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[bookmark: _Toc164709311]Introduction

This report will identify the choice of materials, building techniques, landscaping and machinery options used for Project – 6063 Jayne Peirson School of Art, Fashion, and Design. It will highlight different considerations and justify the options chosen for the final build. 

Figure 1 - 6063 – Proposed Site Plan
[image: A map of a building

Description automatically generated]







[bookmark: _Toc164709312]Background Information

The Jayne Peirson School of Art, Fashion, and Design has a proposed hybrid structure of Steel and Timber. Section 4 will review other projects using the same hybrid system to help us identify the best material options and building techniques. We will also highlight what advantages and disadvantages were found when using the different systems and any risk factors that need to be taken into consideration.

[bookmark: _Toc162890125] Figure 2 – 6063 - Proposed Structural Frame
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[bookmark: _Toc164709313]Section 4 – Construction Materials and Methods

a. [bookmark: _Toc164709314]- Identify the different materials and/or components used, considering material options for your selected buildings, plus hard & soft landscaping.

[bookmark: _Toc164709315]What is hybrid construction?

Hybrid construction involves combining a selection of different materials to construct a building. Hybrid systems utilise materials like steel, timber, concrete and glass. The incorporation of all the materials allows architectures to make an aesthetically pleasing building and structural engineers can exploit each material to their strengths to maximise a building's performance. Different hybrid systems can take advantage of structural configurations by utilising the chosen materials. 
[bookmark: _Toc164709316]Material Properties 

Timber properties:
· Lightweight 
· High compression and bending strength
· Moderate ductility

Steel properties:
· Lightweight 
· High tension, bending and compression strength
· High ductility 

Concrete Properties 
· Heavy 
· Compression strength
· Moderate ductility 



[bookmark: _Toc164709317]Properties of steel and mass timber hybrid system 

Advantages:

· Mass timber and steel systems offer a low-carbon and high-performance structural building by eliminating the need for materials like concrete.
· The use of timber offers a sustainable approach to the building but also ensures an energy-efficient structure because of its thermal properties and helps reduce heating and cooling costs.
· The lightweight properties of timber and the strength of steel offer a hybrid system that can produce larger spans with reduced column and beam sizes. 
· A lighter assembly of a hybrid system can save on foundation costs, it also allows for easier transportation and installation process.
· Structural timber can be left exposed reducing architectural features like soffits, helping with cost savings but also allows for a structural aesthetic finish.
· A hybrid system can utilise off-site construction to allow for a speedy site programme.
· Both materials optimise structural strength performance by working together and can utilise the process of pre-manufacturing.
· M&E systems can be integrated into the structural panels during the prefabrication process.
· Steel offers a high seismic resistance and ductile system using steel bracing.
· Steel columns will not increase in size the taller the building gets, meaning future expansion and change is more suitable because there is no interference with load-bearing walls.

Disadvantages:

· Endurance of long-term durability, maintenance, fire protection and safety systems all need to be considered when using hybrid systems, this can result in cost increases.
· Fire safety is very important during the construction phase and throughout the building's life span.
· Steel plates and connection details have weak properties in fire resistance and lateral strength, this will need to be confirmed in the design phase to ensure reliability in the structure.
· The use of timber may cause settlement issues due to timber shrinkage; this can result in extra engineering and design costs. This is not typically a structural problem, but it will affect non-structural elements like cladding and partition cracking.
· Increased design and engineering costs will be required because of connection details, fixing points calculations etc. Details will be required to make sure the materials are working together correctly and that the building is structurally safe. Fire safety and cold spots around connection points will also need to be considered.
[bookmark: _Toc162890126]Figure 3 - Steel Plus Timber System (Gallo, 2021)
[image: Examples of timber-steel framing hybrid systems: a 6-storey LTF plus... |  Download Scientific Diagram]

Mass timber and steel systems are becoming a more popular choice within the construction industry because of the benefits it can offer. ARUP has set out a ‘Design Guide 37’ that outlines how mass timber and steel structures work. The design guide was created using experts from different areas of the industry, for example, architects, fire engineers and structural engineers etc. The design guide aims to provide professionals in the industry with knowledge about implementing the system in a desired scheme (Gallo, 2021).




























[bookmark: _Toc164709318]Properties of concrete and mass timber hybrid system

Timber-concrete hybrid systems offer very similar properties to the steel and timber hybrid systems.

Advantages:

· Concrete is typically used for reinforced flooring but can also utilised to form structural wall panels. 
· Concrete offers properties in resisting compression while timber offers flexibility and tensile strength.
· The timber can be used as a solid mass panel (NLT, CLT) or as engineered beams placed at the required centres (Glulam’s, LVL).
· Concrete slabs can either be pre-manufactured or poured on-site, on-site pours reduce the weights and help create a structural diaphragm adding strength to the structure and transferring loads to vertical columns (Similar to SOM example) reducing the amount of concrete needed because the timber system takes most of the structural loads offers a lower-carbon building approach, it can be utilised to conceal steel beams. (can be utilised in steel structure as well)
· Concrete slab offers fire-resistant and acoustic properties.
· Concealed connection points offer fire protection for fixing points.

Disadvantages:

· Fire regulations in high-rise buildings are a massive risk factor with a lack of guidelines surrounding wood-based structural systems.
· Timber shrinkage and settlement issues.




[bookmark: _Toc164709319]Case study – SOM Timber Tower Research Project 

Since 2013, SOM has been developing methods to help reduce the carbon impact within buildings. SOM has been developing buildings that use timber as an alternative to concrete and developing taller timber buildings. SOM has been developing the option of using mass timber in high-rise buildings to reduce their carbon footprint. The Timber Tower Research Project explored solutions to utilise mass timber as the main structural material of a building to reduce the carbon footprint of buildings by around 70%. They proposed a structural system called the ‘Concrete Jointed Timber Frame’, the system proposes mass timber for the main structural element and reinforced concrete for the connection points.
[bookmark: _Toc162890127]Figure 4 - Concrete Jointed Timber Frame Diagram (SOM, 2024)
[image: A diagram of a house
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Physical testing has been conducted and provided strong evidence that the timber concrete system can compete with traditional construction and can satisfy building regulations. SOM added a concrete topping slab to the CLT, this adds structural enhancements, acoustic properties, and fire performance. SOM advancements in mass timber structures have allowed progress in constructing high-rise buildings up to 85 feet but building regulations require the concrete topping slab over the CLT floors to improve the fire-resistant properties. They have demonstrated that high-rise buildings can be built using mass timber helping advance low-carbon construction, but fire safety is still a massive risk factor (SOM, 2024).
[bookmark: _Toc164709320]Conclusion

Overall, both systems have very similar properties. The use of mass timber offers a low-carbon approach, speedy installation, and a more cost-effective build, the reduced weights of structural elements can also help reduce costs with the foundations. There are still huge risk factors surrounding fire safety and connection details between the different materials. With research from companies like SOM, we have seen developments made and there is continuous improvement in low carbon structurally reliable buildings utilising mass timber. Hybrid systems offer a sustainable and cost-effective approach to buildings as you can maximise the different materials to their strengths.



















[bookmark: _Toc164709321]Building system confirmation

Based on the review of both systems with the client, we will be utilising a timber & steel hybrid system including the concrete slab element highlighted in Figure 2. The system will use steel columns and glulam beams & columns to form the structural skeleton, mass timber will then be used to form the floor and walls. A lot of the mass timber and glulam beams will be left exposed to create an aesthetically pleasing environment and it will tie in with the external timber façade. The concrete slab will be used to add structural integrity to the building and act as a fire prevention method. Concealed connection points will also be utilised for fire safety and add to the interior architecture.
[bookmark: _Toc162890128]Figure 5 – 6063 - Section Detail
[image: A diagram of a curtain wall jam
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Figure 3 section detail shows how the structural system is being in cooperated with the mass timber floors and walls. The wall build-up includes a twin-skin timber frame stud that will be insulated with rock wool insulation. The twin timber studs will be connected using ply gussets at the required centres and then they will be insulated on-site.


[bookmark: _Toc164709322]Hard & Soft Landscaping 

The hard and soft landscaping will be very important for this scheme for a few reasons. Firstly, as the building will be used for students, workers and the public meaning it will be accessible to a wide range of people. The building will be accessible via hard-surfaced paths, clearly marked out and efficient lighting systems will be used to allow for suitable visibility.

Secondly, the building's courtyard will be utilised for art shows and displays. The landscaping will be made to allow for safe and suitable access for students to display their work and allow for a suitable viewing area for the public. The landscaping will tie in with timber façade and exposed glulam’s beams creating a very natural feel to the area.

Lastly, we will incorporate SUDs systems into the landscaping as part of the flood prevention measures. This will be very important to keep in with the theme of sustainability so the SUDS systems will be incorporated into the landscaping as shown in Figure 6. The SUDs system is needed based on the proximity of the River Afan, this is highlighted in the site investigation.

Figure 6 – SUDS & Landscaping Example (Greater Manchester Combined Authority, 2020)
	[image: Sustainable drainage systems (SuDS) - CIWEM]
	[image: Why Do We Need Sustainable Drainage Systems? | Platform]




b. [bookmark: _Toc164709323]– Identify the construction methods and machinery used.

[bookmark: _Toc164709324]Construction Methods 

The construction method chosen for this project will play a vital role in completing the scheme in the desired timeline and the characteristics of the building like the approach to sustainability. The sub-structure works will utilise a pre-cast concrete pile system and the superstructure will consist of a timber frame system.
[bookmark: _Toc164709325]Sub-structure works 

The foundation type for the project is a concrete pile system & precast concrete caps, this will require different machinery and methods compared to the superstructure.

Figure 7 – 6063 - Concrete pile foundation

[image: A diagram of a person's body
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The piling option selected for this scheme will be precast concrete piles with precast concrete caps. This option has been selected because of the multiple benefits it offers for this typical project. Firstly, this option allows for a faster build programme as it doesn’t require excavation works and concrete pours. The pre-cast piles & caps can be manufactured off-site and installed using impact hammers allowing for a more rapid flow of construction, keeping in with the projects theme for using off-site construction. Secondly, because of the reduced on-site works, they offer a more cost-effective system compared to board piles and because they offer a better build programme, this will also help reduce costs. Pre-cast piles & caps are also manufactured to the required sizes meaning they can be incorporated into the costing and design exercises during the early stages of the project, allowing for more accurate information and more reliability. Lastly, they are suited to many different ground conditions giving them good suitability to many sites.


















[bookmark: _Toc164709326]Panelised System

The panelised system will be manufactured off-site. The twin skin system will be delivered to the site with both panels connected using ply gussets. The panels will be delivered in the required sequence and lifted into position using the tower crane. The panels will then be fixed using the required fixing details specified by the structural engineer. The panels will have to be insulated on site as the rock wool insulation could lose its position or be exposed to water during the construction phase, affecting the quality of the insulation. The rockwool will have to be installed once the building is watertight to make sure there are no cold spots or moisture issues.

Figure 8 – Twin Wall Timber Frame Panel (Lowfield Timber Frames, 2020)
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[bookmark: _Toc164709327]Cassette system 

The cassette system will also be manufactured off-site, incorporating the CLT floor system and concrete slab to be delivered and installed as one system. The concrete slab could be poured on-site, reducing the weight of the cassettes but this would affect the site programme. We will utilise the tower crane by having the CLT and concrete slab system pre-manufactured, and then delivered and installed as one component. The cassette systems will be delivered in the required sequence to make sure on-site labour always has a working edge reducing the need for a fall arrest system. The cassettes will then be site-fixed using connection details specified by the structural engineer (Cassette details shown in Figures 3 & 6).

Figure 9 – CLT cassette and concrete slab system (SOM, 2024)
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[bookmark: _Toc164709328]Glulam & steel frame system

The steel posts and glulam beams & columns will also be manufactured off-site. Both components will be manufactured to the required lengths with all the connection points pre-drilled to allow for a simple and accurate installation on site. This information will be provided by the design team and the structural engineer to make sure the dimensions and positions of the connection points are correct. Once the components are delivered to the site, they will be installed in the required sequence. The steel & glulam structure will work in tandem with the cassettes and timber frame panels all being installed in a required sequence using the tower crane and the on-site fixers team (Steel & Glulam system shown in figure 2).
[bookmark: _Toc164709329]Connection details 

The connection details will be provided by the design team and structural engineer. The beams and columns will have predrilled holes and connection areas ready for a simple and accurate installation on site. By predrilling the connection points this will allow for a more accurate and reliable detail that will be confirmed by a structural engineer, and it will also help reduce on-site works. The connection points will utilise concealment for both architectural properties and fire safety. Concealed connection points will allow for a more natural feel in the building and act as fire safety protocol as they will not be exposed to risk if there is an emergency.

Figure 10 – Example of connection details (Yang, 2021)
[image: Experimental static and seismic behaviour of glulam beam-to-column  connection with screwed-in threaded rod joints :: BioResources]

Figure 11 – Example of concealed connection details (SIMPSON Strong-Tie, 2024)

[image: CBT Concealed Beam Tie | Strong-Tie | Together we're helping build safer  stronger structures]
















[bookmark: _Toc164709330]Plant and Machinery

The plant and machinery utilised for the construction of this project will be more heavily focused on the pre-manufacture of the building components. The off-site construction process will utilise automated systems to help assemble the timber frame panels and floor cassettes. Automated saws will then be used to cut the glulams to the required lengths and pre-drill the holes ready for onsite installation. For the on-site works, the plant and machinery will be split into the works required for the substructure and superstructure.
[bookmark: _Toc164709331]Sub-structure works

Figure 12 – Example of connection details  (Thompson, 2023)
[image: Driven precast piles technique image]


To complete the sub-structure works a mobile impact driver will be required to install the pre-cast concrete piles. This system has been selected as it reduces the amount of plant required. The precast piles can be delivered to the site and then installed using the impact driver as shown in Figure 11. The precast concrete caps can be installed using the tower crane.

[bookmark: _Toc164709332]Superstructure Works

The superstructure works have already been shown in the above section demonstrating the off-site construction measures. The machinery needed to install the pre-manufactured components will be a tower crane. The crane will be permanently positioned on site and will work in tandem with the wagon deliveries to make sure all the components are installed in the correct sequence. The crane will play a vital part in the construction of the building, being the main piece of machinery to help lift the components into place. The tower crane will be able to service the full site so no extra cranes will be required. Working alongside the crane will be the on-site timber frame fixers, who will use slingers/banksman to help guide the crane and they will be responsible for fixing the components in place.

Figure 13 - Example of tower crane and on-site fixers team (Jiang, 2022)

	[image: Digital twin: Stability analysis for tower crane hoisting safety with a  scale model - ScienceDirect]
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[bookmark: _Toc164709333]Conclusion 

To conclude the construction methods, the project will have a foundation type of concrete pile foundations and then the superstructure will utilise off-site construction and the pre-manufactured components will be installed on-site using the tower crane and the on-site fixers team. Figure 12 outlines the proposed off-site manufacturing process.

Figure 14 – Proposed off-site manufacturing process (pcigulfsouth, 2018)

[image: Offsite Construction and Precast — PCI GULF SOUTH]














[bookmark: _Toc164709334]c.– Justifications for selections

[bookmark: _Toc164709335]Justification for construction methods

We have decided to use off-site construction for this scheme because of the number of benefits it offers and how it suits the client’s requirements. Firstly, off-site construction helps reduce site programmes by around 20% on average. The beams, columns, CLT cassettes and timber frame panels will all be delivered and assembled like a large jigsaw puzzle, reducing the amount of work required on site. Secondly, it is a more cost-effective process as there is less waste produced because of the factory-assembled components. The factory environment is a huge advantage as materials and wastage can be controlled better, adding to its sustainable and cost-saving attributes. Also, there is less on-site labour, and machinery needed as the components just need to be installed, reducing build time and building requirements, and helping produce a cost-effective system compared to traditional construction. Lastly, is the sustainable approach to building. The mass timber system is not only a renewable material, it also offers an energy-efficient building. Less heat is lost in timber frame buildings reducing carbon emissions and less heating and cooling requirements are helping produce savings on energy bills.

[bookmark: _Toc164709336]Justification for machinery and plant 

The plant and machinery options have been selected based on the chosen construction methods. The main theme of construction for this project is to utilise off-site construction, because of this chosen option it has helped reduce the amount of on-site work required and the machinery. Both the sub-structure and superstructure works have been explained in the process of building and machinery to be used. These systems are justified because of the cost savings and the main reason for reading the overall build programme.
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