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Abstract
[bookmark: _Hlk97833621]This paper will show the different types of tender processes commonly used, the documentation needed for a successful tender to be submitted and the role the Quantity Surveyor plays in this process, both from the Client’s side and the potential Contractors side.
Following this description, a cost estimate was carried out using two of the three commonly used methods described in RICS NRM 1 (Royals Institution of Chartered Surveyors, New Rules of Measurement), namely the Gross Internal Floor Area method and the Elemental method. The remaining Functional Method was not considered.  A number of dimensions were derived from scale rule use and calculation, where dimensions were not provided on the drawing. It should be noted that only the superstructure of the project was considered and the substructure below ground level was ignored.  From the calculations, a take-off was carried out and a Bill of Quantities produced for the external wall envelope and the roof tile covering only.
Introduction
This first part of this paper will look at the types of contracts tendering processes, the documentation expected to make up a tender submission and the role the Quantity Surveyor has in the preparation of a tender.  A tender is a supplier’s submission, or bid, to supply services or goods, to satisfy an Invitation to Tender (ITT), or advertisement of a required service or supply of goods.  
The second part of the paper will look at the estimating and measuring process of a simple domestic house, and particularly the cost based on Gross Internal Floor area, the measurement of the external envelope and roof of the building and the production of a Bill of Quantities. 
Types of Tendering
Flanagan and Jewell in the Chartered Institute of Building publication “New Code of Estimating Practice” identify five basic types of tender process:
· Open
· Selected
· Negotiated
· Serial 
· Framework
This list is echoed in Designing Buildings (The Construction Wiki).
Open Tendering
Open tendering is exactly what it says, it is open to any organisation and the invitation to tender, is normally advertised in the press or on the web.  The downside to this method of tendering is that often there will be a large volume of responses, and often from organisations that are not necessarily qualified to deliver the project. Due to this, it can be time consuming and therefore expensive to carry out the bid evaluation process for this method.  One advantage of this method is that it allows suppliers who are “breaking into” the market to tender for work.
[bookmark: _Hlk102035542]For large contracts, there will often be a pre-qualification stage that allows for a shortlist of suitable suppliers to be compiled, who will then be invited to bid for the work. The BSI publication PAS 91:2013+A1:2017 Construction Prequalification Questionnaires, is a very useful resource for carrying out this process.  This document forms the basis of nearly all pre-qualification used by Crown Commercial.
Selected Tendering
This method of tendering is where the client or the client’s representative prepares a list of suppliers that they feel have the necessary ability to satisfy the requirement.  The selected suppliers are often chosen as a result of the pre-qualification process of the open tendering method.  As previously mentioned, it is extremely resource consuming to evaluate bids, as a result, the list of selected bidders is usually less than five.  When the author carried out a major contract bid evaluation for his organisation, the list was reduced to four in the first instance and eventually to three bidders as one bidder withdrew.  The bidder that withdrew, cited the reason for withdrawal was a result of the cost to the organisation of preparing a bid for a contract that they reasoned was probably not winnable.  This last point should not be overlooked when selecting suppliers to tender for a contract, as it is extremely time and cost consuming to prepare a tender response, and not all suppliers will have the resources or the deep pockets required to respond to an invitation to tender, especially for a large contract.  The risk assessment of whether a supplier has suitable resources and interest to respond, should form part of the selection process.
Negotiated
Negotiated tendering is often chosen as a result of the client and the supplier already having a business relationship and therefore the client knows the supplier has the capacity, skills and quality to satisfy the requirement and therefore only the cost is required to be negotiated.  In the author’s organisation, the “preferred” suppliers are identified through the selective tendering method and the negotiated tendering process is the next stage of a two-stage hybrid tendering process.
Serial Tendering
The serial tendering method is often used where there a number of contracts of similar requirement which are scheduled sequentially. As a result of satisfactory completion of one contract, the supplier’s knowledge and familiarity of the client’s requirement gained from the initial contract provides economy of scale and consistent quality, from “lessons learned”. An example of this is a house builder with several developments of similar design.
Framework Tendering
This method is where an agreement already exists between the client and supplier, normally existing for a set time.  During this set time, additional “modules” or parts of a framework may be “called-off”.  The organisation that the author works for, often uses this method within a larger framework contract.  It should be noted that this agreement may exist between the client and more than one supplier. These are often known as “partnering agreements”.
Documentation and Information Needed to Complete a Tender
This is the information and documentation needed to be provided by the Client or the Client’s representative to allow a prospective Tenderer to complete a tender or bid.  Langdon makes the point; “The successful development of any building project requires the acceptance by all parties of an underlying structure or framework of operation”. (Langdon, 2007).  In Langdon’s example, he refers to the RIBA Plan of Work (RIBA, 2007), now updated to 2020 version, but the author believes that this sentiment extends to all information and documentation shared during a project. Accurate and honest disclosure of information will undoubtably lead to a more harmonious project, with significantly less chance of subsequent dispute.

The Initial Brief
The initial information that would be shared by the Client or the Client’s representative is the “Outline Brief”.  This will often be little more than a statement of intent, it may be no more than a telephone call. (Langdon, 2007)
Following the initial brief, the Client will issue the formal tender documentation.  From Martin Brook’s Estimating and Tendering for Construction Work; This will include:
· Clients Brief
· Coordinated Project Information
· The formal Contract
· Subcontract Form
Clients Brief
Brook identifies, for projects that encompass a design element, which is most medium and large projects, a client brief will typically include:
· Capital budget to enable “design-to-cost” techniques
· Operational outcomes and efficiencies
· Physical expectations with indicative massing, site plan and schedule of accommodation
· Sustainability and environmental strategies
· Flexibility/adaptability requirements including aspects of modular/off-site construction
· Construction timescales
· Stakeholder inputs
· Social responsibility including local spend
· Maintenance and capital replacement requirements 
· Site surveys and investigations
· Procedures for selecting furniture, fittings, and equipment (Brook, 2017)
Brook has also produced a table of examples of good and bad practice on page 42.
Coordinated Project Information
[bookmark: _Hlk102035956]This is the lion’s share of the information to be provided.  The Construction Project Information Committee (CPIC) offers best practice guidance on the content, form and preparation of construction production information. (Designing Buildings) This has largely been superseded by NRM1 and NRM2, and with the increasing use of Building Information Modelling (BIM), BSI publication BS EN ISO 19650:2019.
The coordinated project information will contain:
· Drawings
· Specifications
· Bills of Quantities
· The Contract 
Drawings
Drawings are the foundation of most construction projects and are used as the means to communicate the Client’s physical Requirement.  This is what the Client envisages as the output of the project. There a plethora of standards covering the production of drawings, but the most important attributes of the drawings or drawing suite are:
· Accuracy
· Clarity
· Economy
· Consistency (Brooks, 2017)
Brooks identifies five main types of drawings commonly used in construction:
· Survey drawings: based on a measured survey or an Ordnance Survey sheet; these are used to produce block and site plans.
· General arrangement drawings: the designer’s early interpretation of the brief.
· Production drawings: include agreed general arrangement drawings, layout drawings, assembly drawings, standard details such as those provided for highways drainage, schedules, and additional detail drawings as necessary. They are used to go with applications for statutory approvals, to invite contractors to tender and construction purposes.
· Schematic drawings: often produced by engineering services designers to show how a system works.
· Record drawings: used to show a record of construction as it has been built and services installed. They provide essential information for maintenance staff.
It is now becoming common practice to share drawings in .pdf format rather than .dwg format for simplicity and it does not require expensive software. (Brooks, 2017)
NRM 2 Part 2 Para 2.6.4.2 requires that drawings used to produce a Bill of Quantities will be listed in the preliminary section of the Bill of Quantities.
Specifications
The specifications are the written technical requirements of Clients output and will identify the standards required by the project such as quality, workmanship, materials to be used.  The specification will often refer to industry standard specifications such as British Standards (BS) and Publicly Available Standards (PAS) documents.
Brooks identifies good practice with respect to specifications as:
· complete – covering every significant aspect of the work
· project-specific – produced for the project, without irrelevant material
· appropriate – for available materials and skills, and can be checked and standards enforced
· constructive – helping all the parties to understand what is expected of them
· up to date – using current good building practice and most recent standards;
· clear – economically worded.
As with the drawings, NRM 2 Part 2 Para 2.6.4.2 requires that specifications used to produce a Bill of Quantities will be listed in the preliminary section of the Bill of Quantities.
Bills of Quantities
Langdon describes the Bill of Quantities as documents that describe the quality and give the quantities of the constituent parts of proposed building works. (Langdon, 2007)
The Bill of Quantities (BOQ)is produced as the basis for inviting competitive tendering, and to help with valuing completed work.  The Professional Quantity Surveyor (PQS) will produce the Bill of Quantities to allow for suppliers to prepare their bid or tender.  
NRM 2 Part 2.6 outlines the composition of a bill of quantities, which normally comprise of the following sections:
· Form of Tender (including certificate of bona fide tender)
· Summary (or Main Summary)
· Preliminaries, comprising two sections as follows:
· Information and requirements
· Pricing schedule
· Measured work (incorporating contractor designed works)
· Risks
· Provisional sums
· Credits (for materials arising from the works)
· Dayworks (Provisional)
· Annexes
The form of tender is not provided by the PQS but is provided by the tenderer or supplier as it contains their tender price.  This is sometimes a separate document.  The certificate of bona fide is also provided by the tenderer or supplier, as this is their confirmation that they have not communicated their tender to other parties.
It is of utmost importance that the bill of quantities does not contradict the specifications.
 The Contract
The contract is an agreement between two or more parties which is intended to have legal consequences, and to be legally enforceable, and a contract should comply with the following rules:
· There must be an offer by one party and an acceptance by the other or others.
· Each party must contribute something of value to the other’s promise; a client is responsible for making payments and the contractor must complete the construction.
· Each party must have the legal capacity to make a contract.
· The parties must have exercised their own free will, without force or pressure. (Brooks, 2017)
For most construction projects there are standard form contracts, which set out the responsibilities of each party, how payments will be scheduled, how long the project should take, how disputes will be resolved, and many other facets of the project party’s relationship.
There are many standard form construction contracts available to suit differing procurement methods and work types.  The most prevalent standard contracts are the JCT (Joint Contracts Tribunal) and NEC (New Engineering Contracts) suite of contracts.
Health and Safety File
Health and Safety File.  This is required by the Construction (Design and Management) Regulations 2015 (CDM 2015) and is produced by the principal designer on behalf of the Client.
Documents Forming Part of the Tender submission
In addition to documents already mentioned, the tender submission should contain the following:
· The Form of Tender and the Certificate of Bona Fide, as previously discussed.
· The Contractors proposals which may include a Technical Response and a Commercial Response.  Brooks identified the following as possible to include:
· TECHNICAL RESPONSE
· Design vision, functional design and schedule of accommodation.
· Technical design including master planning, site plans and building drawings.
· Specifications and examples of the quality of products.
· Project management plan comprising staffing, programme, logistics and temporary works.
· Environmental solutions including community issues and local spending plans.
· COMMERCIAL RESPONSE
· Commercial response to include contract sum analysis, commentary on the contract conditions and risk schedule. The commercial section is always submitted separately so that it can be assessed by those who ‘need to know’ and thereby maintain confidentiality.
The role of the Quantity Surveyor in the preparation of a tender
Sandra Lee in Willis’s Elements of Quantity Surveying states that the Quantity Surveyor covers all aspects of procurement, contractual, and project cost management. (Lee, 2020)
The Professional Quantity Surveyor or PQS is the Client’s representative in terms of managing the costs and legal parts of a building project.  The Contractors representative is just known as the Quantity Surveyor (QS).  The role of the Quantity Surveyor in any tendering process will depend largely on which procurement method is chosen by the client.  To that end the PQS/QS will typically carry out the following tasks in support of the tender:
· Assess the Client’s needs for the project
· Leadership of the tender team
· Acting in an ethical and professional manner
· Ensure compliance with Company policy
· Provide advice and guidance on the procurement pathway to follow
· Advise on which type of tender process to follow
· Carry out a Cost Estimate based on Gross Internal Floor area
· Carry out a detailed measurement and estimating process, including elemental take off
· Produce a Bill of Quantities
· Produce a more detailed Cost Estimate from the Bill of Quantities, including temporary works and site security
· Provide project risk advice and risk management, to include inflation 
· Provide advice and guidance on which Standard Form construction contract would be most appropriate for the project
· Carry out any changes to the tender documentation they are responsible for, ensuring changes are communicated to all relevant parties
· Tender qualification where elements of the project are not clear or quantifiable
· Contractor selection and supply chain management
· Health and Safety (CDM 2015) compliance and costing

Estimation of Cost by calculation of Gross Internal Floor Area
New Rules of Measurement 1 (NRM 1) published by the Royal Institution of Chartered Surveyors (RICS) Part 2 Paragraph 2.6.1 (a) provides a Floor Area Method for estimation of cost.  It states:
[bookmark: _Hlk101604518]The total gross internal floor area (GIFA) of the building or buildings is measured and multiplied by an appropriate cost/m2 of GIFA. The equation for calculating the total estimated cost of building works is therefore:
c = a x b
Where:
a = GIFA
b = cost/m2 of GIFA for building works
c = building works estimate (i.e. total estimated cost of building works) (RICS, 2013)
Obviously, there will be many factors which will also influence the cost of a building such as what the building will be built from, the style of the building, what use the building will be put to and the location of the building, and these factors will need to be taken account of when finalising an estimated cost.
[bookmark: _Hlk101615480]Calculation of the Gross Internal Floor Area (GIFA)
The building required by the client is produced in a design drawing, and from that drawing dimensions, the calculations are made.  Where no dimensions are given, a scale rule can be used to determine the dimensions.
From the design drawing provided, it is established that the external wall envelope will be constructed from material thicknesses as follows:
Blockwork Wall = 200mm
Cavity Insulation = 75mm
Cavity = 30mm
Outer Brickwork Facing = 102.5mm
Total Wall Thickness = 200+75+30+102.5 = 407.5mm








Ground Floor Area Calculation
Given External Dimensions calculated from drawing			
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Fig 1. Ground Floor of Building
The Ground Floor was notionally divided up as per Fig 1.  
Dimension A was ascertained by using a scale rule on the PDF format Drawing as 1250mm
Calculation of Internal Area A
[bookmark: _Hlk101607703]Internal length = given external dimension – the given wall thickness
Internal Length = 9100 mm – 407.5 mm = 8692.5 mm
Internal width = given external dimension – dimension A – twice the given wall thickness
Internal Width = 8100 mm – 1250 mm – (2 x 407.5 mm) = 6035 mm
Internal Area of A = Internal Length x Internal Width
Internal Area of A = 8692.5 mm x 6035 mm = 8.6925 m x 6.035 m = 52.459 m2
Which is rounded up to 52.46 m2
Calculation of Internal Area B
Internal length = given external dimension - the given wall thickness
Internal length = 3700 mm – 407.5 mm = 3292.5 mm
Internal width = given external dimension - twice the given wall thickness
Internal width = 8100 mm – (2 x 407.5 mm) = 7285 mm
Internal Area of B = 3292.5 mm x 7285 mm = 3.2925 m x 7.285 m = 23.985 m2
Which is rounded up to 23.99 m2
Calculation of Internal Area C
Internal length is calculated using lengths calculated for Areas A and B previously
Internal length of C = Internal length of A + Internal length of B 
Internal length = 8285 mm + 2885 mm = 11170 mm
Internal width is provided on the drawing as 2500 mm
Internal Area of C = 11170 mm x 2500 mm = 11.170 m x 2.500 m = 27.925 m2
Which is rounded up to 27.93 m2
Total Internal Ground Floor Area = Area A = Area B =Area C
Total Internal Ground Floor Area = 52.46 m2 + 23.99 m2 + 27.93 m2 
Total Internal Ground Floor Area = 104.38 m2 
First Floor Area Calculation
The first floor is essentially the same as the ground floor minus Area C identified in Fig 1.  Therefore, using Internal Areas already calculated for Areas A and B for the Ground Floor, the Total Internal Floor area of the First Floor is:
[bookmark: _Hlk101611368]Total Internal Floor Area of the First Floor = Internal Area A + Internal Area B
Total Internal Floor Area of the First Floor = 52.5 m2 + 28 m2 = 80.5 m2
Total Internal First Floor Area = 80.5m2 
Gross Internal Floor Area Calculation 
[bookmark: _Hlk101611660]The Gross Internal Floor Area (GIFA) = Total Area of Ground Floor = Total Area of First Floor
The Gross Internal Floor Area (GIFA) = 104.38 m2 + 80.5 m2 = 184.88 m2 
[bookmark: _Hlk101613954]The Gross Internal Floor Area (GIFA) = 184.88 m2
[bookmark: _Hlk101615522]To Find the Cost/m2 of GIFA for Building Works
[bookmark: _Hlk101612584]SPON’s Architects’ and Buildiers’ Price Book 2020, was used to determine the cost per square metre of the building.  The building is a two-storey house private development.
SPON’s Architects’ and Buildiers’ Price Book 2020, gives a price per square metre of £1650.00 to £2100.00, for this development.
To Find the Cost from the Gross Internal Floor Area
The cost estimate was defined in NRM 1 as:
c = a x b
Where:
a = GIFA = 184.88 m2
b = cost/m2 of GIFA for building works = £1650.00 to £2100.00
c = building works estimate (i.e. total estimated cost of building works) (RICS, 2013)
Therefore:
[bookmark: _Hlk101614046]Cost estimate = 184.88 x 1650.00 to 184.88 x 2100.00
Cost estimate = £305052.00 to £388248.00
This is the cost estimate for the year of publication of SPON’s which was 2020.
To make the cost estimate relevant to the actual date, a number of calculations are required.  SPON’s 2020 gives a Tender Index of 124, and a Tender Index of 125.7 for the first quarter of 2022, which is when this estimate as carried out.
To calculate the Percentage Increase required to correct our estimate for the first quarter of 2022:
(125.7 – 124) ÷ 124 x 100 = 1.37 %
Applying this correction to the lower figure to calculate the increase in cost:
(£305052.00 ÷ 100) x 1.37 = £4179.21
Adding this to the original cost gives a final lower estimate cost of:
[bookmark: _Hlk101615230]£305052.00 + £4179.21 = £309231.21
Applying this correction to the upper figure to calculate the increase in cost:
[bookmark: _Hlk101615082](£388248.00 ÷ 100) x 1.37 = £5319.00 
Adding this to the original cost gives a final upper estimate cost of:
[bookmark: _Hlk101615214]£388248.00 + £5319 = £393567.00
Therefore, the final estimated cost using the GIFA method for the project in the first quarter of 2022 is:
£309231.21 to £393567.00
It should be noted that no other corrections were applied for consideration such as location etc.
The Elemental Approach to Cost Estimation
NRM 1 Part 2 Paragraph 2.7 provides an elemental approach to cost estimation.  This method considers the major elements of building works and provides an order of cost estimate broken down to each element. (RICS, 2013)
Process overview of the elemental approach to cost estimation is provided in New Rules of Measurement 2 (NRM 2) published by RICS. This method of cost estimate requires detailed measurement of each project element to ascertain quantities which are set down in a Bill of Quantities.  These quantities are then multiplied by the cost of each element to arrive at a cost estimate for each element.  The overall cost estimate is arrived at by adding all the elemental cost estimates together.  NRM 1 Paragraph 2.7.2 states:
If suitable information is available, then element unit quantities (EUQ) are measured for an element in accordance with the rules and priced with suitable element unit rates (EUR) to ascertain the cost target for an element. Where insufficient information is available for a particular element, the EUQ for the element is based on the GIFA. The equation for calculating the cost target for an element is therefore:
c = a x b
where:
a = EUQ
b = EUR
c = cost target (for element)
and NRM 1 Paragraph 2.7.4 states:
The total estimated cost of building works (i.e. the building works estimate) is ascertained by adding together the cost target for each element. The equation for calculating the building works estimate using the elemental method is therefore:
b = ∑ (a1 + a2 + a3 + a 4 + a5 + a6 + a7 + a8 + a9)
where:
a1, a2, a3, etc. = cost target for element
b = building works estimate
[bookmark: _Hlk101617871]Preliminary Calculations
The preliminary calculations are the calculations required to provide quantities of each element.  This is done on “dim” paper, and is known as “taking off”, because the dimensions are taken off the drawings. For calculation of elements of the external envelop of the building such as walls, the preliminary calculations require to ascertain the centreline of each element, such as brick work to calculate their perimeter.
Calculation of Centrelines
To calculate the perimeter (Girth) of the building (Gym and Sunroom are excluded), the external dimension will be used as they are provided on the drawings:
Building length is 3850 mm + 5250 mm + 3700 mm = 12800 mm
Building with is 8100 mm
Perimeter is therefore = (Building Length x 2) + (Building Width x 2)
Perimeter = (12800 mm x2) + (8100 mm x 2)
Perimeter = 25600 mm + 16200 mm = 41800 mm = External Girth
To Calculate the Centrelines of each Element of the Wall
External Girth = 41800 mm
Ddt 4/2/½/102.5 = 410 mm
CLOB = 41800 – 410 = 41390 mm
Ddt 4/2/½/30 = 120 mm
CLOC = 41390 – 120 = 41270 mm
[bookmark: _Hlk101625327]Ddt 4/2/½/75 = 300 mm
CLOI = 41270 – 40970 mm
Ddt 4/2/½/200 = 800 mm
CLOBk = 40970 – 800 = 40170 mm
To calculate the elements dim paper is used:
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	Take Off of Walls

Centre line calculations

External Girth = 41800
Ddt 4/2/½/102.5 = 410
CLOB = 41800 – 410 = 41390 = 41.39 m
Ddt 4/2/½/30 = 120 
CLOC = 41390 – 120 = 41270 = 41.27 m
Ddt 4/2/½/75 = 300 
CLOI = 41270 – 40970 = 40.97 m
Ddt 4/2/½/200 = 800
CLOBk = 40970 – 800 = 40170 = 40.17 m 

Brickwork half brick thick stretcher bond outer skin in gauged mortar
14.1.1.6


Crown Dritherm Cavity Slab 37
31.01


Lightweight aerated concrete block in gauged mortar
14.02.1.2.9












To Calculate the Roof Surface Area (Simple Hip Roof)						
All dims in mm scaled from drawing		
5800
						


Dimension X
											        2600


						12800



                         Dimension Y							
2600


						7625

[bookmark: _Hlk101688346]Fig 2. Roof Detail from side and end
To calculate dimension X in order to calculate the true surface area of the roof ends:
Length of Roof Eaves – Length of Roof Ridge ÷ 2
12800 mm – 5800 mm = 7000 mm ÷ 2 = 3500 mm = 3.5 m
X2 = 3.52 x 2.62
X2 = 12.25 x 6.76 = 82.81
Dim X =  √82.81
Dim X = 9.1 m
To calculate dimension Y in order to calculate the true surface area of the roof sides:
Length of Roof End Eaves ÷ 2 
7625 ÷ 2 = 3812.5 mm = 3.8125 m
[bookmark: _Hlk101629714]Y2 = 3.81252 x 2.62 
Y2 = 14.535 x 6.76 = 98.2566
Y = √98.2566
Dim Y = 9.91 m
To Calculate Area of Roof Sides 
Area of Trapezoid is given as:
A = ((B + T) x H) ÷ 2
Where b = Base, T = Top and H = Height
Therefore, area of side of roof
[bookmark: _Hlk101630674]((12.800 + 5.800) x 9.1) ÷ 2 = 84.63 m2  
[bookmark: _Hlk101630861]Area = 84.63 m2  
To Calculate Area of Roof Ends
Area of a Triangle is given as:
[bookmark: _Hlk101630572]A = (B x H) ÷ 2
Where b = Base and H = Height
Therefore, Area of end of roof 
[bookmark: _Hlk101630692](7.625 x 9.91) ÷ 2 = 37.78 m2 
Area = 37.78 m2
Total Surface Area of Simple Hip Roof 
Total Surface Area of Roof = (Area of Roof Sides x 2) + (Area of Roof Ends x 2)
Total Surface Area of Roof = (84.63 m2 x 2) + (37.78 m2 x 2) = 244.82 m2 
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	Take Off of Roof Covering
Roof Surface area Calculations

To calculate dimension X in order to calculate the true surface area of the roof ends:
Length of Roof Eaves – Length of Roof Ridge ÷ 2
12800 mm – 5800 mm = 7000 mm ÷ 2 = 3500 mm = 3.5 m
X2 = 3.52 x 2.62
X2 = 12.25 x 6.76 = 82.81
Dim X =  √82.81
Dim X = 9.1 m

To calculate dimension Y in order to calculate the true surface area of the roof sides:
Length of Roof End Eaves ÷ 2 
7625 ÷ 2 = 3812.5 mm = 3.8125 m
Y2 = 3.81252 x 2.62 
Y2 = 14.535 x 6.76 = 98.2566
Y = √98.2566
Dim Y = 9.91 m

To Calculate Area of Roof Sides 
Area of Trapezoid is given as:
A = ((B + T) x H) ÷ 2
Where b = Base, T = Top and H = Height
Therefore, area of side of roof
((12.800 + 5.800) x 9.1) ÷ 2 = 84.63 m2  
Area = 84.63 m2  

To Calculate Area of Roof Ends
Area of a Triangle is given as:
A = (B x H) ÷ 2
Where b = Base and H = Height
Therefore, Area of end of roof 
(7.625 x 9.91) ÷ 2 = 37.78 m2 
Area = 37.78 m2

Total Surface Area of Simple Hip Roof 
Total Surface Area of Roof = (Area of Roof Sides x 2) + (Area of Roof Ends x 2)
Total Surface Area of Roof = (84.63 m2  x 2) + (37.78 m2 x 2) = 244.82 m2


Concrete Interlocking Tiles Marley Eternit Ludlow Major (420mm x 330mm)
18.03
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