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Introduction
In September 2018, the University of Wales Trinity Saint David (UWTSD) began welcoming students to their new campus in the SA1 district of Swansea.  Construction work on the site which consists cost roughly £32million commenced two years earlier, carried out by Keir Construction.  The scheme is part of a long-term regeneration of the former docklands site in the City which is also home to apartment buildings, bars, restaurants.
[image: ]
	(image 1: Aerial view of SA1, Wales Online, 2017)

Part of the campus development consisted of a state-of-the-art IQ building housing the Construction Wales Innovation Centre as well facilities such as lecture theatres, computer stations and a café for the Architecture, Computing and Engineering students to make use of.  Additionally, a library building named ‘Y Fforwm’ was built as part of the scheme.  Housing the University’s publications previously situated at sites throughout the city, it also “features a range of flexible learning spaces for students and an exhibition space on the ground floor” (NEC, 2020).
	This report will investigate a procedure representative of constructing the Y Fforwm building from which approximate costs will be estimated and Gantt charts will be produced to interrogate and demonstrate how such a project’s programme could be managed.  In conjunction with this, a hypothetical scenario will be considered, and the implications of the events will be reviewed via the Gantt Chart. In addition, mechanisms that can be used by Programme Managers to improve performance on site on undertakings such as this will be profiled, and the site set up sketch will also be produced.  
	This work will only consider the construction stage of the works.  Processes involved with planning and post construction such as building maintenance are outside of the scope of this document.



Steps of Construction
A sequence of activities that could have constituted the construction of Y Fforwm will now be profiled below: 
1) Land Clearance – The removal of trees, vegetation and any other objects that are located within the construction area.  If necessary, the land would be graded and levelled. 
2) Excavation – Footings will be dug on site in preparation for the foundations to be laid.  These will need to be dug to a size that exceeds the size of the footprint of the Forum building.  Its plan is roughly 1000 square metres.
3) Foundations - To allow the ground to support the mass of the building, created out of concrete.  They will need to withstand the weight of the structure which are will be roughly 15 metres tall.
4) Rough Flooring – A bottom ground surface laid on top of the foundations.
5) Framing Walls – Steel framing to provide the shell of the walls.
6) Framing Roof - Steel framing to provide the shell of the roof.
7) Exterior Doors / Windows – Opening and frames for openings erected.
8) Exterior Walls – The enveloping of the building in masonry.
9) Roofing – The covering of the roof frame.
10) Rough Electrical – The linking of the properties to the mains national grid.
11) Insulation – Thickening of walls / roof to save energy and money - “this helps keep heated interior space warmer in the winter, and air-conditioned spaces cooler in the summer” (Rodriguez, 2019).
12) Ceilings – Separation of the floors in the building.
13) Interior Walls – Partitions building around the internal wooden frames.
14) Decoration – Painting of walls / fixtures.
15) Finished Flooring – Carpet or tiles applied on top of the rough flooring.
16) Appliances / Fittings – Attaching the electrical / gas supply to specific appliances within the dwellings.
17) Sewer Connection – Linking the Rough waste-water fixtures to the public sewer.
18) Site Reinstatement – Completion of groundwork around site to make it visually appealing and safe for pedestrians.

This is not an exhaustive list but is considered to be sufficiently accurate to be able to produce a gantt chart with representative costs.









Cost Analysis
In order to carry out financial analysis of the construction, the duration of the tasks as well as the amount of labourers required needs to be discovered.  To discover the task duration the following equation will be used:

Total hours taken for activity = Labour Hours x Total Units ÷ Number of Labourers

For Land Clearance for example:
Total hours taken for activity = 0.03 x 1200 ÷ 3 = 12.
Labour hours are described as the time taken by one labourer to carry out one unit of work.  For the purposes of this report, the labour hours, plant and material costs of each task are derived from the SPON’s Architects’ and Builders’ price book 2020.  The gangs working on the scheme will also be chosen based on the options presented in the publication above.

To discover total labour cost for each activity, the following equation will be used:

Cost per activity = Cost per unit x units

For Land Clearance for example:
Cost per activity = 0.42 x 1200 = £504
The unit cost per activity for labour will be obtained from the relevant sections in SPONs.  As will plant and material costs. 

For the purposes of ease of input of producing a gantt charts, hourly rates for workers required will also be discovered.

Please see appendices for full cost calculations. 
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Gantt Charts
The Gantt Chart below displays the information calculated relating to the activities involved in the construction of Y Fforwm:
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(image 2: Gantt Chart of Forwm Construction Project, Cullen, 2020)

The ‘tracking Gantt Chart below profiles the critical path of the scheme:
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[bookmark: _Hlk58056073](image 3: Tracking Gantt Chart of Forwm Construction Project, Cullen, 2020)









The diagrams below profile the costs relating to the scheme:
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(image 4: Cost overview of Forwm Construction Project, Cullen, 2020)
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(image 5: Graph depicting cost against completion percentage of Forwm Construction Project, Cullen, 2020)
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[bookmark: _Hlk58056236](image 6: Table depicting costs per task in relation to the Forwm Construction Project, Cullen, 2020)
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[bookmark: _Hlk58057134](image 7: Graph depicting costs per task in relation to the Forwm Construction Project, Cullen, 2020)
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[bookmark: _Hlk58056319](image 8: Graph depicting percentage completion per task in relation to the Forwm Construction Project, Cullen, 2020)


The following diagram outlines the progress of the scheme:
[image: A picture containing funnel chart
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(image 9: Project Overview, Forwm Construction Project, Cullen, 2020)



The following inform on the resources required and used during the project:
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[bookmark: _Hlk58056986](image 10: Resource Overview, Forwm Construction Project, Cullen, 2020)
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[bookmark: _Hlk58056419](image 11: Resource Status, Forwm Construction Project, Cullen, 2020)

Delay and Disruption
For the purposes of investigating delay and disruption, the following scenario will be considered in relation to the construction of Y Forwm:
The paving around the building is Granite being delivered from China.  Due to travel restrictions the ship is delayed by two weeks.  
Delays and disruption experienced during construction projects are commonplace within the industry.  They can emanate from a variety of sources and there are a number of mechanisms clients can use to try and remedy the situation, based upon which party is primarily responsible for the issue.  The potential corrective actions and the reasons for the delay are usually outlined in the contract, so they are known to the client and contractor prior to scheme commencement.
	A ‘delay’ will generally result in the end date for the whole undertaking being pushed back to a later date which could cause the client to lose money.  As a form of recompense, clients can impose ‘liquidated damages’ upon the contractor if they are deemed responsible for the event.  The amount imposed or requested must be “genuine pre-estimate of the probable loss that would be suffered from the late completion of a contract” (Murdoch, 2015).  
	Alternatively, the contractor could be awarded a time extension to complete the scheme.  Under these circumstances, its likely that the client would have been adjudged to be accountable for the delay.  A common example of this is where the client fails to provide access to the site for the contractor to carry out the work.  Such conditions could also result in the contractor being reimbursed by the client for wages or other costs incurred during the delay period.
	In contrast, the term ‘disruption’ on a construction scheme usually relates to events that causes inconvenience but does ultimately not prevent the contractor completing the whole scheme on time.  This appears to be the case in relation to the scenario being considered relating to Y Forwm as per Gantt Chart below:

[image: A picture containing graphical user interface

Description automatically generated][image: ]
(image 12: Tracking Gantt Chart containing 2-week delay to reinstatement task, Forwm Construction Project, Cullen, 2020)
Due to the fact that reinstatement was due to commence on 09/07/20 – midway into the scheme and not towards the end where the 2 week delay in the Granite arriving at site, would not have resulted in the scheme completion date being deferred.  The reinstatement task itself would instead end on roughly 30/11/20, well before the programmed end date of 01/06/21 as reinstatement around the building is not on the critical path of the scheme.  Other tasks can continue being carried out during the 2-week lag period and during the task itself.
	Under certain conditions, the contractor may be entitled to compensation to cover potential costs, dependant on what is stated in the construction contract.  It is unknown whether this would be applicable to this scheme, however.  This is due to the fact that as the product is being sourced from such a distant location, it is realistic to expect some delays could occur during its delivery.  It could be argued that the Granite could have been identified as a long lead item at the planning stage and therefore should have been ordered at the earliest opportunity.  This would mean that the contractor would be unlikely to be eligible for compensation unless they could demonstrate that something unforeseen and completely beyond their control caused the problem.  An example of this could be a sudden outbreak of Covid-19 cases at the quarry or port.  Such negotiations regarding similar liabilities are a regular source of conflict between stakeholders.  
	






















Incentivisation
As demonstrated by the scenario previously investigated, there are a wide variety of issues that can occur on construction sites that can disrupt progress.  These can lead to programme slippages and are usually dealt with via the Early Warning and Compensation Event processes whereby the client may grant the contractor additional time in which to complete the scheme.
	However, there are certain projects in which the client would not wish to extend a deadline or where they are unable to elongate a time scale due to the nature of the development.  The Forwm building undertaking could have been an example of this whereby there could have been a requirement for it to be completed before the academic term commencing.  Alternatively, a client may simply decide that they wish to have work completed sooner than originally planned.  
	Measures agreed at contract signing stage such as retention and penalties can safeguard against programme slippage, but whilst on site some other techniques can be used by both the client and project manager to improve productivity.  These can include closer monitoring and more stringent interrogation of costs and efficiency, although these may necessitate the employment of more quantity surveyors or site foremen.  Similarly, the client could potentially request the contractor engages additional workers for all positions on site.  Alternatively, training could be arranged to train up operatives with the aim of them completing tasks quicker.  More effective communication from site managers portraying a more positive or motivational stance could also help, and unlike the other options, would not incur further costs.
	In addition, some clients may wish “to incentivise contractors to reduce costs and time and improve quality regardless of the shift away from traditional contracting relationships to more collaborative contracting models” (Parry, 2019). These can be on an informal ad hoc basis or be enshrined into the contract.  The most common forms can be characterised as ‘direct positive’.  These describe instances where site managers provide rewards to workers who have reached a specific (usually pre-agreed) milestone.  These can include cash bonuses, or non-monetary awards such as vouchers.  Similarly, awards and prizes in an ‘employee of the week’ style format for effective work on site could also be introduced.  A less formal but common arrangement on mostly smaller scale construction project is referred to colloquially as ‘job and finish’.  This entails workers being allowed to leave work early when a specific task is completed.  This however does place added pressure on site managers to ensure that operatives are not rushing which may result in compromising the quality of work and health and safety on site.  With the SA1 campus development situated in such close proximity to the city centre, this may prove to be a popular initiative on this project, however.
	Such measures can be implemented in conjunction with ‘direct negative’ incentivisation.  As the name suggests, workers would be penalised for not meeting targets.  It is unlikely that many contractors would agree to such terms in isolation after a scheme has commenced but can be effective alongside direct positive methods in a traditional ‘carrot and stick’ approach.  Specific examples can include agreements to remain in work until duties are complete or financial penalties such as retention.  Additionally, “Another employee incentive strategy managers can offer is flexibility in work hours. Eliminating the traditional time-card can offer construction workers a unique opportunity to become more productive workers” (Construction World, 2019).
	Further indirect positive techniques relate to compensating contractors and workers, but usually involve longer term benefits.  Often symbiotic, these can include agreeing to partner on future ventures, giving first option on other contracts and providing references in receipt of progress on site.  In certain circumstances, it may be possible for clients to enter into arrangements whereby they share the profits gained following timely completion of a scheme with the contractor.  Likely to be unsuitable for public projects, it could be appropriate for some retail or manufacturing firms where an early finish could facilitate the business commencing trading earlier than expected.
	The effectiveness of such measures is highly disputed and difficult to quantify due to the vast array of other factors and other issues that arise on a construction site.  Some studies have questioned the value of direct negative incentives – one study concluded that “they do not improve performance” (Tavistock Institute, 2000).  Generally direct positive initiatives are considered to be a success, although there are concerns over the disputes and resentment.  Alternatively, indirect positive incentives with a focus on shared goals and responsibility which foster a more collaborative approach appear to be the most suitable for modern day projects.  This ethos combines well with the NEC contract which aims to promote a similar doctrine.




















Site set up
Due to Covid-19 pandemic, a spacious site should be erected, incorporating:
· Site Hoarding – By law, “The principal contractor must take reasonable steps to prevent unauthorised people accessing the site” (HSE, 2020), necessitating hoarding being erected around perimeter of site to prevent unauthorised access.  In close vicinity, the IQ building is fully operational and has students in attendance, so this is of paramount importance. 
· Spoil heap – containing top-soil and other materials.  Must not be located where run off can cause pollution issues.  The Forum building development is close to the River Tawe estuary so discharge must be prevented.
· Small stores of materials such as bricks – located very close to and around site of new building for ease of use.
· Larger material store sites – also required to be as close as possible to building site itself to save time transporting them across site.  They must also be accessible from the site access road to allow easy delivery to drop off.
· Valuable items compound / lock up store – secure area to store expensive plant and materials, situated near site offices / canteen where there is a high footfall.
· Site offices – For use by site managers and other employees and meeting rooms.  Should be situated near to site entrance so monitor site admissions and house sit inductions and sign ins.
· Other temporary buildings – canteen, washroom, toilets, drying room, first aid room.
· Vehicular access / exit gates with security guard hut – to monitor access to site for vehicles.
· Pedestrian access – a card automated turnstyle limiting access to only trained operatives.  This is “located a safe distance away from areas of vehicle activity” (HSE, 2009).
· Security cameras on pole – to safeguard the site.
· Access road – To allow deliveries to drop off materials and plant and allow waste to be transported off site.  A one-way system should be employed to avoid congestion and prevent collisions.
· Wheel-wash – Located at the exit to the site to ensure the roads around the site are kept clean.
· Crane (with reach radius) – To transport materials around the site.  Its radius must extend to the material drop off point and the material stores. 
· Carpark – can be incorporated within some sites with ample space, although at SA1 there is ample parking within close vicinity of the construction site – the other side of Kings Road.
· Temporary utilities – to allow provide power to the site.
· Site signage – Health and safety notices and wellbeing posters throughout site.
	
	




An example of how the site could be laid out is depicted as per below:
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[bookmark: _Hlk58056842](image 13: Plan view of site potential site set up for Forwm construction project)














Conclusion
This exercise has demonstrated how useful tools such as Gantt Charts are and has illustrated why they are so widely used within the construction industry.  With the UK’s economy likely to experience a downturn, the use of Gantt Charts in projects to ensure that every cost and resource is accounted for and its capability to allow project manager’s to monitor schemes extremely closely will make their use even more essential.
For the purposes of Y Forwm development, 2 methods of costing were used – a mixture of both were utilised in the Gantt Chart.  The pricing obtained in the SPONs directory provided costs for labour, plant and materials which produced a total cost for the scheme of £1,262,722.80.
	Alternatively, implementing hourly rate costs from a variety of sources alongside the cost of material and plant derived from SPONs totalled £733159.78.
	The project duration deduced from this investigation was roughly 17 months.  






















Evaluation
Overall, the investigation into construction programming was a successful one, although there are several actions that could be taken to further examine this field which are detailed below:
· Other academic building projects in other parts of Britain could be investigated as well as possibly developments abroad.
· Other construction projects besides educational establishments could be studied and compared.
· Other pricing tools aside from SPONs could be combined with or correlated against the expenditure.
· An investigation into the actual costs and durations of the Forwm building construction project could have been investigated and compared to the findings of this scheme.
A limitation of the exercise is that the figures displayed in SPONs and on other sources are averages and will rarely correspond with the reality of the costs on a particular site.  This report has been conducted very much in a theoretical style.
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Appendices
Appendix 1:
The table below represents the tasks and the corresponding financial information and duration with data obtained from SPONS and entered into the Gantt Chart:
	Activity
	Corresponding activity in SPONs
	Labour Hours
	Total Units
	Gang required (number)
	Duration (days)
	Labour Cost (£)
	Plant (P) and Material (M) cost (£)

	Land Clearance
	Clearing Site Vegetation – bushes, scrub, undergrowth, hedges and trees and tree stumps not exceeding 500mm girth
	0.03
	1200 Metres squared (1000 metres squared and extra amount for paths / access etc)
	3
	0.03 x 1200 ÷ 3 = 12

2 day
	0.42 x 1200 = 

£504
	P= 1.23 x 1200 = £1476 

M= N/A

	Excavation
	Excavating by machine – trenches; width not exceeding 0.30m – maximum depth not exceeding 4.00m
	0.35
	140 Metres (perimeter of footprint of Y Fforwm building)
	3
	0.35 x 140 ÷ 3 = 16.33

3 day
	4.93 x 140 = 
£690.20
	P= 4.45 x 140= £623

M= N/A

	Foundations
	Reinforced in situ ready mixed designated concrete, 25N – foundations
	1.02
	140 Metres (perimeter of footprint of Y Fforwm building)
	2
	1.02 x 140÷ 2 = 71.4

9 days


	16.93 x 140 = 

£2370.20
	P= N/A

M= 114.41 x 140= £16017.40

	Rough Flooring
	Prestressed precast concrete beam and block floor – Beam and block flooring at ground level 150mm thick beams; up to 3.30m span (U-value 0.15W/m squared K)
	0.45
	1000 Metres squared (floor area of Y Fforwm)
	3
	0.45 x 1000 ÷ 3 = 150

19 days
	10.97 x 1000 = 

£10970
	P= N/A

M= 38.94 x 1000= £38940

	Framing - Walls
	Metsec open web steel lattice beams or other equal and approved, in single members, raised 3.50m above ground end built in Beams, galvanised – 300mm deep, to span 8m (12.50kg/m), ref B30
	0.23
	3500 Metres (rough perimeter of walls of house plans x height of floors)
	4
	0.23 x 3500 ÷ 4 = 201.25

26 days
	5.61 x 3500 = 

£19635
	P= N/A

M= 38.07 x 3500 = £133245

	Framing - Roof
	Metsec open web steel lattice beams or other equal and approved, in single members, raised 3.50m above ground end built in Beams, galvanised – 300mm deep, to span 8m (12.50kg/m), ref B30
	0.23
	1300 Metres (roughly roof area of The Forum)
	4
	0.23 x 1300 ÷ 4 = 74.75

10 days
	5.61 x 1300 = 

£7293
	P= N/A

M= 38.07 x 1300 = £49491

	Exterior Doors
	RD4-A2 Framed access&egress control revolving door, 4 wing 2400mm dia, 2200mm internal height
	N/A
	3 exterior doors
	2 
	5 days (estimation)
	£42951
	£28634 x 3 = £85902 ÷ 2 = £42951

	Exterior Walls
	Common bricks – facework both sides, two brick thick 

Glass, BS EN 14449, clear laminated safety glass, panes area 0.15m squared-4m squared – 6.40mm thick, glazed with screwed beads
	2.41
	3500 Metres (rough perimeter of walls of house plans x height of floors)
	3
	2.50 x 1750 ÷ 3 = 1458.33

182 days
	54.87 x 1750 = 

£96022.50
	Glass = 94.07 x 1750 = £164622.50

P= N/A

M= 117.17 x 1750= £205047.50



	Roofing
	Standing seam Aluminium roofing – roof coverings (twin skin construction), pitch not less 1.5degrees, fixed to cold rolled purlins
	N/A
	1300 metres squared (rough area of roof)
	3
	50 days (estimation)
	£43231
	£66.51 x 1300= £86463 ÷ 2 = £43231

	Rough Electrical
	Electric mains 25mm 2 core armoured cable laid in service duct, including excavation and backfill with type 1 hardcore. Surface finish not included – 25mm 5 core armoured cable
	3.00
	20 metres (rough estimate to connect Y Fforwm to national grid) 
	2
	3 x 20 ÷ 2 = 30

4 days
	42.27 x 20 = 

£845.40
	P= £9.92 x 20 = £198.40

M= £65.22 x 20= £1304.40

	Insulation
	Insulation board underlays – Kingspan Thermaroof TR21 zero OPD urethane insulation board 100mm thick
	N/A
	1750 metres (total bricked wall area of The Forum)
	2
	20 days (estimation)
	£43697.50
	£49.94 x 1750= £87395 ÷ 2 = £43697.50

	Ceilings
	Plaster, one coat thistle finish or similar, steel trowelled 3mm work to ceilings, one coat on and including gypsum plasterboard, fixing with nails, 3mm joints filled with plaster and jute scrim cloth, to softwood base, plain grade baseboard or lath rounded edges – 12.50mm thick boards to isolated beams over 600mm wide
	1.15
	1000 metres squared (area of ceiling required)
	2
	1.15 x 1000 ÷ 2= 575

72 days


	19.15 x 1000= 

£19150
	P= N/A

M= 5.01 x1000= £5010

	Interior Walls
	Plaster one coat Thistle board finish, 3mm work to walls or ceilings one coat on and including gypsum plasterboard, fixing with nails, 3mm joints filled with plaster scrim, to softwood base, plain grade baseboard or lath with rounded edges – 9.50mm thick boards to walls over 600mm wide.
	0.97
	1750 metres (total bricked wall area of The Forum)
	2
	0.97 x 1750 ÷ 2 = 848.75

107 days
	16.02 x 1750 =

£28035
	P= N/A

M= 5.01 x 1750= £8767.50

	Decoration
	Painting and clear finishes – internal – One mist Supermatt, one full Supermatt and one full coat of quick drying acrylic Eggshell
	0.19
	1750 metres (total bricked wall area of The Forum)
	2
	0.19 x 1750 ÷ 2 = 166.25

21 days
	3.31 x 1750 = 

£5792.50
	P= N/A

M= 1.88 x 1750 = £3290

	Finished Flooring
	Cement and sand (1:3) screeds, steel trowelled – work to floors, one coat level, to concrete base, screeded, over 600mm wide – 25mm thick
	0.41
	1000 x 2 metre squared (floor area of both floors of The Forum)
	3
	0.41 x 2000 ÷ 3 = 273.33

35 days
	10 x 2000= 

£20000
	P= 0.40 x 2000= £800

M= .58 x 2000 = £1160

	Appliances / Fittings
	Kitchen units – supplying and fixing to backgrounds requiring plugging; including and pre-assembly – wall units – 300mm x 300mm x 720mm
	1.11
	50 (representative of computer stations / other appliances / fittings)
	3
	1.11 x 50 ÷ 3 = 18.50

3 days
	19.31 x 50 = 

£965.55
	P= N/A

M= £118.60 x 50 = £5930

	Sewer Connection
	Cast Iron timesaver drain pipes and fittings or other equal, coated, with mechanical coupling joints – 150mm dia pipes laid straight
	0.56
	25 metres (rough estimate to connect Y Forum to mains sewer in road)
	2
	0.56 x 25 ÷ 2 = 7

1 day
	7.83 x 25 = 

£195.75
	P= N/A 

M= 110.28 x 25 = £2757

	Site Reinstatement
	Granite Setts, 200mm x 100mm x 100mm standard C dressing, tightly butted to falls or crossfalls, bedding 25mm thick in cement mortar (1:3), filling joints with dry mortar (1:6), washed and brushed, on concrete base – Pavings over 300mm wide laid to pattern
	1.85
	800 metres squared (rough area of reinstatement required around Forum building
	2
	1.85 x 800 ÷ 2 = 740

93 days
	45.11 x 800 = 

£36088
	P= N/A

M= 71.44 x 800 = 
£57152



For gang numbers required, guidance has been taken from SPONs, but this has been reduced for the purposes of this report where only the construction of only 1 building being considered. 







Appendix 2:
Table showing worker, hourly rate and source of information which was used for the worker’s cost in Gantt Chart:
	Occupation
	Rate per hour
	Source

	Groundworker
	£15.04
	Groundworker Salary in United Kingdom (indeed.co.uk)

	Concreter
	£14.18
	Concrete Finisher Salary in England (indeed.co.uk)

	Carpenter
	£11.97
	What Are Tradesmen Pay Rates? | 2018 Salary Update (Infographic) (tradesmansaver.co.uk)

	Joiner
	£11.75
	What Are Tradesmen Pay Rates? | 2018 Salary Update (Infographic) (tradesmansaver.co.uk)

	Bricklayer
	£12.83
	What Are Tradesmen Pay Rates? | 2018 Salary Update (Infographic) (tradesmansaver.co.uk)

	Roofer
	£11.50
	Roofer Hourly Pay in United Kingdom | PayScale

	Electrician
	£40
	What Is The Hourly Rate Of An Electrician In 2020? | MyBuilder.com

	Insulator
	£13.80
	Insulation Installer Hourly Pay in United Kingdom | PayScale

	Ceiling Worker
	£16.50
	Planit : Job Profiles : Ceiling Fixer Construction Crafts (planitplus.net)

	Decorator
	£16
	2020 Average Painter and Decorator Prices in the UK - Bidvine

	Plasterer
	£12.43
	Plasterer Hourly Pay in United Kingdom | PayScale

	Paver
	£16
	Salary in United Kingdom - Average Salary (talent.com)
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