces the open sea, providing
a stunning view of the sea.

SITE ADDRESS

TOTAL AREA
Site -16,700 m2

LOCATION

KEY
Mﬁ G@O & [ ] - Site Boundary

- Parking Spaces
1-132 Spaces
2 - 141 Spaces

- Road Access

o8 , ® - Bore Hole Data:
o 0.4 m Topsoil

2.5 m Gravely Sand
6.6m Stiff Blue Clay

A - The Castle
B - Castle Field

C - Rock Garden

100 m

Figure 7 - View 3 Figure 8 - Map of UK

On the other side, Southsea Common offers expansive green spaces (B and C, Figure
4), providing a peaceful and picturesque setting. While parking is mentioned as a
weakness, the site does have parking facilities available nearby. Visitors can find
parking spaces in the vicinity, although availability may be limited during peak times.
However, this will be analysed, as Portsmouth Council has started to encourage
facilities with limited parking to encourage greener travel.

Currently the site is blocked due to overgrown bushes, mounds and lack of paths on
the west side of the site, as shown in Figure 6. The aging infrastructure, Figure 5, has
led to functional issues, decreased aesthetic appeal, and potential safety concerns for
visitors. Thus, the 16,700 m2 site isn’t currently used to its maximum potential.

Clarence Esplanade, Southsea,
Portsmouth, Southsea PO5 3ST

The Pyramid Centre - 6,900 m2

Latitude 50.779232, -1.085072

- Sun Path Summer Solstice



2.2 Urban Studies

University
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Figure 9 - Portsmouth City Zones (Group Work)
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and  contribute to a pleasant
atmosphere.
q Figure 10 - Portsmouth Seafront Attractions (Group Work)

PESTLE ANALYSIS

P-Political

The site is focalised at the south point of
the seafront therefore a redevelopment
will improve the quality of the seafront
public realm, thus bringing an
improvement to surrounding housing
and facilities.

E-Economics

The surrounding seafront attractions,
shown in figure 10, can draw in a variety
of visitors to the seafront and ultimately
to the devlopment. The collaboration
with these facilities will boost the local
economy.

S-Sociological

As reported by a local resident, there are
areas in Portsmouth that have residents'
northwest that never go to the seafront
due to the divide in social class. This
proposal aims to bring people of all
social status and all ages to a place
where they can feel safe and included.

T-Technological

The deck of the structure is designed to
undergo a variety of loading conditions,
providing a space that can be used for
all purposes.

L-Legal

The seafront masterplan has addressed
the need to redevelop the pyramids and
is in partnership with the owners to
make this happen in a way that is viable
to all involved.

E - Environmental

Incorporating eco-friendly materials,
utilizing renewable energy sources, and
minimizing waste generation align with
environmental goals. Integrating green
spaces or landscaping within the market
area can enhance its aesthetic appeal

2.3 p|anning - Frontage 4 Frontage 4 has been designed with the unique heritage of the
Southsea Castle area in mind. The primary defense consists of a

rock revetment and a small concrete wall to reduce the impact
of waves. The landscaping plan incorporates timber seating, as
well as features to promote biodiversity such as wildflower
areas, bee posts, and tide pools. There will also be boulder play
areas and sound tubes for children to enjoy.

With improved lighting, the Southsea Castle area will become a
more relaxing, exciting, and enjoyable space for people to spend
time. The reports proposal aims to provide an open space for
the masterplan to incorporate similar elements around the
Figure 11 - Frontage 4 (Image from Council structure. ldeally the demolition of the pyramid centre can
website) happen once the construction of frontage 4 ends, to avoid

collision in plannings.

Figure 12 - Proportion of entrys

Seafront masterplan consultation

1 - Scope for an element of residential development if required as an enabling use - 88 entries

2 - Opportunity to have a building or collection of buildings which could accommodate a mix of
uses, 53 entries

3 - Building or buildings should have strong frontages onto the promenade and Clarence
Esplanade, 21 entries

4 - Public space around the Pyramids buildings should be enhanced as part of any development,
including consideration of how it integrates with new sea defenses, 9 entries

5 - Creation of a physical and/or visual 'green link' between Castle Fields and Rock Gardens, 6
entries

6 - Something else, 8 entries

The respondents had general comments in response to comment number:

2 - Do not want over-development, keep open space. Do not want a hotel. Need to remain as public
facilities which are low cost and accessible to all. Not needed. Demolish The Pyramids, in bad condition.
Wrong location.

4 - The Pyramids should be demolished. Leave the area as it is, as open as possible. Do not destroy the
rock gardens. Make it accessible for wheelchair-users. Concern about local wildlife. Develop the area in
line with the rest of Southsea.

Overall, the proposal will consider the publics opinion and will try to keep as much open space as
possible. The design will also be accessible with no areas on site where wheelchair-users can not access.
In summary, it is important to consider incorporating a green link between the Rock Gardens and Castle
Fields in the development project, both physically and visually. Additionally, the Rock Gardens themselves
should be integrated into any development plans to improve pathways and enhance passive surveillance.

2.4 Historical Background
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Figure 13 - Map of Site 1950

Rock Garden Pavilion

In the 1950's the rock garden pavilion was a popular destination for concerts and events. The
proposal aims to pay homage to the castle field pavilion by creating a fun and inviting space
that connects itself to the rock garden like the original pavilion successfully achieved.



2.5 Site Selection

Figure 16, shows the movement of building layouts on site. With the pyramid and seafront vegetation currently only allowing 9% of the
building's facade (highlighted in yellow) to see the sea. In order to persuade the residents that the intervention has a positive impact on their
views, the percentage either needs to stay the same or increase. Figure 15, summarises the analysis and shows areas limited to building
heights. The current intervention increases the residents view of the sea with only the overhang of the structure in the ‘red zone'. Therefore,
the building has a positive impact on the resident's view of the sea.

\

Figure 15 - View Analysis Summary
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Figure 16 - View Analysis (Personal Contribution to Group Work)
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1 _ 1 - Site Boundary :_____: - The 'PC’

- Resident’s Facade Under Analysis

- Area not affecting surrounding
building's view of sea

- Area affecting surrounding building's
view of sea

- Area limited to 9m height to not
affect surrounding building’s view of
sea

1 - Height - 13 m, Buildings’ facade that can
view the sea - 9%

2 - Height - 9 m, Buildings’ facade that can view

ety the sea - 10%
R A

3 - Height - 15 m, Buildings’ facade that can
view the sea- 10%

4 - Height - 27 m, Buildings’ fagade that can
view the sea- 10%

2.6 Climate Conditions

Average temperatures and precipitation
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Figure 17 - Average Temperature and Precipitation

Portsmouth’s temperature varies from an average of 22 degrees in Jul/Aug
to 2 degrees in Dec/Jan. Thus, the building’s enclosed spaces will be
insulated, ventilated and well shaded in order to maintain a comfortable
environment. Pipes and gutters are designed to withstand 75 mm of
precipitation averaged from October.

Wind speed and Direction
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Figure 18 - Wind Speed

Figure 19 - Wind Direction

Wind speeds are found to be greater than 17 m/s in December,
prominently in a SW direction. However, after analysing historical logs of
wind speed in Portsmouth a design speed of 22 m/s is chosen to calculate
wind loading on the proposed structure. The wind load calculated in
Appendix A is 0.57 kN/m2. It is assumed that this load can act in all
directions of the structure.

2.7 Geology

©  Topsoil + roots.

Brick fragments and flint gravel with [ZSX
some clay. FILL.

¢ 0.40 16.11.95
(m)

P 2.50
¢ PBrowm silty fine medium &
{  coarse flint GRA\ and welly
SAND. Sanm-ﬂhlad:ﬁgles
included.

CLAY with traces of fine sand.’

¢ 6.60

(8.00)
Water added from 2.50 m.

110 mn dia. standpipe installed to 6.00 m.

nding  Water level 19.11.95 at 10.50 am 3.98 m below ground level.

Figure 21 - Borehole data (Red dot)

Figure 20 - Geology Map (Digimap)

Figure 20, taken from Digimaps, gives the Lithological Description:
Glauconitic silty sands and sandy silts.

The borehole, summarised in Figure 4 Section 2.1, is shown in detail in
Figure 21. These stratum values are used to calculated the foundation of
the structure in Appendix A.



3.1 Precedent Studies

Stansted Airport - Foster and Partners

Stansted Airport showcases a sweeping roof structure supported by exposed steel trusses. Airports
have a system where services are hidden underground rather than on the roof, seen in Figure 25,
which results in a slenderer roof with less dead load. Taking inspiration from this system, the
proposal will feature services and plant for the canopy, hidden in rooms under the large deck

Sharjah Library - Foster and Partners

The Sharjah Library design shows off a slender roof, sustainable design features, and a soaring
central atrium that maximizes natural light. The roof appears to be very thin due to its tapering
edge, however as Figure 27 shows, the centre of the roof is considerably larger than the edge. The
proposal will use this method of tapering the roof edge to provide a more elegant and impressive
look, whilst keeping the centre thicker to provide the drainage slope.

Figure 23 - Nine-Square Grid House

Sydney Fish Market - 3XN

Sydney fish market features large sweeping stairs that act as seating. The proposal will incorporate
large stairs that are inviting and provide multi-use for enjoying the sea views.

The inner space is also used as a large open fish market, which has inspired one of the suggested
uses for the proposal.
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Nine-Square Grid House - Shigeru Ban Architects

Nine-Square Grid House successfully uses glulam arches to provide a tall open space to be enjoyed
by the users. The proposal will incorporate large glulam arches that feature the same structural
principles and sustainability goals as this precedent.

Coal Drops Yard, Kings Cross - Heatherwick Studio

Coal Drops Yard successfully creates an exciting space, where visitors can easily navigate the shops,
restaurants and cafes. Instead of having a central walk space with shops on edge like coal drops
yard, the proposal will instead have outward faced walk spaces with central shop spaces lined up in
a similar way to the precedent.

. - Cathedral Arches
Figure 24 - IQL Pavilion London Cathedral Arches have inspired the elegant form of the proposed glulam column.

Figure 25 - Stansted Airport IQL Pavilion London - ACME
Like the Sydney fish market, the centralised stairs provide a primary space to relax and enjoy the
views, with efficient access up to a top deck. This project is entirely made of glulam and is an

M‘\ 7 | WR 4 ' T . exemplar project of sustainable design.
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Cambridge Mosque - Marks Barfield Architects

b i IR T : Cambridge mosque follows the same arch structural principles as nine-square grid house. Like the
v‘Jﬁl (B¢ ég LIk “-I%LE[ 4| % grid house, the structure system will be analysed in Section 4.1, to grasp a greater understanding of
7 b‘ﬁ e | ﬁ —1 | 1 ' the structure that provides an open and impressive space. As well as construction techniques and
= - | I — design for manufacturing.

Figure 26 - Sydney Fish Market Figure 27 - Sharjah Library Figure 28 - Coal Drops Yard Figure 29 - Cambridge Mosque




3.1 Site Response

Figure 30 - Vehicular Circulation
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Figure 33 - People Attract People

Vehicular Circulation

The site placement has considered the
flow of delivery trucks around the site.
The entrance to the site is directly on
clarence esplanade and circulates
efficiently up to the entrance of shops
below the deck, which doesn't impact
too much of the site.

Visual Permeability and Node-Tying

The open nature of the canopy and future
use of the open deck will leave gaps open
for connecting the castle field and rock
gardens. The proposal is central to these
key destinations outlined in red. The
structure ties them together effectively by
keeping the building space open, green
with landscaping and connected with
paths.

Expansive outlooks

The 5m tall deck will provide views
towards the see over the 5m tall
mound, and also into the rock gardens.
The deck is a good location to set bars
and restaurant for people to relax and
enjoy the view whilst eating and
drinking.

People attract People

Often people passing by are curious to
explore a facility if it is being used by
many people. The open nature of the
design will show off the number of people
in and around the building, thus attracting
more people from the road in Figure 30 or
from both the rock garden and castle
field.

3.2 Design Intention

After investigating the sizes of restaurants, cafes and shops in successful open market areas like
Camden Town, Brighton Open Market and West Quay Southampton, the following accommodation
was proposed. Sizes of proposed areas were scaled from floor plans and were estimated according
to number of visitors the pavilion is expected to host. With the scaled floor areas the following
rooms were calculated. The overarching spatial requirement was to not have a floor plan that
imposed a larger surface area impact than the pyramids. The first key design rule was to design the
floor areas around 6900 m2. The following building functions were fit into 5800 m2 surface impact
on the ground, which is less than the benchmark.

Table 1 - Accommodation Schedule

Proposed area
Function Description (m2)

Ground Floor +
Exterior Deck 13,000.00

Rentable Space Type This space can be used for cafes due to being
1 closer to the unloading zone. 710.00

This space can be used for established
Rentable Space Type |boutiques or shops that sign long term

2 contracts with the council. 568.00
Rentable Space Un-insulated storage for the rentable spaces
Storage with direct access to car park 143.00

Large atrium space with plenty of ventilation,
that facilitates many temporary food stalls,
Food Hall seating and a permanent central bar. 990.00

Enough storage for multiple food stands to
store equipment and food, hidden under the
Food Hall Storage ampethetre type stairs 65.00

Plant is also hidden under the ampethetre
stairs, an area that would struggle to find plenty
Plant of natural light if used for public access. 195.00

Holds 5 spaces, with 2 electric chargers. Enough
space for executive visitors, security and
general service managers. Plenty of parking off-

Staff Parking site for staff and visitors 60.00
Unloading and 4 Bays, 2 for disabled parking with easy access

Loading to lifts, and 2 for delivery vans. 48.00
Female Toilet 55.00
Male Toilet 55.00
Lift 1 and 2 13.00
Level 1 4,850.00

An adaptable space that can accomdate a

Open Deck variety of uses, explored later in the report. 4,850.00
Roof 6,860.00
PV Panels 408 Panels 652.80
Access Hatch 2 Access Hatches 2.40
Skylights 32 skylights 433.36




3.3 Initial Concept

Figure 34 - Initial Concept Sketch
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Figure 36 - Initial Concept site placement

Concept

This concept utilised the existing
foundation of the pyramid centre. The
idea was to use the current concrete slabs
and foundation to provide an existing
structure for refurbishment. The centre
steel pyramid roof was going to be
dismantled and the left and right wing of
the structure was left intact. The issue with
this design was that the council struggled
to find existing structural drawings for the
building and so an accurate structural
analysis would be too difficult to complete.

However, various design aspects were still
brought through to the final proposal.
Firstly, the design utilised a top deck that
was the height of the concrete walls and
foundation, with a canopy over the top to
provide shelter. This feature is very
successful as the adaptable deck utilises
the future use of the building ensuring
that it will be used through a variety of
facility trends. Overall, the deck providing
key views and a space for sheltered multi-
use was the feature that was brought
forward from this initial concept.

The second feature was a 30 m tall tower
to take advantage of key views of the sea.
However, after discussion with the council
this feature was removed. The tower
would have competed with the current
spinnaker tower, thus may not have
guaranteed a lot of use, unless the
concept provided a feature or view the
spinnaker tower didn't. The tower would
have just remained too conspicuous on
the seafront with not much of a unique
selling point. Additionally, the bridge
design connecting the tower to the
pavilion was also removed.

Finally, the site placement was analysed,
and although it was in-line with the view
analysis boundaries, it wasn't located in an
area that provided quick access from the
road. Therefore, it was decided to rotate
and elongate the viewing deck.

The council enjoyed the idea of having an
impressive frontage to the building that
enticed visitors in and so the first
development made sure to feature large
stairs for seating and direct access.

4.1 Design Strategies
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Figure 37 - Initial Ground Floor Layout

Development 1

Concept 1 contained a 33 space carpark under a
large deck for multiuse. The timber deck extended
across the whole site with the west space used for
small pavilions, constructed of the same ‘tree
columns’ used for the canopy roof.

After consulting with supervisors, it was decided
that the addition of the smaller canopies didn't have
a significant use apart from sheltering the market
stands from rain. Therefore, these were removed
for the next devlopment, as a floor overhang could
achieve the same shelter but would integrate with
the structure more efficiently, with less wasted
space. The north stairs had an obscure shape, which
wasn't compelling as the shape didn't have a
purpose apart from opening up the east entrance to
an underpass. This north stair underpass would
have not received a lot of natural or direct lighting,
with headspace limited directly under the stairs too.
Therefore, this space needed to be adapted.

There lacked loading zones, with the road access
moving directly into the covered car park. After
discussion with the council, it was decided that their
future projects should encourage sustainable travel
to their destinations. Therefore the parking was
significantly reduced in size.
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Figure 39 - 3D Render
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Figure 38 - Initial Level 1 Layout

The large indoor food hall also had wasted space
under the stairs and also a large bite out of the
space to accommodate a large room for services.
The storage and plant room was shifted to under
the south stairs, (like the north stairs).

A large ramp was placed on the west face, however
the space requirement didn't allow the slope to
have rest stops (stated in design standard).
Additionally, the stairs on the west side were going
to seclude wheelchair uses or people who found
walking difficult. Therefore, both the ramp and
stairs were removed and 2 elegant glass lifts were
placed instead.

The fundamental issue to this design was that the
top canopy did not function well with the ground
level layout. In order to reduce the use of concrete,
the roof structure would have to not be tied to the
deck structure, as different load conditions would
require different foundation strategies. Tying the
building together would require more concrete.
Therefore, the ‘tree columns; could not pass
through an un-insulated room due to the large
airgap. Thus, the design focused on creating an
efficient roof system first, then focused on shifting
the insulated floor layout around the tree columns
design second. This column design is explored in
the next section.




4.1 Design Strategies Continued

Intersecting parallel timber members
in 3 directions:

Bl - Column double curvature
lattice structure

B - Crisscross beam structure
(Primary Load bearers
distributing to columns)

Figure 40 - D1 tree column design and structural plans

Development 2

The structure holding the canopy roof was explored in detail. Initially the Cambridge
Mosque structure was recreated in grasshopper. The diagram to the right shows the
order of the members; the ‘tree’ columns are pale brown, the primary roof beams
are dark brown, the secondaries are blue, and everything else is effectively there to
provide restraint. After completing FEA analysis, it was clear which members
could be simplified in order to have a structure that worked more efficiently for the

purpose of spanning 30m.

Max bending moment = 654 kNm

Figure 41 - Grasshopper structural analysis for D1
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The column cantilevered out of the ground and
the primary beams were then pinned at their
ends, where the connected to the adjacent tree
column. The thin members of the Cambridge
Mosque structure meant that tapering them 5 m
out (in order to achieve a regular grid that
spanned the lower deck) at 15 m tall, created too
large of a stress on the column double curvature
lattice (shown in red). The maximum bending
moment was 654 kNm, for a 150 x 300 member.
The structure failed, as it's complicated members
that tied it together didn't effectively work with
the primary beams to span such distances.

Development 3

After further recreating the Nine-Square Grid House in grasshopper to get an understanding
of how to utilise a truss system. The third and final devlopment was complete after a simple
yet affective decision.

B - Primary Beams

Bl - Secondary Beams

Figure 42 - D2 tree column design

The Nine-Square Grid House had the roof and the columns structure formed as an
“uninterrupted continuity”. There were no distinct vertical columns and horizontal beams to
be found in the free from structure. The third deviopment was inspired by the Kagome
pattern. The primary and secondary beams were flattened onto one plane for multiple
reasons. Firstly, manufacturing and assembling the parts would be a lot easier on site.
Secondly, the beam members will be a lot cheaper as less members would need to be bent
into the flowing form of the previous iterations. Finally, attaching the beams members to the
splaying column work with gravity and rests on top of the column, rather than having to
connect it through crisscross connections. Overall the design is more simple to construct,
doesn’t waste material and allows for the use of larger members to span further.

The structure system works in the same was as the Cambridge mosque with the primary
beams acting in 4 directions away from the column, and the secondary beams tying together
the primary beams. This will be covered in more detail in the structural section of the report.

Devilopment 4

Another significant development
was the decision to use XPS
insulation cut to fall, rather than
a timber joist structure, to hold
up the slope for the drainage.
The  drainage also  was
developed from having a large 4
way slope to the edge of the
roof, to 15 ‘reversed pyramids’
draining water to pipes running
discreetly down the side of the
column. The nature of this
design is explored later in the
report.

Figure 43 - Roof Development exploded diagram



4.2 Energy Conservation Features

Figure 44 - Top Deck Illuminance Study

Figure 45 - Food Hall Illuminance Study

Ground Source Heat Pumps

A ground source heat pump (GSHP) is an energy-efficient
heating system for large commercial buildings. It
harnesses the heat energy from the ground, providing 3
to 4 kilowatts (kW) of heat for every 1 kW of electricity it
consumes. This remarkable efficiency surpasses that of
other heating systems. By utilizing the freely available
heat energy from the ground, a GSHP significantly
reduces energy consumption and lowers the building's
carbon footprint.

The heat generated from the GSHP will be directly
pumped into underfloor heating. Coils will be wrapped on
top of the insulation layer and then screed is compressed
around the coils, this will generate heat from the floors
into the room above. The heating fluid is then circulated
back into the GSHP ground loop to generate more heat.
According to ‘Pure Renewables’ the payback on a GSHP
should be around year eight or nine. Therefore, this
system will be generating free heat for 84% of the
proposals design life.

Illuminance Study

Adequate lighting and
comfortable lux levels contribute
to visual comfort. When lighting is
too dim or too bright, it can strain
the eyes, leading to fatigue,
eyestrain, headaches, and
difficulty focusing. By maintaining
comfortable lux levels, individuals
can engage in activities without
undue visual discomfort.

CIBSE  recommends  general
lighting in markets to be between
500 - 1000 Ilux and general
lighting in food production areas
to be a maximum of 500 lux.
Figure 44 shows that the general
shaded area during 12:00 on June
20t (Summer) is at a maximum of
1144 lux. Most of the light is
provided by the skylights above.

Figure 45 shows that the food hall
has a central lux of 46.6-167.7.
The perimeter is exposed to the
glazing therefore experiences
349.0 lux, which is at more of a
comfortable level. To increase the
central level to 350 lux, it would
be important to provide LED
lighting or to increase the
diameter around the canopy
columns to let in more light from
the top deck.

Figure 46 - Underfloor heating

Solar PV Output
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Figure 50 - Render of Roof

Figure 48 - Roof Plan (Not to scale)

The roof houses 408 'Renugen’ panels that have 300 Wp of power each. The total roof usage is 11%, as
they are placed only on the optimal slope surface, as shown in Figure 48. They are inclined at 35° and
have a southern orientation. The installation of PV panels is essential in providing renewable energy
which will considerably drop the carbon impact of the proposal. The cost of implementing the whole
122.4 kW system will cost roughly £122,000. To justify this initial cost the following calculation is done:

850 kWh per year of electricity is generated for each kW of installed panels. Therefore 850 x 122.4
=104,040 kwh per year, which saves £19,000 per year. A 3.5 kW system saves £4000 per year through
the Smart Export Guarantee scheme. Therefore, a 2.34 kW system is assumed to save around £23,000
per year. Therefore, the system will pay for itself after 4.5 years.

The estimate from the UK Government for a building providing shops is 84.2 kwh/m2. The proposal
has a total net area of 9,700 m2. Thus, is expected to use 816,700 kwh per year. Therefore, after the
system pays for itself, it will save 8% of the electricity bills per year.

Thermal Insulation and reduction of Thermal Bridging

The rentable cafes, shops and restaurants are fully insulated. With 300 mm of Sheep's Wool for the
decking floor and walls, and 150mm of XPS insulation for the concrete ground floor. Insulating a space
is the number one method for saving money on energy bills. It not only creates an environment that is
warm and comforting, but it also will work effectively in keeping the heat generated from the
underfloor heating in the room. Double glazing is used throughout the whole proposal, as this keeps in
heat a lot more effectively than single glazing.

The proposal will make sure that all thermal bridges are addressed, by either keeping insulation flush
with structural elements, or by adding exterior insulation to corners of walls or the perimeter of doors
and windows. This will eliminate unnecessary heat loss.



5.1 Final Proposal Figure 51 - Site Plan (Not to scale)

Proposal Summary

The seafront building in Portsmouth is an impressive structure with a

1 5-meter-tall top deck, finished with marble tiles, offering panoramic

views of the sea. It features stairs on the north and south sides for

easy access. A large glulam canopy roof stretches across the deck,

providing shelter and adding visual appeal. Surrounding the building

is a timber decking with landscaped areas that guide visitors to key

= 5 G spots like a rock garden and Castle Hill. This versatile building serves
N . . T the council's purposes while offering a remarkable seafront

' Il experience.

Location on Site
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I 8 The structure is placed with the north facing stairs parallel to the road
M line. The castle field has been extended, where the old car park used
M to be. The lower timber decking opens to the sea frontage for easy
access to the beach. All current paths have been made easier to
w access with landscaping. The structure is orientated so that the
journey from the clarence esplanade is full of activities from the

moment the user steps of the pavement.
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I H Landscaping

I Various plant beds were constructed for trees and bushes and are
situated around the site to provide seating for visitors. The plant beds
are constructed from limestone, the same material as the north and

Nzl Nl south stairs. The open timber decking will be filled with seat, play

J activities and portable boutiques and outdoor food stalls. The south

— \ stair face the larger portion of this deck where various artists can

Sl1os 166

host concerts, with great viewing from the seating on the
N amphitheater style stairs.

Connectivity

The buildings large west and east walkways provide easy and well-lit

access to the beach and connects the surrounding greenspace

together. The well-lit space provides a safe environment for families

to enjoy at night. Plenty of bike racks have been placed on the

2 - northeast section of the timber decking, to encourage cycling to the
attraction.

V4

Figure 52 - View 1 of north face Figure 53 - View 2 from sea Figure 54 - View 3 from West




5.2 Performance Scenario Figure 55 - Ground Floor Layout (Not to scale)

T— - — User Experience
\'\: ——N h p— \\_ - 7‘75_‘1‘3‘,&

S «/\ Y Visitors can either climb the front stairs or work their way around the
s m—— " 1 perimeter of the building, which hosts a variety of inviting spaces
Plant 3 used for coffee shops, shops and art rooms. The layout is simple, so it
| | | | | ' c is easy to navigate. Halfway down the building is access to the toilets,

Rentigdpecet . shown in figure 58, which will be signposted. The left side of the
building keeps the carpark under the top deck, which will be well-lit
and covered with security cameras. Multiple bays will host electric
charging and spaces for more as the use of electric cars rises in the
L future. Disabled Parking on the Left next to the unloading bays will

1 provide easy access to the lifts, illustrated in Figure 55.

‘_: Rentable Space 2
14207

Rentable Space 3
1420

Y Renlabﬁv%oubque Renlablsvgouhque 2l

Finally, as the visitors move closer to the seafront, a large glazed
: J ‘ facade will invite visitors into a large 990 m2 food hall. It housed
) P P Bt Rentable Boutius = plenty of seating, shown in Figure 57, and plenty of food stalls. The
flooring is black marble which gives the space a modern environment
= whilst nicely contrasting the more rustic look of the pine facade.
. \ Overall, the area will feel inclusive as the variety of food provided and
Foae | easy access will welcome all social classes of Portsmouth.

c =

Fpom

=1
| Male
o

Fenisbls S 1 otors s The food hall will be well lit with lighting provided by the large ‘tree
columns’ and LED roof lights placed at 2.5 m intervals. Thus, allowing
the space to be kept open in the evenings.

® b x g ® As mentioned before, the plant has been tactically placed in areas
- with limited access due to a lack of headspace room. The storage has
Fogd tel L been centralised for quick access from the rentable spaces. The
' exterior tree columns have circular bench seating around them,
resembling ones often seen around trees.

\ Overall, the bottom space is an integrated space that provides
1 ; ; various standard, yet essential features expected in a market space.
i P E ) As the ground floor covers standard hospitality, it gives an
e \ opportunity to host creative facilities on the top deck, like a tennis

= =y tournament with temporary tennis courts or placing modules that

‘ create a unique space for accessing rooftop bars or sky gardens.

'

Figure 56 - View 1 of East Walkway Figure 57 - View 2 of Food Hall Figure 58 - View 3 of Toilets and Glass Lift




5.3 Top Deck - User Experience
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Figure 59 - Level 1 (Not to scale) Figure 60 - Tennis Layout

Adaptable Top Deck (Level 1)

The top deck boasts a 4850 m2 floor than
can host a variety of uses, as the council
desires. Firstly, tennis courts and stands
(gray Figure 60) fit perfectly between the
columns, thus the space would be a great
location for a temporary tennis
tournament in the summer.

Secondly, modular food markets and
restaurants/bars with multiple floors can
be placed on the top deck as seen in
Figure 64. A top floor garden/restaurant
could be an interesting proposition too.
The additional modular structure would
not be able to bolt into the floor,
therefore would need to be self
supporting. The council could investigate
recycling shipping containers in order to
create these modular/self supporting
structures. The restaurant/bar would be
placed on the south face 4 m above the
deck height, to provide the best views for
drinking and socialising.

Thirdly, the council could decide to leave
the deck open to the local vendors to set
up their temporary food stalls and
boutiques.

Finally, the open space would be a perfect
location for a large concert, figure 65,
however safety measures would need to
be in place in order to maintain a safe
environment for everyone.

Overall, the top deck has been
structurally designed to withstand the
largest load the council could decide on.

Figure 61 - View 1 of sea Figure 62 - View 2 of roof structure

Figure 64 - Sydney Fish Market 3XN (Google Images)

Figure 65 - Festival or Concert (Google Images)




5.4 Roof Design

?
§

SN
Y

/

:

& >
Ve \ \ < /
// - ) «- \ Roof
’ﬂ///’r;;_‘. \\H\"“nR = — ,.\(2\\ /

The roof has been designed to slope at
1.5 degrees towards the 15 tree columns.
With valley gutters, figure 71, directing
the rain to the central drain. The pipes
N run directly down the column and are
only facing inwards, so that they are not

initially seen from the outside. The solar . ) ) . .
. panels are inclined at 35 degrees, which is Figure 70 - Central Drainage Detail (Reference Appendix B - Detail A2
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the optimal angle for the sun path.

&8

The roof is made up of XPS insulation cut
to fall. This is to hold up the kalzip finish
AL and to also provide acoustic insulation,
y with a sound reduction of 15 - 25 db.
Acoustical insulation is needed in order to ‘ Kalzip
prevent resonance and echoing during /[ Kalzip IR
large rainfall. /

N\

[

T [

32 skylights are placed and supported by
the clt slab, providing plenty of natural
light, as mentioned previously in Section
3.5.

O@\

iR %

0 Access to the rooftop for maintenance is
easy, with 2 columns that have
=S attachments bolted into them for a
o temporary ladder that leads up to a roof
hatch. The roof is easy to maintain and  frigyre 71 - valley Gutter
clean due to the aluminium standing
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| seem finish.
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Figure 66 - Level 1 (Not to scale) Figure 67 - Roof Plan (Not to scale)
1
Figure 68 - Roof Render Figure 69 - View 1 South Face of Structure Figure 72 - Valley Gutter and Drainage Render
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5.5 Elevations
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Figure 73 - West Elevation Scale 1:500 @A3

=

Figure 74 - Section A Scale 1:500 @A3 (See Appendix B Level 1)

Elevation Design

The height of the building is 15 m with the lower deck at 5 m tall. The deck has been designed so that
viewers can see over the mound towards the sea, as shown in Figure 73. The deck also provides a better

view of the castle. The 10 m of space to the canopy roof, allows for the development of a 2-storey structure,
at 3.5 m a floor. The elevation positively stands out on the coast with its captivating design inspired by grand
——" | — cathedrals. Drawing inspiration from high ceilings, elegant columns, and gothic arches, the pavilion creates
— T N A=A an atmosphere that is both aesthetically pleasing and captivating. It aims to elevate the seafront experience,
L. . N0 = =z fferi hi beautiful and enticing th ical steel buildi
ST N N = A 7 offering something more beautiful and enticing than typical steel buildings.
angsodaansonhonsang o | b S = = = A b T Ty e —

When evening falls, the pavilion transforms into a mesmerising monument illuminated by vibrant lights. The
unique design and captivating illumination make the structure a standout feature on the seafront.

Figure 75 - North Elevation Scale 1:500 @A3



5.6 Material Resources and Design for Manufacture

Figure 76 - Kalzip (Google Images)
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Figure 79 - Marble Tile

\

Kalzip (Standing Seam)

“The Kalzip Deck Roof System
is the further development of the
handcrafted standing seam roof
into an industrially pre-produced,
quickly assembled roof system.” It
is made of aluminum, after
weathering a coat of aluminum
oxide is formed and hardens on to
the surface. Unlike rust, it doesn't
flake, therefore is a perfect
material for the seafront. This
material is also very easy to clean.

CLT Roof Slab

2.5 x 5m slabs are prefabricated
and placed by crane on site. They
are screwed with a metal bracket
on site. The further use of timber
will significantly offset the total
embodied carbon of the proposal.
Like glulam, CLT will need to have
a protective coating, applied by
Portsmouth Council. Even though
this sounds like a lot of effort, the
finish of glulam over time will
outweigh the rusting look of steel.

Glulam

Glulam is a (flexible in shape)
material made by gluing together
laminates of timber that have
been accurately planed. Glulam is
not only regenerative but also is
easy to manufacture, with the
steel knife connections already
attached to the members from
factory. To maintain a neat finish,
the members will need to be
coated with a protective layer
every year.

Marble Tile

The top deck is finished with
marble tiles. The top deck is going
to drain towards the perimeter of
the deck, so this smooth surface is
perfect for mopping or cleaning
on wet days. The look is also
premium and gives the building a
modern feel. A marble floor will
last 25 years or more and will not
corrode or fade.

Figure 80 - Exploded diagram of a single tree column

XPS Insulation cut to fall

The XPS insulation is cut to fall in
order to provide a minimum slope
of 1.5°. The weight of the the roof
and maintenance team, are
distributed into 18 mm of plywood
that is protected by a waterproof
membrane. The XPS insulation
then takes the compression forces
and distributes them into the CLT
Slab. This method of structurally
holding a roof slope is easier to
manufacture than many small
timber joist frames.

Marine-Grade Plywood

As the proposal is coastal, the
design wanted to incorporate
material that are often used on
boats. They have been proven to
be effective against direct contact
against sea water, therefore will
be appropriate in this setting. The
plywood will be exposed therefore
will need to have a protective
coat. Osmo Wood Protector is
ideal for treating wood in high
moisture areas.

Timber and Glass Balustrade
Glass railings have many benefits,
they are easy to clean, they
provided unobstructed views to
the seafront and surrounding
greenspace. Ultimately, glass
railings are easy to install, yet
effective at providing maximum
security.

Steel Knife Plate Connector
Steel knife plates are used to
connect the glulam frame, and
the column to the concrete finch.
This connection is discrete and
doesn't expose the  steel
connection on the exterior like
other manufacturers may design
for. As mentioned before the
prefabricated  design  makes
manufacturing very efficient on
Site.

Figure 81 - XPS Insulation cut to fall

Figure 82 - Marine Grade Plywood

Figure 83 - Glass Railings



5.7 Structural Design
Exploded 3D Structural Diagram

GL32C Beam, 900 x 320 mm

11.5kN 11.5 kN

GL32C Column, 1500 x 320 mm

14.5 kN

— - Primary Beam
— -Secondary Beam

C40, Concrete Plinth

C40, 1700 x 1700
Concrete Pile Cap

iy,—l
- Wind Load ‘
—» - Dead Load

C40, 350 mm Concrete Piles

Figure 85 - Designed Tree Column Structure System
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Figure 86 - Bending moment and shear force for
beams (See Appendix A)

Structure System

The canopy structure has been assumed to split into 15 individual structural systems, relevant to each
tree column. The central column is under the largest strain as a system therefore has been analysed in
Figure 85. The column is assumed to cantilever out of the ground, fixed at the pile cap. With a glulam
beam system resting on the top of the flaring column. The primary beam acts as a 15 m cantilever
beam that is simply supported at the end of the columns flare and directly at the center point of the
column at the connection.

The dead and live load is distributed down from the roof into the CLT slab then into the secondary
beams that distribute the largest load onto the primary beam. The wind load distributes its load from
the edge face of the roof, down from the beams into the column. This system could work more
efficiently if the whole structure was designed as a global structure, however the assumption is a
strong start for further refinement. The structural design of all of the system's elements are
summarized in the table below:

Table 2 - Structural design summary

~ Glulam GL32C Column, 320 x 1500 mm

S355 Steel Knife Plate
I ’ I , 6mm Black Marble Tiles
R S e g & , 500 mm Concrete Plinth 1.3 m x 1.3m // 50 mm Screed
I [ 1 [ f'd :-_;". kK * '.7‘, .a ! ;’," ‘Nq 1] [T1 I ] [T1 T = _~ 150 mm XPS Insulation
,‘4- J . . R PP ;)\ R 7 /‘
a4 @ - a, 2 iy
= L ¥ AN s 150 mm C40 Concrete Slab
e A e 4" o e " " x| g T B Foa w? oy o s . - .4 "~ 2mm Damp Proof Membrane
e et P T e T e T T e T e e enet s gt 7~ 50 mm Blinding Sand
grgdt W& BSOS PR s .o _"‘3’=":‘_w‘_~ S5 ‘f‘a a RET ¥ e N, ¥ ®T e R Gl ———
AVAVAVAVAVAVAS BF SRR SN PR SRS Sl [ AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVERIEISRY RYVHTSSTSRE P
W T T e — Fill
e » v, v S, T
N R /500 mm Pile Cap 1.7m x 1.7 m, C40
" G S .
= R ~—— (18) 20 mm (dia) bot bars (180 mm c/c)
NI . , 350mm Diameter piles, C40
B 8 .~ Figure 87 - Detail A4 (Appendix B) Scale 1:20 @ A3

Element Sizing Bending Shear/Axial Deflection
Utilisation Utilisation Utilisation

CL, XLAM-100-3 100 m\m 0.12 0.03 0.811

Primary Beam, 320 x 900 mm 0.28 0.45 0.96

GL32C

Secondary Beam 320 x 900 mm 0.22 0.18 0.93

Column 1500 x 320 mm 0.12 0.05 0.96

Pile Cap 1700x 1700x 500 0.2 0.86 n/a

mm
Pile 320 mm diameter = 0.25 n/a 0.11
In detail structural calculations are found His .

. . ./ Ay
in Appendix A. | | — Detail A4 - Ground Floor Build-Up

Figure 88 - Detail A (Appendix B) Scale 1:100 @A3




5.8 Carbon Calculation

Table 4 - Embodied Carbon output

Structure System

1.The seafront building in Portsmouth has undergone a detailed carbon footprint analysis,
providing valuable insights into its environmental impact. The findings demonstrate a clear
commitment to sustainability and adherence to performance targets set by renowned
organizations such as RIBA and SCORS. The total embodied carbon of the building is
measured at 3148 tonnes of CO2 equivalent (tCO2e). This figure encompasses the carbon
emissions associated with the construction materials, manufacturing processes,
transportation, and assembly of the building components.

Positively, the building demonstrates a significant amount of sequestered carbon. The total
sequestered carbon measures 2597 tCO2e, indicating the amount of carbon dioxide that has
been absorbed and stored within the building's materials or surrounding environment. This
sequestered carbon helps offset a portion of the building's total carbon emissions,
contributing to its overall environmental sustainability.

The net embodied carbon represents the difference between the total embodied carbon and
the total sequestered carbon. In this case, the building has a net embodied carbon of 551
tCO2e. To provide perspective, the carbon equivalent of the building's footprint is similar to
emissions from 405 average family cars running for a year.

® Piling (1.1)

m Other substructure (1.1)

Frame and roof frame (2.1, 2.3)

m Upper floors/slabs inc roof (2.2, 2.3)

Structural walls (2.5, 2.7)

m Other

415, 33%

22.03, 2%
0,0%

0,0%

Figure 89 - Element emission breakdown

Componen| Temp i 7 Volume |Material 3 CrEE
Material Material Type | Material Specification JTTEEL Description |t Lifespan orary Temp [m?*lor |Quantity Relnforceane Tl e N A4 A5w B4 c2- D Biogenic
Element S| e Works Mass [kgl? | [m?, kel nt [kg/m~] Carbon A3 c4 Carbon
y Wasted gl P K8 [tCO2e]
: Manufactured_stru|UK Glulam 100% o. Volume
Timber ctural_timber FSC/PEFC 2.1 Frame Canopy + Deck 60 No | 100% [m3] 1,292 287 170,98 | 3 | 0 [1012-318] -996
Concrete  [Insitu UK C40/50 (25% GGBS) || Foundations o |- tion 60 No | 100% [olume 462 | General slab 231 192/ 7 |12 0|21 /18] o
incl. pile caps) [M3] (110)
Steel Plate 2.1 Frame Connections 60 No | 100% E’rﬂ';]me 7 146 14102 110|167 0
Timber ~ Manufactured struy 1000 psc/perc |11 LOWeSt cLT 60 No | 100% [olume 2,100 432 |244/157| 4 | 0 [1628-512| -1601
ctural_timber floor/slab [M3]
- - 0,
Other Aluminium Sheet - European-31% 1, 5 g ¢ Kalzip 60 No | 100% [olume 7 134 129/ 3|10 0 60 0
recycled content [M3]
. . Volume
Custom_EPDOther_EPD XPS Insulation 2.3 Roof XPS Insulation 40 No | 100% [m3] 3,210 160 56 2 | 8 18| 13|45 0
Table 3 - The structural carbon tool input
Total Embodied Carbon [tCO,e] 3148 Scheme performance against targets:
Total Sequestered Carbon [tCO,e] 2597 SCORS: 137 kgCO2e/m2 Scheme meets target
Net Embodied Carbon [tCO,e] 551 RIBA: 144 kgCO2e/m2 Scheme meets target

SCORS

100 —

200 —

300 —

=400 —

\\(" Total: 128 kgCo, elm'

Figure 90 - SCORS performance rating




5.9 Construction Process

Figure 91 - 9 Construction Stages

" -

Stage 1 - Surveying, setting out and construction of Stage 2 - Construction of Glulam Column and Beam Stage 3 - Construction of Insulated Walls, Doors and
concrete piles for canopy and pad and strip footing for Structure for Level 1 deck. Framing is bolted to knife plates insulated concrete floor, finished with black marble tiles.
deck structure. attached to the pad foundation.

Stage 4 - Construction of steel and glass lift. CLT slabs are Stage 5 - Tree Column glulam structure is constructed one Stage 6 - External Overhang structure (for slandering and
lifted onto the beam structure, north and south stairs column at a time and tied together with steel plates. draining the roof) is attached to the primary structure.
constructed on site and are bolted to the existing glulam

structure. Plant beds constructed.

T T ; TN —— ; T
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Stage 7 - CLT Slabs are lifted and screwed into the existing Stage 8 - XPS Insulation is cut to fall and screwed into the Stage 9 - Roof finish and solar panels placed. Landscaping
glulam structure. Timber ground decking is constructed. CLT. Pipes, drains and skylights are constructed. and trees are placed. Open to public.



5.10 Project Review

Figure 92 - South View late afternoon

Figure 93 - South View Evening
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Review and Conclusion

The redevelopment project for the Pyramids in
Portsmouth has successfully achieved its goals
of revitalising the seafront and creating a
vibrant hub that attracts tourists throughout
the year. By embracing sustainability,
accessibility, and adaptability, the project has
transformed an obsolete building into a
thriving space that showcases iconic
architecture, utilises key seafront views, and
provides a multi-use environment.

Sustainability was at the heart of the project;
the project passed performance targets with
methods to reduce concrete and material
choice to sequester carbon. The top deck's
adaptability allows the building to remain
relevant and well-used over time.

Some features should be refined if the
proposal were to be developed further. For
example, the top deck doesn't have a detailed
drainage strategy. This would be important as
rain can still fall past the 5m overhang.
Additionally, the proposal could include
renders showing the exact use opportunities
for the deck so that the council can better
understand the building's potential.

To conclude, the proposal utilises existing
spaces and improves the flow and user
experience around the structure. Overall, the
building was designed holistically, with the
structure and architecture designed in iteration
collectively. Ultimately the structure will attract
diverse vendors and create a welcoming
community atmosphere. With its long-term
vision of becoming a bustling central hub, the
redevelopment will position Portsmouth's
seafront as a premier destination, boosting the
local economy and preserving its natural
beauty.



WIND LOADING

Appendix A - Structural Calculations

In accordance with EN1991-1-4:2005+A1:2010 and the UK national annex

Building data
Type of roof
Length of building
Width of building
Height to eaves
Eaves type

Total height

Basic values

Location

Wind speed velocity (FigureNA.1)
Distance to shore

Altitude above sea level

Altitude factor

Fundamental basic wind velocity
Direction factor

Season factor

Shape parameter K

Exponent n

Air density

Probability factor

Basic wind velocity (Exp. 4.1)
Reference mean velocity pressure
Orography

Orography factor not significant
Terrain category

Displacement height (sheltering effect excluded)

Flat

L =20000 mm
W =20000 mm
H = 1650 mm
Sharp

h =1650 mm

Portsmouth

Vb,map = 22.0 m/s

Lshore = 0.10 km

Aait = 3.3m

Cait = Aai/Im x 0.001 + 1 = 1.003

Vb,0 = Vbmap X Calt = 22.1 m/s

cdir = 1.00

Cseason = 1.00

K=0.2

n=0.5

p =1.226 kg/m?

Cprob = [(1 - K x In(-In(1-p)))/(1 - K x In(-In(0.98)))]" = 1.00
Vb = Cdir X Cseason X Vb,0 X Cprob = 22.1 m/s
gb = 0.5 x p x vb? = 0.299 kN/m?

Co=1.0
Sea
hdis = 0mm

The velocity pressure for the windward face of the building with a 0 and 90 degree wind is to be considered as

1 part as the height h is less than b (cl.7.2.2)

Peak velocity pressure -windward wall - Wind 0 and 90 deg and roof

Reference height (at which g is sought)
Displacement height (sheltering effects excluded)
Exposure factor (Figure NA.7)

Peak velocity pressure

Structural factor

Structural damping

Height of element

Size factor (Table NA.3)

Dynamic factor (Figure NA.9)

Structural factor

Peak velocity pressure for internal pressure
Peak velocity pressure — internal (as roof press.)

Pressures and forces
Net pressure
Net force

Overall loading

Equiv leeward net force for overall section
Net windward force for overall section
Lack of correlation (cl.7.2.2(3) — Note)
Overall loading overall section

z=1650mm
hdis = 0 mm
ce=1.91

gp = Ce x gb = 0.57 kN/m?

8s = 0.100

hpart = 1650 mm

cs = 0.907

cd = 1.000

Cscd = Cs x ¢d = 0.907

Qe = 0.57 kN/m?

P = Cscd X Qp X Cpe - Qp.i X Cpi

Fw = Pw X Avef

Fi = Fwwe = -8.9 kN

Fw = Fwwp = 8.2 kN

feor = 0.85 as h/W is 0.083

Fw,p = feor x (Fw - Fi + Fwh) = 14.5 kN

SNOW LOAD
0.25 kN/m2 (EN 1991-1-3)

LIVE LOAD on ROOF Cateqgory H

0.4 kN/m2 (EN 1991-1-3) Roofs not accessible except for normal maintenance and
repair.

DEAD LOAD on CLT ROOF SLAB

PV Panels 1 x 1.6 m:
Load = 0.04 kN/m2

Kalzip (Standing Seam) 1.2mm:
Load = 0.028 kN/m2

18mm plywood:
Load = 0.062 kN/m2

XPS Insulation Cut to Fall, Average of 465 mm:
Load = 0.13 kN/m2

Waterproofing Membrane 1.1mm:
Load = Negligible

Aluminium and Double-Glazed Skylight 3.68 x 3.68 m:
Load = 0.01 kN/m2

Total = 0.28 kN/m2

DEAD LOAD on BEAM SYSTEM

Above Total Load = 0.28 kN/m2

CLT Roof Slab XLAM-100-3 (100mm):
=0.23 kN/m2

Total = 0.51 KN/m2

Distributed Load on Primary Beam:
(0.51x 104)/15= 3.5 kN/m

Distributed Load on Secondary Beam:
(0.51x75x)/15=2.6 KN/m

POINT LOAD on COLUMN

Dead Load = 452 kN
Live Load = 249.7 kN

Point LOAD on PILE CAP

Dead Load = 634 kN
Live Load = 249.7 kN

Point LOAD per PILE

Dead Load = 158 kN
Live Load = 62.4 kN



CLT Roof

CROSS-LAMINATED TIMBER FLOOR PANEL DESIGN

In accordance with EN1995-1-1:2004 + A2:2014 incorporating corrigendum June 2006 and the UK national annex

Panel details
Length of panel
Width of panel

Panel loads

Self weight of panel
Total weight of panel
Permanent load
Imposed load

Partial factors on actions
Permanent unfavourable actions - Table A.3

Variable unfavourable actions - Table A.3

L = 4680 mm
W = 5000 mm

Swt = Pmean X (Jacc X h = 0.51 kKN/m?
11.933 kN

Swt_total = Swt X L x W
we = 0.34 kN/m?2
wq = 0.65 kN/m?2

ye = 1.35
o = 1.50

Partial factor for material properties and resistances

Partial factor for material properties - Table 2.3

Member details
Load duration - ¢l.2.3.1.2
Service class - cl.2.3.1.3

Cross-laminated timber section details
Manufacturer

Section

Build-up

Material details

Timber strength class - EN 338:2016 Tablel
Mean rolling shear modulus

8 iv

ym = 1.250

Long-term
1

X-LAM Alliance
XLAM-100-3
35/ - 30w - 35l

C50
Grmean = 50 N/mm?2

XLAM-100-3 cross-laminated timber section

Net cross-sectional area, A, ., 700 cmZm

et 300 cm?m

Net section modulus, W, 1621.7 cm¥m

Net section modulus, W, ., 150 cm¥m

Effective section modulus, W, g, 1513.3 cm¥m

Effective section modulus, W, , 150 cm®m

Net second moment of area, | ., 8108.3 cm*/m

Net second moment of area, ., 225 cm¥m

Effective second moment of area, I, 7566.7 cm¥m

Effective second moment of area, I, 225 cm¥m

Net radius of inertia, iy, 3.4 cm

Net radius of inertia, i, .y, 0.9 cm

Effective radius of inertia, i, 3.3 cm

Effective radius of inertia, i, 0.9 cm

Timber strength class C50

Characteristic bending strength, f,,, 50 N/mm?

Characteristic shear strength, f,,, 4 N/mm?

Characteristic compression strength parallel to grain, f.,,, 30 N/mm?2
Characteristic compression strength perpendicular to grain, f g, 3 N/mm?
Characteristic tension strength parallel to grain, f o,, 33.5 N/mm?

Net cross-sectional area, A

Mean modulus of elasticity, Egean 16000 N/mm?

Fifth percentile modulus of elasticity, E ;5 10700 N/mm?
Shear modulus of elasticity, G c,,, 1000 N/mm2

Mean rolling shear modulus, G, ., 50 N/mm?
Characteristic density, p,, 430 kg/m®

Mean density, ppean 520 kg/m?

Design _section sl - Check design at mid-span of panel

Span details
Longitudinal span
Longitudinal bearing
Analysis results
Design bending moment
Maximum deflection

Modification factors
Duration of load and moisture content - Table 3.1
Deformation factor - Table 3.2

Check bending moment - Section 6.1.6

Design bending moment

Design bending stress
Design bending strength

Deflection check
Maximum deflection
Allowable deflection

Le,y =L - Lb,y = 4580 mm
Lby = 100 mm

My.d = (yc x (WG + Swt) + yQ x WQ) x Ley? / 8 = 5.565 KNm/m
Sy =5 x ((We + swt) + WQ) x Ley* x (1 + Kder) / (384 x Eo.mean x lyeff) =
11.357 mm

Kmod = 0.7
kdet = 0.6

My.d = 5.565 kNm/m
omyd = My,d / Wy,net = 3.432 N/mm?
fm,y,d = Kkmod x fmk / ™ = 28 N/mm2

Cm,y,d / fm,y,d =0.123
PASS - Design bending strength exceeds design bending stress

8y = 11.357 mm
dy.Allowable = min(Ley / 200, 14 mm) = 14 mm
Sy / Sy.alowable = 0.811
PASS - Allowable deflection limit exceeds deflection

Design_section _s2 - Check design _at support of panel

Span details
Longitudinal span
Longitudinal bearing

Analysis results
Design perpendicular compression
Design shear force

Modification factors
Duration of load and moisture content - Table 3.1
Deformation factor - Table 3.2

Ley L - Lby = 4580 mm
Lby = 100 mm

Fecy90d = (yo x (W6 + Swt) + yQ x WQ) x Ley /2 = 4.86 kN/m
Fyd = (y6 x (We + Swt) + yQ x WQ) x Ley/ 2 = 4.86 kN/m

Kmod = 0.7
kdet = 0.6

Check compression perpendicular to the grain - Section 6.1.5

Design perpendicular compression
Design compressive stress

Design compressive strength

Fc,y,QO,d = 4.86 kN/m
Oc,y,90,d = Fc,y,QO,d / Lb,y = 0.049 N/mm?2
fcy.e0.d = kmod x feook / ym = 1.68 N/mm?

ocy90.d / fey9d = 0.029

PASS - Design perpendicular compressive strength exceeds design perpendicular compressive stress

Check shear force - Section 6.1.7
Design shear force

Design shear stress
Design shear strength

Fyd = 4.86 kKN/m
Tyd = Fyd x Sry.net / lynet = 0.068 N/mm?2
fuy.d = Kmod x fuk / ym = 2.24 N/mm?
ty.d / fuyd = 0.03
PASS - Design shear strength exceeds design shear stress



Primary Beam

GLULAM BEAM ANALYSIS & DESIGN TO EN1995-1-1:2004 Section properties
Cross sectional area of member

A =N x b x h =288000 mm?2
Wy =N x b x h?2/6 = 43200000 mm?3

ot vt compiton 1 Wz =h x (N x b)2/ 6 = 15360000 mm3
14350 Second moment of area ly =N x b x h3/ 12 = 19440000000 mm*
lz=h x (N x b)3 / 12 = 2457600000 mm*

In accordance with EN1995-1-1:2004 + A2:2014 and Corrigendum No.1 and the UK National Annex incorporating
National Amendment No.l Section modulus

! i Radius of gyration ry = V(ly / A) = 259.8 mm
mm | 5:1:0 N anzu ; ?51_:0 Iz = \/(IZ / A) = 92.4 mm
y = 0.257

Torsional moment of inertia lor = y x max(h, N x b) x min(h, N x b)® = 7573708800 mm*

aam Bending Moment Envelope

24860 = Partial factor for material properties and resistances
//‘ \\"“n\“\_ﬁ Partial factor for material properties - Table 2.3 = 1.250
o0 ;‘1' — ~ —— Modification factors
! 0 mif e 1 %0 ] Modification factor for load duration and moisture content - Table 3.1
kmod = 0.700
Deformation factor for service classes - Table 3.2 ket = 0.600
. chear rorce Envone Depth factor for bending - exp.3.2 knm = 1.000
e P TT_““*—N{_,_ Depth factor for tension - exp.3.2 knt = 1.000
2 | e — = Bending stress re-distribution factor - cl.6.1.6(2) km = 0.700
Crack factor for shear resistance - cl.6.1.7(2) ker = 0.670
e o "c‘l"__;;__?ﬁlt . | Load configuration factor - exp.6.4 keso = 1.750
) : : ¢ i ° System strength factor - cl.6.6 ksys = 1.000
Effective length - Table 6.1 Lef = 0.8 x Ls3 = 6000 mm

Analysis results

Maximum moment Mmax = 38.167 kNm Mmin = -246.660 kNm Critical bending stress - exp.6.31 omeit = 1 x V[Eogos x |z x Go.gos x lor] / (Let x Wy) = 235.308 N/mm2
Design moment M = max(abs(Mmax),abs(Mmn)) = 246.660 kNm Relative slenderness for bending - exp.6.30 dretm = V[fmgk / omer] = 0.391

Maximum  shear Frnax = 70.726 kN Frmin = -123.053 kN Lateral buckling factor - exp.6.34 ket = 1.000

Design shear F = max(abs(Fmax),abs(Fmin)) = 123.053 kN Compression perpendicular to the grain - cl.6.1.5

Total load on beam

Glulam section details

Breadth of glulam section

Depth of glulam section

Number of glulam sections in member
Overall breadth of glulam member

User defined glulam properties
Characteristic bending strength
Characteristic tensile strength parallel
Characteristic tensile strength perpendicular
Characteristic compressive strength parallel
Characteristic compressive strength perpendicular
Characteristic shear strength

Mean modulus of elasticity parallel

5% modulus of elasticity parallel

Mean modulus of elasticity perpendicular
Mean shear modulus

Characteristic density

Member details

Load duration - cl.2.3.1.2
Service class of timber - ¢l.2.3.1.3

Length of span 1
Length of span 2
Length of span 3
Length of bearing

Wt = 141.452 kN

b = 320 mm
h =900 mm
N=1

bb =N x b =320 mm

fm.g,k = 36 N/mm?2

frogk = 26 N/mm?2
froo.gk = 0.5 N/mm?2
fc,O.g,k = 31 N/mm?
fc,90.g.k = 3.6 N/mm?2
fv.gk = 3.8 N/mm?2
Eo.g.mean = 20000 N/mm?2
Eogos = 18000 N/mm?

E90.g.mean = 490 N/mm?2
Gg.mean = 910 N/mm?2

pgk = 400 kg/m?3

Long-term

1

Ls1 = 5000 mm
Ls2 = 2500 mm
Lss = 7500 mm
Lo = 175 mm

Design compressive stress
Design compressive strength

6c90d = Re_max / (N x b x (Lb + 2 x min(Lb, 30 mm))) = 2.577 N/mm?
fe.90.d = Kmod x Ksys x kc9o x feoo.gk / ym = 3.528 N/mm?2

oc.90.d / feood = 0.730

PASS - Design compressive strength exceeds design compressive stress at bearing

Bending - cl 6.1.6
Design bending stress
Design bending strength

Shear - cl.6.1.7
Applied shear stress
Permissible shear stress

Deflection - cl.7.2
Deflection limit
Instantaneous deflection due to permanent load

Final deflection due to permanent load
Instantaneous deflection due to variable load
Factor for quasi-permanent variable action
Final deflection due to variable load

Total final deflection

omd = M / Wy = 5710 N/mm?2
fmd = Kh.m x Kmod x ksys x Kerit x fm.g.k / ™ = 20.160 N/mm?2

omd [ fmd = 0.283
PASS - Design bending strength exceeds design bending stress

=3 xF/(2xke x A) =0.957 N/mm?
fv.d = Kmod x ksys X fv.g.k / ™ = 2.128 N/mm?2

td / fv.a = 0.450
PASS - Design shear strength exceeds design shear stress

Sim = min(14 mm, 0.003 x Ls3) = 14.000 mm
dinstc = 7.581 mm
8finG = dinstc x (1 + Kkdef) = 12.129 mm
Sinsto = 1.139 mm
y2 = 0.3
8finQ = BinstQ x (1 + w2 x kdef) = 1.344 mm
Sfin = dfincg + Ofing = 13.474 mm
Sfin / Siim = 0.962
PASS - Total final deflection is less than the deflection limit



Secondary Beam

GLULAM BEAM ANALYSIS & DESIGN TO EN1995-1-1:2004

In accordance with EN1995-1-1:2004 + A2:2014 and Corrigendum

National Amendment No.1

Load Envelope - Combination 1

6163

oo

mm | 7500

Kam Bending Moment Envelopa

oo

173324 B — —
s

shear Force Envelope
45220

-15.220

Analysis results
Maximum moment
Design moment
Maximum shear
Design shear
Total load on beam

Glulam section details

Breadth of glulam section

Depth of glulam section

Number of glulam sections in member
Overall breadth of glulam member

User defined glulam properties
Characteristic bending strength
Characteristic tensile strength parallel
Characteristic tensile strength perpendicular
Characteristic compressive strength parallel
Characteristic compressive strength perpendicular
Characteristic shear strength

Mean modulus of elasticity parallel

5% modulus of elasticity parallel

Mean modulus of elasticity perpendicular
Mean shear modulus

Characteristic density

Member details

Load duration - cl.2.3.1.2

Service class of timber - ¢l.2.3.1.3
Length of span 1

Length of span 2

Length of bearing

Mmax = 173.324 kNm Mmin = 0.000 kNm
M = max(abs(Mmax),abs(Mmin)) = 173.324 kNm

Fmax = 46.220 kN Fmin = -46.220 kN
F = max(abs(Fmax),abs(Fmin)) = 46.220 kN

Wit = 92.440 kN

b = 320 mm
h =900 mm
N=1

bb =N x b =320 mm

fmgk = 32 N/mm?2
frogk = 25.6 N/mm?2
froo.gk = 0.5 N/mm?2
fe.ogk = 32 N/mm2
feo0gk = 2.5 N/mm?
fv.gk = 3.5 N/mm?2
Eo.gmean = 20000 N/mm?
Eo.gos = 18000 N/mm?
E90.g.mean = 300 N/mm?2
Gg.mean = 650 N/mm?2
pok = 440 kg/m?3

Long-term

1

Ls1 = 7500 mm
Ls2 = 7500 mm
Lo = 100 mm

No.1 and the UK National Annex incorporating

Section properties
Cross sectional area of member
Section modulus

Second moment of area

Radius of gyration

Torsional moment of inertia

A =N x b x h = 288000 mm?2

Wy =N x b x h2/ 6 = 43200000 mm?3

Wz =h x (N x b)2/ 6 = 15360000 mm?

ly = N x b x h3/ 12 = 19440000000 mm#

lz=h x (N x b)®/ 12 = 2457600000 mm*

ry = V(ly / A) = 259.8 mm

rz = (lz / A) = 92.4 mm

y = 0.257

lor = y x max(h, N x b) x min(h, N x b)® = 7573708800 mm*

Partial factor for material properties and resistances

Partial factor for material properties - Table 2.3

Modification factors

w = 1.250

Modification factor for load duration and moisture content - Table 3.1

Deformation factor for service classes - Table 3.2
Depth factor for bending - exp.3.2

Depth factor for tension - exp.3.2

Bending stress re-distribution factor - cl.6.1.6(2)
Crack factor for shear resistance - cl.6.1.7(2)
Load configuration factor - exp.6.4

System strength factor - cl.6.6

Effective length - Table 6.1

Critical bending stress - exp.6.31

Relative slenderness for bending - exp.6.30
Lateral buckling factor - exp.6.34

Compression perpendicular to the grain - cl.6.1.5

Design compressive stress
Design compressive strength

kmod = 0.700
kdef = 0.600
kh.m = 1.000
knt = 1.000
km = 0.700
ker = 0.670
ke.go = 1.750
ksys = 1.000

Lef = 0.8 x Ls2 = 6000 mm

omeit = 1 x \[Eogos x Iz x Gogos x lor] / (Lef x Wy) = 235.308 N/mm?
Aretm = V[fmgk / omei] = 0.369

ket = 1.000

oc90d = Ramax / (N x b x (Lo + min(Lb, 30 mm))) = 1.111 N/mm?
fc90.d = Kmod x ksys x Kc.9o x feoo.gk / ym = 2.450 N/mm?

ce.90.d / fegod = 0.453

PASS - Design compressive strength exceeds design compressive stress at bearing

Bending - cl 6.1.6
Design bending stress
Design bending strength

Shear - cl.6.1.7
Applied shear stress
Permissible shear stress

Deflection - cl.7.2

Deflection limit
Instantaneous deflection due to permanent load

Final deflection due to permanent load
Instantaneous deflection due to variable load
Factor for quasi-permanent variable action
Final deflection due to variable load

Total final deflection

omd = M / Wy = 4,012 N/mm?
fmd = khm x Kmod x Ksys x Kerit X fmgk / ym = 17.920 N/mm?
omd / fma = 0.224
PASS - Design bending strength exceeds design bending stress

wd=3xF/(2x ke x A) =0.359 N/mm?2
fv.d = Kmod x ksys X fv.g.k / ™ = 1.960 N/mm?2

td / fva = 0.183
PASS - Design shear strength exceeds design shear stress

dim = min(14 mm, 0.003 x Ls2) = 14.000 mm
dinstc = 7.208 mm
8finc = dinstc x (1 + kdef) = 11.532 mm
Sinsto = 1.219 mm
y2 = 0.3
8finQ = dinstQ x (1 + w2 x Kdef) = 1.439 mm
ofin = Ofing + &finQ = 12.971 mm
Sfin / Sim = 0.927
PASS - Total final deflection is less than the deflection limit



Column Design

GLULAM COLUMN ANALYSIS & DESIGN TO EN1995-1-1:2004

In accordance with EN1995-1-1:2004 + A2:2014 and Corrigendum No.1 and the UK National Annex incorporating

Load configuration factor - exp.6.4
System strength factor - cl.6.6

Effective length - Table 6.1

Critical bending stress - exp.6.31

Relative slenderness for bending - exp.6.30

Lateral buckling factor - exp.6.34

Compression perpendicular to the grain - cl.6.1.5

Design compressive stress
Design compressive strength

Bending - cl 6.1.6
Design bending stress
Design bending strength

Shear - cl.6.1.7
Applied shear stress

Permissible shear stress

Deflection - cl.7.2

kego = 1.750
ksys = 1.000
Lef = 0.8 x Ls1 = 12000 mm
omeit = T x V[E0.g.05 x 1z x Gogos x lor] / (Lef x Wy) = 48.922 N/mm?
Aretm = V[fmgx / omei] = 0.809
Keit = 1.56 - 0.75 x Aretm = 0.953

cc90d = Ramax / (N x b x (Lo + min(Lb, 30 mm))) = 0.544 N/mm?

fc.90.d = Kmod x ksys x kc9o x feoo.gk / ym = 2.450 N/mm?

oc.90.d / feood = 0.222

PASS - Design compressive strength exceeds design compressive stress at bearing

omd = M /Wy = 2.025 N/mm?2
fmd = Kh.m x Kmod x ksys x Kerit x fm.g.k / ™ = 17.085 N/mm?2

omd / fma = 0.119
PASS - Design bending strength exceeds design bending stress

wd=3xF/(2xkex A)=0.105 N/mm?2
fv.d = Kmod x ksys X fv.g.k / ™ = 1.960 N/mm?2

td / fv.a = 0.054
PASS - Design shear strength exceeds design shear stress

Sim = min(14 mm, 0.003 x Ls1) = 14.000 mm

National Amendment No.l
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Shear Force Envelope

Deflection limit
Instantaneous deflection due to permanent load

Sinstc = 6.382 mm
5finG = dinstc x (1 + Kdef) = 10.211 mm

Bending Moment Envelope

Load Envelope - Combination 1

Analysis results

Maximum moment
Design moment

Maximum shear

Design shear

Total load on beam

Glulam section details
Breadth of glulam section

Depth of glulam section
Number of glulam sections in member

Overall breadth of glulam member
Glulam strength class - EN 14080:2013 - Table 5

Member details

Load duration - cl.2.3.1.2
Service class of timber - ¢l.2.3.1.3

Length of span
Length of bearing

Section properties
Cross sectional area of member

Section modulus

Second moment of area

Radius of gyration

Torsional moment of inertia

Mmax = 0.000 KNm Mmin = -243.000 KNm

M = max(abs(Mmax),abs(Mmin)) = 243.000 kNm
Fmin = 9.788 kN

= 22.613 kN
max(abs(Fmax),abs(Fmin)) = 22.613 kN

Wiot = 22.613 kN

b = 320 mm
h = 1500 mm

N=1
bb =N x b = 320 mm

GL32h

A =N x b x h =480000 mm?
Wy =N x b x h?/ 6 = 120000000 mm?

W:z=h x (N x b)2/ 6 = 25600000 mm?3

ly = N x b x h3/ 12 = 90000000000 mm?

=h x (N x b)®/ 12 = 4096000000 mm*
= (ly / A) = 433.0 mm

=(Iz/ A) = 92.4 mm

=0.287

Y
lor = vy x max(h, N x b) x min(h, N x b)® = 14107084800 mm*

Final deflection due to permanent load
Instantaneous deflection due to variable load
Factor for quasi-permanent variable action

Final deflection due to variable load

Total final deflection

SinstQ = 2.822 mm

y2 = 0.3
8finQ = SinstQ x (1 + w2 x kdef) = 3.330 mm

Sfin = &fing + Ofing = 13.542 mm

Sfin / 8im = 0.967
PASS - Total final deflection is less than the deflection limit



GLULAM COLUMN WITH BIAXIAL BENDING AND AXIAL COMPRESSION

In accordance with EN1995-1-1:2004 + A2:2014 incorporating corrigendum June 2006 and the UK national annex

Partial factor for material properties and resistances

Partial factor for material properties - Table 2.3

Member details
Load duration - cl.2.3.1.2
Service class - ¢l.2.3.1.3

Glulam section details
Number of timber sections in member

Breadth of sections
Depth of sections

Glulam strength class - EN 14080:2013
l«—320—»

1500

Span details

Unbraced length - Major axis
Effective length - Major axis
Unbraced length - Minor axis
Effective length - Minor axis

Bearing length

Analysis results

Design bending moment - Major axis
Design bending moment - Minor axis
Design shear force - Major axis
Design axial compression force

Modification factors

- Table 6

Bvm = 1.250
Long-term

1

N=1

b = 320 mm
h = 1500 mm
GL32c

320x1500 glulam section
Cross-sectional area, A, 480000 mm?2

Section modulus, w,, 1.2x108 mm3

Section modulus, W,, 25600000 mm?3

Second moment of area, Iy, 90000000000 mm#
Second moment of area, |, 4096000000 mm*
Radius of gyration, i, 433 mm

Radius of gyration, i,, 92.4 mm
Glulam strength class GL32c

Characteristic
Characteristic
Characteristic
Characteristic
Characteristic

Mean modulus of elasticity, E,

bending strength, f 32 N/mm?

m.gk'

shear strength, f,;,, 3.5 Nmm?

compression strength parallel to grain, f, . 24.5 N/mm?
compression strength perpendicular to grain, f g, .. 2.5 Nmm?
tension strength parallel to grain, foq,, 19.5 Nmm?

13500 N/mm?

0.g.mean’

Fifth percentile modulus of elasticity, Eqgqs, 11200 N/mm?

Shear modulus of elasticity, G

Characteristic

Duration of load and moisture content - Table 3.1

Deformation factor - Table 3.2

Depth factor for bending - Minor axis - exp.3.2
Bending stress re-distribution factor - cl.6.1.6(2)

Crack factor for shear resistance - cl.6.1.7(2)

650 N/mm?

'g.mean’

density, ry,, 400 kg/m?

Ly = 6000 mm

Ley = 0.9 B Ly = 5400 mm
Lz = 2000 mm

Lez = 0.9 @ Lz = 1800 nm
Lb = 100 mm

My.d = 243 kKNm

Mzd = 243 kNm

Fyd = 22.6 kN

Pd = 701.8 kN

Kmod = 0.7

kdet = 0.6

khmz = min((600 mm / b)°t, 1.1) = 1.065
km = 0.7
ker = 0.67

Check compression parallel to the grain - cl.6.1.4

Design axial compression
Design compressive stress
Design compressive strength

Pq = 701.8 kN

Beod = Pa / A = 1.462 N/mm?

fe.0.d = kmod B feo.gk / Bm = 13.720 N/mm 2
Beod / feod = 0.107

Tedds calculation version 2.2.18

PASS - Design parallel compression strength exceeds design parallel compression stress

Check shear force - Section 6.1.7

Check

Design
Design
Design

Check
Design
Design
Design

Design
Design
Design

Combined bending checks - eq.6.11 & eq.6.12

Check combined bending and axial compression
Combined loading checks - exp.6.19 & 6.20

Check columns subjected to either compression

shear force - Section 6.1.7

shear force
shear stress - exp.6.60

shear strength

bending moment - Section 6.1.6
bending moment in major axis
bending stress in major axis
bending strength in major axis

bending moment in minor axis
bending stress in minor axis
bending strength in minor axis

Effective length for y-axis bending

Slenderness ratio

Relative slenderness ratio - exp. 6.21
Effective length for z-axis bending

Slenderness ratio

Relative slenderness ratio - exp. 6.22

Fyd = 22.6 kN
Byda=158Fyd/ (ke @b Bh)=0105 Nmi
fuyd = kmod B fvgk / Bm = 1.960 N/mm?2
By,d / fvyd = 0.054
PASS - Design shear strength exceeds design shear stress

Myd = 243 kNm
Bmyd = Myd / Wy = 2.025 N/mm?
fmyd = Kmod B fmgk / Bv = 17.920 N/mm?2
Bmyd / fmyd = 0.113
Mzd = 243 kNm
Bmzd = Mzd / Wz = 9.492 N/mm?2
fm,zd = Knm,z B Kmod B fm.gk / Bm = 19.083 N/mm?2
Bmzd [ fmzd = 0.497
Bmyd / fmyd + km B Bmzd / fmzd = 0.461
km B Bmyd / fmyd + Bmzd / fmzd = 0.577
PASS - Design bending strength exceeds design bending stress
- Section 6.2.4
(Beod / fe0d)? + Bmyd / fmyd + km B Bmzd / fmzd = 0.473
(Bco.d / fc0d)2 + km B Bmyd / fmyd + Bmzd / fmzd = 0.588

PASS - Combined bending and axial compression utilisation is acceptable

or combined compression and bending - cl.6.3.2
Ley = 0.9 B Ly = 5400 mm

By = Ley /iy = 12.471

Brely = By / B(fc.o.gk / Eogos) = 0.186

Lez = 0.9 B Lz = 1800 mm

Bz = Lez / iz = 19.486

Brelz = Bz / B(fc.ogk / Eogos) = 0.29

Both Zrely <= 0.3 and frelz <= 0.3, column stability check not required

Check beams subjected to either bending or combined bending and compression - cl.6.3.3

Fifth percentile shear modulus parallel to the grain

Torsion factor

Torsional moment of inertia
Effective length - Table 6.1
Critical bending stress - exp.6.31

Relative slenderness for bending - exp.6.30

Lateral

buckling factor - exp.6.34

Beam stability check - exp.6.35

Go.gos = Eogos / 16 = 700 N/mm?2

B= 0.287
ltor = min(h, b)® @ max(h, b) = 14107084800 nmt
Let = 0.9 ® 2000 mm + 2 @ h = 4800 mm
Bim,crit = B(Eo.g.05 B |z B Go.g.os B lor) / (Lef @ Wy) = 116.087 Nm?
Brelm = B(fmgk / Bmerit) = 0.525
kerit = 1.000
@myd / (Keit @ fmy,d))? + Bcod / feod = 0.119
PASS - Beam stability is acceptable



Pile Analysis

PILE ANALYSIS

In accordance with EN 1997-1:2004 incorporating

Pile details
Installation method
Shape

Length

Material details
Material

Concrete strength class
Part. factor, concrete (EN1992-1-1 cl. 2.4.2.4(1))

Coefficient acc (EN1992-1-1 cl. 3.1.6(1))
Characteristic compression cylinder strength
Design comp. strength (EN1992-1-1 cl. 3.1.6(1))

Corrigendum dated February 2009 and the UK national annex

Drilled
350 mm diameter
L = 3800 mm

Concrete

C40/50

yc = 1.50

occ = 0.85

foac = 40 N/mm?

fed = ace x fek / yc = 22.7 N/mm?

Mean value of cyl. strength (EN1992-1-1 Table 3.1) fem = fox + 8 MPa = 48.0 N/mm?

Secant mod. of elasticity (EN1992-1-1 Table 3.1)
Modulus of elasticity

Geometric properties

Pile section depth

Bearing area

Pile perimeter

Moment of inertia

Ecm = 22000 MPa x (fcm /10 MPa)°‘3 = 35.2 kN/mm?
E = Ecm = 35.2 KN/mm?

h =350 mm

Avearing = © x h2 / 4 = 0.096 m2
Perimpie =t x h = 1.1 m

= nxh*/64 =73662 cm*

Action details

Characteristic perm. unfav. action, compression
Characteristic perm. fav. action, compression
Characteristic variable unfav. action, compression
Characteristic perm. unfav. action, tension
Characteristic perm. fav. action, tension
Characteristic variable unfav. action, tension
Characteristic unfavourable perm. lateral action
Characteristic favourable permanent lateral action
Characteristic variable lateral action

Geotechnical partial and model factors:
Design approach 1:

Model factor on axial resistance
Permanent unfavourable, Al (Table A.3)

Permanent favourable, Al (1)

Variable unfavourable, Al (Table A.3)
Permanent unfavourable, A2 (Table A.3)
Permanent favourable, A2 (Table A.3)
Variable unfavourable, A2 (Table A.3)

Characteristic axial resistance
Characteristic axial base resistance

Characteristic axial shaft resistance per stratum
Stratum 1

Gc,k,unfav = 158 kN
Gekfav = 0 kN
Qck = 62.4 kN
Gtkunfav = 0 KN
Gtkfav = 0 kN

Qtk = 0 kN
Girkunfav = 0 kN
Gurkfav = 0 kN
Quk = 22.6 kN

ymodel = 1.40
YG,unfav,Al = 1.35
YGfaval = 1.00
voaL = 1.50
YGunfav,A2 = 1.00
yG.fav,a2 = 1.00
vQ.A2 = 1.30

Rbk = Abearing x Qbk = 57.7 kN

Rski = sk X Perimpile x tstratar =44 kN

Fq

-
BH3

Stratum 2 Rsk2 = Qskz x Perimpile x tstrataz =375.2 kN
Rska = Qsk3 x Perimpie x (L - Dstrata3) =412.3 kN
Rsk = Rski + Rsk2 + Rsks = 831.5 kN

Stratum 3
Characteristic total axial shaft resistance

200 Axial compressive resistance
Topsoil + roots. E . 040 16.11.95 a4 Load combination 1: A1 + M1 + R1
Brick fragments and flint 1 with . . .
some clay. FILL. e (m) Design compression action Fedct = yeunfaval X Gekunfav - YGfavAl X Gekfav + yQAL X Qek
Fcdc1 = 306.9 kN
e s . 2.50 . . .
. Z5 E Partial resistance factor, bearing (Table A.7) yoR1 = 1.25
Brom silty sandy fine medim & ozl s G = 100 kN/m? Partial resist factor, shaft (Table A7
ty Ve -
coarse flin bhckpeblesy g"qoi —_ S g artial resistance factor, shaft (Table A.7) ysr1 = 1.00
dochuded. o7y S Design compressive resistance Recdc1 = (Rok / ybRr1 + Rsk / ysR1) / ymodel = 626.9 kN
S o ]
.;5 ® Fcaci/ Rcdc1 = 0.49
MALR . . . .
- === ¢ 6.60 - PASS - Design compressive resistance exceeds design load
Firm/stiff bl very sil I o
CLAY with traces of fine sand. - Load combination 2: A2 + M1 + R4
- (8.00)
Water added from 2.50 m. IS
110 mn diz. standpipe installed to 6.00 m. £ Design Compression action Fed.c2 = younfav,a2 x Gekunfav - YG,fav,A2 X Gekfav + yQA2 x Qck
Water level 19.11.95 at 10.50 am 3.98 m below ground level. S Oy = 250 kN/m2
S o~ : Feac2 = 239.1 kN
A Opis = 300 kN/m
Partial resistance factor, bearing (Table A.7) ybr4 = 1.60
R Partial resistance factor, shaft (Table A.7) ys.ra = 1.30
S Stratum 4

Design compressive resistance Redc2 = (Rok / yb,ra + Rsk / ys,ra) [ ymodel = 482.7 kN
Fedc2 / R cdc2 = 0.495

PASS - Design compressive resistance exceeds design load

g = Characteristic value, shaft resistance, q,,; = Characteristic value, base

Stratum details Lateral analysis properties

Stratum Geomaterial Thickness, tstratai Characteristic value, Characteristic value, Pile head fixity Free
(mm) base, cz‘bki shatt, q:ki Eccentricity of applied action €actual = 0 mMm
(kN/m?) (kN/m ) Lateral action duration Long-term
1 Cohesive 400 - 100 )
> Cohesive 5100 - 1625 Lateral stratum details )
3 Cohesionless 3700 - 250 Overburden pressure, Dossi = z B, xtyraa
4 Cohesive 3000 350 200 i-1




Stratum Characteristic Characteristic friction Characteristic unit Characteristic
cohesion, angle, weight of soll, overburden pressure,
Cik (KN/m2) ik (degrees) yik (KN/m3) Pozsik (kN/m?)
1 0 15 16 6.4
2 0 35 20.5 49.45
3 0 33 215 129
4 100 25 20 189

Stratum Design cohesion, Design friction angle, Design unit weight of Design overburden
Cid (KN/m?) i (degrees) soil, pressure, pozsid
- 3 (kN/m?)
yid (KN/m3)
1 0 12.1 16 6.4
2 0 29.3 20.5 49.45
3 0 275 215 129
4 80 20.5 20 189

Load combination 1. A1 + M1 + R1
Partial factors:

Angle of shearing resistance (Table A.4) yom = 1.00
Effective cohesion (Table A.4) yeme = 1.00
Undrained shear strength (Table A.4) yeum = 1.00
W eight density (Table A.4) v = 1.00
Lateral resistance factor yrr1 = 1.00
Stratum Design cohesion, Design friction angle, Design unit weight of Design overburden
cid (kN/m?) dia (degrees) soil, pressure, pPozsid

vid (KN/m?) (kN/m?)

1 15 16 6.4

2 0 35 205 49.45

3 0 33 215 129

4 100 25 20 189

Resisting soil is divided into 10 segments to determine lateral resistance

From iteration, assume depth of point of rotation
Distance from lateral action to ground

X = 3211 mm
e = eactval = 0 mm

Sum of moments about point of load application near zero

Sum of moments about point of rotation

Calculated soil lateral resist. (Tomlinson Egn 7.52)

Design lateral action

Design lateral resistance

EMu = Mus1 + Mus2 + Musa + Musa + Muss + Muse + Mus7 + Muss + Musot +
Mirsob + Musio = 1 KNm

XMx = Mxs1 + Mxs2 + Mxsz + Mxsa + Mxss + Mxse + Mxs7 + Mxss + Mxsot +

Mxsob + Mxsi0 = 368 kNm
Rircalc = XMx / (e + X) = 114.6 kN

Fird.c2 = yeunfav,A2 X Gtrkunfav - Y6 fav,A2 X Gurkfav + yQ.A2 X Qtrk

Frdc2 = 29.4 kN

Rtr,d,CZ = Rtr,calc / Ytr,R4 = 114.6 kN

Frdc2 I R rac2 = 0.256

Resisting soil is divided into 10 segments to determine lateral resistance

From iteration, assume depth of point of rotation X = 3220 mm

Distance from lateral action to ground € = eacwa = 0 mm

Sum of moments about point of load application near zero
ZMt = Mus1 + Mus2 + Mus3z + Musa + Muss + Muse + Mus7 + Muss + Musot +
Mtrsob + Musio = 0 kNm

Sum of moments about point of rotation
ZMx = Mxs1 + Mxs2 + Mxs3 + Mxsa + Mxss + Mxse + Mxs7 + Mxss + Mxsot +
Mxsob + Mxs1o = 609.1 kNm

Calculated soil lateral resist. (Tomlinson Egn 7.52) Rutcac = IMx / (e + X) = 189.1 kN

Design lateral action Fird.c1 = yGunfaval X Gtrkunfav - Y6 fav,Al X Girkfav + yQAL X Qtrk
Firdc1 = 33.9 kN

Rudct = Rucale / yrre = 189.1 kN

Frdct / Rudcr = 0.179

PASS - Design lateral resistance exceeds lateral load

Design lateral resistance

Load combination 2: A2 + M2 + R4
Partial factors:

Angle of shearing resistance (Table A.4) yom2 = 1.25
Effective cohesion (Table A.4) yemz = 1.25
Undrained shear strength (Table A.4) yeumz = 1.40
W eight density (Table A.4) yrm2 = 1.00

Lateral resistance factor yr,ra = 1.00

PASS - Design lateral resistance exceeds lateral load

Lateral deflection analysis (Characteristic values)

Resisting soil is divided into 10 segments to determine lateral resistance

From iteration, assume depth of point of rotation X = 3220 mm

Distance from lateral action to ground e = eactual = 0 mm

Sum of moments about point of load application near zero
Mt = Mus1 + Mus2 + Musa + Musa + Muss + Muse + Mus7 + Muss + Musot +
Mtsob + Mesio = O kNm

Sum of moments about point of rotation
YMx = Mxs1 + Mxs2 + Mxs3 + Mxsa + Mxss + Mxse + Mxs7 + Mxss + Mxsot +
Mxsob + Mxsio = 609.1 kNm

Calculated soil lateral resist. (Tomlinson Egn 7.52) Rucac = TMx / (e + X) = 189.1 kN

Lateral deflection

Characteristic lateral action Firk = Gurkuntav - Girkfav + Quk = 22.6 kN
Virtual point of fixity, from iteration Vzf = Rucalc - PLatsi - Prats2 - Pratss - PLatsa - Prass - R x Praise = 0 kN
zt=(5+R) xL/10 = 2104 mm

Stat = (Frk x (8 + z0)3) / (3 x E x I) = 2.71 mm

SLatallow = 25 mm

SLat / dLatailow = 0.108

PASS - Allowable lateral deflection exceeds actual lateral deflection

Actual lateral deflection at top of pile
Allowable lateral deflection



Pile Cap Design

PILE ANALYSIS

In accordance with EN 1997-1:2004 incorporating Corrigendum dated February 2009 and the UK national annex

PILE CAP ANALYSIS & DESIGN

In accordance with EN1997-1-1:2004 & EN1992-1-1:2004 incorporating Corrigenda February 2009 and Corrigenda

January 2008, and the UK National Annex

Design summary - FAIL (1.283)

Pile analysis summary

Tedds calculation version 2.0.11
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Pile cap details
Pile cap width, along x axis Lx = 1700 mm
Pile cap width, along y axis Ly = 1700 mm
Total cap depth Dcap = 500 mm
Density of concrete yeonc = 25 kN/m3
Height of soil above pile cap hsoil = 400 mm

Density of soil above pile cap
Pile cap area

Column details

Column width, along x axis
Column width, along y axis
Column location, x axis
Column location, y axis

Pile details

Pile material
Concrete pile section
Pile diameter

Combination C1 (A1 + M1 +R1)
Allowable axial compression load
Allowable axial tension load
Allowable lateral load
Combination C2 (A2 + M1 +R4)
Allowable axial compression load
Allowable axial tension load
Allowable lateral load

Number of piles

Ysoil = 15 kKN/m3
Acap = Lx x Ly = 28900.0 cm?

Ixcol = 289 mm
ly.cot = 509 mm
Xc = 850 mm
yc = 850 mm

Concrete
Circular

hpie = 350 mm

PpC,aIIowl = 483 kN
PpT,aIIowl =0 kN
Vp,allowl = 115 kN

PpC,aIIowZ = 483 kN
PpT,aIIowZ = O kN
Vp,allowz = 115 kN

Np = 4.000

Pile embedment

Pile spacing

Edge distance

Edge distance from pile centre
Surcharge loads

Surcharge permanent load
Surcharge imposed loads

Column axial loads
Axial permanent load
Total area axial permanent load

Axial imposed load
Total area axial imposed load

Column shear loads
Shear imposed load, along x axis

Shear imposed load, along y axis

Pile group centroid
Centroid location, x direction
Centroid location, y direction

Pile distance from centroid
Pile 1 centroid distance, x direction

Pile 1 centroid distance, y direction
Pile 2 centroid distance, x direction
Pile 2 centroid distance, y direction
Pile 3 centroid distance, x direction
Pile 3 centroid distance, y direction
Pile 4 centroid distance, x direction
Pile 4 centroid distance, y direction

Moment of inertia of pile group
Moment of inertia about x-x axis
Moment of inertia about y-y axis

Loading eccentricity
Eccentricity of column load, x direction

Eccentricity of column load, y direction

Permanent load pile forces

Permanent axial load on pile 1
Permanent axial load on pile 2
Permanent axial load on pile 3
Permanent axial load on pile 4

Imposed load pile forces

Imposed load moment about x-x axis
Imposed load moment about y-y axis
Imposed shear load on each pile, x direction
Imposed shear load on each pile, y direction

dembed = 100 mm

sp = 1050 mm
e =150 mm
E =325 mm

PG,sur = 5.0 kN/m2
PQ.sur = 10.0 kN/m2

Pc = 634 kN

Pc,area = Yeonc X Acap X Dcap + PG,sur X (Acap - |x,co| X |y,co|) + hsoil x Ysoil X (Acap

- |x,co| X |y,col) = 66.3 kN
Pq = 249.7 kN
PQ,areaz pQ,sur X (Acap - |><,co| X |y,co|) =274 kN

Vxq = 22.6 kN
Vyq = 22.6 kN

Xpg,c = (Xpl + Xp2 + Xp3 + Xp4) / Np = 850 mm
Ypg.c = (ypl + Yp2 + yp3 + yp4) / Np = 850 mm

Xplc = Xpl - Xpgc = -525 mm
Ypic = Ypl - Ypgc = -525 mm
Xp2,c = Xp2 - Xpgec = 525 mm
Yp2c = Yp2 - Ypgec = -525 mm
Xp3.c = Xp3 - Xpg.c = -525 mm
Yp3.c = Yp3 - Ypgc = 525 mm
Xp4c = Xpa - Xpgc = 525 mm
Ypac = Ypa - Ypgc = 525 mm

Ixx = ypl,c2 + yp2,c2 + yp3,02 + yp4,c2 = 1102500 mm?2
lyy = Xpl,c2 + Xp2,c2 + Xp3,c2 + Xp4,c2 = 1102500 mm?

ex,c = Xc - Xpg,c = 0 mm
€y.c = Ye - Ypgc = 0 mm

Ppic = (Pc + Pcarea) / Np = 175 kN
Pp2c = (Pc + Pgarea) / Np = 175 kN
Ppsc = (P + Pgarea) / Np = 175 kN
Ppac = (Pc + Pcarea) / Np = 175 kN

MxQ,0es = (-1) x Vy@ x Dcap = -11.3 kNm
Myq.pes = VxQ x Decap = 11.3 kNm

Vpx@ = Vxo / Np = 6 kN

Vpy.@ = Vyo / Np = 6 kN



Imposed axial load on pile 1

Imposed axial load on pile 2

Imposed axial load on pile 3

Imposed axial load on pile 4

Combination details
Imposed combination factor
Wind combination factor
Snow combination factor

DAl 6.10 load combinations (ULS)
1.35G (0.489)

1.35G + 1.5Q (0.738)

1.00G (0.362)

1.00G + 1.3Q (0.578)

Combination 2 results: 1.35G + 1.5Q
Pile shear load, x direction

Pile shear load, y direction
Pile shear load, resultant

Pile 4 axial load

Pile cap design

Reinforcement details

Characteristic yield strength of reinforcement
Partial factor for reinforcing steel - Table 2.1N
Design yield strength of reinforcement

Nominal cover to reinforcement

Nominal cover to top reinforcement
Nominal cover to bottom reinforcement

Ppiq = (PQ + PQ,area) / Np + MyQ.Des X Xpi.c / lyy + MxQ,Des x (-1) X Ypl.c [ I

= 59 kN

Pp2.q = (PQ + PQ,area) / Np + Myq,Des x Xpz,c / lyy + MxQ,pes x (-1) X Yp2,.c [ I

=69 kN

Pp3,q = (PQ + PQ,area) / Np + MyQpes x Xp3.c / lyy + MxQ,Des x (-1) X Yp3.c [ Ixx

=69 kN

Pp4,Q = (PQ + PQ,area) / Np + MyQ,Des X Xp4.c / |yy + MxQ,Des X (-1) X Ypac [ Ixx

=80 kN

yo = 0.70
yw = 0.50
ys = 0.50

Vpx = 1.35 x Vpxc + 1.5 x Vpxqg = 8.5 kN
Vpy = 1.35 x Vpyc + 1.5 x Vpy.o = 8.5 kN
VR = V(Vpo? + Vpy?) = 12 kN
max(VpRr / Vpalow1,0) = 0.104

PASS - Pile allowable shear load exceeds pile shear force

Ppa = 1.35 x Ppac + 1.5 x Ppag = 356.4 kN
max(Pp4 / PpC,aIIowl,O) = 0.738

PASS - Pile allowable compression load exceeds axial force

fyk = 550 N/mm?2
ys = 1.15
fya = 478 N/mm?2

Cnom,top = 75 mm
Cnom,bot = 75 mm

Concrete details — Table 3.1. Strength and deformation characteristics for concrete

Concrete strength class

Aggregate type

Aggregate adjustment factor - cl.3.1.3(2)
Characteristic compressive cylinder strength
Max. char. compressive cylinder strength in shear
Mean value of compressive cylinder strength
Mean value of axial tensile strength

Secant modulus of elasticity of concrete

Ultimate strain - Table 3.1

Shortening strain - Table 3.1

Effective compression zone height factor
Effective strength factor

Coefficient ku

Coefficient k2

Coefficient ks

Coefficient ka

Partial factor for concrete -Table 2.1N
Compressive strength coefficient - ¢l.3.1.6(1)
Design compressive concrete strength - exp.3.15
Compressive strength coefficient - ¢l.3.1.6(1)
Design compressive concrete strength - exp.3.15
Maximum aggregate size

Strength reduction factor, exp. 6.6N

C45/55

Limestone

AAF = 0.9

fec = 45 N/mm?2

fekim = 50 N/mm?2

fem = fok + 8 N/mm?2 =53 N/mm?

fam = 0.3 N/mm? x (fad 1 N/mm?2)2? =3.8 N/mm?

Ecm = 22 kN/mm2x[fem/10 N/mm?]°3 x AAF =32655 N/mm?2
gcuz = 0.0035

ecus = 0.0035

A =0.80

n = 1.00

ki=0.40

k2 = 1.00 x (0.6 + 0.0014 / gcu2) =1.00
ks = 0.40

ka = 1.00 x (0.6 + 0.0014 / gcu2) =1.00
yc = 1.50

oce = 0.85

fed = oee x fek / yc =25.5 N/mm?

Ocew = 1.00

fowd = acew x min(fek, fekiim) / yc =30.0 N/mm?2
hagg = 20 mm

v =0.6 x (1 - (fe« / 250 N/mm?)) = 0.49
Crdc = 0.18 / yc = 0.12

STR 6.10 load combinations (ULS_D)
1.35G (0.892)

1.35G + 1.5Q (1.283)

1.00G + 1.5W (0.661)

1.35G + 1.5Q + ysx1.5S + ywx1.5W (1.283)

Combination 10 results: 1.35G + 1.5Q + ysx1.5S + ywx1.5W

Moment design, about y-y axis, positive moment

Critical bending plane at face of column
Ultimate bendind moment Med = 297.6 kNm
Depth to tension reinforcement d = Dcap - embed - Cnom,bot - ¢x.bot / 2 = 315 mm
Redistribution ratio 8 = 1.000
K = Med / (Ly x d? x fek) = 0.039
K=2xmnxoe/yc)x(1-Ax(d-Kki)/(2xkz)x(rx(-ki)/(2xke)
K'= 0.207
K' > K - No compression reinforcement is required
Lever arm z=min(0.5 xdx (1 +(1-2xK/(nx oac/7yc))?5), 0.95 x d) = 299 mm
Area of tension reinforcement required Asreq = Med / (fya x 2) = 2079 mm?
(18) 20 mm ¢ bot bars (180 mm c/c)
Area of tension reinforcement provided As.prov = 5655 mm?2
Minimum area of reinforcement - exp.9.1N Asmin = max(0.26 x fom / fyk, 0.0013) x Ly x d = 961 mm?
Maximum area of reinforcement - ¢l.9.2.1.1(3) Asmax = 0.04 x Ly x Dcap = 34000 mm?2

Tension reinforcement provided

PASS - Area of reinforcement provided exceeds area required

Shear design, along x axis, right side — Section 6.2

Maximum design shear force at face of column VEdmax = 640.7 kN
Depth to reinforcement dv = dxbot = 315 mm
Maximum design shear resistance, exp. 6.5 Vrdmax = 0.5 x Ly x dv x v x fowd = 3952.0 kN

VEedmax / VRd.max = 0.16
PASS - Design shear force at support is less than the maximum design shear resistance

Nearest valid pile to the column face P4
Critical shear plane distance from column face avR = Max(XPEsP.p4 + Extolerance - XR.col_face, 0 mMm) = 350 mm
Design shear force at critical shear plane Ved = abs(Pp2,uLs_p10 x avrez / (2 x dv) + Ppaus pio x avrpa / (2 x dv) -

(1.35 x (yconc x Dcap + ysoil X hsoil + pe,sur) + 1.50 x pgsur) x max((Lx -
XReol_face - avr) x Ly, 0 mm?)) = 359.4 kN
k = min(1 + (200 mm / dv)°3, 2) = 1.797
pi = min(Asxbotprov / (Ly x dxbot), 0.02) = 0.01056
vmin = 0.035 N%5/mm x k32 x f&!2 = 0.57 N/mm?
Design shear resistance — exp. 6.2 a & b VRd.c = max(Crdc x k x (100 N/mm? x pi x fek)3, vmin) x Ly x dv
VRrdc = 418.2 kN

Ved / Vrdc = 0.86
PASS - Design shear resistance exceeds design shear force

Longitudinal reinforcement radio

Column punching shear design — Section 6.4

Effective depth to reinforcement deff = (dxbot + dy.bot) / 2 = 305 mm

Maximum punching shear resistance - cl. 6.4.5(3)  VrRdmax = 0.5 x v x fewd = 7.38 N/mm?
k = min(1 + (200 mm / deff)°5, 2) = 1.81

Longitudinal reinforcement ratio - cl. 6.4.4(1) pix = min(Asxbotprov / (Ly x dxbot), 0.02) = 0.01056
ply = Min(Asyotprov / (Lx x dy.or), 0.02) = 0.01128
pl = min((pix x py)°>, 0.02) = 0.01091
vmin = 0.035 N%/mm x k32 x f!2 = 0.57 N/mm?
Punching shear at column face

Loaded perimeter length Ixperim = 289 mm
Loaded perimeter width ly,perim = 509 mm
Column classification Interior
Punching shear stress factor - fig. 6.21N Bo=1.15

Punching shear perimeter Uo = 2 x lxperim + 2 x ly,perim = 1596 mm

Area inside punching shear perimeter Ao = Ixperim x ly,perim =1471 cm?
Maximum punching shear force Vedmax = abs(Sum(Pp1,uLs_p10,Pp2,uLs_p10,Pp3uLs_p1o,Pps,uLs p10) - 1.35 x
(yconc x Dcap + pa,sur + ysoil x hsoi) x (Acap - Ao) - 1.5 x po,sur x (Acap - Ao)) =

1232.9 kN



Maximum punching shear stress — exp. 6.38

Vedmax = max(Bo xVedmax / (Uo x deff), 0 MPa) = 2.91 N/mm?2

VEd.max / VRd.max = 0.39

PASS - Design punching shear capacity exceeds max. punching shear load

Pile punching shear design, pile 4
Effective depth to reinforcement
Maximum punching shear resistance - cl. 6.4.5(3)

Longitudinal reinforcement ratio - cl. 6.4.4(1)

Punching shear at pile face

Column classification

Loaded perimeter length

Loaded perimeter width

Punching shear perimeter

Maximum punching shear force

Maximum punching shear stress — exp. 6.38

deff = (dxbot + dybot) / 2 = 305 mm

VRdmax = 0.5 x v x fewd = 7.38 N/mm?

k = min(1 + (200 mm / def)®5, 2) = 1.81

pix = min(Asxbotprov / (Ly x dxbot), 0.02) = 0.01056
ply = min(Asybotprov / (Lx x dybot), 0.02) = 0.01128
pi = min((px x py)°5, 0.02) = 0.01091

vmin = 0.035 N%3/mm x k32 x fal2 = 0.57 N/mm?2

Corner

Ix,perim = 425 mm

ly,perim = 425 mm

Uo = Ix,perim + ly,perim - dp + m x dp / 4 =775 mm

Vedmax = abs(PpsuLs_pi0) = 356.4 kN

Vedmax = Max(Ved.max / (Uo x def), 0 N/mm?) = 1.51 N/mm?
VEd.max / VRd.max = 0.20

PASS - Design punching shear capacity exceeds max. punching shear load

Pile punching shear design, pile 4 - Control perimeter

Control perimeter distance

Pile classification

Rectangular perimeter length

Rectangular perimeter width

Punching shear perimeter

Design punching shear force

Design punching shear stress — exp. 6.38
Design punching shear resistance - exp. 6.50

a = 2 x def =610 mm

Corner

Ix,perim = 1035 mm

ly,perim = 1035 mm

U2d = Ixperim + lyperim - 2 x (dp /2 +a) + m x (dp / 2 + @) / 2 =1733 mm
VEed.2d = abs(PpauLs_pio) = 356.4 kN

Ved.2d = max(Ved.ad / (Uzd x def), 0 N/mm?) = 0.67 N/mm?

VRd.c2d = Min(max(Cra.c x K x (100 N2’mm* x pi x fek)3, Vmin), VRd.max)
VRd.c2d = 0.80 N/mm?

VeEd.2d / VRd.c2d = 0.85

PASS - Design punching shear capacity exceeds punching shear load

Corner pile shear design, pile 4
Design shear force

Depth to reinforcement

W idth of design section

Longitudinal reinforcement ratio

Design shear resistance — exp. 6.2 a & b

Ved = abs(PpsauLs_pio) = 356.4 kN

deff = (dxbot + dy.bot) / 2 = 305 mm

b = (min(ypa,Ly - ypa) + min(Xps,Lx - Xpa) + (dp / 2 + deff - €tolerance) / SiN(45
deg)) / sin(45 deg) = 1729 mm

Crdc = 0.18 / yc = 0.12

k = min(1 + (200 mm / deff)?5, 2) = 1.81

pix = min(Asxbotprov / (Ly x dxbot), 0.02) = 0.01056

ply = Min(Asy.botprov / (Lx x dybot), 0.02) = 0.01128

p = min((px x piy)°2, 0.02) = 0.01091

vmin = 0.035 N®5/mm x k3?2 x fa!2 = 0.57 N/mm?

VRdc = max(Crdc x k x (100 N2/mm* x pi x fo)3, vmin) x b x deff

Steel Bolt Design

Basic single shear loads for one grade 4.6 bolt
in a two member timber connection

Timber |Minimum Basic single shear load for selected grade 4.6 bolt
grade member diameters in a two member* timber connection (kN)
thickness A .
{mm) Direction of loading
Parallel to the grain Perpendicular to the grain
M8 M12 M16 M20 M12 M16 Mz20
ci6 47 1.22 1.80 2.30 273 1.13 1.56 1.9 2.19
12 1.46 2,68 3.52 419 1.39 2.39 293 3.36
a7 1.46 313 4.63 5.64 1.39 2.79 3.94 4.52
c24 47 1.33 2.04 259 3.09 1.23 1.76 2.16 247
72 155 293 3497 473 147 264 330 379
97 1.55 3.42 5.05 6.37 1.47 3.07 4.43 51
D40 47 1.83 3.08 3.92 4.67 1.83 3.08 3.92 4.67
72 1.9 4.02 2.98 716 1.91 4.02 5.98 7.16
97 1.9 4.21 693 1., 4.21 6.93 9.32
D50 47 212 3.78 481 573 212 378 481 5.73
12 212 4.66 6.92 8.78 212 4.66 6.92 8.78
a7 212 4.66 8.09 10.82 212 4.66 8.09 10.82

Spacing:

4d horizontal = 148 mm

According to BS 5268: Part 2: 2002: Appendix G:

PASS - Design shear loading on connection

Allowable shear force of 1 M20 bolt = 9.32 kN for D40 timber (assumed to be
similar strength to GL32C)

Therefore, 6 bolts = Allowable Shear,55.92 kN > Design shear, 46.2 kN

The shear force on the connection = 46.2 kN (Secondary Beam, Maximum Shear)
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J— Detail A3 - StrucTuraI Connections

Detail A1 - Left Structural Build-Up

—— Detail A4 - Ground Floor Build-Up
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INTRODUCTION

The Pyramids Centre Portsmouth

The Pyramids Centre Portsmouth

Problems:

Unattractive
Near end of design-life
Introspective design

Doesn't attract enough visitors



INTRODUCTION

Problems:

- Key features block horizontal
movement

« Lack of opportunities for
socializing

« Poor linkage and legibility (In
need of a coastal central hub)

Google Image of Castle Feld
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- To use sustainable materials that lower the embodied carbon
of the project
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Map of the seafront of Portsmouth



SITE ANALYSIS
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SITE ANALYSIS

|:| - Site Boundary /
— - Road Access

] - Parking: : '_z;. | E'“" L] ,
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- - Bus Route 1
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SITE ANALYSIS

[ ] -site Boundary

Q - Sun Path

® - Bore Hole Data:
0.4 m Topsoil
2.5 m Gravely
Sand
6.6m Stiff Blue
Clay

1 - The Castle

2 - Castle Field

3 - Rock Garden




SITE VIEWS

[ ] - site Boundary

View 1 View 2 View 3
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SITE HISTORY - 1950s

[ ] -site Boundary

- Rock Garden
Pavilion

The Castle Field

\ 100 m



VIEW ANALYSIS

Analysing the % of surrounding facades that can see the sea

Building Coverage - 5500 m2
Height - 13 m
Surroundlng Buildings View of Sea - 9%

BE },\\/“\ T




VIEW ANALYSIS

View of sea from surrounding buildings - Pyramids Concrete Base

Building Coverage — 3700 m2
Height - 9 m
Surrounding Buildings View of Sea — 10%
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VIEW ANALYSIS

View of sea from surrounding buildings - North Development 5 Storeys

% - jI Li:ﬂ __'

Building Coverage — 3700 m2
Height — 15 m
Surroundlng Buildings View of Sea - 10%




VIEW ANALYSIS

View of sea from surrounding buildings - North Development 9 Storeys

s 83497 % WERTe 71BN NPT 8 ¢ 1508 TR

-ll.

' ‘tJ

Building Coverage — 3700 m2
Height — 27 m
Surrounding Buildings View of Sea - 10%




VIEW ANALYSIS

| 1 - Site Boundary

~ -Areanot
affecting
surrounding
building's view of
sea

- Area affecting
surrounding
building’s view
of sea

- Area limited to l
9m height to not
affect
surrounding
building’s view
of sea

A 100 m




URBAN STUDIES

- Gunwharf Quays - Southsea Rock Garden
- The Spinnaker Tower - South Parade Pier

- Clarence Amusements - Canoe Lake

- Southsea Castle - Fort Cumberland

- The Rose Gardens . - Southsea Model Village

D - Site . - Blue Reef Aquarium
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UNLOADING BAY










‘TREE COLUMN'’ 3D SECTION




EXPLODED DIAGRAM

Valley Gutter

Kalzip Standing Seem Roof
Waterproofing Membrane
18 mm Plywood

Roof Access Hatch

Aluminium Sky Lights
XPS Insulation Cut to Fall

(—

100 mm CLT

B Marble Tiles



SECONDARY STRUCTURE

50 x 150 Timber Joists
18mm Marine-Grade Plywood



PRIMARY STRUCTURE

900 x 320 Glulam Frame spaced at 5m intervals, acting as
net-like wooden trusses

Dead Load

Wind Load

320 X 1500 Glulam Curved Column - Splaying 7.5m

Concrete Pile cap, Plinth and Piles



PRIMARY STRUCTURE

GL32C Beam Design

Bending Envelope
Kim 2857
-245.660
-42.1
F
\ —————— =
383277
m | 5000 | 500 |
A 1 B




PRIMARY STRUCTURE

GL32C Beam Design

Bending Envelope
Khim 2857
-245.660
-42.1
F
Al . =
383277
m | 5000 | 500 |
A 1 B

GL32C Column Design




PRIMARY STRUCTURE CONNECTIONS

Steel Knife Plate Connection

610

‘

800




EMBODIED CARBON CALCULATION

Project Life Cycle Embodied Carbon:

A B

Total [tCO.e] 1253 80

Total Embodied Carbon [tCO,e]

Total Sequestered Carbon [tCO,e]
Net Embodied Carbon

Scheme performance against targets:
SCORS: 137 kgCO2e/m2 Scheme meets target

RIBA: 144 kgCO2e/m2 Scheme meets target

2709 -894

3148

2597
551

Biogenic
Carbon

-2597



ENERGY

408 Panels at 300 Wp
Generates 104,040 kWh per year

Saves £22,000 per year




CONSTRUCTION PROCESS

Foundation




CONSTRUCTION PROCESS

Deck Structure, Canopy Columns, Concrete Base




CONSTRUCTION PROCESS

Stairs, CLT Deck Slab, Landscaping




CONSTRUCTION PROCESS

Glulam Frame for Pavilion




CONSTRUCTION PROCESS

CLT Roof Slab and Insulation Cut to Fall




CONSTRUCTION PROCESS

Roof Finishes and Planting of Trees




POTENTIAL USE OF TOP‘K '

- -

« Open Market Place full of Boutiques, Bars, Restaurants and Cafes

e Concerts and Festivals

’Dte: All uses need to be adaptable an



£
&

% "‘;.‘
? e
Al

VoA
N
\



Appendix D Physical Model - Scale 1:500






