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[bookmark: _Toc225415111]Introduction
For this assignment I will be selecting a concrete framed building within the UK, and reporting on the elements of its original design and the method of its construction. Figure 1- Scottish parliament building Holyrood, credit: Edinburgh tourist 2020.

The Scottish parlement building is located in, Edinburgh, Scotland, and is a concrete framed structure that is combined with steel and glass elements to enhance its distinctive architectural features. (Scottish parliment building, Edinburgh: An epitome of materiality by enric miralles, n.d.) This building was designed by Enric Miralles a notable architect, and its construction commenced in June 1999, and was completed shortly before the first debate took place in the building in September of 2004. (Architecture of edinburgh- the modern scottish parlement building , 2019) The building was then officially opened by Queen Elizabeth II a month later.
[bookmark: _Toc225415112]Design and construction elements.
[image: ]There are several notable elements when it comes to the design of this building, The architect responsible for this project ensured that the design elements of this building reflected Scottish culture and symbolism (Langdon, 2011). As seen in figure 2, The roof of the building was design to reflect the upturned boats on the Scottish shoreline. (Scottish parliment building, Edinburgh: An epitome of materiality by enric miralles, n.d.) Another element, The Gabion walls, where constructed using stones from the distillery, that was a part of the previous buildings on the site. (canongate wall , n.d.) The buildings lighting also reflects Scottish heritage, as the sky lights are also boat shape to have the same effect. Other important design elements of this building include the three tapering concrete vaults that make up the main hall. These vaults all used concrete that was cast on-site and all include the design of the Saltire cross. (Scottish Parliment building, Edinburgh, scotland, 2026)Directly above these vaults is the debating chamber. The debating chamber used light wood and large beams, which was a part of the unique design. This building also utilises natural light and technology to ensure that room temperature is at the correct level, limiting the need for artificial sources. (Scottish parliment building, Edinburgh: An epitome of materiality by enric miralles, n.d.) Another design requirement  was that the materials where required to be locally sourced to ensure the building met its symbolic purpose.Figure 2- The Scottish parliament building at Holyrood in Edinburgh. Credit cordon press, 2023

[bookmark: _Toc225415113]Analysis of framing materials
The construction method used was a prestressed concrete frame. Prestressed concrete is exposed to internal stresses before any loads are applied, enhancing its strength and durability. As stated above these tensile concrete pillars were cast on-site, (Scottish parliment building, Edinburgh: An epitome of materiality by enric miralles, n.d.). This method was supposed to ensure that the building could withstand significant loads and provide the building with the required structural integrity and tensile strength.
[image: Premium Photo | Scottish parliament building]During the construction of this building there where some impressive feats of engineering used in some of the buildings larger components. The complex roof structure of the debating chamber is constructed from reifnforced tensile steel wires and oak laminated beams; this allows for the chamber to span 1200 square meters without the use of supporting columns. (Scottish parliment building, Edinburgh: An epitome of materiality by enric miralles, n.d.) These beams are held up using 112 unique stainless-steel nodes and connecting joints that where locally produced adding to the buildings focus on heritage.Figure 3 – Scottish parliament building, credit: freepik.com 2021.

The walls of this building were constructed using multiple varied materials and methods. The most notable of these is the Canongate wall. (canongate wall , n.d.) This 6-meter-high concrete blast wall includes twenty-eight individual stone panels. These panels consisted of a variety of different local stones. The Canongate building also incorporates the use of cantilevered structures, that were constructed using reinforced concrete, allowing for large spans without supporting columns, Most of the interior and exterior structures of the building were constructed using reinforced concrete or granite that was sourced from a local quarry, to fit in with the buildings design and aesthetic the reinforced concrete was covered with oak panels, however it was left exposed in places for the same reason. Some of the interior walls were constructed using gabion baskets filled with stone. (Scottish parliment, 2005)
The debating chamber that is located inside the main parlement building incorporates a one thousand square meter wall, which was constructed using laminated glass panels. These glass panels are encased in a sycamore veneer that are in horizontal strips. These have also been altered to reflect design and the symbolism of the building. 
Unique heavy vaulted ceilings were used for these buildings, these ceilings weighing 18- tonnes, where cast-of site and lifted into place. These were also designed to incorporate the “saltire” to again follow the symbolic design. 
By incorporating all these different methods, this building achieved architectural brilliance and is a feat of concrete engineering. These methods incorporate modern and traditional solutions matching the buildings design and aesthetic. 
[bookmark: _Toc225415114]Strength, durability, and climate resistance
The primary structural framework as stated above was constructed using reinforced concrete. This method was chosen for its design appeal and its impressive strength and load-baring capacity, which was required for the buildings complex design and components. The materials natural strengths were exploited to improve the buildings energy efficiency, with a computerised system that allowed airflow into the building to regulate the concretes temperature, however, due to the wet climate the concrete is susceptible to moisture damage and is heavily reliant on the waterproofing membranes. Reinforced concrete is well known at the time for its strength and durability (woodson, 2011), however over time there has been reports of “surface cracking and weathering streaks” that are believed to be due to the climates regular weather conditions of the local area.
The other heavily used structural material is stainless steel used for the reinforcement and tension in the buildings many components. The high-grade stainless steel was used to ensure protection from corrosion due to the corrosive nature of the coastal air in the area. The steel would have been chosen to assist in the structural management during the temperature fluctuations of the climate. (Planning for Expansion of metal Roofing Sheets , 2025)
However, with all the precautions taken to ensure that the building could withstand Edinburgh’s moist climate, there have been several highlighted issues in maintenance reports, such as moisture seepage and cracked windows due to the failure of moisture barriers and thermal expansion. Still to this day the project faces environmental challenges that need close attention from maintenance teams. (mitie, 2020)
[bookmark: _Toc225415115]Time, labour, programme, and cost compared to an alternative method (steel)
This project is one of the most notable projects in Scotland for many varied reasons. Regarding the cost, time, labour, programme, and cost is where this project ran into most of its issues and concerns. Below is a comparison of the method used for the project and steel framing alternatives. 
The concrete framing that was used in this project was far from efficient, meaning that the project took approximately five years to complete, which was three years later than the original estimated completion date. This was due to the design complexity of the structure and multiple issues with the curing of the on-site concrete. Although the whole design specification and the buildings emphasis on a symbolic could not have been achieved using steel framing, Steel framing is still a versatile method and could have incorporated some of the more complex componen[image: Construction of the Scottish Parliament... © P L Chadwick cc-by-sa/2.0 ...]ts such as the heavy vaulted ceilings (Langdon, 2011), without causing multiple delays due to the complexity of material production, and curing. This method would have reduced the projects length and scope of works. Steel framings, bolted assembly would have achieved immediate structural integrity and would have overall, been more efficient due to its simplicity in comparison. (woodward, 2025)
Due to the complex nature of this project intensive and specialised labour was required throughout its completion, such as stonemasons, and specialised concrete teams. The weight of the materials also added to the issue, requiring heavy plant and specialised equipment to be able to lift extreme weights. On the other hand, steel framing requires little on site presents as building components arrive prefabricated. (woodward, 2025)Figure 4- Construction of the Scottish parliament building, credit: Pl Chadwick 2001

This project was highly innovative and was dependent on several factors. The programme for this project was complex and firm. This is where issues occurred, the on-site casting of the concrete was weather dependent and caused detrimental delays. Another issue that arose was, design changes were made during the project, and due to the projects elaborate nature they were extremely costly. The use of steel framing however would have not been weather dependent and due to the off-site production of the steel components, changes to the design would not have cause significant delays and would have been independent of the site conditions. (woodward, 2025)
The original estimated cost of this project was quoted at 10-40 million pounds, however due to multiple issues and changes the total reported project cost was 414 million (Scottish parliment building, Edinburgh: An epitome of materiality by enric miralles, n.d.) at the project’s completion. This was said to be due to the complexity of the concrete components and multiple lengthy delays, and major last-minute alterations to the design. The alternative in steel framing has a lower and more predictable cost than concrete, which would have allowed for more accurate budget and cost control. As stated above the changes in the programme would have also had lesser consequence due to the speed of production of steel components. (woodward, 2025)
Ease of assembly and adaptation  
The ease of assembly and adaptation where a major concern throughout the project and caused several key issues as stated above this project was complex and included extremely precise components that where required to have millimetre precision. According to sources the most notable of these was the “jigsaw problem” This was due to the buildings non- linear design meaning that none of the rooms where the same and needed to be “stitched together” so that other components such as the roof design would be possible. Owing to this and several other factors mentioned in the above analysis suggests that the assembly of this project was a feat of engineering and required extreme precision making it very difficult to assemble, the information found also suggests that any adaptations throughout the building’s life cycle would require major planning and skilled execution if adaptations where required. 
Integration of services
The integration of services was another significant challenge due to the buildings bespoke design and advanced (for its time) nature. This project resulted in several service issues most of these where due to the way that the project was managed, the work was divided into 60 different packages (fulcher, 2011) resulting in different contractors using different designs and elements making coordination almost impossible. Another major issue was the buildings bespoke advancement, that where at the time of completion unique to this building and where one of a kind. This meant that maintenance and construction difficult as these methods where had not been seen before. (mitie, 2020)
The architectural formations of the reinforced concrete and steel meant that the traditional routing for services where not feasible, this led to space pressure and difficulties in routing.
However, these issues where eventually overcome by using a few different methods, although they did come with significant impacts on the projects programme and cost. It is reported that over “2000 design changes” where made throughout the project to accommodate various services. (Scottish parlement building , 2020) The other way that these issues where overcome was by, the employment of a specialised contractor to manage the unique systems and installation. Today however strategic refurbishment is in place so that the building keeps up with industry standard alternatives instead of relying on the previous bespoke assets used (mitie, 2020) 
Demolition challenges  
This project was being constructed during a period where terrorist attacks where a major concern, due to 9/11 the design was changed to incorporate anti-blast measures. (Scottish parlement building , 2020)This suggests that using the traditional methods of demolition extremely difficult due to the strong reinforcement throughout.
The sites proximity to sensitive sites would also be a major environmental constraint, due to the building being near other public spaces, with noise, dust and vibration being unavoidable. 
The building also incorporates several historical artifacts and structures that would need extreme precision and coordination to ensure that they are not damaged. Waste removal regulations from modern day would mean that the materials that were used would be required to be recycled this would be a labour intensive and costly. Another concern is the wide-open space that is created by heavy steel, would require intricate reverse engineering and highly skilled operatives.
In conclusion, due to the complexity of design and strength, quantity of materials and location of the site, demolition does not seem a feasible option without significant risk and cost.
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Research suggests that the concrete production process has a massive negative impact on the environment, this is due to the production of its primary ingredient, cement. The process of which is responsible for 8% of the global carbon dioxide emissions (science museum.org.uk).
Concrete is a resource heavy material, using 10% of the worlds industrial water usage alone. (Uk concrete and cement industry roadmap to beyond net zero, 2020)Other materials that are required have a significant effect also, with Aggregate extraction being another damaging factor. The process of this uses quarrying that is responsible for destroying natural habitats and reducing biodiversity. The production of concrete also can be a hazard to health, as the manufacturing process releases sulphur dioxide and other harmful gasses. This process is also loud and causes dust spread, having an impact in any surrounding communities. 
The sheer consumption and demand of this material greatly exaggerate the damage with each ton of cement produced nearly a ton of CO2 is released, according to reports 15.6 million metric tons of concrete were used in 2021 in the UK alone underlying how much damage the concrete industry is doing. (Uk concrete and cement industry roadmap to beyond net zero, 2020) This number also does not account for the transportation cost which would increase this number significant.
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	Sieve size (mm)
	Mass (g)
	% on sieve
	% Passing

	125
	0
	0
	100

	75
	0
	0
	100

	63
	0
	0
	100

	37.5
	120
	9.6
	90.4

	20
	137
	10.96
	79.44

	10
	143
	11.44
	68

	6.3
	105
	8.4
	59.6

	3.35
	45
	3.6
	56

	2
	130
	10.4
	45.6

	1.18
	63
	5.04
	40.56

	0.6
	105
	8.4
	32.16

	0.3
	102
	8.16
	24

	0.212
	109
	8.72
	15.28

	0.15
	98
	7.84
	7.44

	0.063
	55
	4.4
	3.04




[bookmark: _Toc225415119]Fine against coarse aggregate.

Original sample mass = 1250g
Mass retained on 5 mm and larger sieves. 
· 75 mm = 0g
· 63 mm = 0g
· 37.5 mm = 120g 
· 20 mm = 137g
· 10 mm = 143g
· 5 mm = 55g
This means the total coarse aggregate mass = 455g   
 % Coarse aggregate (455-1250X100) = 36.4%
Fine aggregate mass = original mass – coarse aggregate mass = 795g
% of Fine aggregate (795-1250X100) = 63.6%

Distribution graph 
[image: ]

Suitability discussion

The sieve analysis graph shows that the aggregate is well-graded and more than suitable for construction purposes. The curve follows a smooth, continuous decline from the larger sieves to the finer ones, showing that the distribution of particle sizes is balanced. This means that there will be no missing size fractions that could weaken the material. 
In conclusion, the shape of the curve reflects a dense, stable aggregate that would be suitable for use on construction projects 
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