Steve Tindall – Estimating Notes

The purpose of estimating

Before a building project can commence, it is normal for contractors to submit an estimate for the proposed works. The client will want to know the cost of the work. The client may require this for several reasons:

· to set a budget for the construction work

· to obtain the most competitive price from contractors

· to set prices for speculative development

The process of obtaining an estimate from a contractor usually follows one of three routes: open tender, selected tender or negotiated contract. The estimates provided by contractors will be based on the bill of quantities. The estimate provided by the successful contractor will form part of the contract for the works to be carried out.

The estimator (the person in a construction business that produces the estimate) would consider two costs for each item in the bill:

· net cost — the basic cost of the item, including labour, materials, plant, subcontractors and suppliers

· gross cost — the net cost plus some additional costs to cover preliminaries, overheads, risk and profit

Preliminaries 

Preliminaries concern items that are usually at the beginning of a bill. They relate to general particulars about the site and the contract — the nature of the work, the type of contract, as well as some items of cost that relate to particular work sections, such as temporary roads, provision of temporary services, scaffolding, transport and site management.

Profit 

Any construction company needs to make a profit if it is to survive. An estimator usually builds in a profit by adding a percentage on the unit rates and preliminary costs in the bill. The actual percentage allocated for profit can vary considerably from contract to contract, depending on the type of project, the likely level of competition, the status of the company’s order book and payment terms. 

Often during the adjudication process, the company’s managers will discuss a project to determine the level of risk and they level of profit they want generated. The estimator will then add that percentage on to the net tender price.

Overheads

Every construction company has some overheads. These are the costs that cannot be directly attributed to specific construction project, such as office costs, insurance and office functions, such as estimating, human resources and administration. These costs have to be met from somewhere, so it is normal to include a percentage to cover overheads in the estimate. The overhead percentage varies from firm to firm. Typically, the percentage would be based on the actual cost to run an organisation over a 12 month period.

The type of project

Within the construction industry, projects can be divided into several broad classifications: residential, commercial, industrial, etc. Within each classification, there are different types of project. In the residential sector, for example, there are houses, bungalows, flats, etc. Each project is different, and each presents a set of problems and challenges for estimators.

In general, however, a small project such as the construction of a single house will not need the same input as a project to build a block of 50 flats. It will be easier to produce an estimate for a house extension to provide a larger kitchen than one for an extension to a sports centre to accommodate a swimming pool. There are greater risks in costing larger and more complex projects — if the estimate is too low, the company stands to lose a considerable amount of money — so there is much more work involved in preparing an estimate.

However, there can also be cost savings associated with a larger project. As the overall budget will be larger, a contractor has a greater buying power and may be able to negotiate favourable rates with suppliers. These savings can be passed on to the client, enabling a more competitive estimate to be provided.

Repeat projects also affect costs. Suppose, for example, that a retail company wants to build several identical stores in various locations. The first project will be to some extent a learning curve for the contractor. The next project should be easier, as essentially the contractor is putting up an identical building on a different site. A contractor should be able to use the experience gained in the first project to make savings on the subsequent projects.

Estimating techniques

The two things that matter most to clients are time and money. Often the first thing a client will ask the designer or the contractor is ‘How much will it cost?’ or ‘What can I expect for my money?’. In these situations, a contractor can give an approximate but reasonably accurate estimate using one of the following methods that rely on information about the costs of similar past projects.

Unit or number method

This method assumes that the cost can be related to some numerical attribute of the proposed building, such as the number of beds in a hospital, the number of seats in a football ground, the number of bedrooms in student accommodation, or the number of spaces in a car park. The unit cost is taken from previous similar projects. By using this information, it is quite straightforward to give a client a prospective cost.

Area method

This is a very popular method. The floor area of the proposed project is calculated. A unit cost — the construction cost per square metre — is obtained using information from previous projects. This unit cost is then multiplied by the proposed building’s floor area to arrive at an estimated project cost. 

This method can also be used the other way round. You can provide an estimate of the size of building that could be constructed given the client’s budget. Simply divide the client’s budget by the square metre unit cost to get an estimate of the floor area that could be afforded. 

Some unit costs (per square metre) for different types of buildings are available from organisations like the Royal Institution of Chartered Surveyors (RICS) and Building magazine. This is perhaps the most accurate method of calculating an approximate cost for a building.

Volume method

This is similar to the area method, but the volume of the proposed building is used in preference to area. Again this requires a unit cost, in this case per cubic metre. The cost is calculated by looking at similar previous projects, and dividing the construction cost in each case by the volume of the structure. The average result could be used as a unit cost per cubic metre which can be multiplied by the volume of the proposed building to give an estimated cost.

Approximate quantities (sometimes called provisional quantities)

Another approach is to use the architect’s initial drawings and designs. While these may contain accurate descriptions of the structure and the materials to be used, they may not be sufficiently finalised to provide accurate information about quantities. However, it is often possible to calculate approximate or provisional quantities. Relevant unit rates can be applied to the approximate quantities to give a reasonably accurate costing for a project. 

Elemental

Buildings consist of elements. The simplest buildings consist of substructure, superstructure and finishes. But, unfortunately, most buildings are not that simple and a complex project is likely to involve many elements. The elemental method involves dividing a building’s total cost by the cost of the individual elements to arrive at a percentage cost for each element. The table below shows the elements (and the percentage costs of each) for a social housing project. This can be used to estimate the costs of similar projects.

	Element
	Percentage

	Substructure
	7.94

	Frame
	11.70

	Upper floors
	2.46

	Roof 
	5.96

	Stairs 
	1.09

	External and internal walls
	16.57

	Windows and doors
	14.25

	Finishes 
	7.47

	Fittings and fixtures
	2.45

	Sanitary and disposal installations
	2.79

	Water installations
	3.67

	Heating and ventilation
	5.02

	Electrical, gas, security installation 
	4.53

	Builders’ attendance
	1.09

	Preliminaries
	13.01

	Total
	    100%


SMM7 

This is the definitive method for pricing a project. It involves costing each work item as specified by the SMM7. In other words, the costing is made on the same basis as the bill of quantities (because the SMM7 is used to prepare the bill of quantities). As the bill is one of the contract documents, the information it contains must be accurate and precise.

Code of Estimating Practice

This code is produced by the Chartered Institute of Building. It is a comprehensive guide to estimating a construction project, setting out the essential principles and good practice. It considers all stages of the process, from pre-selection to acceptance of a successful tender. It covers topics such as:

· project appreciation

· procurement

· cost estimate

· tender settlement

· post-tender activities

· cost planning

· contractual arrangements

· e-commerce

Costs of materials, labour and plant 

Rates for costing work items are based on a standard measured unit. For example, brickwork is measured as a metre square (m2) item and concrete is measured in cubic metres (m3). We know that each unit contains the same amount of material. For example, every square metre of a half brick thick wall contains 60 bricks and every square metre of 100 mm thick blockwork contains 10 blocks. The same applies to the labour element. It should take a craftsperson a specified period of time to complete each unit of a measured item, whether it is brickwork, concreting, floor joists, wall plastering, and so on. Knowing these constants makes calculating unit rates a straightforward exercise.

Materials costs

The unit cost of a material can vary considerably, depending on the quantity required, the speed with which the purchasing contractor settles its accounts and the turnover of the materials supplier. A contractor that purchases materials in large quantities and can be relied on to settle accounts promptly should be able to negotiate price discounts for materials. Estimators should always obtain quotations for materials — in some cases, several quotes from different suppliers for the same item — in order to ensure that unit rates are accurate. 

Estimators must also make some allowance for wastage. This can vary from one material to another. For example, there will a greater wastage with mortar than with the bricks. In deciding the amount to allow for wastage, estimators need to consider the different situations in which waste can occur, such as through cutting, application, storage and transport.

Calculating unit costs

This is how to calculate the material cost per square metre of a half-brick wall. Bricks are usually priced by suppliers as a cost per 1000 bricks, so it requires a simple calculation to work out the cost per metre square. Suppose the supplier charges £350 for 1000 bricks. Then:

One brick will cost:  
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£350.00

1000

=

£0.35

 

One square metre of brickwork costs:  60 x £0.35 = £21.00

Add an allowance for waste @ 5%:  £21.00 x 1.05 = £22.05

The estimator would also need to consider the mortar. One square metre of half-brick wall would use approximately 0.03 cubic metres of mortar. So if mortar costs £85.00 per cubic metre delivered to site, a square metre of brickwork would use:

£85.00 x 0.03 = £2.55

Again an allowance must be made for wastage. For mortar, allow 10%:

£2.55 x 1.10 = £2.81

Therefore the material cost for one metre square of a half-brick thick wall is: 

£22.05 + £2.81 = £24.86

Whatever type of brick is used, the formula would be the same — the only difference would be the cost of the bricks. Similarly, the material unit price would be the same regardless of the amount of brickwork required, whether it is 10 m2 or 1000 m2.

Labour rates

Labour rates are not the same as pay. This is because a contractor has hidden costs. An estimator must add a sum to the recommended union pay rate to cover:

· insurance contributions

· pension contributions

· holidays with pay

· public holidays with pay

· lost production

· sick pay

· CITB levy of 2.5% (a training levy imposed on all contractors by the Construction Industry Training Board)

These costs will be based on a percentage of the recommended weekly wage that would be paid by the employer. This table shows the calculation for a craftsperson. 
	Description
	£

	Weekly wage of craftsperson
	  380.00

	Insurance contribution   12.5%
	    47.50

	Pension contribution      10%
	    38.00

	Holidays with pay          4 weeks @ £380/48
	    31.67

	Public holidays              (£380/5) x (8/48)
	    12.67

	Lost production             say 3 weeks @ £380/48
	    23.75

	Sick pay                        say 2 weeks @ £380/48
	    15.83

	CITB levy                      2.5%
	      8.50

	Total cost (to employ a craftsperson for 1 week) =
	£557.92


An estimator can use this total weekly cost to calculate the hourly rate and the cost for a craftsperson to build one square metre of half-brick thick wall.

The hourly rate is:  
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39 hours
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A bricklayer would, on average, build one square metre of half-brick thick wall in one hour, so the labour cost to build one square metre of wall would be £14.31. However, if the bricklayer took 1 hour 15 minutes to build the wall, because it involved more complex construction or overhand work, then the cost would be:

£14.31 x 1.25 = £17.86

Contractors know the time that craftspeople take to carry out different operations and their average output. This is based on many years’ experience, and supported by work studies. The rates take into account varying conditions, and the different output of skilled, semi-skilled and unskilled labour. Estimators can also obtain labour output rates from estimating books and from various sources on the internet.

So, continuing with the half-brick thick wall, we can add the cost of labour to the cost of materials.

Materials
= £24.86

Bricklayer 
= £14.31

Bricklayers usually work in gangs - normally two bricklayers will work with one general operative to keep them supplied with bricks and mortar. To get the rate for a 2:1 team, an estimator would need to add 50% of the operative’s labour cost. This must be based on the same time as the bricklayer takes to complete one square metre of wall, in this case one hour. The weekly wage of an operative is £295. Using the same calculation as shown on page 20, this gives an hourly rate of £11.31. So:

Materials 
= £24.86

Bricklayer 
= £14.31

Operative 
= £11.13

Total cost 
= £50.30 per square metre 

Finally, an estimator would have to add a percentage for profit. This varies from company to company and would be determined, in part, by how keen the company is to win the contract for which it is submitting a tender. In this case, assume a profit margin of 10%. The total unit cost of building a half-brick thick wall would now be £50.30 + £5.03 = £55.33 per square metre.

Prime cost of day work rates

A bill of quantities is based on unit rates for a range of work related activities. However, there will be occasions when it is not possible to use unit rates, such as:

· where the ground conditions for excavation work are unknown

· where the total extent of the work is unknown
· where it has been agreed between the client and contractor that the works will be carried out on a day work basis
In these circumstances, day work rates would be used. The actual day work rates would be inserted in the bill of quantities and used for variations and additional work items (as per the above points) that cannot be measured in the normal way. Day work rates for all trades are published by the Building Cost Information Service (BCIS) or can be obtained from Building magazine’s website (www.building.co.uk) — click on ‘data’ and then ‘cost updates’.

Plant rates

There are two main components to plant costs:

· fixed costs relate to non-productive activities, such as delivery, transport and, where appropriate, erection 

· operating costs relate to activities where the plant is being used and covers the cost of an operator, fuel, maintenance and repair

Plant can be either hired or owned. However, because of idle time and relatively high maintenance and replacement costs, many contractors prefer to hire plant.

Plant cost in unit rates
Whether plant is hired from an external company or obtained from the construction company’s own plant division, it has to be costed to the project. This cost would be based on unit rates. These rates take into account the replacement costs of the plant, maintenance costs, fuel, operators’ wages and delivery.  

Consider, as an example, the hire rate for a JCB back actor, a common piece of machinery that is seen on most building sites.

Hire rate
= £250.00 per week

Driver’s costs 
= £350.00

Fuel requirements 
= £300.00 (200 litres @ £1.50 per litre)

Total cost 
= £900.00

The hourly cost is: 
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We need to know the rate at which the back actor can excavate soil. In this example, the back actor is to dig a foundation trench 1 metre deep and excavate a total of 27 cubic metres of soil and load it onto a lorry. This usually takes 6 hours.

The output per hour = 
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The cost per cubic metre = 
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To this figure, an estimator must add the cost of an operative acting as a ‘banksman’. Suppose the operator’s hourly labour cost is £12.00:

The labour cost per cubic metre = 
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Therefore, the total unit rate would be £7.80 per cubic metre.

Cost modelling

Case study 4 presented some techniques that can be used to estimate the cost of a construction project. In this case study, we will use some of these methods to determine the approximate value of different construction projects. These traditional cost modelling approaches work in several ways:

· cost per unit (bed, seat, pupil, car space, etc.)

· cost per unit area or volume (m2 of floor area, m3 of functional space)

· cost of functional element 

· approximate quantities
We will look at four different examples: student residences, social housing, theatres and nursing homes.

Student residences

Consider a building with 310 study bedrooms that cost £9,900,000 to construct. It is a simple calculation to calculate the cost per bed or study bedroom. It is: 
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Round this answer up to £32,000, and use this figure to determine the number of bedrooms that it would be possible to create when given a budget, or to work out the approximate cost to construct a building when the number of study bedrooms required are known. For example, if a university wants to construct to a new halls of residence to house 250 students, the approximate cost would be:

250 x £32,000 = £8,000,000

Social housing

The cost to erect 10 three bedroom, semi-detached houses was £936,000. In total, there are 30 bedrooms and a three bedroom house could accommodate 5 people, so we would expect 50 residents in the 10 houses. Simple calculations show that each unit (house) costs £93,600, the cost per bedroom is £31,200 and the cost per resident is £18,720. In this case we have created three approximate costings: the cost of a dwelling, the cost per bedroom and the cost per person living in the house.

A theatre

A private developer paid a construction company £8,200,000 to erect a 500 seat theatre. The cost per seat works out at £16,400.

Nursing home

A nursing home was designed for 16 individual residents. The final cost per room was £48,700, giving a total cost was £779,200. The total floor area of the nursing home covered is 650 m2, so the cost per square metre is £1200.

Note that all these figures are based on construction costs including professional fees. However, they exclude the cost of land, which can vary considerably.

Approximate quantities

This method is used when a client wishes to proceed with some urgency even though the drawings have not been completed. The descriptions should be exact, but it is not possible to take exact quantities from the drawings because they are not finished. The job is priced by taking approximate quantities off the drawing. These will be measured when the works have been completed.

Cost of functional elements

This table sets out the cost of each element of the 310 bedroom student residence. 

	Element
	Percentage 
	Cost £
	Cost £ (fixed budget)

	Substructure
	6.5
	 643,500
	

	Frame and upper floors
	14.2
	1,405,800
	

	Roof 
	4.6
	455,400
	

	Stairs 
	0.7
	69,300
	

	External walls, windows and doors
	11.8
	1,168,200
	

	Internal walls and partitions
	1.1
	108,900
	

	Internal doors
	3.4
	336,600
	

	Wall, floor and ceiling finishes
	6.3
	623,700
	

	Furniture and fittings
	7.0
	693,000
	

	Sanitary fittings
	9.5
	940,500
	

	Disposal installations
	1.1
	108,900
	

	Water installations 
	1.7
	168,300
	

	Space heating and ventilation
	4.5
	445,500
	

	Electrical, communications and security
	8.6
	851,400
	

	Lift installation
	0.9
	89,100
	

	Builders’ work
	1.5
	148,500
	

	Preliminaries 
	16.6
	1,643,400
	

	Total
	100.0
	9,900,000
	6,750,000


Suppose the university wished to build a new student accommodation block with a total budget of £6,750,000. It could get an estimate of the cost of each element by multiplying this new budget by the percentages in the table. Do this as a simple exercise to complete the final column of the table on page 26.

Feasibility studies

Before any design work is undertaken, the architect and the quantity surveyor would need to establish if the proposed project is possible, practical and economical. The client would normally give the architect a budget figure for the project. This figure is then set against cost estimates based on historical information — very much in the way that historical data on, say, the cost per bed is used to obtain an approximate estimate of the price of a new student residence. At the same time, an architect would consider alternative possibilities within the client’s budget. It would be foolish to proceed with a project knowing that the budget is inadequate, as it would only lead to problems at a later date when tender prices have been received. The architect could well be guilty of negligence. 
The architect and other professionals in the design team would use the RIBA Plan of Work to assist them through the design and construction process. This helps them link cost planning to the construction process to ensure that the client is getting value for money, resources are used wisely and that the budget is not exceeded. At each stage of the project, the plan of work sets out the actions to be taken. It is important that any possible overspend is recognised early, so that action can be taken to eliminate or reduce that overspend. Time spent at the design stage will pay dividends once construction work is commenced.

Historical data

All the estimating techniques introduced rely to some extent on historical data from previously completed projects. This data is a valuable asset, and it provides a useful benchmark to ensure that the client receives value for money. However, historical data must be used with care. Professionals involved in costing a project must always take into account the ‘currency’ of any historical data. Does it relate to recent projects? Are the costs likely to be affected by the location where the construction took place? Does the information need updating? 

Project cost information is readily available from Building magazine’s website (see www.building.co.uk). This site also publishes cost models. It provides regular cost updates, giving the relative price indices for materials and construction work. There are also many other sources of historical data:

· Work study results — these studies take measurements of the time it actually takes to complete different processes on site.

· Construction cost books — there are many available containing rates related to the SMM7 work items, as well as data that enable professionals to improve their own estimates.

· Building Cost Information Service (BCIS) — this service is run by the RICS (Royal Institution of Chartered Surveyors). It provides estimators with 
up-to-date information relating to the costs of a wide range of construction projects. The RICS also publishes other useful cost information including the Building Maintenance Price Book.
Wall-to-floor ratios

The ideal plan shape for a building is square. This is because a square building gives the best economic return on a project. This can be explained by considering the 
wall-to-floor ratio. In the two examples below, we will consider two buildings (one square, one rectangular) that have the same floor area and the same storey height (3m). The unit construction costs are the same for both buildings: the substructure, floor and roof cost £60 per m2 and the walls £93 per m2. These costs do not include finishes.

Example 1: the square building

This has 4 walls, each 12 m, so its perimeter is 48 m (4 x 12).

Wall area 48 m x 3 m = 144 m2
The total cost of the walling = 144 x £93 
= £13,392

Floor area 12 m x 12 m  = 144 m2 

The total cost of the floor = 144 x £60 
=  £8,640
Total cost 
= £22,032

The wall-to-floor ratio = 
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Example 2: the rectangular building

This has two long sides (24 m) and two short sides (6 m), so its perimeter is 60 m.

Perimeter = (2 x 24) + (2 x 6) = 48 + 12 = 60 m

Wall area 60 m x 3 m = 180 m2
The total cost of the walling = 180 x £93 
= £16,740

Floor area 24 m x 6 m = 144 m2 

The total cost of the floor = 144 x £60 
=  £8,640
Total cost 
= £25,380

The wall-to-floor ratio = 
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We can clearly see that despite the floor area being the same, the second building has its floor enclosed by a longer perimeter. This increases the construction cost. In general, the greater the wall-to-floor ratio, the greater the construction cost.

Window-to-wall ratios

A similar situation occurs when considering windows and doors. A high window-to-wall ratio pushes up construction costs. This is because of the cost of building the openings and the price of the doors and windows themselves is greater than the cost of building a simple wall. However, windows serve important functions, and an architect must consider the need for day lighting and thermal insulation as well as building regulations which set strict percentages for window-to-floor areas.

Number of storeys

The storey height — or the height from floor to soffit — determines the number of floors that can be provided within a building. This has an impact on construction costs. In general, putting in more floors will increase costs and but will increase the floor area and provide greater rental returns for the building’s owner.

Consider this example. Suppose a building with a floor plan of 35 m x 35 m and 64 m high is designed with a storey height of 3.20 m. This will give 20 floors. However if the storey height is reduced to 2.91 m, an additional two floors could be provided. This change would add a relatively small percentage to the overall construction costs, but the increased floor area could provide significant long-term additional revenue for the building’s owners.
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