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1. Introduction
The use of steel-decked bridges in the modern construction industry is increasingly popular due to the many advantages possessed. Steel bridges are an economic solution which provide durability and ease of maintenance (Ghosh, 2006). Steel is a relatively light-weight material, and the use of prefabricated components make the installation process quick and cost effective (Saul, 1998). 
The following report will investigate the time and cost requirements in constructing a steel-decked bridge crossing the River Loughour. Values of production rates and costs of individual tasks involved in the construction process will be derived from the Spon’s Civil Engineering and Highway Works Price Book 2018. Using this data, an evaluation of the time and cost involved in each stage of the project will be conducted to calculate an overall budget along with a programme of the works’ duration.
2. Case Study
The report will study a bridge of length 100m crossing the River Loughour. Four concrete piers, two of which will be located within the river, as well as concrete abutments either side of the river, shall be cast in situ to support a steel deck spanning 15meters over the river level. The steel deck will be delivered to site prefabricated, and installed using a crane. Each task will be broken down into stages and, using the SPONs price book, the duration and cost of each task will be calculated in order to derive an expected overall cost and timeframe required to construct the bridge. 
3. Methodology
3.1 Introduction 
This chapter will evaluate the costs involved in the construction of Abutment B, as labelled in Appendix 1, so as to explain the methods used in calculating the costs and durations required to perform each of the project’s tasks. Abutment B, as detailed in Appendix 1, will be constructed on a 6m-thick layer of lime and mud, with a finished level on which the bridge deck will sit on at approximately 4m above the local existing ground. Due to the water table being 2m above the bearing layer, concrete pile foundations will be required. A flat surface, of area 6m x 12m = 72m, will be obtained through excavation in order to construct a piling mat. This will provide a solid ground platform on which the piling rig can operate. 
150mm of topsoil will first be stripped from the area and stockpiled on-site for future use, before excavating the remaining material in order to form a level platform. A 250mm thick capping layer will then be formed and trimmed using imported material to provide a solid bearing surface for the piling rig to operate on. Preformed concrete piles will be driven through the layer of lime and mud into the bearing layer below. The bearing layer is approximately 5m below the capping layer, so concrete piles of depth 6m will be required. Once all concrete foundation piles are in place, a pile cap is constructed to spread future imposed loads, before the abutment wall is constructed on top.
3.2 Topsoil Strip
The total volume of topsoil excavated and disposed of on site will be:-
6m x 12m x 0.15m 
= 10.8m3
Excavation:-
· Production rate = 0.03 hours/m3
· Total time required = 0.03hours/m3 x 10.8m3 
 = 0.33 hours
· Total Cost of plant and labour =£3.34/m3
· Total cost = £3.34/m3 x 10.8m3 
 = £36.07
Disposal on site:-
Taking into account a bulking factor for topsoil of 1.3:- 
Total Volume to be stockpiled on site = 14.04m3
· Production rate = 0.05 hours/m3
· Total time required = 0.05hours/m3 x 14.04m3 
 = 0.70 hours
· Total cost of plant and labour = £5.06/m3
· Total cost = £5.06/m3 x 14.04m3
 = £71.04
Fuel Consumption:-
Based on a 19T Backacter on site, and 2T Dumper transporting the soil to stockpile on site:-
· 19T Backacter using 14litres/hour @ 71.2p per litre
· Total cost of Backacter fuel = 14litres/hour x 71.2p/litre x 1hour
= £9.97
· 2T Dumper using 3litres/hour @ 71.2p per litre
· Total cost of 2T Dumper fuel = 3litres/hour x 71.2p/litre x 1hour
= £2.14
Therefore we can conclude the total cost and time taken to perform the topsoil strip as follows:-
Total Hours = 1 (Excavation and Disposal will be conducted together)
Total Cost = £36.07 + £71.04 + £9.97 + £2.14 
 	     = £119.22
3.3 Excavation to form level platform
The volume of remaining ground to be removed is:- 
6m x 12m x 0.85m deep 
= 61.2m3

Excavation:-
· Production rate = 0.04hours/m3
· Total time required = 0.04hours/m3 x 61.2m3 
 = 2.45 hours
· Total cost of plant and labour = £4.37/m3
· Total cost = £4.37/m3 x 61.2m3 
 = £267.44
Disposal off-site:- 
Again taking into account a bulking factor of 1.3:-
Total Volume to be removed from site = 79.56m3
Assuming disposal within 5km distance:-
· Production rate = 0.12 hours/m3
· Total time required = 0.12hours/m3 x 79.56m3 
 = 9.55 hours
· Total cost of plant and labour = £13.83/m3
· Total cost = £13.83/m3 x 79.56m3
 = £1100.31
Fuel Consumption:-
Based on a 19T Backacter on site, and 20T Tipper transporting the material:-
· 19T Backacter using 14litres/hour @ 71.2p per litre
· Total cost of Backacter fuel = 14litres/hour x 71.2p/litre x 2.45hours
= £24.42
· 20T Tipper using 17litres/hour @ 71.2p per litre
· Total cost of 2T Dumper fuel = 17litres/hour x 71.2p/litre x 9.55hours
= £115.59
Therefore we can conclude the total cost and time taken to perform the excavation as follows:-
Total Hours = 9.55 (Excavation and Disposal will be conducted together)
Total Cost = £267.44 + £1100.31 + £24.42 + £115.59 
 	     = £1507.76
3.4 Form Piling Mat
The total area to be capped = 6m x 12m 
= 72m2

Considering a capping layer of depth 250mm:-
Importing capping layer:-
· Production rate = 0.02hours/m2
· Total time required = 0.02hours/m2 x 72m2 
 = 1.44 hours
· Total cost of plant and labour = £9.74/m2 
· Total cost = £9.74/m2 x 72m2 
= £701.28
Trimming Capping Layer:-
· Production rate = 0.02hours/m2
· Total time required = 0.02hours/m2 x 72m2
= 1.44 hours
· Total cost of plant and labour = £2.35/m2 
· Total cost = £2.35/m2 x 72m2
= £169.20
Fuel Consumption:-
Based on a 19T Backacter spreading and trimming stone:-
· 19T Backacter using 14litres/hour @ 71.2p per litre
· Total cost of Backacter fuel = 14litres/hour x 71.2p/litre x 2.88hours
= £28.71
Therefore we can conclude the total cost and time taken to construct the piling mat as follows:-
Total Hours = 2.88
Total Cost = £701.28 + £169.20 + £28.71
 	     = £899.19

3.5 Concrete Pile Foundations
Concrete piles will be spaced 1.5m apart, hence a pile cap of area 4mx10m will require 3 rows of 6 piles, totalling 18 piles.
Assuming each pile to have CSA = 350mmx350mm, and accounting for all plant, labour and machinery costs, the cost per pile based on installing on a clear site is £599.96.
Therefore, the total cost of concrete piles needed for each abutment is:-
Total Cost = 18 x £599.96 
 	     = £10,799.28

3.6 Pile Cap Preparation
Pile cap dimensions = 4m x 10m x 1m deep
Therefore there is a requirement of 28m2 of formwork.
Constructing formwork:-
· Production rate = 2m2/hour
· Total time required = 28m2 / 2m2/hour
= 14 hours 
· Cost of labour:-
· Foreman joiner @ £25.09/hour
· Unskilled Operative @ £16.71/hour
· Total gang rate = £41.80/hour
· Total cost of labour = £41.80/hour x 14 hours
= £585.20
· Cost of plant:-
· 20t Crawler Crane used 25% of the time taken @ £16.15/hour
· 22’ diameter Saw Bench @ £3.15/hour
· Small power tools @ £0.86/hour
· Total plant rate = £20.16/hour
· Total cost of plant = £20.16/hour x 14 hours
= £282.24
Fixing steel reinforcement:-
Using 60kg of rebar per m3 of concrete (Abohashish & Ahmed, 2015), 2.4 tonnes of steel reinforcement will be required. 
· Production rate = 0.1t/hour
· Total time required = 0.1t/hour x 2.4t
= 24 hours
· Cost of labour:-
· Foreman steel fixer @ £25.09/hour
· Unskilled Operative @ £16.71/hour
· Total Gang Rate = £41.80/hour
· Total cost = £41.80/hour x 24 hours
= £1003.20
· Cost of plant = £22.04/hour
· Total cost of plant = £22.04/hour x 24 hours
= £528.96
Materials:-
Considering deformed high yield rebar to BS4449 priced at £647.22 per tonne:-
· Total cost of rebar supply = £647.22/t x 2.4t 
= £1553.328
Therefore we can conclude the total cost and time taken to prepare the pile cap as follows:-
· Total Hours = 38 hours
Total Cost = £585.20 + £282.24 + £1003.20 + £528.96 + £1553.33
 	       = £3952.93

3.7 Pile cap concrete pour
Pile cap dimensions = 4m x 10m x 1m deep
Therefore we will require 40m3 of concrete to be poured.
Labour:-
· Production rate = 0.16 hours/m3
· Total time required = 0.16hours/m3 x 40m3
= 6.4 hours
· Cost of labour:-
· 1 Ganger (Skill Rate 4) @ £18.27/hour
· 2 Skilled Operatives (Skill Rate 4) @ £34.44/hour
· 4 General Operatives (Unskilled) @ £66.85/hour
· 1 Plant Operative (Skill Rate 3) 25% of time @ £5.37/hour 
· Total gang rate = £124.92/hour
· Total cost of labour = £124.92/hour x 6.4 hours
= £799.49
· Cost of plant = £12.73/m3
· Total cost of plant = £12.73/m3 x 40m3
= £509.20
Materials:-
· RC40/50 concrete = £125.03/m3
· Total Cost of Concrete = £125.03/m3 x 40m3 
 = £5001.20
Therefore we can conclude the total cost and time taken to pour the concrete pile cap as follows:-
Total Hours = 6.4 hours
Total Cost = £799.49 + £509.20 + £5001.20
 	       = £6309.89

3.8 Abutment wall preparation
Abutment wall dimensions = 10m x 2m x 4m high
Therefore we are constructing an abutment wall using a total of 96m2 of formwork and 4.8 tonnes of steel reinforcement. 

Constructing formwork:-
· Production rate = 2m2/hour
· Total time required = 96m2 / 2m2/hour
= 48 hours 
· Cost of labour:-
· Foreman joiner @ £25.09/hour
· Unskilled Operative @ £16.71/hour
· Total gang rate = £41.80/hour
· Total cost of labour = £41.80/hour x 48 hours
= £2006.40
· Cost of plant:-
· 20t Crawler Crane used 25% of the time taken @ £16.15/hour
· 22’ diameter Saw Bench @ £3.15/hour
· Small power tools @ £0.86/hour
· Total plant rate = £20.16/hour
· Total cost of plant = £20.16/hour x 48 hours
= £967.68
Fixing steel reinforcement:-
· Production rate = 0.1t/hour
· Total time required = 4.8t / 0.1t/hour
= 48 hours
· Cost of labour:-
· Foreman steel fixer @ £25.09/hour
· Unskilled Operative @ £16.71/hour
· Total Gang Rate = £41.80/hour
· Total cost = £41.80/hour x 48 hours
= £2006.40
· Cost of plant = £22.04/hour
· Total cost of plant = £22.04/hour x 48 hours
= £1057.92
Materials:-
Considering deformed high yield rebar to BS4449 priced at £647.22 per tonne:-
· Total cost of rebar supply = £647.22/t x 4.8t 
= £3106.66

Therefore we can conclude the total cost and time taken to prepare the abutment wall as follows:-
· Total Hours = 96
Total Cost = £2006.40 + £967.68 + £2006.40 + £1057.92 + £3106.66
 	       = £9145.06

3.9 Abutment wall concrete pour
Abutment wall dimensions = 10m x 2m x 4m high.
Therefore we are constructing an abutment wall of volume 80m3.
Pouring Concrete:-
· Production rate = 0.2 hours/m3
· Total time required = 0.2hours/m3 x 80m3
= 16 hours
· Cost of labour:-
· 1 Ganger (Skill Rate 4) @ £18.27/hour
· 2 Skilled Operatives (Skill Rate 4) @ £34.44/hour
· 4 General Operatives (Unskilled) @ £66.85/hour
· 1 Plant Operative (Skill Rate 3) 25% of time @ £5.37/hour 
· Total gang rate = £124.92/hour
· Total cost of labour = £124.92/hour x 16 hours
= £1998.72
· Cost of plant = £12.73/m3
· Total cost of plant = £12.73/m3 x 80m3
= £1018.40
Materials:-
· RC40/50 concrete = £125.03/m3
· Total Cost of Concrete = £125.03/m3 x 80m3 
 = £10,002.40
Therefore we can conclude the total cost and time taken to pour the abutment wall as follows:-
Total Hours = 16
Total Cost = £1998.72 + £1018.40 + £10,002.40
 	       = £13,019.52

3.10 Resulting data
The resulting values of costs involved, and the duration of each task in full days, of each of the abovementioned activities are shown in Appendix B. The total cost of constructing Abutment B is also calculated and provided, as well as the total duration in days, taking into account that some activities are carried out over the same day.

3.11 Additional expenses

· Site Agent @ £1895 per week
The expected timeframe for the construction of the entire project, as shown in Appendix 3 is 20 weeks
· Total cost of site agent = £1895/week x 20weeks
= £37,900
· Site Welfare:-
Based on the following welfare facilities:-
· Canteen @ £180/week
· Washroom @ £70/week
· Site toilets @ £240/week
· Storage Units x3 @ £168/week
· 80m2 mobile office @ £205/week
· Total rate for welfare = £863/week
· Total cost of welfare = £863/week x 20weeks
= £17,260

4 Results and Comments
Appendix 2 shows the durations and costs calculated in relation to each stage of the construction process.  Appendix 4 shows a programme of works that has been sequenced to minimise the project’s overall duration. Two teams of steel fixers and formwork carpenters were used in order to provide optimal efficiency, with each activity sequenced so that related activities run concurrently with one another when possible. For example, activities involving the two gangs of steelfixers and formwork carpenters were sequenced to maintain continuous operations. This was done to produce an economical project by aiming to complete it within the shortest possible timeframe. 
As can be seen from the resulting data, the project’s overall cost is estimated to be £1,367,826.28, with an expected timeframe of 20 weeks. However, it is likely that many values derived within this report are not fully accurate. Spon’s price book provides an estimate of costs and timeframes based on optimal work conditions, therefore possible implications such as a lack of resources and unpredicted excess could not be accounted for. Unit rates presented for concrete pours are based on pours with optimum efficiency, with zero wastage and no delays, whilst also assuming concrete being delivered within 5 miles of a concrete plant. Therefore in reality, many additional expenses can be expected.
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Appendix 1- Bridge Detail
Abutment 
B
Pier 4
Pier 3
Pier 2
Pier 1



Appendix 2- Table of durations and costs of each activity in the construction of Abutment B.
	Activity
	Duration (Days)
	Cost (Labour + Plant + Materials)

	Topsoil Strip
	1
	£119.22

	Excavate to form level platform
	2
	£1,507.76

	Form Piling Mat
	1
	£899.19

	Concrete Pile Foundations
	2
	£10,799.28

	Pile Cap Preparation
	8
	£3,952.93

	Pile Cap Pour
	1
	£6,309.89

	Abutment Wall Preparation
	12
	£9,145.06

	Abutment Wall Pour
	2
	£13,019.52

	
	
	 

	Total (Including overlaps in duration)
	23 days 
	£ 45,752.85


 

Appendix 3- Table of total durations and costs of each stage of the project’s construction.
	Activity

	Duration 
	Cost (Labour + Plant + Materials)

	Site Setup
	2d
	£5,115.04

	Abutment A
	23d
	£45,752.85

	Abutment B
	23d
	£45,752.85

	Pier 1
	32d
	£53,973.35 

	Pier 2
	40d
	£323,108.72

	Pier 3
	40d
	£321,683.12

	Pier 4
	32d
	£53,973.35

	Deck Installation
	8d
	£464,312.48

	
	
	

	Site Agent Fees
	20 weeks
	£37,900

	Site Welfare Costs
	20 weeks
	£17,260

	
	
	

	Total
	20 weeks
	£1,367,826.28




Appendix 4- Programme of works
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