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[bookmark: _Toc219142997]1.0 Site, Environmental and Climatic Context
[bookmark: _Toc219142998]1.1 Description of the site and Current use  
The site is located near the National Pool in Swansea and the junction of the A4216 Sketty Lane on east of the site and the A4067 mumbles rd. to the south of the site (latitude 51.60763, longitude -3.98750). The site is level and has a height above sea level of 10 m at the north side falling to 8 m on the south side. It is currently used as the sports pitch and is predominately grass with a row of mature trees edging the south and west sides of the site. 
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[bookmark: _Toc219142999]1.2 Historical site use
The site is green field and has historically been used as a playing field. There is currently a substation located on the southeast corner of the site and at between 1870 and 1910 there was a small building located here.
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[bookmark: _Toc219143000]1.3 Ground conditions
There are several prior borehole logs BGS (2023) near the site and the following three have been selected due to depth, location, and accessibility.
[image: ]Borehole 1

Borehole 2

Borehole 3


Figure 1 Borehole locations near site BGS (2023)

	Borehole 1
BGS ID: 370613 : BGS Reference: SS69SW121
	Borehole 2
BGS ID: 370609 : BGS Reference: SS69SW117
	Borehole 3
BGS ID: 370520 : BGS Reference: SS69SW28

	0-21m Sand & Gravel
21-27 m Coal
27-34 m Sand & Gravel
34-37 Shale
37-55.6 m Sandstone
	0-2.3 m Made ground.
2.3-4.3 m Silty Clay
4.3-8.2m Fine to coarse rounded gravel
8.2-10.5 m Mainly sand with dispersed angular gravel. 
Water struck at 3.5m
	0-0.3 m Sandy soil
0.3-0.75 m Sandy clay
0.75-1.2 m Sand
1.2-2.25 m  Loamy sand
2.25-3.6 m Beach sand
3.6-4.65 m Peat
4.65-5.4 m Loamy blue clay
5.4-5.7m boulder gravel
Water struck at 2.25 m


[bookmark: _Ref218969826][bookmark: _Ref218967438]Figure 2 Summary of Borehole logs BGS (2023)
The borehole indicates that the ground is made up of alluvial deposits over a bedrock of sandstone. 
[image: ]
Figure 3 Bedrock type Digimap (2024). 
Alluvial deposits differ significantly depending on location, this will provide varied range of engineering properties Waltham (2002) and can be highly compressible especially peat leading to significant differential settlement Oscar Andrés Cuanalo Campos et al. (2017). Coastal alluvial deposits can be subject to significant land subsidence due to unconsolidated clay and silt Morris et al (2003). 
Due to its coastal location exposure of the sub structure to brackish ground water will need to be considered. The chloride ions in the brackish water present a corrosion risk to any steel in the reinforced concrete de Rincón et al. (1997)
[bookmark: _Toc219143001]1.4 Local climate
The site will on average receive on average 700-900mm of rain between 1st October until the 31st March and is exposed to very severe wind driven rain Figure 4 Taken from Approved Document C (2013) and must be consider in terms of design and selection of materials to meet BS8104.
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[bookmark: _Ref218920807]Figure 4 Taken from Approved Document C (2013)
Due to its coastal location the site will be exposed to extreme high-wind gusts which are projected to worsen with climate change Gardner et al (2025). This will need to be considered in the design and wind modelling required to consider building shape, ground obstructions (i.e. vegetation or berms) to meet BS EN 1991-1-4 wind actions on structures. 
The sites proximity to the coast means exposure to salt from blown sea spray and sand from the beach. Increased protection measures should be considered to protect structural materials BS EN ISO 12944 and hardware BS EN 1670. Consideration should be made regarding sea-level rise (SLR) which may be between 2 to 5 m by 2100 van Alphen et al. (2025) 

[bookmark: _Toc219143002]1.5 SSSI Sites of Special Scientific Interest
The Blackpill Site of Special Scientific Interest (SSSI) is just over 100 m away from the site and any activities on site will need to be considered in relation to it. 
[image: ]Site
Black pill SSSI

Figure 5 Sites of Special Scientific Interest (SSSI) datamap.gov.wales. (2026)
[bookmark: _Toc219143003]1.6 Flood risk
The site is at low risk of flooding.
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[bookmark: _Toc219143004]2.0 Foundations
Given that the proposed structure is medium to high rise and borehole data indicates compressible alluvial material such as peat shallow foundations will be unsuitable. The structure will require end bearing piles through the alluvial deposits to into the sandstone bedrock support the structure Riley and Cotgrave (2014).
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Figure 6 Left Pile caps and ground beams, right end bearing piles Harrison et al (2002)
Given the proximity of the hospital continuous flight auger (CFA) piles are ideal as they are quiet to install and produce low levels of vibrations and their speed of installation leads to cost-efficiency Loveridge and Cecinato (2016). CFA piles have been used locally in similar soils Behrens (2019) and there is potential to incorporate a heat exchanger making these piles thermoactive Loveridge and Cecinato (2016).
[bookmark: _Toc219143005]2.1 Substructure basement
As the proposed development is a hotel, on-site parking for guests, staff, service vehicles, and accessibility will be required. Given the constrained urban coastal site and the desire to maximise green space at ground level, parking is most efficiently provided within a multi-level basement beneath the structure. The basement could also be used for other purposes, but this will depend upon the grade Figure 7 and will have an associate cost (lower grade lower cost).
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[bookmark: _Ref218968993]Figure 7 Guide to grades of basements: functional environmental requirements and levels of protection Narayanan et al (2012)

	Type A- barrier protection relies entirely on a continuous barrier of a waterproofing membrane, which can be on the exterior faces of walls and floors, sandwiched within the construction or on the inner faces of walls.
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	Type B- structurally integral protection normally a reinforced concrete box without reliance on applied membranes designed to BS EN 1992-3 so that crack control minimises the risk of water penetration.
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	Type C- drained protection relies on a cavity to collect any water from seepage and drain it to sumps for pumping out. External walls should prevent large water flows otherwise pumps can be overwhelmed and sediment can be lost leading to subsidence. 
	[image: ]
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Figure 8 the three types of water resisting construction Narayanan et al (2012)

Given the water was struck in borehole 3 at 2.25 m Figure 2 the water table will be permanently above the lowest basement floor level Figure 8 meaning the risk associated with water table will be high.  
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[bookmark: _Ref218968870]Figure 9 Forms of reinforced concrete basement construction related to site conditions and use of basement space Narayanan et al (2012)
The cheapest option for the client if the site allows will be a Reinforced concrete box in an open excavation treated as type B and designed to be water resistant (to BS EN 1992-3).
[image: ]
Figure 10 RC facing wall being constructed Narayanan et al (2012).
  
Given the ground make up of sand and gravel piling maybe required to temporarily retain ground and control the water table Figure 10. 
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[bookmark: _Ref219015865]Figure 11 Options for embedded retaining walls Narayanan et al (2012)
If this is the case it may prove more frugal to move away from the RC box and instead use the pile system as the water barrier with the possible need to incorporate a drained cavity type C system.
[image: ]
Figure 12 Connection between a piled wall and basement slab Narayanan et al (2012)
The basement will need to retain the soil and withstand the hydrostatic pressure of water; this is usually achieved by cantilever or a propped wall. 
[image: ][image: ]
Figure 13 left  cantilever wall and right walls propped by floors Narayanan et al (2012)
[bookmark: _Toc219143006]3.0 High rise building frame selection.
Traditionally only steel frame and reinforced concrete were suitable forms for the construction of medium to high-rise buildings. However, in recent years timber has become a viable option Table 1. 
[bookmark: _Ref219020567]Table 1 Trend of high-rise timber building in the world
[image: ]
In fact, one of the first six-storey timber structures in the UK was constructed nearby for University of Wales, Swansea Elias (2005). 
[image: ]
Figure 14 student accommodation University of Wales, Swansea Elias (2005)
The use of timber “can do the most to reduce the environmental impact of construction” Ramage, M.H. et al. (2017). Timber as a structural element of a building can lower primary energy input by as much as 80% when compared to concrete Börjesson, P. and Gustavsson, L. (2000). Timber’s use as a structural material instead of steel or concrete is seen as the most important means of decarbonizing the built environment Brown, J.B. (2022). As buildings are responsible for around 38% of all worldwide energy-related CO₂ emissions Bahrami et al (2024) the use of timber over steel and concrete should be encouraged Fleming et al (2014) and in recent years this has led to the growth in the adoption of timber frame construction Riley (2018).  
The advantages of using a timber frame construction on this site apart from the sustainability will mean the structure places less load on the foundations, timber is around 33% lower than that of the reinforced concrete building Bahrami et al (2024). 
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Figure 15 Types of timber concrete hybrid construction.
[image: ]
Figure 16 Treet, Bergen, Norway Bahrami et al (2024). 
The Treet is a Glulam load-bearing structure with 62 prefabricated modular apartments with CLT walls with the Glulam the only component providing stiffness however concrete slab floors were added at levels 6 and 11 for additional stability Bahrami et al (2024). 
[image: ] [image: ]
Figure 17 left a 3d view of a 3-layer CLT Larsson (2025) and right oak–fir glulam Gall et al. (2025)

Table 3 Concrete timber hybrid types
	System Type 1: Common in residential buildings, where concrete storeys are included for uplift resistance or practical reasons, such as accommodating commercial spaces.

	System Type 2: Used in office buildings with a limited number of shear walls.

	System Type 3: Applied when longer slab spans are required, beyond what a CLT slab can provide.

	System Type 4: Used in taller buildings where additional mass is needed to meet dynamic performance requirements.



[bookmark: _Toc219143007]3.1 Modern construction methods
[bookmark: _Toc219143008]3.1.1 Substructure  
The need to use more robust materials such as concrete below ground means construction of the hotel below DPC will be mainly carried out insitu.  There may be opportunties for preformed concerete sections or steel that can be manufactured offsite and lifted in to place but the dense nature of such materials is a limiting factor.  Larger cast sections insitu of concrete are going to be more effective at stopping the passage of water than joining smaller sections together with each joint being a potential weak point. 
[bookmark: _Toc219143009]3.1.2 Superstructure 
The use of timber such as CLT and Glulam is well suited to offsite manufacturing due to its relative lower density meaning larger sections can be easily handled Lebza (2022).  Offsite construction offers many advantages in terms of improved quality control under factory, impacts of weather, improved site safety reducing material and time waste Vithanage, S.C. et al. (2022)
Prefabrication shortens the construction programme ELIAS (2005)., reduces noise, dust and other pollution which will reduce the impact on neighbour inhabitants and also the local environment such as Blackpill SSSI Tapia et al. (2023) 

[bookmark: _Toc219143010]3.2 Fire Safety
The concrete basement area is inherently fire resistant and although timber is combustible, large section engineered timber elements such as glulam exhibit predictable surface charring behaviour and by oversizing exposed timbers the structural integrity of the core of the timber can be maintained Torero et al., (2024). Where oversizing is not feasible, encapsulation in fire resistant materials will provide sufficient protection. A design strategy will be required to compartmentalise fire escapes, corridors, bedrooms, etc and the use of firestopping to prevent spread through service penetrations. The building will also require a fire alarm system and sprinkler system.
[bookmark: _Toc219143011]4.0 Building Envelope, shape, and orientation
[bookmark: _Toc219143012]4.1 Biophilic façade
Integration of greenery improves microclimatic performance Al-Kodmany (2018) and biophilic façades such as:
“Living walls provide measurable advantages in the building envelope, leading to energy saving.” Gao et al (2023)
Thermal performance of living walls is highly dependent on orientation with greatest impact on southeast and northwest faces; living walls block wind enhancing a building’s energy efficiency which is highly important in an exposed coastal location Gao et al (2023). While biophilic façades improve thermal moderation and user wellbeing, additional maintenance requirements and extra structural loading must be carefully managed.
[bookmark: _Toc219143013]4.2 Building orientation and shape
The shape and orientation of high-rise buildings is the most influential factor in energy performance and with an ellipse being the most efficient Figure 19  Building total energy use in a temperate climate Raji et al (2017).  However, a compact rectangular plan with a ratio of 1:1.5 provides greater structural efficiency, constructability, and spatial flexibility for hotel layouts, while still achieving strong environmental performance Hong et al (2019).
[image: ]
[bookmark: _Ref219114807]Figure 19  Building total energy use in a temperate climate Raji et al (2017)
In temperate climates the longest side of the building facing south makes optimal use of solar gains on south facades in winter and optimally keep out solar radiation in the early morning or afternoon  Raji et al (2017). 
[bookmark: _Toc219143014]4.3 Windows
Fenestration and shading should be optimised:
“The provision of openings in the external envelope may create a weak point for the ingress of water and air and the unwanted loss, or gain, of heat.” Favoino, Overend and Jin (2015)
Windows are thermally less efficient than a wall and cost more per m2. East and west glazing is not optimal, risking overheating in the summer and poor solar gain in winter. In comparison south facing glazing can be easily shaded in summer using roof overhangs and reveals and offers maximum solar gain in the winter. Overuse of glazing on north elevations, particularly sky lights can also lead to overheating Butcher (2023). 
Table 4 Glazing requirements Butcher (2023)
	Total glazing maximum ~15-20% of floor area
	Keep fenestration simple! Minimise transoms and mullions to reduce the proportion of frame, which will be more than you think

	South glass area maximum ~20% of internal wall area
	Limit areas of skylights to that required for daylight

	Limit glazing on North, East and West elevations to daylight, views, and ventilation 
	Glazing less than ~850 mm distance from floor does little to improve daylight, so should be avoided

	Window heads close to ceiling maximise daylight penetration – but remember to leave room for curtain rails, blinds, and ventilation opening for tilting windows
	Daylight factor: 2% is a good target for kitchens, 1.5% for living rooms and home office, 1% for bedrooms. Higher than 4% might indicate overheating risk for that room BS EN 17037 & BS EN ISO 52022-3



Table 5 Window requirements
	U-value < 0.8 W/m2K.

	minimum g-value of 50%.

	air leakage (n50) be limited to < 0.6 ach @ 50 Pa

	Window, thermal bridge free construction, insulated frame, Uω (W/ (m2 K)) <0.8



35–45% through the integration of external solar shading devices with a high-performance façade Raji et al (2017).
                                   [image: ]
Figure 20  Recommended window-to-wall ratios for energy efficiency of a 40-storey office building with a deep plan (1:1) and a narrow plan (5:1) in temperate, sub-tropical, and tropical climates Raji et al (2017).
[bookmark: _Toc219143015]4.4 Building envelope
A “fabric first” approach Okonta, E. and Rahimian, F. (2024) should be applied and the envelope should consist of 4 continuous parts an external weather (wind) barrier, insulation, structure and air barrier Figure 21 Typical construction build-up for thermal performance of the building envelope Dollard (2022).
 [image: A diagram of different types of objects
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[bookmark: _Ref219137070]Figure 21 Typical construction build-up for thermal performance of the building envelope Dollard (2022).
The building envelope will consist of a rainscreen façade comprising durable coastal-grade external cladding, a ventilated cavity, a windtight breather membrane, high-performance insulation layer between timber structure, a continuous internal airtight layer and a service void  Figure 21 Standard 360 wall with 22mm rain screen cladding: overall thickness circa 540mm, U-value 0.098 W/m²K.
[image: ]
[bookmark: _Ref219120675]Figure 22 Standard 360 wall with 22mm rain screen cladding: overall thickness circa 540mm, U-value 0.098 W/m²K.
[bookmark: _Toc219143016]5.0 Building Services
[bookmark: _Toc219143017]5.1 MVHR
The building will have a high level of airtightness that can negatively impact indoor air quality McGill et al (2015). 
[image: Diagram of a heat exchange system
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Figure 23 MVHR unit Dollard (2022)
A suitable ventilation strategy will be required to maintain indoor air quality. This should be achieved using mechanical ventilation and heat recovery system (MVHR).
Table 6 MVHR requirements
	Heat recovery with Net efficiency, hHE (%) >75 

	Heat loss through casing <5 W/K

	Internal and external leakages (%) <3

	Electric energy demand for ventilation (including control), Ƥel (W/(m3/h)) <0.45



[bookmark: _Toc219143018]5.2 Heat pump
Any other heat demand such as hot water or additional heating in the winter months should come from a ground source coupled with thermoactive piles Loveridge et al (2016)  
[bookmark: _Toc219143019]6.0 Conclusion
The coastal location, presence of compressible alluvial deposits and high groundwater table necessitate a resilient substructure solution, with end-bearing CFA piles and a reinforced concrete basement providing structural stability, durability, and resistance to flooding and brackish groundwater exposure.
The adoption of a timber–concrete hybrid structure utilising glulam framing offers a structural performance while significantly reducing embodied carbon compared to traditional steel or reinforced concrete frames. The use of timber allows for greater offsite production leading to reduce environmental impact. Incorporation of a concrete core will improve fire safety and structural stiffness to resist the strong winds in this exposed coastal site. 
A fabric-first strategy with a high-performance building envelope will resist wind-driven rain, and limit heat loss. Careful design of window location, orientation and shading will manage solar gains. By allowing the envelope to act as a climatic modifier, operational energy demand is reduced, enabling low-carbon building services such as heat pumps, MVHR and photovoltaic systems.
The proposed construction strategy demonstrates how contemporary timber-hybrid systems can deliver resilient, low-carbon hotel developments that remain adaptable to future climate, regulatory and operational demands.
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[bookmark: _Toc219143021]Glossary
Airtightness
The degree to which air leakage through the building envelope is controlled, reducing uncontrolled heat loss, improving energy efficiency, and supporting effective ventilation strategies.
Alluvial Deposits
Soils deposited by water, typically comprising sands, gravels, silts, and clays, often variable in strength and compressibility, requiring careful foundation design.
Basement Waterproofing (Type A, B, C)
Methods of preventing water ingress into basements: Type A uses barrier membranes; Type B relies on structurally integral concrete; Type C uses drained cavities and pumping systems.
Biophilic Design
An approach to architecture that incorporates natural elements, such as greenery and daylight, to improve occupant wellbeing and environmental performance.
CFA (Continuous Flight Auger) Piles
A low-vibration piling method where concrete is pumped through a hollow auger as it is withdrawn, suitable for sensitive sites and variable ground conditions.
Charring Behaviour
The predictable burning process of large timber sections, where a char layer forms on the surface and protects the structural core, providing inherent fire resistance.
Climatic Modifier
A design concept in which the building envelope actively moderates external environmental conditions to reduce reliance on mechanical heating, cooling, and ventilation systems.
CLT (Cross-Laminated Timber)
An engineered timber product formed from layers of timber boards bonded at right angles, providing strength, stiffness, and dimensional stability.
Compartmentation
The subdivision of a building into fire-resistant compartments to limit fire and smoke spread and allow safe evacuation.
Embodied Carbon
The total greenhouse gas emissions associated with the extraction, manufacture, transportation, and construction of building materials.
Fabric-First Approach
A design strategy that prioritises building envelope performance to minimise energy demand before incorporating mechanical services.

Glulam 
Defined as a structural timber member composed by at least two essentially parallel laminations which may comprise of one or two boards side by side having finished thicknesses from 6 mm up to 45 mm [BS EN 14080:2013]. These are typically used to fabricate curved and long beams limited only by methods of transport. Glulam is allocated to specific strength classes defined in BS EN 14080:2013.
Heat Pump
A low-carbon heating system that transfers heat from the ground, air, or water to provide space heating and hot water.
Hybrid Structure
A structural system combining different materials, such as timber and concrete, to optimise performance, sustainability, and constructability.
Laminated Veneer Lumber (LVL): A reconstituted dimensional timber that is commonly twice the strength of dimensional timber of the same species manufactured from rotary peeled veneers of spruce, pine, or Douglas fir of 3 mm thickness. Commonly the veneer grain is oriented in a single direction, but cross-grained sections are also manufactured to offer tailored mechanical properties. Lengths of short veneer are jointed end-to-end with a scarf joint allowing limitless dimensional lengths.

MVHR (Mechanical Ventilation with Heat Recovery)
A ventilation system that supplies fresh air while recovering heat from extracted air, reducing energy losses.
Passive Fire Protection
Fire safety measures built into the structure, such as compartmentation, fire-resistant materials and fire stopping, that do not rely on mechanical activation.
Prefabrication (Off-Site Construction)
The manufacture of building components in a factory environment prior to transportation and assembly on site, improving quality and efficiency.
Rainscreen Cladding
A façade system comprising an outer weather layer and a ventilated cavity that manages moisture penetration and improves durability.
Serviceability Limit State (SLS)
Design criteria concerned with usability and comfort, such as deflection, vibration, and cracking, rather than structural collapse.
Thermoactive Piles
Structural piles incorporating heat exchange pipes, allowing them to function as part of a ground-source heat pump system.
Wind-Driven Rain
Rainfall that is carried horizontally by wind, increasing the risk of water penetration through building envelopes in exposed locations.
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