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[bookmark: _Toc97155357][bookmark: _Toc100153415]1.1 Introduction
This report is for a proposed new Tower Block on St Mary’s Street Cardiff. The existing 1970’s structure which links to Westgate Street will be demolition. The requirement for the proposed Block is to be sixteen floors from ground level including flexible office accommodation, leisure, and residential apartments with two storey retail units. Four basements to corporate multi-storey car parking and gymnasium/ spa. This report will make recommendation on following tasks below, which will be illustrated with neat sketches, photographs, and schematic layouts to explain design choices.
[bookmark: _Toc100153416]1.2 Assignment Detail
	Task 1 
Utilising neat suitably annotated sketches make appropriate recommendations for the design and construction of the substructure and deep basement works required, including waterproofing measures.

	Task 2 
Suggest a suitable design (with illustrated sections and schematics) that illustrate how a suitable structural frame could be selected, designed, and constructed such that it will allow for the efficient use of individual spaces internally, whilst remaining cost effective, buildable, flexible, and sustainable for application to a range of multiple uses, both now and in the future. 

	Task 3  
Make recommendations for weathering the external envelope. This should consider both the wall cladding and roof coverings. Present this via neat, annotated sketches that generate sections of the structure and fabric interfaces at key abutment details.


	[bookmark: _Toc100153417]1.3 Assumptions
1. The demolition and clearing of the existing building and site have been carried out. 
2. Floor Occupancy as per Assignment:
a. -4 to -2 – Car Parking.
b. -1 – Gymnasium, Spa & Plant Room for Building Services.
c. 0 to 6 – Offices.
d. 7 to 16 – Residential. 


	[bookmark: _Toc100153418]1.4 Potential Limitations
1. High ground water levels
· How much water can be pump back into drains?
· Could flood the drains.
· Cardiff Admiral Office- contractor had problems with Cardiff County Council on amount water that was allowed into drains.
· Basement section potentially needed to do sections due to water levels.
2. Planning consent off Cardiff Council, propose development must not have a negative impact on important views.
3. Potential changes to meet client’s sustainable requirements.




[bookmark: _Toc97155358][bookmark: _Toc100153419]2.0 Task 1 – Substructure Construction and Waterproofing Measures Recommendations

[bookmark: _Toc100153420]2.1 Current Information Available
[bookmark: _Hlk97546104]It is hard to predict if there’s only one or two superficial deposits of the proposed build due to British Geological Survey Map Viewer 1:50 000 scale superficial deposit having minimum zoom allowance on seeing deposits of the area. This can be seen in Appendix A. It could consist between two deposits, “Tidal Flat Deposits – Clay, Silt and Sand formed up to 2 million years ago” (BGS). Also, on bonder with it “Glaciofluvial Sheet Deposits, Devensian - Sand and Gravel. Superficial Deposits formed up to 2 million years ago” (BGS).
[bookmark: _Toc97560362]Appendix A– Superficial Deposit of the area.
[image: Map
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(BGS)
[bookmark: _Hlk97546398]Borehole research of area has shown 2 available boreholes on the proposed site, referenced: ST17NE128 & ST17NE127 on the British Geological Survey’s ‘GeoIndex Onshore’. This shows that from ground level to approximately 3m down there is a mixture of gravel with cobles and built-up ground.  It is followed by a mixture of clay and mudstone.
(BGS Borehole ST17NE128 & ST17NE127 Borehole Logs)
The river Taff and coast is located near the proposed site. Natural Resources Wales Flood Risk Assessment Map shows which is shown in appendix (B, C, D) that it is potential in medium risk level from rivers, flood risk from reservoirs and it is marked as a flood warning area. (NHS MAP). It is estimated by using Topographic maps that the site elevation is above sea level by around 18m (Topography map,2020).
[bookmark: _Toc97560363][image: ][image: Map

Description automatically generated]Appendix B– Flood Risk Level                                     Appendix C– Flood Risk from river                    
[bookmark: _Toc97560364]Appendix D– flood risk from reservoirs
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[bookmark: _Toc100153421]2.2 Investigation & Pre-Construction works
Due to excavation works required for the basement and foundation it is possible of reaching the water table. It is likely for water to be in the soil which could “affect the stability of the walls by putting additional pressure on the walls & increasing the possibility” (Health Safety & Environment, 2017) of trenches to collapse. It is highly recommended when excavating to reduce ground pressure by installing deep well water pumps with pressure sensors to monitor water levels withing multiple wells around the perimeter of the site to reduce water in excavation and collapsing.  Any excess water can be managed back down the storm water drains however authorisation from Cardiff County Council should be acquired. Water draining was an issue in the amount of water that was allowed into the storm water drains during the construction of the Admiral Cardiff offices. 
(Deep Wells, Dewatering Services Limited)
[bookmark: _Toc97560365][image: A picture containing diagram

Description automatically generated]Appendix E– Deep Well Pumps

Once the deep well pumps are in place and ground water level have reduced. 500mm of soil will be excavated around the whole of the site and will be replacted with 500mm of 6ft structural stone fill, this can be seen in appendix F. This will provide a stone mat and bearing capacity will be required to be checked prior piling. Once the mats are in place, site investigation alongside with boreholes, inspection pits  temporary works and water table investigation should be carried out by professional geotechnical engineers before any construction work can commence on site. 
Demolition and excavations for the basement will have in place “monitoring strategy for each stage of the demolition and excavation for the basement with the design of temporary support” (CGL Providing Ground Solutions, 2020) . Risks involved with this project are impacts on the neighbouring buildings. There’s potential impacts on the existing Popworld, Prezzo with apartments above and Queen’s Vault Pub with support potentially for “existing basement and effects from groundwater pressure and ground heave at foundation level due to demolition and excavation” (CGL Providing Ground Solutions, 2020) . Tell Tale survey markers will be placed on these neighbouring buildings throughout the excavation and espescially due to the deep well pumping which could cause subsidence problems from gathering water from foundations. The monitor will be fixed in position where a initial reading is taken. Therefore, “more readings are taken at regular intervals to establish if movement is occurring and if so, at what rate”. (The helpful engineer, 2011). 

[bookmark: _Toc100153422]2.3 Substructure Recommendations
 After completion of investigations continous bored piles will commence around the perimeter of the site. Continoues bored piles have been recommened over other methods such as; sheet piles or diaphragm wall due to the -4 basement needed. It would require substantial amount of work to complete these methods in this area and at this depth. 
[bookmark: _Hlk97546846][bookmark: _Toc97560366]Appendix F- Continuous pile installation
[image: ]
These contiguous piles are perfect for deep basements construction such as St Mary Street Tower Building. The piles are placed in row to create a retaining wall, they “virtually touch each other to create a box below ground” (Southern Piling, 2021). This method provides a “high quality piling solutions in various soil conditions a wide variety of soil conditions” (Southern Piling, 2021). Experienced contractors with high quality rigs can “complete the work with minimal noise and disruption” (Southern Piling, 2021) to neighbouring buildings and public, while its significantly has less impact on the environment as well.
After the completion of all the continuous piles around the perimeter, a 21/14 tonne excavator will begin to be excavate down to create the basement from the piles driven. Due to amount of soil needed to be excavated on a busy small site. It is recommended for a crane to be hired on site; the crane should have a bucket attachment on it. The excavator can load the crane bucket which then can be loaded on to a lorry on site, shown in appendix G. Highly important a traffic warden alerts lorry drivers when to enter the site to prevent any build up off traffic on and off around the site area. The crane will lift the excavator out of the basement after completing the work.
[bookmark: _Toc97560367]Appendix G- Secant piles after excavation
[image: See the source image]

[bookmark: _Toc100153423]2.4 Weather Proofing basement
Due to the permanently high-water table and assessed risks are high due to -1 of the basements being used for building services and gymnasium/spa. We recommended to using a combined waterproofing system throughout the basement levels, shown in appendix I. It is grade 3 protection which follows BS 8102:2009 “Code of practice for protection of below ground structures against water from the ground.
(The basement information centre, 2019)
(The basement information centre, 2020)
[bookmark: _Toc97560368]Appendix H- Waterproofing risk table
[image: ]
(The basement information centre, 2019)
[bookmark: _Hlk97549209]NHBC chapter 5.4 states that grade 3 protection “waterproofing design should include a combination of two types of waterproofing systems. Therefore, Drybase and Oldroyd systems are usually combined” (Substructure and ground bearing floors, 2022). The car park section -4 to -2 could have potentially used a grade 1 or 2 although it is safer to go with a grade 3 all around due to high water table in Cardiff. It would be immense issues if water started to penetrate through these areas and started raising to the building services and gymnasium part of the building. It also states in NHBC chapter 5.4 “Where there is doubt about potential use, minimum Grade 3 protection should be considered in the waterproofing design” (Substructure and ground bearing floors, 2022). Which is right measure in our case with this new Tower Block on St Mary’s Street as plans could change from the recommendation given here.
(Substructure and ground bearing floors, NHBC 2022).



[bookmark: _Toc97560369]Appendix I- Combined type A & C waterproof design
[image: ]
Specification for Piling and Embedded Retaining Walls 2nd edition” Institution of Civil Engineers – ISBN: 9780727733580
(Safeguard Europe)
(The basement information centre, 2020)
[bookmark: _Toc100153424]2.5 Anchor 
A ground anchor is a structural member that will need to be installed with the secant piles. The anchor will transmit the applied tensile force on the secant piles to the load bearing stratum to prevent horizontal movement of the piles. These will be fitted permanently and be incorporated into the design of the basement.
(Quinn Piling, 2020)

	
[bookmark: _Toc100153425]2.6 Advantages of anchor solutions

Allows for open excavation, without obstruction from shoring or props
Versatile form of earth retention
High loads can be obtained in relatively poor ground
Can be used in a wide variety of soil conditions
Used to install 'active' forces into structures
(Quinn Piling, 2020)
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[bookmark: _Toc100153426]3.0 Task 2 Structure Choice?
The structure of the new tower block will be a reinforced concrete frame, the following reasons are why concrete has been chosen over steel frame. There are many fire issues with constructing a steel frame, fire proofing intumescent painting needs to be done in dry and not humid weather. If not, paint can peel or not set properly. Which leads me to my next point, certainty of program with concrete. Steel is very weather depended construction, if fire proofing needs to be redone this can influence the program. Legislation with fire safety is becoming firmer due to the Grenfell Tower tragedy, constructing a frame with concrete is certain to meet any new legislation dissimilar to steel. Down stand beams are required for steel frames which are around 400mm a beam. Over 16 storey that will increase the build by substantial amount of 6.4m at least. Following Cardiff County Council Supplementary Planning Guidance; ‘Tall Building’, could potentially be a “negative impact on important views or vistas” (City of Cardiff Council, 2017) or “material harm is caused by overshadowing or overlooking” (City of Cardiff Council, 2017). Lastly, many diagonal braces are required for a steel frame. This is to stiffen up the frame, placement of diagonal braces could be an issue when several windows are incorporated with a build for natural lighting. 
[bookmark: _Toc100153427]3.1 Shape of the New Tower
New Tower Block will form a ‘L’ shape shown in appendix *. The drawing of the plot size is depended on the land available due to Popworld building being situated alongside the Tower Block.
[bookmark: _Toc97560370]Appendix J- Shape of new Tower Block
[image: ]
The building will form along ‘Westgate Street’ where short term parking will be situated, shown in appendix *.  The ‘Golate’ road is a One-Way Road. This will form the access to the underground carparking and short-term parking spaces. Underground car park will be one way system with one access and exit on the ‘Golate’ road. The short stay parking will have a 7m width to allow for 2.5m x 5m parking (standard parking size) with allowance of a one way road to allow for cars to reverse back to leave the premises. A recommendation for a electrcial capacity sign. This will indicate spaces available for both parking area’s.
[bookmark: _Toc97560371]Appendix K- Car parking suggestion
[image: ]
[bookmark: _Toc100153428]3.2 Sustainable recommendation for the concrete frame
A sustainable recommendation would be to use Cemex cement, who are a leader in building materials in the UK. They’re “pioneering the use of recycled materials in blended cement production in the UK, and subsequently for end use in concrete” (CEMEX, 2021).  Cemex cements are factory produced to BS EN 197-1 and are called ‘CEM’. CEM ll is a Cemex designed cement to “specifically promote blended cement due its importance” (CEMEX, 2021). The important of CEM ll is that the cementitious product decreases landfill through recycling “Fly Ash, a by-product from coal fired power stations, and reduces CO2 emissions by 25% for each tonne produced”. (CEMEX, 2021)

[bookmark: _Toc100153429]3.2.1 Cemex Bio-Concrete option?
Bio-concrete is mixed the same as conventially however, it has “one additional ingredient, this being the ‘healing agent”. The agent forms as a “specialist bacteria, suited to survival in the harsh and dry environment formed by concrete” (LABC Warranty, 2019). 
[bookmark: _Hlk97550546][bookmark: _Hlk97108358]Analysing the ‘Microbial Concrete—a Sustainable Solution for Concrete Construction’ study by Parampreet Kaur, Varinder Singh & Amit Arora. The research indicates there’s literautre research behind using Microbial-induced calcium carbonate precipitation (MICP) as the healing agent for   bio-concrete. A construction “material which is more durable, sustainable, and much effective concrete” (Kaur, Singh, V., & Arora, A, pg. 4/5, (2021). This is beneficial due to the production of cement “contribute 5% of CO2 gas emission as the calcium carbonate (CaCo3) gets converted to calcium oxide (CaO) CO2 gas” (Kaur, Singh, V., & Arora, A, pg. 4/5, (2021) around the world. Bio-concrete is proposed as a “promising sustainable technology which minimises negative environmental influence caused by CO2 emission from building industry” (Kaur, Singh, V., & Arora, A, pg. 4/5, (2021).

[bookmark: _Toc100153430]3.2.2 Literature reviewed adavantages of the process
It is chemically toxic for humans and the environment when grounting for concrete repairs, through MICP the treatment and compressive strength improved. Also, crack repairs occurred by “Bacillus and other Bacillus species” (Kaur, Singh, V., & Arora, A, pg. 3, (2021) to resolve environment issues. MICP added to the properties of concrete has “revealed that there is a substantial improvement in the compressive strength, tensile strength” (Kaur, Singh, V., & Arora, A, pg. 7, (2021). Reduced Water asportion through MICP proccess is a “minimum two times less than the conventional concrete” (Kaur, Singh, V., & Arora, A, pg. 11, (2021).

[bookmark: _Toc100153431]3.3 Weather effect on the Tower Building
Analysing data from Weather Spark. It is recorded that the strongest wind and speed changes throughout the year in Cardiff come from the west. This is anticipated as the sea is located in the West.
[bookmark: _Toc97560372]

Appendix L - Wind direction in Cardiff
[image: Chart

Description automatically generated] 
(Average Weather in Cardiff)
The building on the west will be protected by the placement of shear walls externally. These walls will transfer wind loads away from the building. It’s generally specified that “shear walls must be built symmetrically around the building’s central axis” (MT Copeland, 2020). This signifies to locate shear walls on the East side to mirror the West, appendix M shows the location of the shear walls. 
[bookmark: _Toc97560373](MT Copeland, 2020)










Appendix M – Shear Wall placement
[image: ]

[bookmark: _Toc100153432]3.4 Lift Shafts & Stair Wells
This Tower Block is a multi-purpose building due to accommodating flexible offices, recreation/leisure, and residential serviced apartments with two storey retail units near ground level. To accommodation these multi-purposes there will need to be multiple access and egress points at various levels. The stair wells and lift shafts will be located by the shear walls which is shown on appendix *, shear walls will not only stabilise wind loads. In addition, to this it will maintain structural stability to the building against lateral loads. It is important to the reduce the drift on the structure for the final users of the building to feel comfortable in the building. Shear walls will decrease the lateral deflection and provide lateral stiffness for the building. 
The four access or egress point will provide a safer and quicker fire emergency evacuation plan for the building.



[bookmark: _Toc100153433]3.5 Concrete Frame Construction
The columns will be situated as far apart as possible throughout the build from 0-16 floors due to large open spaces required for the retail and office spaces. 7-16 floor will have the same spaces for the concrete column although more internal partition will be constructed to create apartments on these floors. Internal partition will depress noise vibration between each apartment and will provide a fire barrier between apartments to prevent fires from spreading.
The benefits of this build that its beneficial for multi uses for now and future users. Due to the design of open spaces on all the floors. The apartment block area only needs internal partition, or any existing furniture dismantle for future owners to make adaptions to fit their needs.
[bookmark: _Toc97560374]Appendix N – Concrete frame construction
[bookmark: _Toc97560375][image: ]
Appendix N is a section from the east elevation of the Tower Building. It shows the reinforced concrete slab (200mm), shear wall presented which has been mentioned for lift shafts and to decrease wind drifts. It also shows the sizes on reinforced concrete columns (450mmx450mm) from following the image on appendix O. To sum up appendix N, all these elements mention will transfers vertical and lateral loads down to the secant piles.

Appendix O – Column sizes table
 [image: ]
(Daily Civil, 2019)










[bookmark: _Toc100153434]Task 3- External Building Envelope- weathering covering for cladding and roof 
The envelope of the building will be constructed on to a SFS system (steel framing system). SFS is a “structural, stud façade system which is extremely versatile system” (Speed Clad) which will be used on the external wall on the superstructure. It is a lightweight system which is effective in “speed of construction and cost effectiveness” (Speed Clad). SFS works well with a cladding system. The roof system will be an inverted roof design.
[bookmark: _Toc100153435]3.1 Cladding
There are many different external cladding systems that can be used on building such as the Tower Block in Cardiff. There was design consideration for using material such as Aluminium Composite Panels or stone wall cladding. However, we thought the best option would be a glass rainscreen due to aesthetics, structural frame loading and fireproofing of the material. Specially within Cardiff central there are several buildings in Cardiff with have a glass façade such as the Admiral office building. A recommendation is to use Proteus GL rainscreen system.
[bookmark: _Toc100153436]3.1.1 Proteus GL Rainscreen Glass System 
Proteus GL rainscreen glass system is a “flat façade utilising a thin veneer of back painted glass or digitally screen-printed glass” (Proteus, 2021). These rainscreen panels are constructed from Aluminium Honeycomb core, structurally bonded toughened painted glass face with a lightweight metal rear skin. The panels can be fixed to any type of wall construction, ranges of colours are available with screen printed an option which will allow to generate an image across the external façade. This is shown in appendix P. Proteus panels are certified to BS EN13501 to achieve A2-s1, d0. It is essential for the cladding and insulation to be certified to BS EN13501 as it is a government legislation for building owners building multi storey which is shown in appendix R. The Proteus glass panels are a lightweight panel with them being 40% lighter than typical glass structural screen. This benefits in reducing the structural load on the sfs system which in hand will reduce the load slab, column, and foundations.
[bookmark: _Toc97560376]Appendix P– Proteus cladding design on a primary school[image: A building with graffiti on it

Description automatically generated with low confidence]
[bookmark: _Hlk97552171]This system is called a double-wall construction that has an outer layer the cladding to prevent any rain coming into the building and the inner layer will provide thermal insulation, preventing any “excessive air leakage and carry wind loading” (Proteus, 2021). Any water that enters between panel joints will be removed through evaporation or drainage in the cavity. A suggestion for the drainage could be a Greywater harvesting system. That can be placed behind the panels which will allow minimal amount of water droplets drop down the back of the panels during extreme weather.
	[bookmark: _Toc100153437]3.1.2 Benefits
· Wide choice of colours and finishes
· Bespoke screen print option
· No visible fixings 
· Colourfast and Resists UV rays
· Fully tested & compliant with CWCT standards
(PROTEUS, 2021)
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Description automatically generated]Appendix Q - Cladding standards
(Proteus, 2021)
[bookmark: _Toc100153438]3.1.3 Insulation – Knauf Earth Wool
The Proteus panels are not composite panels with insulation therefore an insulation needs to be fixed before the final Proteus panel can be fixed. The insulation we recommend for the system we are going to use is ‘Knauf Insulation’s Earth wool’. This insulation is “certified by the British Board of Agreement (BBA) for use in high-rise residential applications” (B2B Central, 2019). The certification included on weathertight ventilated cladding systems and suitable for “both domestic and non-domestic buildings. It is non-combustible, achieving the best possible A1 Euroclass Reaction to Fire Classification” (B2B Central, 2019). A1 is better than the government legislation of A2 or better in appendix R. It is imperative to use a non-combustible insulation on a high rise building as it will not “contribute to the development or spread of fire” (B2B Central, 2019).
Knauf Earthwool insulation will provide a “quality and performance for buildings of any height or for any rainscreen application” (B2B Central, 2019). It performs with a thermal conductivity of 0.034W/mK and offers “superior robustness and durability, with a water repellent additive to preserve its integrity while exposed during construction” (B2B Central, 2019). The building research establishment wind load tested the insulation with a maximum design pressure of 3,600Pa or 76/s.
[bookmark: _Toc97560378]




Appendix R - Government advice on cladding Multi-Storey Buildings
[bookmark: _Toc97560379][image: Diagram
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(Ministry of Housing, Communities and Local Government, 2020)

Appendix S - Knauf earth wool insulation
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(B2B Central, 2019)
[bookmark: _Toc97560380]Appendix T- Cladding & Insulation Construction
[image: ]

[bookmark: _Toc100153439]3.3 What is a hot melt Inverted Roof?
[bookmark: _Toc97560381]Inverted roof design has been chosen for the Tower Building. This will benefit by allowing extra space for the building. A hot melt roof is a hot melt liquid that’s used as a membrane over the concrete structural deck. This is a completely waterproofing layer which is common application for inverted roofs. It is suggested as a better waterproofing system than using single ply membrane which had waterproof faults with new student Accommodation in Swansea by MIDAS. Once the hot melt membrane has been laid the “insulation is laid on top with ballast material materials such as 20-40mm gravel or 50mm paving slabs” (SIG Design Technology, 2020) This is shown in appendix U. 
Appendix U– Inverted Roof Construction
[image: ]
	[bookmark: _Toc100153440]3.3.1 Most Suitable situation to use hot melt inverted roof 

1. Waterproofing a Concrete Deck
Hot melt is the easiest, quickest and a non-fixing solution to use on a concrete deck.
2. Fast Track Flat Roofing
It’s a fast solution in waterproofing the roof which can be done in any weather. A good solution for a tight programme or an element of work which has a low risk in affecting the programme.
3. Cost Savings on Insulation, Falls and Maintenance of Flat Roofs
Cheaper than tapered insulation or screeding the floor. The hot melt will last the lifetime of the Tower Building and will only need simple maintenance work.
4. Designing a Flat Roof for a Long Life
(When to use a Hot Melt Roofing System)






[bookmark: _Toc100153441]3.3.2 Rooftop ideas?
This rooftop area could be used potentially for rooftop bar or restaurant for the current users or future users of the building. Solar panels are a suggestion alongside with an extensive green roof to parts of the rooftop of the Tower Building. 
Extensive green roof is a popular option due to it being “lightweight and require very little maintenance with no need for additional unless there is a prolonged drought” (Permagard, 2019). Green roof solution will “extend the life and improve the performance of the roof, cutting energy costs” (Permagard, 2019). Also providing habitats for wildlife such as birds, insects and helping to improve the quality of air in urban areas. A green roof system is useful when using a grey harvesting system due to the plants on the roof slowing down rainwater.

[bookmark: _Toc100153442]4.0 Conclusion
This report has developed the recommendation for the new Tower Block on St Mary Street. Secant piles with a ground anchor were chosen as the suitable foundation in this area of Cardiff with a high-water table. Which led us in choosing a combined waterproof system to prohibit any chances of water entering the basement at any levels. A concrete structure frame was chosen for several reasons including the Tower Block would be shorter by around 6.5m which could be important for planning consent of Cardiff City Council. In addition, no extra fire safety requirement is required compared to fireproofing a steel structure. Shear walls were incorporated to stiffen up the structure and provide structural support around lift shafts and staircases. The façade of the Tower Block was combined with a proteus cladding and Knauf insulation. This was to meet Government legislation for external systems with European A2 class or better is required which was exceeded with Knauf insulation meeting European A1 class. A hot melt inverted roof was recommended for the Tower Block, hot melt system superior to a single ply membrane which has seen to have waterproof problems within the buildings in the past. Also, allows for access for solar power for panels or potentially green roof option depending on the client needs.
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