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Executive Summary 
The brief for this project was to design a steel stockholding facility with an annual production 

capacity of 120,000 tonnes for longitudinal steel products. It was required to use an automated 

material handling and processing system to store and retrieve stock, whilst providing at least a 

steel cutting service. The main objective was to provide a complete engineering solution, whilst 

also determining whether a return for potential investors is feasible. As such, key design 

principles in all areas of design included efficiency, value for money, and full utilisation of 

automated processes. A just in time stock management system was to be employed in order to 

minimise working capital tied up in stock and to meet the modern expectations of our customers.  

 

A suitable location was identified near Birmingham in the West Midlands in order to take 

advantage of the major transport links in the area and its centralised position in the UK. A target 

market of major steel fabricators and steel construction companies was identified, and a 

corresponding stock selection process was carried out in order to identify the long products in 

highest demand.   

 

Steel processing services were selected to position the stockholder in a competitive position 

compared with similar businesses. Cutting, drilling, shot-blasting and painting facilities have been 

specified. In order to minimise initial capital expenditure a two phase install scheme has been 

devised whereby the facility offers cutting and drilling services upon opening, with the shot-

blasting and painting services added later to provide value added services once a client base has 

been established. The design of the steel processing facilities and the selection of machinery have 

been carried out in order to achieve next day delivery on steel orders placed before 6:00 pm.  

 

Where possible, automated systems have been put in place throughout the facility to minimise the 

human resource required and maximise efficiency. An automated storage racking system, 

supplied by Kasto, has been specified, along with fully automated processing machinery supplied 

by Voortman. An overall system to unify the various control systems within the facility, and 

verify the steel processing, has been devised.  

 

A portal frame structure and corresponding foundations have been designed to house the 

processing machinery which was deemed the most cost effective solution for both housing the 

machinery and supporting the gantry cranes. A separate office building has been specified to 

accommodate administrative and management personnel, whilst a self-contained building has 

been specified for the automated racking system. The costs associated with the construction of 

each of these structures have been considered in a bill of quantities and financial model.  
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The power requirements for all aspects of the stockholder have been considered and designs have 

been generated for the power distribution arrangements across the site, including the specification 

of suitable transformers and switchboards.    

 

The delivery of steel by train from a steelworks in Scunthorpe, to the stockholder in Birmingham 

has been considered. Strategies for the delivery of steel by road from the stockholder to customers 

across the UK have been devised, and will be carried out by a fleet of sixteen articulated lorries 

operating across eight routes. 

 

In order to test the proposed design against the target annual throughput capacity of 120,000 

tonnes a computer simulation has been developed, whereby the time taken to processes a 

randomly generated set of orders can be calculated and compared against the target throughput. 

Results from the computer simulation indicate that the design as presented in the report would 

meet the annual capacity target of 120,000 tonnes.  

 

To evaluate the financial viability of the overall design, a financial model has been generated. 

This model has been designed to take account of start up costs, such as construction costs and 

initial capital expenditure; projected sales figures; target profit margins; variable costs; and trends 

in steel price. Results from the financial model indicate that the business would potentially 

provide a strong investment opportunity. A sensitivity analysis indicated that if predicted sales 

revenue is reached, or within 5% of being reached, then net profit will be high. A further 

sensitivity analysis which focused on steel price variation showed if steel prices do not increase, 

then the business would no longer be financially viable. It also showed that if the steel price was 

to increase at a rate higher than the conservative 3% used in the model, as it did for many years 

before the recession, then the business would prove to be very profitable. The net present value 

was positive for all discount rates used and strong growth in profits can be seen based on the 

conservative financial model. 

 

Based on the design and calculations within the project report, the proposed steel stockholder 

could expect to emerge as the leading supplier of long steel products in the Midlands area. With a 

starting annual throughput capacity of 120,000 tonnes, and healthy growth and profit forecasts, 

the company has the potential to lead the way in a competitive field, due to its innovative design 

resulting in cost effective and efficient steel processing. 
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Section 1 Collaborative Content - Introduction 
1.1 Acknowledgements 

All members of the group would like to extend their collective and individual gratitude to all 

those who offered encouragement, support and technical assistance throughout the duration of the 

project.  

 

The group would like to express their particular thanks to the project supervisors, Professor Philip 

Hayman, Dr. Tony Thorne and Dr. Anil Fernando for their invaluable guidance and limitless 

patience. 

 

Individual thanks must also be expressed to Ben Morrall from Voortman, USA, and Robert Oude 

Avenhuis from the Voortman head office in The Netherlands for their guidance and technical 

support regarding steel processing equipment; and to the UK sales team at Kasto for their support 

regarding the specification and selection of the automated racking system. 

 

Finally, the group would like to thank Rob Eldridge Operations Manager at F H Brundle who 

gave a very warm welcome and informative tour during a visit to the Brundle stockholding 

facilities in Southampton.       

 

1.2 Introduction 

The contents of the following document outlines the investigation and design carried out by 

Group 2 of the Steel Stockholder project in response to the brief to design an automated steel 

stockholding facility with an annual processing capacity of 120,000 tonnes of long steel products. 

With this brief in mind the broad deliverable of the project, as outlined in the Inception Report, 

was to provide a complete engineering solution, whilst also offering a return for potential 

investors. As such, key design principles in all areas of design included efficiency, value for 

money, and minimisation of human resource required. 

 

The approach, as detailed in this report, was to first establish the business related objectives and 

parameters for the facility upon which the detailed design for the various sections of the facility 

was based. Section 1 outlines these business related decisions, including the strategies generated 

for stock selection, stock management, services to be offered, staffing, and shift patterns. 

 

A preliminary decision for the location of the stockholder was made at the inception stage and 

detailed in the Inception Report. Further research into the proposed site was carried out with 

respect to flooding (Section 11), permissions and restrictions (Section 1.4). Having established the 
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business objectives and the location for the stockholder, the broad site layout was specified with 

respect to appropriate buildings and building techniques as explained in Sections 1.5         

 

Summaries of the project management tools and techniques are given in Section 1.6. The project 

management tools, a Gantt chart and associated network produced using Microsoft Project, were 

updated throughout the project such that the Gantt chart presented on Page 26 represents the 

actual project process.  

 

Following the explanation of the collaborative strategic decisions in Section 1.3, detailed design 

and investigation are reported in Section 2 to Section 19. Sections in this range cover the 

investigation and design carried out by individual team members on specific areas of the project. 

In combination, these sections serve to achieve the project deliverables as documented in the 

Inception Report.  

 

Civil engineering deliverables were outlined as the specification of buildings, foundations and 

flood defences; details of which can be found in Section 10, Section 13 and Section 11 

respectively. The requirement for a detailed site plan was outlined, which is explained in Section 

8. 

 

Specification of racking systems and processing machinery has been carried out in order to 

achieve the associated project deliverables, details of which are given in Section 4 and Section 3 

respectively. Strategies for material handling throughout the process, goods in, and order dispatch 

are given in Section 6.  

 

An introduction to the selection of appropriate steel stock is shown in Section 1.3.4, with the 

detailed selection being given in Section 2. The overall strategy for off-cut management is 

outlined in Section 1.3.9, in accordance with the project deliverables. The results of the financial 

analyses and computer simulation required by the project deliverables can be found in  Section 19 

and Section 15 respectively. 
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1.3 Business strategy 

1.3.1 Predefined project requirements 

At the outset of the project, a number of business/strategy related parameters were defined in the 

project brief which were adopted as the basis for the design. The primary requirement was for the 

steel stockholder to have the capacity to handle long steel products to meet an annual throughput 

of 120,000 tonnes. Based on a five day working week and a 48 week working year; making 

allowance for public holidays and a small amount of unplanned down-time; the weekly required 

throughput for the stockholder was calculated as 2,500 tonnes, leading to a daily required 

throughput of 500 tonnes.  

 

Also stipulated by the project brief was the requirement for the steel stockholder to operate a ‘just 

in time’ stock management strategy, using automated material handling and processing systems to 

store and retrieve stock and provide, at least, a steel cutting service. Steelworks in Scunthorpe 

were defined as the source of the steel stock in this case, with deliveries to the stockholder to be 

by rail in normal circumstances. 

 

1.3.2 Source of budget for realisation of design 

In order for the proposed design to become a reality a significant investment would be required. A 

financial analysis alongside our business strategy has been included in order to convince private 

investors that the business is a worthwhile investment. Investors would be offered interest upon 

their investment alongside dividends. 

 

1.3.3 Just in time stock management 

As stipulated in the project brief, the stockholder has been designed to operate on a ‘just in time’ 

(JIT) stock management strategy. JIT stock control is characterised by the delivery of stock only 

when it is required and the use of that stock immediately (Business Link, n.d.). By using this 

method the quantity of stock held by the given business at any given time (inventory) is 

minimised. Reducing the inventory reduces the capital tied up in inventory, which can then be 

used elsewhere as required. In the context of a steel stockholder JIT stock management also 

increases the flexibility, enabling the business to adapt more easily to changing demand.               

 

JIT stock management requires close monitoring of inventory and is made more straightforward if 

large orders can be predicted. It has been assumed that in this case a number of larger customers 

of the stockholder will place regular orders of a similar nature, and will be able to provide 

reasonable notice of those orders. For JIT stock management to run smoothly all aspects of the 

supply chain must be coordinated and must reliably deliver on time. In this case a steelworks in 

Scunthorpe has been designated as the primary supplier. One such steelworks may be Corus and, 
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when their sales staff were questioned, Corus suggested that a delivery could be provided within 2 

days which would be satisfactory for the JIT stock management of the steel stockholder. 

 

The implications of a JIT stock control strategy on the design of the stockholder included the 

requirement for material handling throughout the system to be fast and efficient. Furthermore, due 

to the limitation on inventory desirable in a JIT system, the storage capacity of the stockholder 

was specified to be between 10% and 20% of the annual throughput (be weight); significantly 

lower than that of other stockholders who do not operate on a JIT system. 

 

1.3.4 Steel stock 

According to the project brief, the facility here was to be designed to supply ‘long steel products’, 

as opposed to flat products or coils. ‘Long products’ in this context encompasses a wide variety of 

steel section profiles, from which a suitable selection had to be made. A selection was also 

required to specify the lengths of steel to be stocked. These selections were based on the strategic 

decision to only stock popular sections that would be ‘fast movers’ in terms of order levels. The 

steel selection was made with a ‘mass market’ view in mind, and as such specialist requirements 

were not catered for. The target market in this case was identified as major steel fabricators and 

construction companies requiring large order quantities on a regular basis; rather than the 

specialist fabricator, small scale builder or DIY handymen.  

 

Based on research carried out on the internet into sections most commonly offered by comparable 

steel stockholders, and on some general knowledge of the steel construction industry gained from 

theoretical study and work placements, the following section profiles were selected: 

 

• Universal beams 

• Universal columns 

• Channel sections 

• Equal angles 

• Unequal angles 

• Circular hollow sections (cold formed) 

• Square hollow sections (cold formed) 

• Rectangular hollow sections (cold formed) 

 

Standard lengths of 12 m and 6 m were selected as a basis for the design of this stockholder, with 

the capability to process lengths of up to a maximum of 14m. The maximum length of 14m was 

selected as this is maximum trailer length for an articulated lorry travelling on the road network in 

the UK.    

 

Having established which steel section profiles to stock, and the lengths in which to stock them, a 

decision was made regarding the specification of the steel to be stocked. With a target market of 



MDDP 2010 – Steel Stockholder – Group 2 
 

Author: Group Collaboration Page 17 of 233 Section 1 

large engineering fabricators and construction businesses, the choice was made from structural 

steels. Steel sections of this type are manufactured to comply with the British and European 

standard BS EN 10025. Different types of steel vary in terms of their physical and chemical 

properties. The most common types of structural steel in the UK are classified as S275 and S355. 

Here, the ‘S’ indicates that the steel if of a structural grade. The ‘275’ and ‘355’ figures related to 

the yield strength of the steel in Nmm-2 (MPa). 

 

1.3.5 Processing services 

An automated cutting service was outlined as a requirement in the project brief; however the 

decision was taken to offer additional services from the same facility. Drilling, shot-blasting and 

painting facilities have been selected to add to the cutting service to offer a comprehensive range 

of services. These additional services were deemed suitable for a number of reasons.  

 

Firstly, the addition of extra services creates an additional revenue stream for the business as a 

premium can be charged for material processing. The processes carried out at the stockholder 

prior to delivery of the steel are processes that the customer does not have to carry out on their 

own site and as such can represent a cost and time saving for the customer. Providing the 

additional cost for processing is lower than that of the customer arranging the processing 

themselves, and a reputation for accurate and reliable processing can be quickly established, 

uptake is likely to be high. 

 

A further reason for specifying additional processing capabilities was to ensure that the 

stockholder could maintain a position as a competitor when compared to other stockholders. Press 

releases from mid September 2010 (theEngineer, 2010) reported that ParkerSteel were the first 

steel stockholder in the UK to invest in a fully automated system, similar to that of the design 

generated in this project. The ParkerSteel install, which was reported to have taken place in 

November 2010 (Kaltenbach, 2010), included fully automated cut and drill facilities, which were 

added to their existing automated shot-blast and paint equipment. The decision to add further 

processing capabilities to the stockholder designed in this project was made, then, in order to 

establish a position as a leading stockholder, competing with the likes of ParkerSteel, and 

consequently secure large scale orders from significant companies.  

 

Drilling was selected as a suitable additional service due to the extensive use of bolted 

connections in steel structures. With automated drilling machines (see Section 3.1.1), the accurate 

placement of both simple and threaded holes can be achieved. Furthermore, the automated drills 

selected are designed to be integrated with automated band saws. As such the addition of drills 

could be achieved with relatively little complexity. 
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Shot-blast and paint facilities were chosen as the application of a surface finish to sections, 

especially those to be used in steel framed buildings, is essential to prevent corrosion. Whereas 

the painting of a small number of short lengths could be achieved easily by a customer, the 

surface preparation and painting of multiple long sections would be very time consuming. As a 

result the provision of shot-blast and paint facilities was deemed sensible.  

 

Not all of the processing options are required for the stockholder to perform its basic function and 

meet the requirements of the brief. Operation of the stockholder would be perfectly feasible with 

only cutting and drilling facilities. As such, a two phase install plan has been adopted. The ‘Phase 

One’ install will take place upon construction before the stockholder opens and will consist of the 

installation of the cutting and drilling equipment. Four saws and two drills will be configured in 

four separate lines; two with band saws only, and two with drills followed by band saws. The 

stockholder is to operate with this setup from opening for a number of years in order to establish a 

reputation and customer base, and generate significant revenue. The ‘Phase Two’ install of shot-

blast and paint facilities is to take place when customer demand and cash flow allow. 

 

1.3.6 Order placement and processing 

Steel orders are to be placed either by phone or online. Phone orders will be dealt with by 

administrative staff on the same site as the stockholder. Online orders will be placed through a 

custom interface allowing processing requirements to be stipulated as well as order quantities.  

 

In the vast majority of cases, a next day delivery service will be offered for all orders placed 

before 18.00. Only exceptionally large orders, orders for out-of-stock items, or orders requiring an 

exceptional level of processing will incur longer delivery times, in the normal course of operation. 

This decision has been taken in order to compete with other stockholders offering such a service. 

Due to the automated design, next day delivery is attainable, while profit margins remain above 

those of a non-automated facility due to the ability to process steel quickly with a minimum staff 

requirement.   

 

In order to deliver the tonnage of steel required each day, 16 articulated lorries will be used 

covering 8 different routes across England. Details of the delivery routes and driving restrictions 

are given in Section 12. 

 

1.3.7 Stockholder staffing  

Throughout the design process, the level of human interaction with the steel handling and 

processing systems has been minimised in order to minimise the costs associated with staffing. 
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Although described as ‘fully automated’ in the sales literature, the machines that have been 

selected do require operators, however by specifying integrated control systems where possible 

(see Section 3.1.8), one operator is able to control more than one machine and so staff savings are 

possible. 

 

In order to process phone orders and deal with administration and finance, allowance has been 

made for six administrative/accounts staff. Further allowance has been made for a managing 

director, a director and two operations managers. Further detail of staffing and staff remuneration 

are given in Section 6.3.7 and Section 19.1.4. 

 

1.3.8 Shift patterns 

Different shift patterns have been chosen for the administrative staff, the staff of the processing 

facility, and the delivery drivers. Administrative staff will work from 08.30 until 18.00, in order to 

process orders for next day delivery that are placed before 18.00. Delivery drivers will start at 

06.00 and finish when they have completed all the deliveries on their designated route. Further 

details of allowable working hours for drivers are given in Section 12.4. Two shifts will operate 

for staff in the processing facility; an eight hour shift will run from 06.00 until 14.00, at which 

point another eight hour shift will take over running from 14.00 until 22.00.  

 

In normal circumstances, the processing equipment will only run for five hours of each shift. The 

first three hours of the day shift will be designated to machine maintenance, removal of off-cuts 

from the late shift the day before, and unloading and storing deliveries of steel from the 

steelworks. Processing machines will be started at 09.00 to process orders placed online after 

18.00 the previous day, and orders that come in by phone or online throughout the day. Machine 

processes will continue across the 14.00 shift change and the late shift will continue to process 

orders until 19.00. From 19.00 until 22.00, staff will load lorries ready for their departure at 06.00 

the next day before the delivery of steel and loading of the Kasto racks can begin. 

 

The above shift patterns, summarised in Table 1, allow some flexibility to adapt to daily change in 

demand. On particularly busy days, all or some of the process equipment can be started earlier 

and continue later in order to process more steel. On quiet days, processing machinery can be shut 

down earlier and the time to load vehicles brought forward. The shift patterns stated here, with 10 

hours machine operation per day, have been used for the process simulations in Section 15.  
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Table 1 - Summary of shift patterns 

07.00 08.00 09.00 10.00 11.00

Administrative staff 08.30 - 18.00

Processing facility staff - Shift  One - 06.00 - 14.00
Processing facility staff - Shift  Two - 14.00 - 22.00

Delivery drivers 06.00 - 15.00 approx.

18.00 19.00 20.00 21.00 22.0012.00 13.00 14.00 15.00 16.00 17.0006.00

 

 

1.3.9 Off-cut management 

A strategy has been developed for the management of off-cuts and waste steel stock. Very short 

off-cut sections below 0.5 m will be classed as waste and will be recycled. As such, pieces of this 

size will represent a loss for the business and processes resulting in such pieces will be minimised 

where possible. When processing makes off-cuts of this size essential, a costing structure will be 

used in order to minimise the financial loss. Off-cut sections of 3m or more will be classed as 

usable off-cuts and will be returned to the Kasto storage rack.  

 

Off-cuts in the size range 0.5 m to 3 m will be separated and collected together. These will then be 

sold to a smaller scale steel stockholder or metal supermarket, whose target market is customers 

requiring small quantities of shorter sections. In order to minimise the costs incurred in 

transporting these off-cuts, a suitable stockholder or metal supermarket will be located as close as 

possible to the site of the main stockholder. This strategy is employed by F.H. Brundle, 

Southampton, who sell steel off-cuts of this type to a smaller stockholder, Pyramid Steel, 

Aldershot.  

 

The material handling for each category of off-cut is described in Section 6.3.5. 
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1.4 Site & location 

1.4.1 Site selection 

As outlined in the ‘Inception Report’, a location in Coleshill, Birmingham has been chosen. This 

location was chosen as it lies near the centre of the UK amongst a large number of major transport 

links, and has rail services nearby that could be utilised. The site is located at the end of Edison 

Road, Coleshill, Birmingham, B46 1AB.  

 

Initial investigation into the area revealed that flooding was a potential problem with the site. 

Permanent and temporary flood defences have been researched; a flood defence strategy is 

outlined in Section 11.  

 

 
Figure 1 - Location of site relative to M42 and M6 

 

 
Figure 2 - OS map of selected site 
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1.4.2 Planning permission 

In the UK, it is a legal requirement to obtain planning permission for developments of this size to 

conform to the England and Wales with the Town and Country Planning Act of 1990.  Planning 

permits are set up to protect to environment in the UK.  Planning permission is sought form the 

Local Authority. This process could take between three to seven months depending on any local 

objections. 

 

1.4.3 Listed buildings 

In the UK many buildings are listed to help understand and preserve the history of the UK for 

future generations.  The buildings are graded I, II* and II where Grade I are of exceptional interest 

with strictest planning regulations with regulation deceasing in II* and I grade building. The listed 

building location will be found by referring to the ‘Home and Community’ section of the 

Directgov website (Directgov, n.d.). This showed that there are no listed buildings on the site thus 

no special permission is required in this regard. 

 

1.4.4 Conservation areas 

In the UK certain areas are designated as conservation areas. This means the appearance of the 

buildings, roads, path layouts, trees, building materials and public and private spaces must not be 

changed in order to preserve the areas’ beauty. Research into conservation areas in the vicinity of 

the Coleshill site using the Directgov website revealed that the chosen site is not in a conservation 

area, thus no special permission is required in this regard. 

 

1.4.5 Tree Preservation Orders (TPOs) 

Like listed buildings, many trees in the UK have preservation orders on them protecting them 

from work such as cutting down, uprooting or any other activity causing permanent damage. TPO 

clearance would be required prior to the commencement of works. 

 

1.4.6 Archaeology and ancient monuments 

Archaeological sites in the UK are protected by the Ancient Monuments and Archaeology Area 

Act 1979. On the regional level it is covered in Planning Policy Guidance 16. If an area of 

archaeology important is sited access to site must be allowed for an archaeology dig to happen. 

Results of this dig then determine any further regulations or restriction on construction.  

 

1.4.7 The Party wall act 

The Party Wall Act makes it a legal requirement for a contractor to contract their neighbours if 

they are going to work on shared walls, or carry out excavation that may impact on the neighbours 
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building through a shared fence. On this project there were found to be no potential problems 

relating to the Party Wall Act. 

 

1.5 Site infrastructure 

1.5.1 Site layout 

The layout of the site has been divided into three main structures; the processing facility where 

material handling, processing and sorting will take place; an automated storage racking section; 

and a separate office building. A train standing has been designed for steel delivery to the 

stockholder, and access ways for pedestrian, car and lorry access have been specified. Table 2 

indicates the sections of this report in which further details of each area of the site can be found. 

 

The justification for constructing an office building separate from the processing facility lies 

primarily in the considerable noise generated by the processing equipment. The noise output from 

the processing machines, particularly the saws, will be exacerbated by the speed at which they 

will need to be operated to meet the high demands on them. A high pitched ‘screaming’ noise will 

be generated by the saws and as such placing office space in the same building, on a mezzanine 

for example, is unsuitable. As such the cost implication of specifying a second structure for office 

space was deemed necessary. In order to minimise this additional cost, a simple single storey 

masonry building has been specified.     

 

Table 2 - Table to show the section of this report containing details of each area of the site 

Section/Area Detailed Specification 
Overall site layout Section 8 
Processing facility Section 6 
Storage facility Section 4 
Office building Section 8.1.4 
Train standing Section 12.3.2 
  

1.5.2 Processing facility construction method 

A comparison between construction methods was carried out in order to determine the most 

suitable construction method to use for the processing facility. The primary design requirements 

were for an economical structure that could be constructed quickly and cover large spans in order 

to accommodate the processing and material handling equipment 

 

Table 3 shows the four most popular building materials in the UK; masonry, concrete, timber, and 

steel with their corresponding cost and maximum economically viable span and height. 
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Parameters shown in red indicate inadequate values and as such the corresponding material is 

unsuitable in this case. Grey text indicates that the material failed at an earlier stage. 

 

  

Table 3 - A comparison of construction methods carried out in order to select a suitable construction 
method for the processing facility 

Construction 
Method 

Maximum 
economic 
span (m) 

Cost 
(£/m) 

Maximum 
economic 
height 
(storeys) 

Construction 
time (weeks) Comment 

Masonry 5 – 8 20 – 50 3 – 5  Unsuitable due to 
inadequate span 

Timber 10 – 15 200 – 
300 3 – 5  Unsuitable due to 

inadequate span 

Timber (Glulam) 25 – 50 250 – 
400 5 – 8 8 – 12 Unsuitable due to 

construction time 
Reinforced 
Concrete 10 – 20 90 – 

120 5 – 25  Unsuitable due to 
inadequate span 

Pre-Stressed 
Concrete 25 – 35 100 – 

300 5 – 25 8 – 16 Unsuitable due to 
construction time 

Steel (Beam and 
Columns) 10 – 15 100 – 

200 5 +  Unsuitable due to 
inadequate span 

Steel (Portal 
Frame) 30 – 36 150 - 

250 1 3 – 6 Most suitable 
method in this case 

Steel (Space 
Structure) 30 + 300 + 1 10 – 20 Unsuitable due to 

relative cost 
 

As a result of the considerations shown in Table 3, a steel portal frame was selected for the 

construction of the processing facility.  

 

Steel portal frames are the best option as they are relatively cheap and quick to construct when 

compared with space structures or large span trusses because there are less members and less 

complicated bolted connections. It is also possible to integrate gantry cranes into a portal frame 

building by connecting supports to the portal frame columns. 

 

The disadvantage of portal frames is that to produce the cheapest design they can be analysed 

plastically to minimise the section sizes but this requires a long design process unless a 

sophisticated computer program is used. 
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1.6 Project management 

1.6.1 Project management approach 

In order to coordinate the tasks of each group member to achieve deliverables in a timely fashion, 

and manage dependencies between the tasks of each individual in the group, a Gantt chart was 

used along with a network diagram. These were updated throughout the project, such that the 

Gantt chart on Page 26 represents the actual project structure and progress. 

 

A Gantt chart was selected as the main project management tool as it is a method by which tasks 

on a project are displayed with a clear at-a-glance relationship to time. The duration of the task 

can be quickly identified and as such tasks that fall on the critical path, that is tasks which are the 

last to be completed and therefore have a direct impact on the finish date, are obvious. Milestones 

were used on the Gantt chart throughout the project to define key dates by which time task 

completion was required, in order to provide short term objectives. 

 

A 7 day working week was used for the project to make allowance for the fact that all group 

members worked on project tasks at different times according to their other activities. The time 

allocated for tasks was, then, a realistic timeframe within which the task was to be completed 

taking into account other academic commitments, rather than the actual time taken in hours/days 

to complete the task.  

 

The Microsoft Project software package was used to generate the Gantt chart. As such, the 

augmentation of the Gantt chart to include task dependencies and resource allocations was 

straightforward. Having allocated resources (group members) to each task, the automatically 

generated ‘resource graphs’ were used in order to detect any cases in which group members were 

over-allocated. In the case of an over allocation, tasks were moved or additional resources were 

added to level the work-load.  

 

By adding task dependency, that is specifying constraints on the order in which tasks must take 

place, allowed an activity-on-node project network to be generated. In Microsoft Project, task 

dependencies also affect the Gantt chart, making it impossible to start a task before its preceding 

task has been completed in the case of a ‘finish-to-start’ relationship for example. The use of 

dependencies and networks is important in understanding the relationship between separate tasks 

on a project, and to quickly see from a graphical network representation the possible implications 

of slippage in completion of a task.  
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1.6.2 Gantt chart 

 

Page allocation for A3 Gantt chart 
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Section 2 Steel Selection (Sam Saunders) 
2.1 Stock selection 

As discussed in the business strategy subsection 1.3.4, the stock to be held by the steel 

stockholder of this project is stock that will be turned over quickly such that capital is not tied up 

for prolonged periods of time in stock that is only ordered occasionally. In order to establish what 

the most commonly stocked sections are, a survey was carried out sampling the steel sections 

offered by other steel stockholders. Five steel stockholders of various sizes and in various 

locations were sampled, brief details of which are given below.  

 

ParkerSteel, located in Canterbury, Kent, are a large steel stockholder processing approximately 

90,000 tonnes of steel each year, whilst stocking 40,000 tonnes of this steel and non ferrous 

material at any one time. Being a family owned company, the assumption is that the company is 

‘cash rich’ and therefore able to buy stock when prices are low; thus explaining the large 

percentage of annual throughput held in stock. ParkerSteel offer a wide range of processing 

options including cutting and drilling, as well as other value added services such as shot blasting 

and painting. 

 

Priory Steel are located in Wolverhampton, West Midlands, and are a smaller stockholder 

carrying a stock of approximately 5,000 tonnes of steel and operating a ‘just in time’ stock 

handling strategy. The product range of Priory Steel is smaller than that of ParkerSteel, limited to 

mainstream structural sections. Priory steel do not offer processing options, but supply stock in 

standard lengths. 

 

ASD metal services are the largest independent steel stockholder in the UK, offering stainless 

steel and aluminium sections, flat products and specialist products as well as general steels. Like 

ParkerSteel, ASD offer a wide range of processing options.  

 

AL Batavon Steelwork are based in Yatton, North Somerset, and offer a wide range of structural 

steel products, as well as steel railings, balconies etc. AL Batavon offer a next day cutting service 

for a limited range of steel sections, whilst others are offered in standard lengths only.  

 

Hy-ten Steel have multiple sites across the UK, and stock a range of structural steel products, on a 

par with those offered by Priory Steel. Hy-ten offer processing and fabrication services including 

straight and mitre cutting, drilling and welding.  
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The products offered by the most steel stockholders are listed in detail on their respective 

websites. The following types of steel were selected to be stocked in this case following research 

into the products offered by the above, and other, stockholders; 

 

• Universal beams 

• Universal columns 

• Channel sections 

• Equal angles 

• Unequal angles 

• Circular hollow sections (cold formed) 

• Square hollow sections (cold formed) 

• Rectangular hollow sections (cold formed) 

 

In order to select the variants of each of the above steel sections to stock, quantitative analysis 

was carried out using data from the five steel stockholders mentioned previously. The details of 

all possible section variants were obtained and the stock held by the five selected stockholders 

was then compared with a ‘master list’. Graphs were then generated for each section type to 

indicate the percentage of the stockholders sampled who stocked that each variant. Variants 

stocked by none of the stockholders sampled were excluded from the graphical representations. 

Steel sections offered by 80% or above of the sampled stockholders were deemed appropriate to 

stock in the stockholder of this project. These results were further filtered to impose a minimum 

value for the smallest cross-sectional dimension of 50mm (justified by handling and machine 

capability considerations). Using the selection method as explained here, no filter for the 

maximum value of the largest cross-sectional dimension was required, in order to come within the 

maximum feasible dimension for the racking system or processing machinery. Key parameters for 

each section type are shown in Table 4 below. The final steel selection is shown in Appendix 2 - 

Full stock selection. 

 

Table 4 - Key parameters of final stock selection   (‘T’ represents section thickness) 

Section Type 
Min. Section 

Depth (mm) × width (mm) × 
weight/metre (kg/m) 

Max. section 
Depth (mm) × Width (mm) × 

weight/metre (kg/m) 

Number of 
variants 

Universal beam 127 × 67 × 13 533 × 210 × 122 48 
Universal column 152 × 152 × 23 305 × 305 × 198 17 
Channel section 100 × 50 × 10 430 × 100 × 64 16 
    

Section Type 
Min. Section 

Depth (mm) × width (mm) × 
thickness (mm) 

Max. Section 
Depth (mm) × width (mm) × 

thickness (mm) 

Number of 
variants 

Equal angle 50 × 50 × 3.0 150 × 150 × 12.0 18 
Unequal angle 65 × 50 × 6.0 200 × 150 × 15.0 20 
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Section Type 
Min. Section 

Diameter (mm) × 
thickness (mm) 

Max. Section 
Diameter (mm) ×  
thickness (mm) 

Number of 
variants 

Circular hollow 
section 60.3 × 3.2 273 × 12.5 28 

    

Section Type 
Min. Section 

Depth (mm) × width (mm) × 
thickness (mm) 

Max. Section 
Depth (mm) × width (mm) × 

thickness (mm) 

Number of 
variants 

Square hollow 
section 60 × 60 × 3.0 300 × 300 × 12.5 40 

Rectangular hollow 
section 90 × 50 × 3.0 400 × 200 × 12.5 36 

 

 

Section 3 Machine Selection (Sam Saunders) 
3.1 Machine selection and phased install 

As outlined in the ‘Business strategy’ section, the processing options to be offered by the steel 

stockholder in question are to be split into two phases. On opening, as the ‘Phase one’ install, the 

facility is to offer cutting and drilling processes. Following the establishment of a client base and 

generation of cash flow, shot-blasting and painting facilities will be added as the ‘phase two’ 

install. The addition of these two processes was deemed a sensible investment due to the services 

being value added and thus increasing margins. Machines for all four processes have been 

investigated here, in order that the facility design is tailored to accept both the phase one and two 

installs in terms of foundation design, internal area allocation and power supply.  

 

During correspondence with ParkerSteel, a value of 60% was given as the average percentage of 

steel sold per year that required some form of processing (the other 40% being sold as 

unprocessed standard lengths). Based on the target annual throughput of 120,000 tonnes in this 

case, this 60% proportion leads to a figure of 72,000 tonnes of steel requiring processing of some 

description each year. This figure has been kept in mind during the equipment selection process.    

 

Following research into the machinery used by established stockholders such as ParkerSteel, it 

was decided that the process equipment in this case would be selected from the range of 

computer-controlled, fully automated products offered by Kaltenbach GmbH. When approached 

for basic information and specifications of specific products, the UK representation of Kaltenbach 

were less than forthcoming. As a result an alternative supplier of automated process equipment 

was chosen. 

 

Voortman, based in the Netherlands with representation across the world, were chosen as the 

alternative process equipment supplier. The Voortman product lineup, whilst slightly narrower 
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than that of Kaltenbach, boasts a number of ‘world leading’ machines offering record speeds for 

various processes. The product range was found to be suitable for the perceived requirements of 

this project. The Voortman representation in the USA and The Netherlands were found to be very 

responsive; promptly providing the basic machine specifications that were requested. Details of 

the equipment chosen, as well as the rationale for those choices are given in Sections 3.1.2 to 

3.1.6 that follow. 

 

As well as the processing machinery, Voortman can also supply control systems to unite and 

interlink their machines for optimum, fully automated operation as described in Section 3.1.8. 

 

3.1.1 Drill 

Two drills have been specified for the processing facility. Each drill will be positioned to precede 

a band saw on two of the processing lines in the processing facility as shown in the layout 

drawings in Section 6. As with the band saw equipment, full automation was desirable in order to 

maximise efficiency and minimise the human resource required. With these considerations in 

mind, the Voortman V630T CNC drill has been selected. The key machine specifications for the 

V630T can be found in Table 5.  

 

The V630T drill has three servo-controlled drilling units in two axes; one vertical and two 

horizontal, mounted on opposing sides. The tool heads are independent and may operate 

simultaneously, providing the anti-collision analysis carried out by the control system is satisfied. 

The V630T has an automated tool changing mechanism by which the drill head can be changed in 

approximately seven seconds, with five drill heads being available on each axes. As well as 

carrying out drilling processes for holes in the range of 8 to 40 mm in diameter, the V630T 

product can carry out tap (M8 to M24), countersink and layout marking operations. 

 

Table 5 - Voortman V630T CNC drill – essential facts and figures 

Machine name Voortman V630T drill 
Machine weight 8,500 kg 
Tool configuration 3 tools in 2 axes – 1 vertical, 2 horizontal 
Process options Hole drilling, tapping, countersinking, marking 
Hole size range 8 to 40 mm diameter 
Tap size range M8 to M24 
Power requirements 3 × 400V AC; 50Hz; 100A fuse 
Max. section size 450 × 1050 mm (height × width) 
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Figure 3 - Voortman V630T CNC drill 

 
Figure 4 - Voortman V630T drill showing three independent tool heads 

3.1.2 Band saw 

As stated in the ‘Processing services’ Section 1.3.5 four band saws will be used, two on cut-only 

lines and two associated with a drill for drill-and-cut lines. Band saws have been chosen to offer 

straight for the whole range of sizes of the steel stock selected and mitre cuts for the majority of 

the range. Two models of band saw have been selected, one for the drill-and-cut lines and one for 

the cut-only lines. This is because a larger saw was desirable on the cut-only lines so that any 

bundle size, could be processed. Furthermore, the larger machines have the ability to mire cut 

larger sections to greater angles. The Voortman VB1550 band saw, the largest and fastest saw in 

the Voortman range, has been selected for the cut-only lines.   

 

A smaller band saw has been selected for the drill-and-cut lines as whilst service costs and 

complexity may be reduced with four identical saws, the maximum section size of the drill was 

significantly below that of the larger saw. If used in association with the drill the larger saw 

would, then, have cutting capabilities that could not be required due to the limit imposed by the 

drill. To reduce capital costs, and ensure that the full capabilities of each machine could be 

exploited, the Voortman VB1050 band saw has been chosen for use on the drill-and-cut lines. 

 

The working ranges for both machines are more than adequate for the maximum section sizes 

selected at present. Although this may appear to be an unnecessary over-specification, a number 

of other factors have lead to these selections. Were a large customer to require a regular supply of 

a larger section than has been selected by the statistical method in Section 2, it would desirable to 
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be able to honour this. As such, some increase in section size has been allowed for in the selection 

of the machines. Further, the larger band saws tend to operate at faster cutting speeds and 

therefore are desirable to ensure the required annual throughput of steel could be achieved, with 

the minimum number of machines. 

 

Both the VB1550 and VB1050 offer fully automated cutting with material sensors to adjust the 

cutting speed according to the thickness of material being cut. Hydraulic blade tensioners are 

used, as well as hydraulic clamps on both sides of the saw blade. Swarf removal is achieved using 

a rotary brush against the blade, whilst lubrication is provided using mist coolant.       

 

Table 6 - Voortman VB1550 band saw – essential facts and figures 

Machine name Voortman VB1550 band saw 
Position used Cut-only lines 
Machine weight 11,000 kg 
Power requirements 3 × 400V AC; 50 Hz; 63A fuse 
Max. section size at 0° 600 × 1550 mm (height × width) 
Max. section size at ± 15° 600 × 1470 mm (height × width) 
Max. section size at ± 30° 600 × 1300 mm (height × width) 
Max. section size at ± 45° 600 × 1020 mm (height × width) 
 

Table 7 - Voortman VB1050 band saw – essential facts and figures 

Machine name Voortman VB1050 band saw 
Position used Drill-and-cut lines 
Machine weight 8,500 kg 
Power requirements 3 × 400V AC; 50 Hz; 63A fuse 
Max. section size at 0° 500 × 1130 mm (height × width) 
Max. section size at ± 30° 500 × 925 mm (height × width) 
Max. section size at ± 45° 500 × 725 mm (height × width) 
Max. section size at ± 60° 500 × 470 mm (height × width) 

 

 
Figure 5 - Voortman 1550 mitre cutting CNC band saw 
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3.1.3 Feed mechanism – cut-only lines 

For the cut-only lines, the ability to cut a bundle of smaller sections is required and so the feed 

mechanism must have this functionality. In this case the motive force to move the section/bundle 

through the machine will be provided by the conveyor. The length setting will be provided by a 

stop-truck; an end stop that moves on a rail parallel to the out-feed conveyor and protrudes across 

it to block the section/bundle and stop it when the desired length has passed the blade. Once in the 

desired location, the section/bundle is clamped in place by hydraulic jaws near the saw blade. The 

stop-truck can be rotated up off the conveyor after the material length has been set and clamped, 

to leave the conveyor obstacle free.  

 

3.1.4 Feed mechanism – drill-and-cut lines 

The drill-and-cut lines will only process single profiles as any bundled material will be processed 

on the cut-only lines. A feeder-truck in feed system has been selected in this case, whereby the 

material is placed on the in feed conveyor and the far end (that furthest from the processing 

machinery) is gripped by the feeder-truck. The feeder-truck is driven on a track parallel to the in-

feed conveyor and as such provides the motive force to position the profile within the drill or saw. 

The advantage of this system for single profiles is that all pieces from one starting length can be 

processed at once, with the starting length fed through the machines by appropriate increments 

each time.    

 
Figure 6 - Voortman feeder truck 

3.1.5 Tool sharpening 

The sharpening of both the saw blades and HSS drills will be carried out on-site and as such 

facilities for this are required. Space has been allocated for this equipment as shown in the internal 

layout (Section 6). The Voortman V630 drill is compatible with carbide tipped drills which offer a 

greater drill speed; in this case the carbide tips are replaced rather than sharpened. In the first 

instance it is likely that standard HSS drills will be used. If at a later time it was deemed 

advantageous to invest in carbide drills for the most common hole sizes to increase the processing 

rate, the new drills could be incorporated with little or no disruption. 



MDDP 2010 – Steel Stockholder – Group 2 
 

Author: Sam Saunders Page 34 of 233 Section 3 

3.1.6 Shot-blast line 

As a ‘phase two’ install shot-blast and paint facilities will be added. Due to the nature of the 

service to be offered by the facility in this case, shot-blasting and painting will be for pre-

fabrication only. The Voortman VSB1500 shot-blaster has been chosen as suitable for the facility. 

As well as shot-blasting the surface to clean it, all debris and shot-blast medium is removed from 

the pieces as part of the process to ensure that painting can occur immediately if necessary. In 

order to minimise the contamination of the surrounding area, shot-blasting is carried out inside a 

triple lined cabinet. Due to the size of the entrance orifice of the shot-blaster multiple pieces can 

be processed at the same time. Multiple turbines ensure that all surfaces of all pieces are shot-

blasted appropriately.  

 

Table 8 - Voortman VSB1500 shot-blaster – essential facts and figures 

Machine name Voortman VSB1500 shot-blaster 
Machine weight 16,000 kg 

Turbine configuration 6 turbines at 15kW per turbine, or 
4 turbines at 15kW per turbine 

Feed rate 1.8 to 2.9 m/min 
Power requirements 3 × 400V AC + PE 50Hz + 3 × 250A fuse 
Entrance dimension 1600 × 600 mm (width × height) 
 

 
Figure 7 - Voortman VSB1500 CNC shot-blaster 

3.1.7 Paint line 

To complete the phase two install an automated paint line will be added to the processing facility. 

This will be arranged according to the internal layout (see Section 6), such that steel can be 

transferred to the paint equipment immediately after shot-blasting, or can bypass the shot-blast 

process, in exceptional circumstances, for painting only. The Voortman VP1500 has been selected 

as the paint-line of choice to as the entrance dimensions are the same as that of the VSB1500 

shot-blaster. As such in normal operation the load exiting the shot-blaster can be fed immediately 

into the paint line with no additional handling, as it is expected that the shot-blast and paint 

operations will both be required in the majority of cases. 
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Sensors within the paint cabin detect the dimensions and contours of the profiles to be painted, 

with this information then being incorporated in the control of the spray heads. This ensures an 

even coating on all surfaces whilst being economical with paint. After painting, sections will be 

passed through a drying tunnel to significantly reduce drying times and increase the overall rate of 

the operation.  

 

Table 9 - Voortman VP1500 paint line - essential facts and figures 

Machine name Voortman VP1500 paint line 
Machine weight 17,500 kg 
Spray head  configuration 4 spray heads 
Feed rate 0.5 to 2.8 m/min 
Power requirements 3 × 400V AC + PE 50Hz + 3 × 200A fuse 
Entrance dimension 1600 × 600 mm (width × height) 
    

3.1.8 Voortman machine control system 

All the Voortman machinery selected for the process facility can be controlled by Voortman’s 

‘VACAM’ control system. Order information can be entered in a number of file formats. All 

configured Voortman machines then access one SQL database where the order information is 

stored. On-screen real-time monitoring of order progress is possible and progress information can 

be shared as appropriate. Voortman’s ‘Multi System Integration’ is an important feature of  the 

‘VACAM’ system in this case as it enables a number of configured machines to be controlled and 

monitored by one operator such that productivity can be increased with a minimum man-power 

demand.  

 

3.1.9 Machine servicing and maintenance 

The day to day maintenance and cleaning of the Voortman equipment in the process facility will 

be the responsibility of the staff employed by the facility. A Voortman maintenance contract 

would be desirable to cover the more specialist maintenance. Voortman offer a helpdesk to deal 

with machine queries however a guarantee would be sought for the maximum time for Voortman 

service personnel to arrive on site in the event of serious malfunction, in order to minimise 

process downtime.  
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Section 4 Material Storage (Sam Saunders) 
4.1 Automated racking system 

As a result of initial research into material storage, as reported in the Inception Report, it was 

decided that a bespoke racking design would be generated as a suitable commercially available 

product has not been found. As a result of further research an automated racking system produced 

by Kasto was found and deemed suitable for use in this case. 

 

Founded and headquartered in Germany with representation by Kasto Ltd in England, Kasto 

supply a range of sawing machines and storage systems for the steel industry. Included in the 

range of storage systems are a number of solutions that would be applicable in a facility of this 

type, varying in size, level of automation, speed etc. The Kasto Unicompact product has been 

selected as suitable for the storage of steel stock in this case.  

 

The Kasto Unicompact storage system is an automated system that achieves a high storage 

density by using cassettes to hold steel sections. These cassettes, essentially open topped steel 

boxes, are stored in a grid of locations, being moved into and out of the storage locations by a 

CNC crane. Conventionally the Unicompact product has two grids of storage locations, one either 

side of the central crane, as shown in Figure 8. The Kasto Unicompact is produced on a bespoke 

basis to the individual requirements of the customer. The following information describes the 

particular configuration of Kasto Unicompact that has been selected for in this case. 

 

An internal cassette length 14,050 mm has been specified; as detailed in Section 1.3.4, standard 

lengths of 6 m and 12 m will be stocked however the capability to process lengths of up to 14 m is 

desirable. The Kasto standard internal cassette width of 610 mm has been adopted. An internal 

height of 300 mm has been selected in order that the cassettes have the potential to accommodate 

any of the sections that have been selected.  

 

The maximum load for each Kasto cassette is either 5 tonnes or 10 tonnes. Whilst a 10 tonne limit 

presents obvious advantages in terms of overall storage capacity, capital costs escalate due in part 

to the increased structural requirements of the rack, and increased load requirements of the cranes. 

As such 5 tonne cassettes has been selected. The largest steel sections, and those with a 

particularly high weight-per-meter value, are to be stored outside under temporary covers to 

minimise the number of cassettes that accommodate one section only. 
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Figure 8 - Annotated graphical representation of Kasto Unicompact product 

  

Storage cassettes Rack frame 

Gantry crane running 
between the two sides of 
the rack to move cassettes 
from both sides between 
storage locations and 
input/output stations 

Longitudinal load/ 
unload station for 
the insertion / 
extraction of steel 
from racking 
system 

Operator work area 
Crane system designated 
for cassette loading/ 
unloading only – one 
crane per station 

Alternative position for 

gantry crane 
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In order to ensure that the steel sections do not need to be rotated at any point throughout the 

process, the Unicompact rack is to be orientated with the longest dimension of the cassettes 

parallel to the length of the process facility. 

  

Following correspondence with ParkerSteel it was established that they would expect to hold 

approximately 30% (by weight) of their annual steel throughput in stock at any one time. 

Consequently it may be reasonable to suggest that a storage capacity of 36,000 tonnes would be 

required in this case, based on a target throughput of 120,000 tonnes. It is important to note, 

however, that ParkerSteel are an independent family owned business and as such are likely to be 

‘cash rich’. Conversation with Rob Eldridge at Brundle, also an independent steel stockholder, 

highlighted the fact that for  such a business the purchase strategy is likely to buy steel when 

prices are low and stock-pile it. This is not the basis on which the facility of this project is to 

operate. Rather a ‘just in time’ ordering and dispatch strategy is desirable to minimise the amount 

of money tied up in stock. A more conservative figure for a storage capacity of 10% to 20% of the 

annual throughput has been used. 

 

The structure of the Unicompact product is flexible in that, in order to achieve a given number of 

storage locations, it can be constructed on a small footprint with a height of up to a maximum of 

25 m, or on a large footprint with a smaller overall height. A tall structure has been selected in 

this case in order to comply with the overall constraints of the site and the desired configuration 

of the adjoined processing section. The overall dimensions are shown in Figure 8, and are 

specified in order to accommodate a grid of 72 cassettes across by 40 cassettes high. This will 

lead to each ‘side’ of the Unicompact having 2880 storage locations, resulting in 5760 storage 

locations in total. The theoretical total storage capacity is, then, 28,800 tonnes although in reality 

this will never be achieved as not all cassettes could be loaded exactly to their 5 tonne limit. In 

reality it is estimated that between 20,000 and 25,000 tonnes could be stored, which complies 

with the desired storage capacity of 10-20% of annual throughput. 

 

Due to the size of the rack and the requirement for the rack structure to take significant loads, 

Kasto recommend that the Unicompact should be clad with external weatherproofing and treated 

as a stand-alone building, being connected to adjoining building where necessary, rather than 

being constructed inside another structure. This design approach has been adopted here, with the 

Unicompact rack being situated across the end of, but being separate from, the portal frame 

structure for the process facility. Steel will pass from the Kasto rack into the processing facility 

through one of two weather-proofed hatch-ways in the cladding of the Kasto rack, aligning with 

two corresponding hatch-ways in the cladding of the processing facility. 
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Two longitudinal load bays will be used to load steel into cassettes upon its arrival from the 

steelworks. These will be situated on the far end of the Kasto rack as explained in Section 6. Two 

unload stations will be used to unload steel from the cassettes into the processing lines in the 

processing facility. These will be situated at the aforementioned hatchways which join the Kasto 

rack and the processing facility. Both load and unload stations will take the form of that shown in   

Figure 8, each with its own dedicated jib crane to move separate steel sections or small bundles.  

Once loaded, the Kasto automated system will designate a storage location for each cassette and 

position it accordingly using the gantry crane running between the two racks.  

 

When a cassette is requested for retrieval, it is collected by the gantry crane and positioned at the 

appropriate unload point. The gantry crane has a ‘double pulling’ system such that an empty 

cassette can be inserted back to an appropriate storage location in the same crane movement as a 

full cassette is retrieved. Crane movements are calculated by the Kasto control system to ensure 

that movements are as efficient as possible and crane-travel is kept to a minimum, in order to 

achieve a maximum picking rate. Normally 45 to 60 cassette picks-per-hour are possible with the 

Unicompact product. The Kasto control system will be used, as well as Kasto system for order 

control, inventory management and review. These systems will be united with other control and 

verification system in the facility as explained in Section 7. 
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Section 5 Crane Selection 
5.1 Cranes 

The following table shows all the possible jobs that will be carried in the processing facility and 

the number of cranes that will be needed and the reasons why. 

 

Table 10 - Crane selection criteria 

Job type 
Loading the steel of different sizes 
and weights into the steel storage 
cassettes.  

Number of that crane needed and why. 
This number will correspond to the number of inlet points in 
the storage racks, which are two. These cranes are supplied as 
part of the Kasto products and not ordered separately. 

Unloading the steel of different sizes 
and weights out the steel storage 
cassettes.  

This number will correspond to the number of outlet point in 
the storage racks, which are two. These cranes are supplied as 
part of the Kasto products and not ordered separately. 

Loading of all the finished steel 
product of a total weight of 10 tonnes 
onto the freight lorries.  

This number will correspond to the number of freight outlet 
lanes lorries loading docks in the building, which are two. 

Picking up lost and fallen off steel 
from the main production line. 

Due to the unlikely nature of this happening this means that 
only one crane will be needed. This will be carried out by the 
same crane that loads the freight lorries thus an extra crane is 
not needed. 

Lifting new machine parts into place 
and resupplying machines with parts. 
These machines can weigh between 8 
and 16 tonnes.  

Due to the unlikely nature of this happening this means that 
only one crane will be needed. This will be carried out by the 
same crane that loads the freight lorries thus an extra is not 
needed. 

 

Thus in the processing facility, there are two cranes needed to be installed in main processing hall 

with each running the length of the building down one of the portal frames. The cranes will have a 

number of jobs to carry out during their design life.  To ensure that costs are kept to a minimum, 

both in the short and the long term several different crane types will not be bought and only one 

type of crane will be ordered for the processing facility.  

 

By the table above the following specification shown below can be drawn up for the two cranes 

used in the processing facility: 

 

Table 11 - Crane requirements 

Specification  
Crane company The crane company must operate in the UK and be financially sound. 

Maintenance  

The maintenance of the cranes must be carried out whenever it breaks down 
and it must be available on site at any time within the agreed contract period 
set by the steel stock holder. The crane company must offer full maintain 
package, and must be able to cope to be on site in 24 hours after call out. 

Crane Type 
It must be an overhead crane; this is because with this type of crane there is 
a high amount of movement in all three axes compared to other cranes; also 
these are easily installed in portal frame structures. 
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Load capacity 

Maximum 18 tonnes and not less than 14 tonnes. 
 
This came from the heaviest weight that will be lifted machines with the 
maximum is 12tonnes (Voortman V630T drill) in place at the start of the 
project and through the life of also to lift the steel stock on to lorries in the 
mornings with the maximum of 13tonnes of 5 of the larger UC sections. 

Platform Height The platform must be able to operate at a height of 8m and the hook reach 
the ground. 

Total Span It must be able to span 35 m; this is the distance between the portal frames. 

Total weight No maximum weight is set however it must not cause the foundations to be 
excessively large. 

Speed No minimum speed has been set for the crane however the faster the better. 
Auxiliary Power It must be powered by external mains electricity. 

Control 

Radio Control with controlled smooth acceleration and deceleration this is 
done to stop swing in the hoist and steel slipping out of the strapping. The 
radio control allows the crane operator to be in the safe zone at the time of 
controlling.   

Section size 
The cranes must be able to pick up the smallest section size of 60.3mm 
diameter CHS both as single product, and bundled, also it must be able to 
pick the largest sections of 533×210×122 I beams. 

 

After using a decision matrix (which is found at the end of this section), the crane company that 

will be used in the processing facility will be Demag Cranes AG using a ZKKE crane.  It is a 

German company that operates in the UK and has been in operation for over 150 years.  It is one 

of the leading suppliers of industrial cranes and crane components.  With revenues of over £1 

billion the company is unlikely to go bankrupt in the design life of the steel stockholder meaning 

that the cranes will remain in a good working condition as maintenance from Demag will always 

be available. (Demag Facts and Figures, 2010) 

 

As stated earlier, the crane needs to be fast, with a high load capacity and span large distances; 

therefore for this project the Demag ZKKE Double-girder over-head travelling crane will be 

selected. A picture and the specification of the crane are shown below: 

 

 
Figure 9 - Picture of the Demag ZKKE crane, (Demag, Double-girder Overhead travelling crane, 

2010) 
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Table 12 - Table showing the specification for the ZKKE Crane 

Specification  
Crane Type Double-girder overhead crane. 
Maintain Able to be on site 24 hours, Cover done annual and cost extra. 

Load capacity It can have capacity up 20 tonnes; however to reduce costs the weight 
limit will be reduced to 16 tonnes.   

Platform Height Up to 8 meters; thus it is OK 
Total Span Up to 35 meters; thus it is OK. 
Total Width 2.2 meters. 
Total weight 30 tonnes. 
Speed Vertical 6m/min & horizontal = 40m/min. 
Auxiliary Power 2 × 415V AC + PE 50Hz + 2 x 250A fuse 

Cost Crane £75,000, Other cost £10,000 & Installation £20,000 Thus total cost 
for two cranes is £210,000 

 

 
Figure 10 - Picture of the Demag Magnets (Demag, Permanent Magnets, 2010) 

 

To make sure that rapid pick of the sections is done a Demag permanent magnet will be purchased 

as shown in Figure 10. Two tonnes maximum magnets will be bought, one for each hoist. For 

larger loads cable strapping around the section will be used shown to the right.  

 

Below is the decision matrixes that show the four possible cranes that could be used, the company 

where chosen because these are the top four crane manufactures in the UK. Only new cranes were 

chosen as the full design life of the product will be needed and with new crane better value for 

money could be achieve in the long term in terms of maintains, installation and yearly costs. The 

information was collected through telephone calls with the companies. In table one shows the 

criteria and weighting with a maximum 10 giving to each criteria the higher the weighting the 

more important this is the processing facility. In table two and three is the four different cranes. It 

gives a description of the of each criteria chosen for the selection a rating with maximum 10 to 
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how good or bad the crane is against the criteria. The score is the weighting times the rating, the 

scores are totalled together to give a total score and the crane with the highest was chosen.  

 

Table 13 - Crane selection criteria 

Criteria   Weight 
(Max 10) 

Crane Company The company must operate in the UK.  5 
Crane Company The company must be financial sound. 6 

Maintain The crane company must offer full maintain package, and must 
be able to cope be on site in 24 hours after call out. 10 

Crane Type the company must stock the type of crane overhead gantry. 6 
Load Capacity Maximum 18 tonnes and not less than 12 tonnes. 8 
Platform Height Must be 8m. 8 
Total Span 35 meters. 8 
Total Weight No specification but not overly large, not over 40 tonnes. 1 
Auxiliary Power Mains. 3 

Speed No specification but not overly slow to cause delays not slower 
than vertically 3m/min and horizontally 20m/min.  

Section Sizes The cranes must be able to pick up the smallest section size to 
the largest sections of steel. 10 

Control Radio Control 2 

Criteria   Weight 
(Max 10) 
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Table 14 - Crane selection table 

Demag (ZKKE) Street (Single Girder Cranes) 
Description Rating Score Description Rating Score 
Yes 10 50 Yes 10 50 
Yes (Over £1 bn a year) 5 25 Not Available 0 0 
Able to be on site 24 hours, Cover done annual 
and cost extra.  6 30 Able to be on site 24 hours, Cover done annual 

and cost extra.  9 45 

Yes 10 50 Yes 10 50 
Standard cranes available in 10, 16 & 20 tonnes. 6 30 Standard cranes available in 10, 16 & 20 tonnes. 6 30 
Yes 10 50 Yes 10 50 
Yes 10 50 Yes 10 50 
About 20-40 tonnes. 7 35 About 20-40 tonnes. 7 35 
Yes 10 50 Yes 10 50 
With loads Vertical l=3 to 10m/min & horizontal 
=14 to 100m/min. 8 40 Not Available 0 0 

Yes 6 30 Yes 6 30 
Yes 10 50 Yes 10 50 

Total Score 490 Total Score 445 
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Table 15 - Crane selection table 

Abus (ZLK) Morris (4-400 series ) 
Description Rating Score Description Rating Score 
Yes 10 50 Yes 10 50 
Not Available 0 0 Not Available 0 0 
Able to be on site 24 hours, Cover done annual 
and cost extra.  7 35 Able to be on site 24 hours, Cover done annual 

and cost extra.  7 35 

Yes 10 50 Yes 10 50 
Standard cranes available in 10, 15 & 20 tonnes. 8 40 Standard cranes available in 10 & 20 tonnes. 1 5 
Yes 10 50 Yes 10 50 
Yes 10 50 Yes 10 50 
About 25t. 9 45 About 20-30t. 7 35 
Yes 10 50 Yes 10 50 
With loads about Vertical 18 m/min & horizontal 
80m/min.     With loads about Vertical 5m/min & Horizontal 

80m/min.     

Yes 6 30 Yes 6 30 
Yes 10 50 Yes 10 50 

Total Score 450 Total Score 415 
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Section 6 Internal Warehouse Design and Operation (Ben Whitehouse) 
6.1 Design criteria 

Before designing of the warehouse footprint began, criteria the design needed to fulfil were 

identified and have been explained within this section. 

 

6.1.1 Required throughput 

The stockholder has been designed to handle an annual production capacity in the order of 

120,000 tonnes per year of different sections and grades. Initially machinery that makes up the 

processing line was chosen based upon research as set out in ‘machine selection’. A simulation 

that gives the quantity of steel the processing lines can handle within a set time frame has been 

developed to ensure that the facility can cope with the required tonnage of steel that needs to be 

processed. 

 

6.1.2 Automated processing 

As stated in the brief the project requirements include designing ‘an automated stockholding and 

cutting-to-length warehouse’ including the development of ‘an innovative design for storage and 

retrieval’ of the longitudinal steel sections. Handling time in a typical, non-automated steel 

stockholder is very high and greatly reduces the throughput of the stockholder. A highly 

automated stockholder can operate at a very high level of efficiency and thus a far higher 

throughput can be achieved through the factory. Handling times of the sections can be 

dramatically reduced along with other advantages such as a reduction in staff costs and lower 

processing costs per tonne. 

 

6.1.3 Running costs 

The cost of running the facility had to be minimised. The largest running cost will be electricity 

due to the number of high-powered machines in the warehouse. Although electricity costs will be 

the highest variable cost, designing the processing facility so that it handles the steel with minimal 

energy consumption is essential. 

 

6.1.4 Capital expenditure 

Throughout the design capital expenditure had to be considered. The automated processing 

system requires a high capital expenditure, however this will pay for itself after a few years of 

production due to the increased tonnage it allows the warehouse to process. The machinery in the 

building has been chosen as set out in Section 3.1. It has been designed so that capital expenditure 

is minimised without degrading the capability of the stockholder. As a result the use of bespoke 

machinery has been minimised and machinery that is available for purchase has taken priority.  
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6.1.5 Adaptability 

If in the future it is decided that a variation in the company’s strategy would be beneficial then the 

design of the warehouse should be such that the warehouse can cope with the changes, without 

the need for modifications of the machinery.  

 

In the event that there is a malfunction in one part of the facility, such as a machine failure, its 

affect on the rest of the processing line must be limited. Even a temporary shutdown of the facility 

would be very costly due to the time constraints that the warehouse facility would be working 

under. 

 

6.1.6 Build-ability 

The warehouse needed to be designed in a way such that the chosen construction details and 

materials simplify the construction process. This includes designing the warehouse layout in a 

way that it can be covered by a conventionally used structure, such as a portal frame. 

 

6.1.7 Integration with site 

The warehouse was designed together with the design of the site layout to ensure the two worked 

together as effectively as possible. This included considering potential problems such as whether 

the distance from the train standing the warehouse loading areas was acceptable, whether the 

facility is a suitable size for the plot and whether lorries can access the warehouse as designed for.  

  

6.2 Longitudinal section storage design  

6.2.1 Loading into storage 

Please refer to drawing 1 in Appendix – 1 through section 6.2 and 6.3 which includes the 

warehouse footprint and accompanying annotation. The steel sections are brought onto the site by 

rail as detailed in 12.3. The steel is then transported from the train into the stockholder using three 

Combi-lift C10000 forklifts capable of carrying 10 tonnes of steel at a time. The time in which the 

train is standing had to be minimised to reduce the cost of the train waiting. The forklifts would 

be waiting for the automated storage system, a Kasto Unicompact, to load cassettes and so the 

waiting time of the trains would be high.  As a result it was decided an area that allows the 

forklifts to work constantly until the train is unloaded was needed. Two 25m sets of conveyors 

were placed at the two loading points of the Kasto Unicompact. The forklift enters the building 

with a full load of 12m or 6m steel sections and drives through the centre of the 6 conveyors. A 

space of 6m has been allowed for the forklifts, allowing a clearance of 1m either side of the 

forklift. This also allows sections as small as 5m to be loaded using this system, if a change in 

strategy was decided. The forklift drives to the end of where the steel sections are queuing on the 

conveyors queue where it places its load on the conveyors. Whilst the forklifts are shuttling back 
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and forth Jib cranes responsible for loading the Kasto Unicompact are lifting sections into 

cassettes under the guidance of a crane operator. Once sections have been loaded into the 

cassettes the 25m Voortman drag chain conveyors move the queuing steel towards the crane so 

that more cassettes can be loaded and more space for the forklifts to unload is created. 

 

This total size of the loading area is 65m x 20.5m and the structure covering it will be separate 

from that of the Kasto Unicompact, as the rack itself can be clad. It was decided that a gantry 

crane was not required above the loading area as the design does not require it for routine 

operation of the warehouse, and the cost would not be justifiable as the forklifts can deal with any 

problems that may arise with the movements of the steel sections. 

 

6.2.2 Automated Storage System 

The Kasto UniCompact is 20m high, 50m deep and 60m wide. Due to the structural strength that 

it requires and it being far higher than the rest of the building is required to be, Kasto have 

designed the product as a free standing structure. As a result the Kasto Unicompact will be 

covered by cladding installed onto the structure itself. The storage system has a required width of 

72 cassettes which equates to 65m. As a result, this fixed figure was used as a starting point for 

the width of the warehouse. The Kasto UniCompact consists of two storage racks and two large 

transverse cranes running between the middle of the two racks that organise the cassettes.  

 

6.2.3 Unloading from storage 

When a section is due to be processed the cassette is pulled out from either of the Kasto storage 

racks by the transverse cranes and pushed through on rails to one of two jib cranes provided as 

part of the Kasto Unicompact. A crane operator is then responsible for unloading the cassette 

using the jib crane. The bottom of the cassette is lifted out of the cassette allowing the crane 

operator to lift sections using a set of straps or using a section clamp. The crane then places the 

sections onto a series of conveyors as shown in Drawing 1. There are 8 Voortman drag chain 

conveyors spaced 2m apart from each other. The Voortman drag chain conveyors are 8m in length 

and have been used frequently throughout the stockholder. The 2 metre spacing between the 

conveyors allows smaller sections to be unloaded at any point on the conveyors, eliminating the 

chance of them falling off and allowing the operator to unload faster, as accurate positioning onto 

the conveyors is not required. 
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6.3 Processing facility design 

6.3.1 Overview of floor space assignment 

Knowing that the processing facility as a whole needed to be able to cope with 120,000 tonnes of 

steel per year it was decided two drilling machines and four cutting machines would be capable as 

described in 3.1.  

 

A pedestrian walkway runs through the centre of the facility as described in 6.3.3 and is covered 

by a flat roof. The two sets of conveyors routes on each side of the pedestrian walkway are 

identical with the exception of the multipurpose zone and the shot and paint lines that will be 

added in ‘Phase two’. There are a number of reasons why a symmetrical design was chosen for 

the longitudinal section routes through the warehouse, as described below: 

 

• The Kasto required two outputs to cope with demand; as a result it seemed logical that 

two separate sets of routes were used with one output supplying each set. 

• Two gantry cranes were required to keep up with the loading of lorries and other tasks. A 

crane was assigned to each side of the processing facility that eliminates the need to 

consider interaction between the two cranes and thus allows them to work more freely 

and efficiently. 

• If there is failure of a key component such as a crane breakdown then the factory can 

continue work with limited operations. 

 

The two sets of conveyors routes that make up the majority of the warehouse are each covered by 

a portal frame that spans 133m x 35m and connected by a flat roof that covers the pedestrian 

walkway. The span of 35m allows 35m spanning cranes to be positioned on the column line of the 

building.  

 

6.3.2 Processing routes 

6.3.2.1 Overview 

Voortman drag chain conveyors have been used before and after each of the processing machines. 

These transverse conveyors are 8m and 1.5m wide roller conveyors have been frequently 

incorporated into the drag conveyors allowing 5m of queuing space between different roller 

conveyor lines. 

 

It is vital that sections can be queued throughout the processing line. It means that sections can be 

prepared for a processing machine as soon as the previous section is finished. This allows the 

processing machines, which will have a large impact on the throughput of the total facility, to 
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work constantly. Another reason queuing is essential is that if there is a delay at any stage of the 

process then queues can be formed without delaying reducing the throughput of any of the other 

machines. As shown in green in Figure 11 - Conveyor configuration, five conveyors make up the 

queuing area into and out of the processing machines. The conveyors are spaced at varying 

distances between each other so that sections from the minimum length of 3m to the maximum of 

14m can be transported without the risk of a section falling off, whilst minimising the number of 

conveyors required. 

 

 
Figure 11 - Conveyor configuration 

When a steel section or bundled sections is sitting on the drag conveyors, after being removed 

from a cassette, it is pulled by the drag chain conveyors onto a 16m Voortman roller conveyor as 

shown in blue in Figure 11 - Conveyor configuration. Only the standard 16m length roller 

conveyors have been used throughout the stockholder. This length, combined with the 8m length 

drag chain conveyors helps in creating a uniform conveyor layout that minimises the risk of 

clashes and helps to reduce capital expenditure by using ‘off the shelf’ products. From this roller 

conveyor the steel section(s) could take three routes, Processing Route 1, 2 or 3, as shown in 

Figure 12 - Steel processing routes. 
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Figure 12 - Steel processing routes 

 

6.3.2.2 Processing route one 

Route one is designed for processing sections that need to be cut to length only. The steel is 

pulled across from the central longitudinal conveyor by a series of five horizontal conveyors. 

These sections can be queued on this conveyor while the Voortman VB1550 sawing machine is 

processing the previous section. When ready the roller conveyors are activated and the waiting 

section or sections are fed through the machine until an automated stop end on the far side of the 

machine is reached indicating the steel is positioned correctly. The steel is cut and off-cuts are 

dealt with by the machine as described in 6.3.5. The cut section is then transferred onto a 

Voortman drag chain conveyor that then queues the section(s) until the dispatch roller conveyor 

line is free, and the steel can be moved to one of 8 dispatch areas. This route has its own queuing 

area for the longitudinal dispatch conveyor. This reduces the demand on the main queuing area 

for the dispatch roller conveyor line. Sections sent for sawing through route one cannot have any 

other processes done to them, however this is not an issue as a large quantity of sections will 

require cutting only, making full use of the route, and route three can combine cutting with all 

other processes.  

 

6.3.2.3 Processing route two 

Processing route two is designed to take standard lengths that do not require drilling or sawing 

and consists solely of a 48m roller conveyor straight to the dispatch drag chain conveyors. A shot 

blasting and painting machine will be added in year four as described in 3.1. Route two will also 

provide a direct route to these processes once installed. 
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6.3.2.4 Processing route three 

Processing route three is intended for sections that need drilling, sawing and drilling or just 

sawing when demand is high for sawing. Sawing and cutting achieved through processing route 

three can also be combined with phase 2 processes. The route is similar to that of route one in that 

a set of drag chain conveyors queue steel into the drilling and cutting machines that are situated 

together. The sections can then be queued out of the machines back onto the route two roller 

conveyor. There is potential for clashes at this point as described in 6.3.4. 

 

6.3.2.5 Phase 2 processing routes 

When the shot blasting and painting processes are added to the warehouse, the roller conveyor 

running from the Kasto unloading area will be extended by 48m. Sections will travel to the end of 

this conveyor before being taken by a drag chain conveyor to the required machine. Queuing 

capability is essential here because the two processing machines can process a number of sections 

at one time. The limit on the number of sections that can be processed is a total width for the 

sections of 1.5m. Processing multiple sections at once minimises the number of times the 

machines need to be run, reducing electricity and maintenance costs. 

 

6.3.2.6 Dispatch drag chain conveyors 

Steel being processed through route two, route three or from the shot blasting or painting lines is 

pulled onto the dispatch drag chain conveyors once processed. They have 11.5m of capacity to 

queue steel waiting for the availability of the dispatch roller conveyor. A large amount of queuing 

space is required as once Phase 2 is installed there are four lines each feeing into this  set of 

conveyors, and if a large number of sections are sent to dispatch at once, a queue may need to be 

formed to give the dispatch roller conveyor time to catch up. 

 

Connecting drag conveyors run through the centre of the warehouse allowing steel to pass from 

one side of the factory to the other. These are not intended for high levels of use however allow 

the functionality of the warehouse to be maintained if one side of the factory encounters 

problems, as steel can be dispatched from either side of the factory. These conveyors can also be 

used as storage if there are any unforeseen problems. 

 

6.3.2.7 Dispatch of sections 

Once ready the drag chain conveyors drag the section to the end of the conveyor so that the 

dispatch roller conveyors can move the section to one of eight dispatch bays on the corresponding 

side. These bays consist of a set of five drag chain conveyors that have a capacity of 7m. The 

dispatch bay closest to the Kasto Unicompact also doubles as storage for off-cuts that will be 

loaded back into storage as described in 6.3.5. 
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Each dispatch bay corresponds to a lorry load of steel. A lorry enters through the main entrance as 

shown in ‘Drawing 2’ or through one of the two entrances if another lorry is loading and thus 

blocking access. The dispatch bays an 3m space between them so that lorries can be parked up in 

all the bays. Each gantry crane is responsible for the dispatch of steel from up to eight dispatch 

bays. Sections or bundled sections are then lifted into the crane in reverse delivery order using 

straps or alternatively a magnet for steel up to 2 tonnes in weight. Lorries then exit from either the 

main exit or through one of the two side doors. 

 

6.3.3 Pedestrian walkway 

The processing facility being split into two meant that an area running through the centre of the 

factory, which I have referred to as the pedestrian walkway was possible. This area runs the 

length of the processing part of the facility and is the one area in which the two large gantry 

cranes that can span across the full length of each side of the facility cannot reach. This 5m-width 

area was included due to the benefits it brings as listed below: 

 

• Staff can move through the factory without having the crane pass over them, reducing 

movement under the crane that could cause problems as well as injury. It also reduces the 

need for staff to have close contact with the machinery when travelling through the 

factory, again reducing risk. 

• A number of electrical boxes are required for the machines to operate, to remove the risk 

of a gantry crane hitting these electrical boxes they have been placed in this area. 

• The crane rails were placed onto a column line to avoid the need for another structure to 

support the crane. Having the two column lines running through the centre of the 

warehouse meant that each set of columns supports just one crane, eliminating the need 

for very large columns, and also allows maintenance access to each crane, without putting 

the maintenance worker at risk. 

• A raised platform was required to pass over the conveyors that pass through the centre. It 

was also required in order to provide an area for the factory to be supervised by the 

operations manager. As a result there is a room on the raised platform where noise is 

limited, it acts as an office and also houses two of the processing machine stations. 

 

6.3.4 Shared conveyors and clash prevention 

Although there are three primary routes that the sections can be taken through the warehouse, a 

number of the routes share common conveyors. Shared conveyors were used because they reduce 

the number of conveyors that need to be bought, whilst also reducing the space required for the 
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facility. Using processing routes that are interlinked with shared conveyors allows steel for 

dispatch to be combined into lorry loads, rather than having a range of dispatch points for 

different processes. The disadvantage of shared conveyors is the added need to ensure that 

sections do not clash with each other as well as the need to consider the traffic build up that could 

occur when multiple lines join into one line, as they do for the drag chain dispatch conveyors. 

 

 Shared conveyors have been used at the point where the Kasto is unloaded before the separate 

routes are established. Shared conveyors have been used when they will not cause the throughput 

of the warehouse to be reduced. 

 

6.3.5 Off-Cut management 

When a section is cut to the required length by one of the four Voortman sawing machines in the 

warehouse, the off-cut not required needs to be dealt with. These off-cuts needed to be dealt with 

separately to the sections being processed for delivery, due to their small sizes. The conveyors 

would have needed to be designed especially to deal with off-cuts, and would also add extra 

traffic to the processing lines. The Voortman saws are fully automated which allowed inclusion of 

a bin that the smallest off-cuts can be pushed into, and a set of conveyors were larger off-cuts can 

be stored. Once full, the bins can be lifted by one of the two gantry crane into one of the two off-

cut bins. If the larger off-cuts are useable then they can be bundled by the machine operator and 

taken by a gantry crane to dispatch bays beside the Kasto rack where they will sit until the jib 

cranes unloading the Kasto rack have time to load the off-cuts back into the rack. If the off-cuts 

are 2m or shorter then a gantry crane can take then to the unusable off-cut area where they will 

stored ready for another company that has a use for them to pick them up. 

 

6.3.6 Multipurpose space 

A large area of spare space has been intentionally included in the warehouse. The space has been 

included for a number of purposes, as indicated below and on Drawing 1:  

 

• The area allows for a Phase 3 set of processing machinery to be added to the warehouse, 

in the same way that Phase 2 will be added. 

• Large sections that we do not want to store in the Kasto Unicompact can be stored here as 

it reduces the handling time compared to leaving sections outside. 

• Sharpening of the blades for the machinery will be done by a blade sharpening machine 

within this area.  

• Off-cuts to be taken away by another business will be stored in this area. 
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6.3.7 Staff requirements 

The warehouse was designed in a way that allowed clear job roles to be defined. The warehouse 

operates two shifts a day, 06:00-14:00 and 14:00-22:00 as stated in 1.3.8. Details on the staff that 

will be required are provided below. Information on staff remuneration has been provided in 

19.1.4. 

 

The Operations Manager would be responsible for keeping the warehouse running smoothly. 

They are the highest level of staff in the warehouse and all members of warehouse staff report to 

them. They would spend the majority of their time in the room situated on the raised pedestrian 

platform where there office would be situated, and where they have a good view of the processing 

facility. An Operations Manager will be required for each shift. 

 

These members of staff are responsible for operating the processing lines. Each Processing 

Machine Operator is assigned to one processing route and will stand at the Processing Control 

Stations as indicated on Drawing 1, four of these staff members will be required for each shift. 

During the loading of the Kasto three of these machine operators will also be required to operate 

the forklifts whilst one member will be responsible for maintenance jobs in the processing 

facility. 

 

Two Kasto Operators will be required for each shift. They will be required to either load or 

unload the Kasto storage racks using the Kasto jib cranes. If they are unloading the Kasto racks 

they will also be required to bundle sections that will be sent through a processing route together. 

 

Two Crane Operators will be required for each shift; they are each responsible for operating one 

of the Demag ZKKE 35m Gantry Cranes. They will load the lorries, bundle sections for delivery 

and deal with off-cuts. 

 

6.3.8 Staff considerations 

The warehouse was designed so that staff would be able to work safely and efficiently. Processing 

control stations have been positioned so each machine operator has a clear view of the processing 

route. Where possible processing control stations have been positioned within the room on the 

raised platform, meaning ear protection does not need to be worn. Fire exits have been provided 

throughout the building to conform to the required regulations. The pedestrian walkway allows 

safe access through the length of the warehouse and also contains two toilets. The room on the 

raised platform provides an area where the operations manager can supervise from and the staff 

can have their lunch breaks in. Finally small pedestrian bridges have been included in the design 

so that all areas of the warehouse can be reached easily without the need to climb over machinery.
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Section 7 Process Verification (Sam Saunders) 
7.1 Process verification and material tracking 

A number of different control systems have been specified for the Kasto racking and Voortman 

processing equipment. Both systems rely on the input of order data coming from the customer. In 

order to achieve a fully automated system, these control systems must be unified. Furthermore, a 

means of process verification is required in order that steel sections can be correctly identified. 

The strategy for overall system control and verification, summarised in Figure 13, has been 

designed to unite the individual control systems and ensure that checks are carried out throughout 

the entire process. 

 

 

 
Figure 13 - Overall system verification and control 
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A barcode system will be used as a means of identification. Individual barcodes, printed 

immediately before application using a handheld printing device by the same operator who loads 

the cassettes, will be applied to each steel section as they are loaded into the Kasto cassettes. Each 

cassette will have a barcode that is permanently attached to it. Before the cassettes are loaded into 

the Kasto rack, the newly applied barcodes on the steel sections will be scanned, along with the 

barcode on the cassette, to relate the stock to the cassette on the Kasto stock management system. 

  

Orders will be placed through web-based or telephone ordering systems. According to the nature 

of the order, the appropriate cassette will be recalled from the Kasto rack and the steel sections 

will be unloaded from the cassette and placed on the relevant conveyor line in the process facility. 

The barcodes of both the cassette and the steel sections removed form that cassette will be 

scanned using barcode scanners. In order to reduce the number of operations required by the 

unload personnel, the barcode on the cassette being unloaded will be read by a fixed scanner, as 

its position will be same on each cassette. The barcodes of the steel being unloaded will be 

scanned by the unload personnel using a handheld scanner wirelessly connected to the order and 

stock control systems. Scanning the barcodes of both the cassette and the steel removed from the 

cassette at this point will serve to update the Kasto stock management system as well as to act as a 

verification point, giving confirmation of correct steel selection. 

 

When steel sections are positioned on the conveyors the Voortman control system takes over, 

operating both the conveyors and the machines. The dimensioning processes that are standard on 

the Voortman equipment will verify whether the piece in the machine is as expected according to 

the job queue.  

 

Following cutting processes, only one length will bear the originally applied barcode. This bar 

code will be scanned and the information pertaining to that barcode re-assigned according to the 

processing carried out. According to information held within the system as to the characteristics 

of the processing carried out, new barcodes will be applied to newly-cut sections and the section 

properties recorded accordingly. Fixed barcode scanners in combination with laser profiling 

systems will verify that the information held by the barcode relate to the actual section properties. 

The re-assignment of barcode information and application of new barcodes at this stage will also 

include data relating to the target delivery bay. 

 

Post processing, a number of mounted barcode scanners will be linked to the control of the 

conveyors to sort sections to their target delivery bay, or send them back to the Kasto rack. When 

re-loading sections back into the rack, the steel barcode and cassette barcode will be scanned to 

relate one to another. All other steel sections should by automatically sorted onto their designated 
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delivery bay. Here the sections will be bundled by an operator. The specification of bundle 

contents will be sent to a hand-held wireless terminal. The barcodes of sections in a bundle would 

be scanned and a visual and audible verification given to confirm, or otherwise, the composition 

of the bundle. A new barcode would be printed with the same hand-held terminal by the same 

operator to identify the bundle.  

 

The specification of each vehicle load will be sent to hand-held wireless terminals, detailing the 

sections/bundles that must be loaded onto a specific vehicle and the order in which they are to be 

loaded, based on the delivery schedule. The barcodes of the sections/bundles will be scanned 

using the hand-held terminal upon loading to verify the vehicle load.  

 

The route for delivery will be derived from the vehicle load and conveyed to the driver. Delivery 

drivers will be equipped with a handheld device containing details of the sections/bundles for 

each delivery point. Upon delivery, the barcodes of the sections/bundles will be scanned a final 

time to verify successful delivery of the required pieces to the respective customer. The signature 

of the customer will be entered into the electronic terminal to indicate acceptance of the delivery. 

This system has the potential for real-time feedback of delivery progress to office staff if required. 
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Section 8 Site Layout (James Walters) 
8.1 Final development of the site and layout 

Once the site and the internal layout of the steel stockholder have been completed, the 

development of the site and the building may be developed.  The following section of the report 

describes the site layout of the site, structure of the buildings and the internal area office 

buildings. The internal layout of the processing facility is handled in a different section of this 

report (see Section 6).  The design of any building affects the comfort and safety of the people 

inside the building and this is most important to ensure high returns on the building.  To make 

sure of this, the design rationale of the building was found by using the Metric Handbook for 

Planning and Design. Typically, for heavy industrial processing buildings of more than 10,000m2, 

the following factors come into play. 

 

8.1.1 Site layout. 

The processing facility could only fit onto the site in east-west direction because of its size and 

shape as access to all sides was needed. Also the building needed to be pushed as much as 

possible into the south-west comer as to ensure a minimum impact by flooding in first years of the 

operation. In the south came the train stand and the surrounding access to it. The processing 

facility was then placed to the north above the train stand. The surround facility like the office 

building, lorry park, car park, weighting station and all access road could be placed. The office 

building was placed in north-west away from the noise of the train in the south and the trucks in 

the east, it also allow for views over the river and woods to the north for the building particular 

the CEO office. The lorry park was placed to the east behind the processing facility to hide the 

truck from sight and allow instance access to the process facility in the mornings. The weighting 

station was placed at the enter/exit to the site as this is only point on the site where tuck cross 

paths. The road allow access to all enter/exit points around the building, the road on the west site 

of the building is extra-large because if a steel section fall of the folk lift truck its better if it falls 

on concrete than getting stuck in the ground as it will be easier to pick up. 

 
Figure 14 - Overall site layout 
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8.1.2 Adaptability of the building 

The nature of the process that is happening inside the building means the design will have to be 

custom made for the industrial facilities. This is because the process equipment is immovable 

once installed like the Kasto Storage Ranking system and the cutting and drilling machines; the 

high start-up capital input will not be repeated by the client. This means the company will retain 

the building for its design life as start-up capital costs will be too much for the company to do 

again.  

 

Steel buildings are adaptable and can be easily extended.  The lightness of steel, relative to 

alternative construction materials, enables new structures to be built as extensions to existing 

buildings without overloading their foundations.  They can be unbolted, reconnected, modified, 

repaired, re-used and recycled.  Existing buildings can be refurbished with modern steel roofing 

and cladding systems to bring them up to today’s high standards of performance.  This means that 

if the owners of the steel stock holdings in the future need to expand the business, the walls can be 

easily taken down and the building expanded to meet the required growth of the warehouse space 

and the company. 

 

Steel sections, available in a wide range of round, rectangular and square forms, give greater 

flexibility in use and higher strength to weight ratio than conventional sections, enhancing a 

building’s structural efficiency and thereby reducing costs.  

 

8.1.3 Processing facility building shape 

In the Metric Handbook for Planning and Design industrial buildings are commonly of a regular 

rectangle shape with a depth to width ratio of 2:1 - 3:1, with the site selected this arrangement will 

be easily met.  The final size of the building was 203m long and 75m wide giving a ratio of 2.7:1 

which is within the ratios stated.  This is shown below in the diagram showing the diameter of the 

building in plan. 

 
Figure 15 - Plan of the Processing Facility 
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This gives a total floor space of 13,720m2 with internal height related to the floor area; the 

clearing needed in the building is about 8m clear to the underside of structural obstructions. It is 

desirable because of the clear space needed under the building that a portal frames was used. A 

double bay portal frame spanned the main processing hall the maximum span that a crane is able 

to reach is 35m.  with 5m a flat roof between.  This will also allow for a safe area in between the 

two portal frames.  This can be seen in figure 2 with the two portal frames and centre flat 

adjoining area.  In the Kasto Rack area the cladding will be placed straight on the machines, and 

in the Kasto load area another portal frame will be used but spanning in the north-south direction 

and will be easily able to span the required distance. 

 

8.1.4 Office: factory space ratio 

As a proportion of the total floor area, the total office and processing facility should be in the ratio 

of 1:20 as stated in the Metric Handbook for Planning and Design for office to processing facility 

space for a building of this size. Thus with a processing facility floor space of 13,720m2 about 

686m2 of office space is needed.  However due to the nature of the business, a smaller space was 

required and an office space of 550m2 will be constructed with additional storage space in the roof 

this because the company will mainly be internet based. 

 

8.1.5 Provision for services 

Service facilities includes water, and electrical power in the processing facility to all the machines 

so that it causes minimum disturbance to the building. Normally in industry, building services are 

carried in the roof space above level indicated, with vertical droppers as required to machine 

positions. The roof structure is designed appropriately. However due to the crane in place over the 

main production line, the service will be installed below floor level, although this alternative is 

more costly. 

 

8.1.6 Flooring 

Separate foundations will be provided for the heavy equipment like the Kasto Storage Ranking 

System and the drilling and cutting machine. In these cases the upper surface of the foundations 

will be at or below finished floor level.  The flooring used will be a reinforced concrete floor slab. 

In the office building the flooring will concrete on a bed of sand with floor insulation. More 

information of the foundation is found in the geotechnical section. 

 

8.1.7 Natural lighting 

For the general office, the average amount of space that should be lit by natural lighting during 

day time hours should be 12–15% of the floor area.  Also for the steel stock holding area, the 



MDDP 2010 – Steel Stockholder – Group 2 
 

Author: James Walters Page 62 of 233 Section 8 

average amount of space that should be able to be lit by natural lighting is 10–15% of the floor 

area. 

 

8.1.8 Heating and cooling 

The main environmental problem will be to avoid uncomfortable heat in summer. Minimum 

temperatures in cold weather are 10oC for heavy work in the processing facility and 16oC for 

sedentary work in the office.  In the office building there will be heating provided by central 

heating this will be done by a system installed in the roof. Cooling will be provided by natural 

ventilation through the windows.  In the processing facility there will be no heating or cooling 

installed as the machines will provide the heating in the winter and with the thermal insulation 

installed, it will keep the factory at optimum values for temperature.  

 

8.1.9 Fire 

One of the most important aspects of any modern building is fire safety. In the UK every year 8 

people are killed by fire in buildings. Protecting the people and the building against fire is very 

important.  To ensure that the building can be cleared of people in the 5 minutes required for this 

type of building, adequate and appropriate provisions for means of escape must be made. These 

are placed in the building to current code and regulations on fires. The minimum distance to a fire 

exit in any building on site is 20m one way and 46m two ways. The fire doors are all 2.4m wide 

for both fire and disabled access.  

 

Access to the site is needed for fire-fighters to gain access to the building in order to reach the 

area of the fire and promptly extinguish it.  This will be through the main entrance on Edison 

Road.  There will also be provision of ventilation for smoke extraction.  Because of the type and 

size of the building, it means natural ventilation can be used and the size of the ventilation should 

not be less than 2.5% of the floor space of the building. 

To stop small fires, extinguishing equipment will be installed to contain a fire in its early stages.   

To restrict its spread and growth, this will be effected by fire extinguishers to control manageable 

fires.  Also, if a fire does spread easily, no flammable materials will be used in the construction of 

the building. (Fire Kills, 2010) 

 

8.1.10 Car Parking and trucks parking 

The size of the site does not place limits on the amount of car parking space.  To the front of the 

office building there will be enough for all workers during peak time which is 20 people plus 

15%. This makes a total 25 car parking spaces where each is 3.10m × 4.55m in area. Out of the 25 

spaces, 2 will be for disabled people to access the site, each being 4.20m × 4.55m in area.  Also, 

on the east side of the main building there will be access to a cycle rack along the side of the 
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building.  There will be access for 8 cycles, each which will be sized 2.5m × 1.7m in plan area.  

Finally, on the site there will be space for 18 trucks, where each is 3.50m × 17.00m. 

 

8.1.11 Toilets 

There will be three sets toilets in the office building with one set each for male, female and 

disabled people. In the male and female changing rooms there will be access to showers. All 

toilets, sinks, showers, doors, portion walls will be will to standard sizes. 

 

8.1.12 Health and Safety 

This includes the building as well as the construction and the main use of the building. The list of 

health and safety items to be included in the building could be voluminous.  Thus below are the 

main points on the health and safety to be considered in the building design. 

 

In the construction there will be no confined spaces in the building, thus allowing fresh air to flow 

throughout the building.  This gives a high quality of air to the buildings not only during its 

design life but also during the construction stage.  Also using only non-toxic materials, such as 

steel, block work and aluminium and by not using highly toxic chemicals found in paints, plastic, 

and flooring, it will reduce the long term impacts of the builders on site.  However in high risk 

locations, such as the arch where building materials such as wood treatment must be used, 

protective measures should be taken such as use of gloves and protective clothing etc.    

 

In the use of the main building, health and safety influences the design of the building.  There are 

eight fire escapes to the processing facility and in the office building there are two fire escapes.  

The presence of fire doors, sprinklers systems, and other aspects have been included in the offices 

or the stock house to ensure the safety of all who visit and work in the building on the site.  

 

8.1.13 Landscaping 

Once the position of the buildings and the car park has been established, it allows the local 

environment to be landscaped. This is done to remove the visual and sound impact on the local 

population and dust removed from the air that may have been produced during the production  

process. The landscape would take the form of planting trees, shrubs, flowers and grasses.  
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8.1.14 Weigh station 

When the trucks enter and exit the site, they will have to be weighed.  This is to ensure that they 

are carrying the right load and that they are carrying a load that is legal on UK roads, and that the 

correct load has been taken.  After examining several companies, the company that will be used 

on site will Griffith-Elderth for the following reasons; 

• The company operates in, Suffolk UK, only two hours away from the site. 

• The weigh station is available off the shelf in terms of maximum sizes (4m × 16m) and 

weight capacity (50tonnes), saving time and money for a bespoke design. 

• The company is able to give a full two year guarantee on all electrical parts. 

 

The following will be needed in the weigh station. 

 

Table 16 - Weigh station costs 

Product Cost
Weigh station 

 (£) 
16,000.00 

Set of two ramps - As the weigh station will be above ground, ramps will be needed at 
each end of the weigh station to allow the trucks on to the station. 4,100.00 

Traffic Lights         - This is to show drivers when to move on to and off the weigh 
station. The traffic lights allow for the automatic processing of trucks which means 
that the system can be unmanned. 

360.00 

Printer                  - This is needed to print out in the office building the weight of 
truck. 630.00 

Printer paper       - Paper for the printer. 28.00 
ANRP camera      - An Automatic Number plate Recondition system. This allows for 
the automatic processing of trucks which means that the system can be unmanned. 8,600.00 

Software 4,800.00 
Uninterruptible Power Supply - To allow power to the weigh system to continue for 
some time if the power goes down to the weigh station 740.00 

Civil Works above ground         - The weigh station will be built above ground 
because, if placed below ground the price of civil work can triple. 2,000.00 

Delivery 3,000.00 
Total (excl VAT) 40,258.00 
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Section 9 Health and Safety  
The Construction Design and Management (CDM) Regulations 2007 were developed to make the 

UK construction and design a safer place to be. CDM Regulations place a legal obligation all 

parties involved including this project from the client to the engineers, to consider health and 

safety when preparing a building project.  

 

In this project a CDMC document is in the form of method statement, risk assessment and health 

and safety policy will be used. This information is given in the appendix of this report has been 

produced it contains health and safety information gathered from all parties involved in the 

project. It includes any information that would cause difficult in construction. To ensure that the 

regulations are followed an has been CDM Co-ordinator appointed by the client of whose job is to 

ensure the regulations are being observed. Also they are to act as an expert advisor to the client on 

health and safety issues and procedures during the design and planning phases of construction 

work. 

 

9.1 Waste 

 

In the England projects over £300,000 are required to do Waste Management Plans. By 

completing a Waste and Resources Action Program (WRAP) it should reduce overall cost of the 

project. This will be done by the online tool, Designing out Waste for Civil Engineering projects. 

 

In this project it is most important that the waste is keep to a minimum to keep the waste cost until 

control. If a correct scheme is set up the project on average could average 2-3%. To reduce cost 

the following actions will be taken to keep costs to a minimum: 

• Designing out waste and reducing waste on site will give lower wastage rates in turn 

saving money, E.g. off-site construction as in the steel structure of the steel stock house 

this will reduce the total amount of waste produced , and reduces the cost of waste 

disposal. 

• Purchasing reclaimed materials if buying new materials is more expensive for example 

in the main steel stock house  the concrete for the foundation could be reclaim rock and 

in the main office building reclaimed bricks, and roof tiles could be used. 

• By segregating out the valuable materials on site into waste units will save money in 

disposal of materials. For example wood could be sold on to a wood chipper to make 

plywood or chipboard thus saving money in land fill taxes.  
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Section 10 Building Analysis and Design 
 

10.1 Processing Building 

As discussed in the Inception report, the processing building is designed to the Eurocode as a steel 

portal frame structure. Firstly it was looked at spanning the whole of the processing area which is 

75m wide. This would be possible but expensive using large plate girders with high fabrication 

costs as shown in Figure 16. This would also require separate structures to be designed to support 

the overhead cranes required inside. 

 

 
Figure 16 - 53m span cellular portal frame tapered beams 1200mm to 1500mm deep at apex 

 

The most common and economic portal frame spans range from 25m to 35m with column 

spacings around 5m. Therefore it was proposed to split the warehouse into two portal frames each 

spanning 35m covering the processing lines with column spacings of 7m. In this design the two 

overhead cranes are supported on the structure as shown below. 

 

 
Figure 17 - Section through Processing Building 
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There is a 5m gap between the two portal frames, processing lines and cranes which allows a safe 

zone for worker access and electrical systems. The building is clad with steel and plastic 

reinforced roof sheets to allow light into the building supported on purlins and wall rails. Figure 

18 below shows a typical steel portal frame building with steel cladding. The building has 

entrances and exits for lorries which are framed using the wall rails and vertical channel sections 

(Hi-span, 2009). 

 
Figure 18 - Typical steel portal frame (Access Steel. 2010d). 

 

The cheapest portal frame buildings are ones that are designed plastically with pinned column 

bases, reducing the cost of the foundations. Due to the variation of loading the warehouse 

building was analysed elastically using LUSAS and the members were designed to their plastic 

moment capacities with the key structural stability parts of the structure remaining elastic at all 

times. 
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10.2 Processing Building Loading 

Loads based on design to the Eurocodes. 

 
G = Characteristic Dead Load = 0,3kN/ m

2 
Qs = Characteristic Snow Load = 0,64kN/m2 
qk = Characteristic Imposed Load = 0,4kN/m2 
Qw = Characteristic Wind Load = 0.54kN/m2 

Qc = Characteristic Crane Load 
 
Partial Safety Factors                               BS EN 1990 Table A1.1 

 
γ

Gmax
 = 1.35 (permanent loads)  

γ
Gmin 

= 1.0 (permanent loads)  
γ

Q 
= 1.50 (variable loads)  

ψ
0 
= 0.50 (snow)  

ψ
0 
= 0.60 (wind)  

γ
M0 

= 1.0  
γ

M1 
= 1.0  

 
10.2.1 Load Combinations             

  BS EN 1990 
As the characteristic imposed load is less than the snow load, and they will not occur at 

the same time (the roof will not be accessed/serviced when there is max snowfall on it), 

only the worst case for snow load needs to be considered in combination with other loads. 

 

Combination 1: γ
Gmax 

G + γ
Q 

Q
s
 

Combination 2 : γ
Gmin 

G + γ
Q 

Q
w
 

Combination 3 : γ
Gmax 

G + γ
Q 

Q
s 
+ γ

Q 
ψ

0 
Q
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Combination 4 : γ
Gmin 

G + γ
Q 

Q
s 
+ γ

Q 
ψ

0 
Q
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Combination 5 : γ
Gmax 

G + γ
Q 

ψ
0 
Q

s 
+ γ

Q 
Q

w
 

Combination 6 : γ
Gmin 

G + γ
Q 

ψ
0 
Q

s 
+ γ

Q 
Q

w 
 

Additional combinations are required when considering the crane support on the warehouse 

building in combination with the other loads. This is analysed further in the LUSAS model 

section. 

 

The frame was also designed to resist the “Equivalent horizontal Forces” (EHF) which take into 

account the imperfections in the structure and lack of verticality. In the Eurocodes this is taken as 

0.5% of the total factored vertical loads and is applied in combination with all other loads. 
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Therefore this EHF should be applied to the worst case combinations and the frame deflections 

checked for stability of the structure. 

 
10.2.2 Dead load 

Self weight of purlins and sheeting conservatively approximated at 0,3kN/m2 to take into account 

the self weight of the connections fixings and light fittings. 

Gk = 0,3kN/m2 

 

10.2.2.1 Roof and Wall Sheeting 

Corus Trisomet 333 System is a robust all in one made to measure insulated roof panel system. 

The panels also offer a good acoustic performance. 80mm thick sheeting is required to support the 

imposed loads across continuous spans of 2m with a self weight of 11.49kg/m2. For Details of 

these roof panels and load spans please see Appendix 8A. 

 
Figure 19 - Corus Trisomet 333 panel 

 

 
Figure 20 - Example of alternating steel and plastic roof panels 

 

The roof system will also be split up alternating with glass reinforced transparent plastic sheets to 

allow light into the building and reduce the electricity costs for lighting inside. For the Layout of 

roof sheeting please see Appendix 8B. 
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10.2.2.2 Roof Purlins and Wall Rails 

The purlins are required to span 7m, this can be done using Hi-Span purlins with sleeved 

connections. 230mm deep Z purlins 2mm thick are required to take the moment from the roof 

load spaced every 2m. The wall rails are the same as the roof purlins, also spanning 2m. 

 

 
Figure 21 - Sleeved purlin span (Hi-Span. 2009) 

 

10.2.2.3 Connections and finishings 

The purlins and wall rails are restrained by the roof and wall sheeting but it is also necessary to 

install ties for additional stability and to stop them from sagging as shown below. 

 
Figure 22 - Sag bar layout (Hi-Span. 2009) 

 

 
Figure 23 - Rafter stays 

    

Sag bars are installed between the mid spans of all purlins, diagonal tie bars are not required for 

dual pitch roofs.  
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Rafter and column stays are connected from the purlins/rails to the bottom flange of the 

rafters/columns at 45° as shown in Figure 23. These are required to restrain the bottom flange of 

the section when it is in compression; each is designed to resist 1.5% of the compression force in 

the flange in tension. These may not be required at every connection depending on the moment 

diagrams. Moment diagrams from all combinations must be considered to verify when the bottom 

flange is in compression and when it is in tension. 

 
 
10.2.3 Imposed Load                    

BS EN 1991-1-1 

The roof is category H as it is to be only accessible for normal maintenance and repair. Therefore 

the imposed load on the roof from BE EN 1991-1-1 Table 6.10 is qk within the range of 0,0kN/m2 

to 1,0kN/m2 and the recommended value is 0,4kN/m2.  

qk = 0,4kN/m2 

 

10.2.3.1 Crane Load 

Demag ZKKE double-girder overhead travelling crane weight 30T lifting a maximum of 16T. As 

the crane load is a moving load it is considered to be an imposed load with partial safety factor 

γ
C
= 1,50. 

 

 

The crane is supported on the building 

using pinned supports on runner beams as 

shown opposite so no moment is 

transferred directly from the crane.  

There will however be moment transferred 

to the building column from the 

eccentricity of the crane support. The 

moment transferred is equal to the vertical 

reaction at the support (from the crane load 

and self weight of the crane) multiplied by 

the eccentricity of the connection, e.  

 

For initial analysis the eccentricity (e) was 

conservatively estimated as 500mm. 

Therefore if the maximum load of 16T was 

picked up at the centre span there would be 

Figure 24 - Eccentricity of crane support 
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a vertical reaction at the support of V = 16T/2 + Self Weight/2 = 28T this would then create a 

moment in the column of M = Ve = 280x0,5 = 140kNm. Therefore for the max load at centre 

span, the columns would be loaded with a ULS reaction of V = 1,5x280 = 420kN and ULS 

moment of M = 1,5x140 = 210kNm. 

 

The vertical load and moment at the support are dependent on where the load is being picked up 

from. To analyse the worst case crane loads different load cases were created and entered into the 

LUSAS model. 

 

10.2.3.2 Horizontal Crane Load 

When the crane accelerates or decelerates it exerts a horizontal force on the building. This 

horizontal force must also be taken into account in combination with the other loads. The motors 

controlling the movement of the crane allow smooth acceleration and deceleration through 

dynamic braking bringing the crane to a gentle stop, minimizing the swing of the object and 

horizontal force on the structure. As we do not have data for the acceleration of the crane, the 

horizontal forces on the structure are approximated as 10% of the hoisted load (Bhatia, A. 2008). 

Additional horizontal loads from the crane will be taken into account are the “Equivalent 

horizontal Forces” EHF from the crane self weight. There is to be no other horizontal force 

applied as the hoist rope is to be operated vertically not creating any additional side pull of the 

structure.  

 

10.2.3.3 Accidental Load 

There was no accidental load included in the design. Although this would normally be necessary 

as there are lorries driving through the warehouse and large steel sections being moved around. 

The accidental loading is prevented by installing crash barriers and column protectors. 

 

Crash barriers 

Crash barriers are needed to protect the outer columns from 

possible impact from moving lorries. These are sourced directly 

from the supplier and are similar to ones surrounding car parks and 

motorways to ensure that no force is transferred to the columns.  

Figure 25 - Crash barrier 

 

Column protectors 

The column protectors are more lightweight to protect the internal columns from smaller impacts. 

Column protectors will only be necessary on certain columns which are vulnerable to impact.   
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10.2.3.4 Snow Load            

BS EN 1991-1-3 

From BS EN 1991-1-3 the characteristic snow load on the ground for the UK is given by Sk. 

Sk = 0,140Z – 0,1 + A/501 

Z = zone number from map below = 3 

A = site altitude above sea level = 73m 

Sk = 0,140x3 – 0,1 + 76/501 = 0.472 kN/m2 

 
Figure 26 – Characteristic ground snow load map (NA to BS EN 1991-1-3) 

 

The calculated snow load can be compared with the maximum snow levels in Birmingham from 

the Met Office (Met Office. 2010). 40cm deep settled snow would create a load of 0.4x2 = 

0,80kN/m2 (BS EN 1991-1-3 Annex E). This is greater than the characteristic snow load as 

calculated from Table C.1 and should be taken into account as this level of snow is possible in 

this area. Due to the pitch of the roof, this load can be reduced by the shape coefficient µ1 from 

NA to BS EN 1991-1-3 Figure NA.2 and Table NA.1. 

Pitch angle of the roof α = 12.87° therefore µ1 =0.8 

Therefore the characteristic snow load Qs is reduced to 0,64kN/m2 
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10.2.3.5 “Equivalent horizontal Force” EHF 

The EHF forces are 0.5% for the total factored vertical loads and applied at the top of each 

column. The EHF for the factored crane loads are also applied at the points of crane support 

relative to the factored vertical load of the crane at that support. 

 

10.2.3.6 Wind Load                             

BS EN 1991-1-4 

 
Figure 27 - Characteristic wind load map (NA to BS EN 1991-1-4:2005) 

 

Basic wind velocity vb,map = 22m/s 

Basic wind velocity vb = 22m/s (Cdir Cseason Cprob Calt = 1) 

Air density = 1.226kg/m3 

Reference mean (basic) velocity pressure qb = 0.5ρvb
2 = 297N/m2 

Peak velocity pressure qp(z) = ce(z)qb
 

ce(z) = 1.8 therefore qp(z) = 535N/m2 

Wind load Qw = 0.54kN/m2 
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10.3 LUSAS Model 

 

Due to the limits on the version of LUSAS used it was only possible to create a model of one 

complete section of the building. The model was created using pinned supports and rigid 

connections with all members as three dimensional linear beams. Points were added to the model 

columns at the positions of the crane support so that loads could be applied to simulate the 

support of the overhead cranes. 

 

10.3.1 Geometry 

 
Figure 28 - LUSAS model geometry 

 

10.3.2 ULS Loads 

Roof Dead Load = 1.35x0.3 = 0.405kN/m2 

Snow Load = 1.5x0.64 = 0.96kN/m2 

Wind Load = 1.5x0.54 = 0.81kN/m2 

 

Crane Load: 

The crane loading varies as the crane hoists move across the span of the building, therefore four 

crane load conditions have been created to find the worst case crane loading. Loads were applied 

at the points of crane support as shown below. 
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Crane Central Load 

 
Figure 29 - Crane Load Central 

 

     VA =  420kN   VB = 420kN  VC = 420kN          VD = 420kN 

     MA = 210kNm  MB = -210kNm  MC = 210kNm         MD = -210kNm 

 

Crane Loadcase W1 

The maximum load is lifted onto the back of the lorries a minimum of 2.2m away from the 

building edge. 

 
Figure 30 - Crane Load W1 

 

     VA =  525kN   VB = 315kN  VC = 525kN          VD = 315kN 

     MA = 263kNm  MB = -158kNm  MC = 263kNm         MD = -158kNm 
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Crane Loadcase W2 

 
Figure 31 - Crane Load W2 

 

     VA =  525kN   VB = 315kN  VC = 315kN        VD = 525kN  

     MA = 263kNm  MB = -158kNm  MC = 158kNm         MD = -263kNm 

 

Crane Loadcase W3 

 
Figure 32 - Crane Load W3 

 

     VA =  315kN   VB = 525kN  VC = 525kN         VD = 315kN 

     MA = 158kNm  MB = -263kNm  MC = 263kNm         MD = -158kNm 

 

Combinations 

C1 – Dead Load 

C2 – Dead Load + Wind Load 

C3 – Dead Load + Snow Load 

C4.1 – Dead Load + Snow Load + Wind Load(ψ0) 

C4.2 – Dead Load + Snow Load(ψ0) + Wind Load 

C5 – Dead Load + Crane Load Worst 

C6 - Dead Load + Crane Load Worst + Wind Load 
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C7 - Dead Load + Crane Load Worst + Snow Load 

C8.1 – Dead Load + Crane Load Worst + Snow Load + Wind Load(ψ0) 

C8.2 – Dead Load + Crane Load Worst + Snow Load(ψ0) + Wind Load 

In addition to these combinations are further combinations including the horizontal crane 

load and EHF horizontal forces to determine the ultimate worst case combination. 

 

10.3.3 Lusas Results 

Results from the worst case combination: 

C8.1.1 – Dead Load + Crane Load W1 + Snow Load + Wind Load(ψ0) + Horizontal Crane 

Load + EHF 

 

 
Figure 33 - LUSAS Combination C8.1.1 Moment Diagram 

 

Rafters       Centre Beams 

Max Moment = 1118kNm    Max Moment = 207kNm 

Max Axial Compression = 210kN  Max Axial Compression = 58kN 

Max Shear = 178kN    Max Shear = 56kN 

Centre Columns    Outer Columns 

Max Moment = 755kNm   Max Moment = 1118kNm 

Max Axial Compression = 795kN  Max Axial Compression = 778kN 

Max Shear = 115kN    Max Shear = 160kN 

 

Reactions 

Max Vertical = 795kN 

Max Horizontal in plane = 160kN 

Max Horizontal reaction out of plane = 149kN (see Appendix 8C) 
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10.4 Design of Members 

For the detailed design of the structural members to BS EN 1993:2005 please see Appendix 8D. 

All structural steel grade S355. 

 

Rafters: UB 533x210x92 

Centre Beams: UB 406x178x60 

Central Support Beams: UB 406x178x60 

Centre Columns: UB 914x305x253 

Outer Columns: UB 686x254x170 

Max Outer Columns: UB 914x305x253 

Column Bases:  Pinned using 4No. 24mm diameter bolts in 20mm thick base plate to suit column 

size. Bolt tubes are used to allow for construction tolerances. 

 
Figure 34 - Typical base plate detail (Steel Alliance. 2009) 

 

Bracing:  

The bracing is designed to resist both the horizontal wind loads and the horizontal load from the 

crane thrust, for details please see Appendix 8D. 

 

Crane Support: 

The crane is supported on runway beams which are supported on connection plates welded to the 

building columns. The runway beams are designed to span 7m between columns for the specific 

loads from the crane runways wheels designed to BS EN 1993-6:2007. The runway beams are 

also tied back to the columns as shown below using slotted hole connections so the runway beam 

can be aligned correctly when installed (Bhatia, A. 2008). 
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Figure 35 - Crane runway beam top flange support (Bhatia, A. 2008) 

 

The runway beams are subject to both vertical and horizontal fluctuating loads from the crane 

causing biaxial bending. The runway beam is stiffened to help the buckling resistance and details 

optimized to increase the fatigue resistance of the section (for further details see Appendix 8D).  

Runway beam: UB 762x267x197 

 

10.5 Kasto Loading Building Design 

The Kasto loading building is also a steel portal frame but as it is only subject to standard loads it 

can be analysed and designed plastically to create an economical lightweight steel frame structure. 

See warehouse building loading for design loads, excluding crane loads. The portal frame spans 

20.5m and extends 65m with bays at 5m centres. The Kasto loading building also does not require 

acoustic insulation and therefore less expensive metal cladding is used in combination with the 

plastic sheeting.   

 

10.6 Office Building Design 

The office building is designed to Eurocode 6 using double skin insulated masonry walls as this is 

the only building which requires heating. These walls also act as very good acoustic insulators to 

ensure the office has sufficient working conditions is correspondence with the Noise at Work 

Regulations 2005.  See warehouse building loading for design loads, excluding crane loads.  
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10.7 Sound Proofing 

For industrial buildings the noise levels within the building are more important than the 

transmission of noise around the building but both must be considered. The Noise at Work 

Regulations 1989 is the main piece of legislation for industrial buildings. 

The Noise at Work Regulations require sound levels to be maintained within clearly defined 

limits. But even below these parameters, noise can at the least constitute a nuisance. The Noise at 

Work Regulations refers to the following three action levels: 

• 'First action level' of 85 dB(A) daily personal noise exposure, 

• 'Second action level' of 90 dB(A), 

• 'Peak action level' of 140dB. 

Employees that are likely to be exposed to the first action level or above must be provided with 

hearing protection and ear protection zones defined. For reliable speech in production areas Table 

7 of BS8233 gives maximum steady noise levels.  

 

For the external noise levels the local planning authority may have planning conditions for noise 

regulation with regards to the surrounding area. To reduce the external noise levels, barriers can 

be used such as planting trees.  

 

BS 8233 sets out ways of reducing noise within buildings, these are used in the design and 

construction of the masonry office building where the external noise from the processing building 

needs to be blocked, for example the minimum number of connections between the masonry 

cavity leaves is to be used to reduce the amount of noise that can pass through. Reducing the 

sound level within the steel processing building, insulated panels are used. Typically an insulated 

panel will provide a sound reduction index (Rw) in the region of 25 dB. The Corus Trisomet 333 

System used in the processing plant has a good sound reduction index of Rw = 28.5dB. 

 

As the noise level of the cutting and drilling machines should be obtained before construction so 

that the rood sheeting can be further analysed but if it remains unknown it is suggested that noise 

surveys are carried out during machinery testing to ensure the noise levels inside and outside the 

building comply with the relevant standards and regulations.  
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10.8 Corrosion Protection 

The steel processing building steelwork needs to be protected from corrosion from the internal 

and external atmospheres. The category of the corrosion risk is analysed to be at medium risk as 

there will be lorries driving alongside and waiting by the steelwork creating pollution near the 

steel, therefore the steel is to be protected to category C3 medium risk as in BS EN ISO 12944 

Part 2 (Corus Construction & Industrial. 2004). High grade system B12 is used to give a design 

life of +60years Hot dip galvanised to BE EN ISO 1461 (note 6). 
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Section 11 Flooding (Mark Scrivener) 
11.1 Flooding 

As raised in the Inception report flooding is an issue at the proposed location of the site. The site 

of the stockholders is inside the land affected by flooding which has a 1% or greater chance of 

flooding each year (Environment Agency 2010). 

 
Figure 36 - Nearby rivers (Google Maps. 2010) 

 

The main river adjacent to the site is the River Tame. The River Tame is the largest tributary of 

the River Trent being over 100km long with a catchment area of 1500 square kilometers. The 

other two adjacent rivers are the River Cole and the River Blythe which are tributaries of the 

River Tame. 

 

11.2 Flood Risk 

The River Tame has a history of flooding with significant flooding occurring in this area in June 

1955, August 1987, December 1992, September 1994, January 1999, November 2000 and 

summer 2007. Flood defenses exist along the river but not at this location. Due to greater intensity 

of rainfall associated with summer storms, the Tame is more likely to flood on the summer. 

There are approximately 3,100 residential and commercial properties at risk of flooding from the 

River Tame, this could rise to 5,400 properties due to the impact of climate change and flood 

levels. The environmental agency has realised this and have developed a flood management 

strategy for the River Tame. The strategy will reduce the risk of flooding for 2,850 residential and 

commercial properties. The scoping report conducted in 2004 came to the conclusion that 
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temporary defenses were unsuitable as the River Tame catchment responds very quickly to 

rainfall events and there would not be enough time to put the defenses in place.  

 

The environmental agency has put forth various permanent flood defense methods to reduce 

flooding of the River Tame. These include channel maintenance, maintaining existing defenses, 

improving existing upstream storage areas and increasing height of existing embankments. 

Although these defenses are not situated at the proposed stockholder site, they will help reduce 

flooding in this area, especially the additional upstream water storage. The existing defenses 

reduce the risk of flooding for 126 properties in Water Orton and with the new defenses in place a 

further 285 properties will benefit from the defenses.  

 

The construction process of new flood defenses along the River Tame will commence in 2012 and 

does not sufficiently justify risking having no flood defenses or even temporary flood defenses at 

the stockholders site. There is also the flood risk from the Tame tributaries to be considered; 

therefore permanent flood defenses are required.  

 

11.3 Permanent flood defenses 

As discussed in the inception report permanent or semi-permanent flood defenses could be used. 

The best method for our site is most likely semi permanent flood defenses such as demountable 

barriers. 

 

Demountable barriers can be positioned closer to the building itself allowing some of the plot to 

flood but protecting areas necessary for production to continue. This means that a smaller length 

of flood defenses can be used than if permanent barriers, piling or embankments were built.  

 

 
Figure 37 - Demountable flood barriers 

 

The height above sea level of the site varies from 71m to 79m, with the highest point at the west 

of the site and lowest at the east of the site. The stockholder building is positioned towards the 
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west of the site so in an extreme flood situation some of the east of the site is allowed to flood and 

the main part of the site is protected by demountable barriers. 

 

The flooding of the railway used for deliveries was also considered as it would not be viable to 

raise the track level or include flood defenses for the length of the track required. 

 

 
Figure 38 - Flood map 

 

 

 
Figure 39 - Terrain view (Google Maps) 

 

In the event of an extreme flood when the railway line has flooded, a contingency plan is put in 

place to deliver the steel using lorries and the stockholder building and required facilities are 

protected by flood defense barriers as shown in Appendix 8E. Further information about the local 

flooding is still required to determine the exact length of flood barriers required. In the worst case, 

approximately 700m of flood barriers are required. 

 



MDDP 2010 – Steel Stockholder – Group 2 
 

Author: Ibrahima Sagnia Page 86 of 233 Section 12 

Section 12 Steel handling (Ibrahima Sagnia) 
12.1 Bundling   

12.1.1 General 

To attach different sections together, straps will be bundle around the items. Bundling the steel 

section has to be done before the section goes on the trucks after the steel is processed. We have 

to make sure that the steel for different customers are not in the same bundle because this will 

create problems for the conductor of the truck when it gives the purchase items to them because 

he will have to unbundle the bundles, give the sections to the customer and bundle again the 

remaining steel sections. The bundles will have some or all items for one customer. Figure 40 

shows the machine used to bundle the steel items. 

 

 
Figure 40 - Push-Type combination tool for steel strapping 

 

12.1.2 Area of bundling 

The steel will be bundled by a person at the end of the processed steel, when the steel is on the 

delivering table. Two people will be on each side of the facility. Another man will bundle the 

smaller section that have to be cut together at the beginning of the process. This will save time 

when a customer wants a lot of the same small sections of the same length. From the tracking 

system they will know which sections will have to be bundle together. 

 

12.1.3 Specification 

The bundling machine is a pneumatic push-type combination tool for steel strapping. It is 

ergonomically designed and easy to handle. It’s a durable product all metal and alloy parts are 

long lasting, the maintenance of the product is simple, all parts are easily accessible therefore it 

will be easy to replace and the product has minimal wear parts. The product is ideal for metal, 
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lumber or paper products. The product weights 6.7kg which is light, but people handling it will 

need a small place to put the bundler when they are not using it. 

 

12.2 Forklift 

12.2.1 General information 

The forklift that will be used is a Combilift C10000 Figure 41 shows the forklift and the different 

configuration of wheel modes. This forklift has the capacity of lifting 10000kg. There will be 

three forklifts unloading the train or trucks in case the train does not work due to weathering. The 

maximum speed of the forklift is 14km/hr with or without any load being lifted. The acceleration 

changes depending on the load that the forklift is carrying, an estimation of the time that it will 

take to achieve the maximum speed, to load and unload the forklift was made to calculate the time 

that is required to unload the whole train. The forklifts will take about 1h30 to unload the train. 

The forklift can range heights up to 6.5m which is higher than the train height.  

 

 
Figure 41 - Forklift Combilift  C10,000 

 

12.2.2 Advantage 

The advantage of this forklift is that all the wheels can change direction. With this system time 

and money will be saved because the forklift will not have to reverse and the amount of space 

need for the forklift will be less, less than 10m on each side are needed to allow two forklifts to 

drive in opposite direction. Since this forklift does not have a large turning direction, the train 
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standing width reasonably small. The multi-direction operation allows the forklift to come in the 

forward/reverse mode, turn the wheels and leave in the sideward mode. 

 

12.3 Train 

12.3.1 General information 

The train will deliver the steel from Scunthorpe till our warehouse in Coleshill. The distance that 

the train has to travel is approximately 230km. The train will approximately take 2h15min to 

arrive at the warehouse and take another 1h30 to unload the steel, the train will have to be loan for 

about 3h45min. The train will come three times a week, each time delivery 840 tonnes of steel 

which gives a total of 2520 tonnes per week.  

 

12.3.2 Train standing 

A train standing of 300m will be provided. There will be 12 wagons of 20m length, 2.9m width 

and a locomotive of about the same length which gives a total length of 260m. The material used 

for the train standing will be concrete and steel for the rails. The rails will be UIC 54 rail, these 

are the standard rail used in UK for the train. The concrete will be designed as a road rigid 

pavement with the axle loads of the trains even though flexible pavements are preferred in UK 

The reason why rigid pavement is chosen is because it is cheaper in the long run and requires less 

maintenance than the flexible pavements. The loads are different for the road pavement, an 

estimation was made for the number of commercial vehicle per day (CVPD), estimating that half 

a wagon load’s is a truck load’s, the wagon are assumed to be other goods vehicle 2, the estimated 

CVPD was 34 since the minimum is 100, a 100 was taken for calculation. The design life is 40 

years for the pavement, after the life period has passed, some test analyses on the pavement will 

have to be made to establish if the pavement is in a suitable condition or needs maintenance or 

redesigning. The California bearing ratio test measured for the mercia mudstone is 6.5%. 

Transverse reinforcement bar steel of diameter size 12mm are used to reinforce the pavement. The 

thickness of the subbase is 250mm and the thickness of the rigid pavement is 250mm for more 

detail about the calculation see Appendix 3  - Foundation & Slab Design. 

 

12.3.3 Wagon 

The wagon is a flatwagon, the loading area is about 51.3 m2, the maximum capacity is 75 tonnes, 

the maximum axle load is 25 tonnes and the maximum speed is 120 km/hr. The wagon is 

equipped with a quick-opening tarpaulin cover shown on Figure 42. One man is all that is needed 

to operate it, it is easy to open and access it and it has a central locking system. The wagons from 

the train can be separated to allow the forklift to go on each side and not go around the locomotive 

all the time. Each wagon will carry a weight of 75 tonnes, the wagon itself weights 25 tonnes 

which is a total of 100tonnes on the track. This gives an axle weight of 25 tonnes which the 
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maximum capacity of the wagon. The route that the train is taken has different speeds limits, 

some are 120 km/hr some other are 168 km/hr our train will travel at a maximum speed of 120 

km/hr. The train will travel on RA10 route which has tracks capable of permitting axle weights up 

to 25.4 tonnes.  

 
Figure 42 - Quick-opening tarpaulin cover on train wagon 

 

12.3.4 Locomotive 

The locomotive is a GE’s PowerHaul PH37AC shown on Figure 43. This locomotive complies 

with the EU Stage IIIa emissions standards. EU Stage III and IV legislation applies on new 

equipment and vehicles, also replacing engines with new ones, the new engines have to match the 

capacity of the previous engine and meet the EU Stage emissions standards. Table 17 lists the 

engine’s power range.  

 
Figure 43 - Locomotive 
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Table 17 - Stage III A Standards for Nonroad Engines 

 

The locomotive is one of the most technologically advanced fuel efficient and low emissions 

diesel-electric locomotive. It provides maximum efficiency and is ergonomically designed. This 

also includes low noise for the locomotive’s crew.   

 

12.4 Delivery 

12.4.1 Different Routes 

Delivery will be made by trucks, several routes have been made for each pair of trucks. Our 

location being in Birmingham, we are placed in the centre of UK, in total we have 8 routes that 

are spread around UK. Most of the major cities in England and some in Wales will be supplied. 

Our site is next to motorways (M6 and M42) that branch around the country which simplifies the 

road transportation access.  

 

1st route (7h09min): Coleshill (warehouse), Telford, Shrewsbury, Chester, Liverpool, Southport, 

Manchester, Stoke-on-Trent, Stafford and Coleshill (warehouse). 

 

2nd route (7h41min): Coleshill (warehouse), Coventry, Leicester, Nottingham, Mansfield, Lincoln, 

Sheffield, Leeds, Bradford, Derby and Coleshill (warehouse). 

 

3rd route (7h16min): Coleshill (warehouse), Redditch, Gloucester, Newport, Cardiff, Weston-

Super-Mare, Bristol, Cirencester and Coleshill (warehouse). 

 

Stage III A Standards for Nonroad Engines 

Cat. 
Net Power 

Date† 
CO NOx+HC PM 

kW g/kWh 

H 130 ≤ P ≤ 560 2006.01 3.5 4.0 0.2 

I 75 ≤ P < 130 2007.01 5.0 4.0 0.3 

J 37 ≤ P < 75 2008.01 5.0 4.7 0.4 

K 19 ≤ P < 37 2007.01 5.5 7.5 0.6 

† dates for constant speed engines are: 2011.01 for categories H, I and K; 2012.01 for 

category J. 
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4th route ((7h28min): Coleshill (warehouse), Coventry, Oxford, Southampton, Porthsmouth, 

Basingstoke, Reading, Swindon and Coleshill (warehouse). 

 

5th route (7h15min): Coleshill (warehouse), Daventry, Northampton, Bedford, Milton Keynes, 

Luton, Bishop’s Stortford, Peterborough and Coleshill (warehouse). 

 

6th route (8h14min): Coleshill (warehouse), Coventry, Kettering, Huntingdon, King’s Lynn, 

Peterborough, Nottingham, Derby, Leicester, Atherstone and Coleshill (warehouse). 

 

7th route (8h07min): Coleshill (warehouse), Doncaster, York, Castleford, Leeds, Bradford, 

Accrington, Blackburn, Preston, Wigan, Warrington and Coleshill (warehouse). 

 

8th route (7h16min): Coleshill (warehouse), Welwyn Garden City, Hoddesdon, Harrow, 

Chelmsford, Wickford, Hemel Hempstead, Slough, High Wycombe and Coleshill (warehouse).  

 

12.4.2 Route assumptions 

Using Google maps, each destination in each town was set in an industrial estate because it is 

more likely that a client’s warehouse is located in those areas. Google maps uses the roads speed 

limit, this was checked by using a time limit of an hour and looking at the distance travelled by 

the vehicle on a motorway. The distance travelled was 100km (62.5miles) which gives a speed of 

62.5miles per hour; the trucks are allowed to travel at a maximum speed of 60 miles/hour. To 

make sure drivers have enough time the routes are mostly about 7h30 or 8h30. This is a safety 

time estimation which takes into account the pick time in the morning which is estimated at 1h30. 

Weekly driving should not exceed 56 hours and daily shouldn’t exceed 9 hours but can be 

extended to 10 hours but not more than twice a week. Deliveries will be made 5 times a week, 

therefore a weekly driving of 47 hours will be made by each driver, 3 times 9 hours and twice 10 

hours. For the routes not exceeding 7h30 hours, drivers will have a shift of 10h30 and for the 

routes exceeding 7h30 hours drivers will have a shift of 11h30. This permits the driver to have a 

minimum of 90 min breaks for the day. 

 

12.4.3 Delivery time 

To avoid some of the peak time, the trucks will leave around 6am in the morning starting with the 

longer shifts. By 6:30am, all the trucks should have left the warehouse and be on their way to 

deliver the steel. Starting at that time, drivers will avoid the peak time in the afternoon since 

people finish work around 5pm. Trucks will be purchased to ensure that the customers deal with 

one company at all times, and don’t have to cope with another independent truck supplier. This 

will also insure that the customer gets what they ordered and is satisfied. 
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12.4.4 Quality Control Check 

Quality control checks are important; quality controllers have to check the specification, quantity, 

and quality of the material as well as checking that all orders are easily accessible and put in the 

correct order to facilitate the unloading for the appropriate customers order. They also have to 

check that the truck is correctly loaded, stable, balanced, and safe. The trucks will have to be 

weighted to make sure it complies with the legal requirements and that the expected weight of the 

vehicle is met. Safety is very important during deliveries, a lot of different accidents can occur 

due to the driver’s actions or due to the recipient’s unsafe practices. To insure safety at all times, a 

method for unloading the steel product and planning the delivery with the recipient is important. 

Each party will know what they are responsible for in terms of health and safety.   

 

 

12.4.5 Driver’s Responsibility 

The drivers also have some checks and tests that need to be made, this will be a double check 

made on the vehicle to insure security on the road. The orders on the trucks will need protective 

covers and some securing straps, chains etc making certain that the equipment is safely attached.  

The driver will also have to check that the load is secured and that no undesired movement of the 

orders has happen during the initial stage of transit.  

 

12.4.6 Recipient’s Responsibility 

It is also important that the customers notify us when there is any road maintenance or access 

restrictions at the delivery address. The timing for the routes will be affected, delays will occur for 

other deliveries and time will be wasted if we aren’t notified in advance.  

The recipient will be responsible once the truck has arrived at the delivery destination, they will 

have to guide the truck in the correct position and then proceed with the agreed unloading process. 

Some of these issues will have to be considered by the customer and agreed with us before the 

unloading of the steel commences:  

• access restrictions  

• position of the vehicle  

• obvious hazards  

• access onto the vehicle bed  

• the condition and stability of the load following transit  

• method of unloading  

• size, weight and balance of items being lifted  

• the location of people whilst unloading; manual handling risks 

• environmental conditions (temperature, light, wind, snow & rain etc)  



MDDP 2010 – Steel Stockholder – Group 2 
 

Author: Ibrahima Sagnia Page 93 of 233 Section 12 

• the final destination of the material.  

Some other factors could also be identified by the recipient. After taking into account all of the 

factors, the recipient will propose a lift plan to the driver and us which will be analysed before 

agreement. If there are any concerns about the plan, a discussion will take place to solve the 

problem.  

 

12.5 Truck 

12.5.1 Comparison with other transport system 

To transport the steel to our customers, trucks will be used. Trains are technically possible as well 

but the problem is that not all the customers will have a rail platform just for their company. 

Using boats to transport our steel isn’t possible since the river that is situated next to our 

stockholder is not wide enough. This will create problem for boats to depart or arrive to the 

stockholder and there are low depth bridges in that area which puts a height limit on the boats. 

There are a few problems that arise when considering transporting trucks by train, and putting 

them on the road once they are local. The height of tunnels in UK must be tall enough for the 

trains to go through with the truck. Since the height of tunnels can vary it is difficult to tell if there 

is going to be enough space. Also another problem is that there needs to be the correct facilities to 

put the truck from trains to the roads. Those machineries aren’t going to be easy to find since this 

type of transportation hasn’t expanded yet. In UK with the train gauges it isn’t possible to satisfy 

the rail policy on the height restriction.  

 

12.5.2 Transportation 

To achieve our target, each day (working an average of 22 days a month) 455 tonnes of steel has 

to be delivered. To be sure that target is achieved the stockholder will supply 500 tonnes of steel 

per day. 16 trucks will be used to deliver the steel in different area in UK. Each truck has a weight 

of 13 tonnes and will have to transport a minimum of 31 tonnes. To establish the target, the trucks 

will have a maximum capacity of 44 tonnes.  

 

12.5.3 Truck requirement 

Depending on the weight of the truck, the length, the width and the projection of overhanging 

steel the correct authorities have to be contacted to get authorisation to use the roads. Those 

authorities include the Highway and Bridge Authorities, the police or the Department of 

Transport. In our case the weight shouldn’t be a problem because our load is less than 44T. The 

length and width will not create an issue either, since the width of the trucks is 2.9m and the 

length is 16m. The projection of overhanging could create a problem. On the Table 18, it shows 

the notifications that are required depending on the overhang length.   
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Table 18 - Projection of overhanging loads 

 

 

12.6 On site policy 

The site will have some restrictions for the different vehicle that will be on site. Cars, trucks, 

trains and forklifts will be on the site and some places will be restricted to certain vehicle types. It 

is quite important to separate the different types of vehicle for safety reasons.  

 

The train standing will be restricted to the trains, forklift and emergency delivery trucks (in case 

the train can’t deliver the steel for any reasons). The train standing will have some signals and 

signs for the train to let the driver know what speed he should be travelling at and where to stop. 

For the emergency delivery trucks, the train standing will be empty, therefore the truck will have 

a free area where there will be enough space for the forklift to unload the trucks and some signs 

will be there to show where the trucks have to go. The train standing area will be prohibited for 

pedestrians and most of the workers except those who will supervise the forklift driver and the 

drivers themselves. When the forklift has the steel on it, it will have to be very careful, any 

collision could potentially damage the steel, the forklift and endanger the driver. A lot of money 

will get lost if this situation happens. The forklift will have access to some parts of the roads to 

deliver the steel from the train to the warehouse. This could potentially cause some accidents. 

Timing of deliveries of steel to the stockholder will be arranged so that forklifts do not have to 

move steel at the same time as the trucks leave.   

 

Some other signs for the road will be there to direct the other vehicles and pedestrians. For the 

workers and clients who want come to the warehouse to purchase a product, parking spaces will 

be available. Trucks will also have their own parking space. To avoid accidents between the 

Overhang 
position 

Overhang length, L 
(m) Notification requirements 

Rear 

L < 1,0 No special requirement 
1,0 < L < 2,0 load must be made clearly visible 

2,0 < L < 3,05 Standard end marker boards are required 

L < 3,5 Standard end marker boards are required plus police 
notification and an attendant is required 

Front 

L < 1,83 No special requirement 

2,0 < L < 3,05 Standard end marker boards are required plus the driver is 
required to be accompanied by an attendant 

L < 3,5 
Standard end marker boards are required plus police 
notification and the driver is required to be accompanied 
by an attendant 
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trucks and the worker/pedestrians, who will have to cross the road from the office to the 

warehouse, speeds limits for the trucks have to be set on the site and some signs will be put up to 

remind the drivers what the speed limit is (15km/hr).  

 

Section 13 Slab and Foundation Design (Ibrahima Sagnia) 
13.1 Slabs 

13.1.1 Type of slabs 

For our warehouse, reinforced concrete slabs are going to be used for the floor. There are going to 

be four slabs, one for the Kasto racks, one for the processing facility and one for each of the 

routes and the outer columns. The Kasto slab and the warehouse slab will be spanning two ways 

and ribbed in both directions and the routes slab will be spanning one way and ribbed in one 

direction, both with the foundations as supports.  

 

13.1.2 Cover 

The minimum concrete cover is quite important when designing a concrete member. The 

minimum cover ensures 

• A safe transmission of bond forces 

• The protection of steel against corrosion 

• Uneven surfaces are catered  

• For adequate fire resistance 

• Deviation allowance 

 

For the warehouse, the estimated required fire resistance is 2hours. The slabs won’t be exposed to 

water except at the entry access for the trucks. The concrete will be exposed to a moderate 

humidity and carbonation. To find details about the cover please look at the Appendix 3  - 

Foundation & Slab Design. 

 

13.1.3 Design 

To design the slabs the British Standard code was used. In the code, there are the design 

coefficients for slabs spanning one and two ways. For both slabs, the calculations are made on the 

assumption that they are a series of rectangular beams of 1m wide. The calculation are made with 

the most unfavourable arrangement of loads, this will ensure that the design can resist any 

situation.   
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13.1.4 Steel 

The steel bar reinforcement have a characteristic strength of 460N/mm2, they are produced from 

cold reduced steel wire. The two set of steel bar placed perpendicular to each other will form a 

mesh, this will be the slab reinforcement. There are also secondary steels whose role is to 

distribute the non uniform loads and tie the slab together. The secondary steel is the same as the 

main reinforcement (type, diameter and spacing). There also steel reinforcements at the top of the 

slab area, to control the negative moments that may arise.   

 

 

13.1.5 Routes and outer column  

 
Figure 44 - Slab dimensions 

 

The slab for the routes and outer column has a width of 6m and length of 133m. The span will be 

7m, the column will be in the middle of the span, the trucks are 16m, and therefore the loads will 

be spread on three different spans. The load for the routes and outer columns includes the column 

weight, and the weight of the lorry. The heaviest outer column is 840kN which is an imposed load 

and about half of the weight of the truck will be taken by one span which 20kN which is a 

variable load. The total unfactored load per span will be 860kN.  

 

The maximum moment on the slab is 828 kNm and the maximum shear for is 826 kN. The 

concrete slab will be 380mm and the bar reinforcement diameter will be 32mm. Some links are 

also are also designed for the shear force to avoid diagonal tension in the concrete and bond 

stresses between the concrete and the reinforcement. The reinforced concrete doesn’t have the 

shear capacity to withstand the shear force. The shear reinforcement links are 25mm diameter. 
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Figure 45 - Reinforcement for the routes and outer column slab view from short span 

 
Figure 46 - Reinforcement for the routes and outer column slab view from long span 

 

13.1.6 Kasto racks 

The slab for the Kasto rack has a width of 70m and length of 75m where the span will be 5m in 

both directions. There is a total of 5760 racks each has the capacity of carrying 5 tonnes, the total 

racking capacity is 28800 tonnes which a force of about 288000 kN. Based on a website where an 

external gantry crane was used, the overall weight is between 300 and 480 tonnes, for the Kasto 

crane an assumed load of 500 tonnes will be used for the calculation which is a force of 5000 kN. 

The total area of the Kasto racks is 2100 m2. The pressure due to the racking is 137 kN/m2. The 

area of the crane is a 3m by 15m which is an area of 45m2.  The pressure under the gantry cranes 

is 111 kN/m2. The loads are going to be heaviest under the Kasto racks but the same slab will be 

used for the cranes. Taking the heaviest load with a safety factor of 1.6 this gives a load of 220 

kN/m2.  

 

The maximum moment on the supports for the long span is 204kNm, for the small span 258kNm; 

the maximum moment in the middle of the span for the long span is 154kNm, for the small span 

198kNm. The shear force on the small span is 440kN and 396kN for the long span. The concrete 
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slab will be 550mm and the bar reinforcement diameter will be 20mm. Some links are also are 

also designed for the shear force to avoid diagonal tension in the concrete and bond stresses 

between the concrete and the reinforcement. The reinforced concrete doesn’t have the shear 

capacity to withstand the shear force. The shear reinforcement links are 16mm in diameter which 

is located only on the small span because the long span can withstand the shear force without 

shear reinforcement. 

 

 
Figure 47 - Reinforcement for the Kasto slab view from long span 
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Figure 48 - Top view for the Kasto slab reinforcement 
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13.1.7 Warehouse 

The slab for the warehouse has a width of 75m and length of 135m where the span will be 5m in 

both directions. The loads in the warehouse are unevenly distributed and some areas have nearly 

no loads but for the calculation, the load will be assumed to be evenly distributed. For the cut-

only line Voortman VB 1550 machine the weight is 11,000kg. For the drill-and-cut line Voortman 

VB1050 machine the weight is 8,500kg and Voortman V630T drill machine the weight is 

12,000kg. The heaviest pressure is the drill-and-cut line with the weight of the column. The spans 

will take the whole load of the column, the V630T machine and about half of the VB1050 

machine. The total load is 1000 on an area that is 25m2, the pressure is 40 kN/m2.  

 

The maximum moment on the supports for the long span is 50Nm, for the small span 63kNm; the 

maximum moment in the middle of the span for the long span is 38kNm, for the small span 

49kNm. The shear force on the small span is 108kN and 97kN for the long span. The concrete 

slab will be 300mm and the bar reinforcement diameter will be 10mm. There is no need for shear 

reinforcement because the slab can withstand the shear force.  

 

 
Figure 49 - Reinforcement for the warehouse slab view from long span 
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Figure 50 - Top view for the warehouse slab reinforcement 

 

 

 

Having different slabs could cause some friction between them. To avoid the friction happening 

the concrete has to be poured at the same time to make sure that all the slab are connected 

together as one slab and cure together. 
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13.2 Foundation 

13.2.1 Soil property 

Having no detail of borehole information, the type of soil, the height and its characteristic was 

found from maps and a geological survey report. Using a geological map, the type of soil could be 

found for the Birmingham area.  

 

Mercia mudstone is the top layer, its height is between 30 and 50m, it is followed by Bromsgrove 

sandstone which has a thickness of 120m or more. Mercia Mudstone is the type of soil that is 

found in and around Birmingham. The Mercia Mudstone is usually described as a heavily over-

consolidated soil, showing considerable dilation at low effective stresses. Over-consolidation 

causes some effects on the soil properties, it affects the undrained shear strength and lateral stress, 

the pore water response and the allowable bearing pressure and settlement. The degree of over-

consolidation decreases when the weathering increases.  

 

The weathering is usually 10 to 15m but in some areas it can go up to 30m. From the report, the 

typical value for the unweathered Mercia Mudstone undrained shear strength varies from 130 to 

2800kPa, these results is from the pressuremeter data. At the surface of the soil the undrained 

shear strength can be taken as 130. The undrained shear strength increases with the depth of the 

soil, for the Mercia Mudstone, the rate of increase is 37.5kPa/m. The reason for the high rate is 

due to the age and physical, chemical and biological changes of the soil. The weathering of the 

soil reduces the shear strength of the soil.  

 

13.2.2 Foundation  

Group piling will be used for the foundation of the warehouse. They are used to resist heavy 

structures and sometimes to resist horizontal loads. The straight piles are used, they are formed by 

putting a tube with a closed end in the ground, and filling it with concrete, the tube will be 

removed after the concrete has hardened. During construction it is very important that the resident 

engineer or clerk of works is satisfied with the soil condition after putting a hole in the ground. 

Since the tube has a closed end, no water can get in except from the surface where the concrete 

will be poured. 

 

For the separated office block, pad foundation can be designed. A group piling has a different 

failure mode from a single pile. The piles and soil contained between the pile act as a single unit 

therefore failure occurs when the whole group tilts or sinks. Three different group piles are used 

for the steel stockholder, one for the Kasto racks, one for the processing facility and one for each 

of the routes and the outer columns. Each group of piles have different spacing and length 

depending on the span for the slabs.  To calculate the depth of the piles, the same load pressures 



MDDP 2010 – Steel Stockholder – Group 2 
 

Author: Ibrahima Sagnia Page 103 of 233 Section 13 

(but unfactored) added with the concrete weight (25kN/m3) have been used. Calculations in 

Appendix 3  - Foundation & Slab Design show the procedure to obtain the length of the piles and 

the group capacity. 

 

13.2.3 Routes and outer column  

For the routes and outer column, the span is 7m and the width is 6m, the maximum area that the 

pile will have to carry is 21m2.  The unfactored load is 860kN adding that to the load of concrete, 

it gives an approximate total load of 11,00kN. The length of the pile is 5.5m, the group piling will 

be formed by a 2 by 20. The span is 7m and the diameter of the piles is 0.75m. The total length is 

133m and the width is 6m. The group carrying capacity is 79,300kN and the block carrying 

capacity is 2,660MN. The total load that the piles have to carry is 18,000kN. 

 

13.2.4 Kasto racks 

For the routes and outer column, the span is 5m and the width is 6m, the maximum area that the 

pile will have to carry is 25m2.  The unfactored load is 860kN adding that to the load of concrete, 

it gives an approximate total load of 3800kN. The length of the pile is 14m, the group piling will 

be formed by a 15 by 14. The span is 5m and the diameter of the piles is 0.75m. The total length 

is 70m and the width is 75m. The group carrying capacity is 456,000kN and the block carrying 

capacity is 32,800MN. The total load that the piles have to carry is 92,000kN. 

 

13.2.5 Warehouse 

For the routes and outer column, the span is 5m and the width is 6m, the maximum area that the 

pile will have to carry is 25m2.  The unfactored load is 860kN adding that to the load of concrete, 

it gives an approximate total load of 1150kN. The length of the pile is 6m, the group piling will be 

formed by a 28 by 14. The span is 5m and the diameter of the piles is 0.75m. The total length is 

135m and the width is 75m. The group carrying capacity is 264,000kN and the block carrying 

capacity is 30,600MN. The total load that the piles have to carry is 96,500kN. 

 

13.2.6 Horizontal loads 

Horizontal loads on piles results frequently from the horizontal loads from wind and the structures 

load. Depending on the magnitude of the horizontal load, vertical can sometimes carry the 

horizontal loads and sometimes no provision is made for horizontal loads. The loads are resisted 

by adhesion, by friction and passive resistance of the ground.  Since the foundation and ground 

slab are tied together they will resist some of the horizontal loads with adhesion from the soil. The 

piles are usually driving at an angle of 1 to 3 or 1 to 4 but not flatter than 1 to 2 due to the 

difficulties and it is impossible for cast in place or driven piles to be put in place. Having 

horizontal loads at the top of the pile, a vertical pile can move freely in the horizontal direction. 
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For short piles the failure occurs by rotation when the passive loads taken by the soil are exceeded 

at the top and bottom of the pile. It can also fail by translation if the pile is restrained. For long 

piles, the cumulative passive resistance at the bottom of the pile is too high and therefore the pile 

can’t rotate, but failure occurs by fracture of the pile where there is maximum bending moment. If 

the pile is restrained, the fracture will occur at high bending stresses.  

 

The two rows of columns which are located in the middle of the warehouse have horizontal loads 

of same magnitude going toward each other. We can assume that these horizontal loads will 

cancel each other out, the distance between the two rows is 5 m which are near each other. There 

is an approximate method to find the loads in a group where there is horizontal, axial and moment 

load, where the horizontal loads are resisted by inclined piles. The angle of the pile is 1 to 5, those 

piles are located at the edge of the slabs and will resist the horizontal loads. Detailed calculations 

about the inclined piles are in Appendix 3  - Foundation & Slab Design and below there is a 

summary of the loads.  

• The maximum lateral load that the pile has to take is 289kN for the horizontal load of 

145kN,  

 
Figure 51 - North to south view of the portal from with horizontal loads 

• is 372kN for the horizontal load of 218kN,  

 

 
Figure 52 - North to south view of the portal from with horizontal loads 

 

• is 169kN for the horizontal load of 52kN,  
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Figure 53 - West to east view of the interior columns with horizontal loads 

 

• and 352kN for the horizontal load of 194kN. 

 
Figure 54 - West to east view of the outer columns with horizontal loads 
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Section 14 Noise Calculations 
14.1 Noise 

Noise can have a significant effect on the local socially environment in the quality of life enjoyed 

by that local community. The aim of any development is to have the smallest impact on the 

surrounding community. To work out the possible impact on the local population the possible 

impact locations were identified. Below are a table and a map showing the impact locations and 

how far they are from the centre of the processing facility on the site. 

 

Table 19 - Distance to locations around site 

Location 
number 

Location 
Type Location description. Distance to location (m) 

1 Industrial Manufacturing, BMW plant Hams Hall 
Coleshill. 450 

2 Housing  Village, Nether Whiteacre 890 
3 Industrial Manufacturing, Air Liquide UK 580 
4 Housing Village, Shustoke 1,420 
5 Housing Hamlet, on Blythe Road  720 
6 Housing Town, Coleshill 810 
7 Industrial Coleshill industrial estate 390 
8 Industrial Manufacturing, Phoenix 250 

9 Internal on 
site Office building. 90 

10 Industrial Manufacturing, BMW plant Hams Hall 
Coleshill. 250 

 

 
Figure 55 - Buildings surrounding site 
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Thus the worst location can be found by the above table, and are as follows: 

Site Type Location number Name(s) of location Distance to location 
(m) 

Industrial  8 & 10. 
Manufacturing, Phoenix 
and, BMW plant Hams 
Hall Coleshill. 

250 

Housing 5 Hamlet, on Blythe Road 720 
Internal on site 9 Office building. 90 
 

 

Calculations References 

Background Information 

 

The machine will make a measurement of noise level.80dB is the maximum 

possible level allowed in HSE regulation without ear protection. As the noise 

of the machines could not be found, this maximum before ear protection is 

required to be worn will be used.  

 

No sound must exceed this level of normal residual noise level noise 20dB, this 

is the average background normal noise allowed in the UK bedroom at night. 

 

Due to possible night working, an acoustic feature correction factor will be 

added. Rating level = (80 + 5) = 85dB. 

 

In normal open country side a given sound reduction is given by SL2 = SL1 

10(D1 – D2)/20. Where: 

 

SL = Sound level at position one and two measures in dB. 

D = Distance away at position one and two are away for the sound in meters, 

(m).  

 

With the sound insulation having will have an approximate weighted sound 

reduction (Rw) of 28.8dB being installed.  

 

Sound Reduction 

1. Between the machines and the internal wall. 

Distance one from sound away from sound is 1m. 

Sound at location one is 85dB. 

 

 

 

 

 

 

 

http://www.sele

ctaglaze.co.uk/n

oise/reasonable_

noise_levels.php  

 

BS 4142:1997 

C6.3 

 

 

http://www.seng

pielaudio.com/c

alculator-

distance.htm 
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Distance two is the smallest distance to an internal wall from a machine is 

15m. 

 

Thus the sound at location two would be 61.84dB, plus 15% for internal 

echoing would be 71.12dB. 

 

2. Through the wall. 

71.12dB – 28.80dB = 42.32dB 

 

3. Between the outer wall and the worst locations. 

A. Manufacturing, Phoenix and, BMW plant Hams Hall Coleshill, 

location 8 & 10, 250m away. 

 

Sound at location one is -42.32 dB. 

 

Distance between factory walls and location 8 and 10 is (250-15) = 235m. 

 

Thus the sound at location two would be -42.32dB. Thus no impact would be 

feel. 

 

B. Hamlet, on Blythe Road. 

As location 8 and 10 no impact the same would be for this location. 

 

C. Office building. 

 

Sound at location one is 42.32 dB. 

 

Distance between factory walls and location 8 and 10 is (90-15) = 75m. 

 

Thus the sound at location two would be -35.18dB. Thus no impact would be 

notice. 
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Section 15 Process Simulation (Muhammad Ramlee ) 
15.1 Introduction 

The purpose of making a random generator is to have various types of steel and processes. This is 

important to examine our design to check if it is efficient enough to handle and produce 120,000 

tonnes per year. The result of the generator can give a guidance to make appropriate changes in 

our design in order to get a correct output. Basically this program acts as a calculator which is 

where we have the input from a data base and then it will compute all of it with the input value 

from the user which is the Control Input in this program and resulting the overall weight and 

quantity in the particular time. 

 

The flow chart below shows how the program works.  

 
Figure 56 - Flow chart of the program 
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The generator is a function which takes a random order from the database. Firstly, all the 

parameters have been stored in the databases. There are two parts in this program which are the 

control variable and the result indicator. Basically to run the business operation, the working hour 

must be clearly defined to make sure it achieves the operation performance. The control part is the 

program that allows the user to put in the working duration in order to calculate the output of the 

operation.  

 

On the other hand, the result indicator will show the output depending on the value entered in the 

control part. The generator works by randomly obtaining all the parameters from the databases. 

On the indicator panel, it shows the required time to accomplish the operation for the total weight 

that we generated following the working hour that we defined.  

 

 

 
Figure 57 - Graph for cutting time 
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Figure 58 - Drilling time vs distance graph 

 

The above graphs Figure 57 and Figure 58, show the cutting time (sec) against steel area (𝑐𝑚2) 

and drilling time against drill distance, which become a reference to find the process time for steel 

type. The objective for producing these graphs is to get the mathematical formulas from the lines. 

These graphs are produced using a different type of steel for what we have but it is similar in 

terms of dimension and shape. We are planning to use Voortman machine for both cut and drill 

process. 

 𝑦 = (−2𝐸 − 05𝑥3) + 0.0045𝑥2 + 0.3755𝑥 + 4.3791; 

Where 𝑥 is the area of the steel that we are using and 𝑦 is the time taken for cutting the 

steel.  For drill time; 

 𝑦 = 0.3728𝑥 + (4𝐸 − 15); 

The latter 𝑦 is the drilling time and 𝑥  is the drilling distance or the depth. The drilling 

time depends on two factors which are the depth of the steel and the diameter of the drill. In this 

case we are using the most usual diameter used in industry which is 20mm. 

𝑇𝑜𝑡𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡 = 𝑊𝑒𝑖𝑔ℎ𝑡 𝑝𝑒𝑟 𝑢𝑖𝑛𝑡 × 𝐿𝑒𝑛𝑔𝑡ℎ  × 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 

𝑇𝑜𝑡𝑎𝑙 𝑇𝑖𝑚𝑒 = [𝐶𝑢𝑡𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 + (𝐷𝑟𝑖𝑙𝑙𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 × 𝑛𝑜 𝑜𝑓 ℎ𝑜𝑙𝑒𝑠)

+  𝑇𝑖𝑚𝑒 𝑜𝑛 𝑐𝑜𝑛𝑣𝑒𝑦𝑜𝑟] × 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦  

y = 0.3728x + (4E - 15)
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According the information from the Voortman technician, the speed of the power conveyor could 

reach 42m/min, hence the maximum distance from Kasto rack to the very end delivery bay is 

128m therefore the time on the conveyor route is approximately 3 minutes.  

 

15.2 Control Input 

 
Figure 59 - Control input 

 

Work operation time is important to be defined at the early stage of the planning because from 

that we can estimate the output calculation. The less hours or days or weeks we are running the 

operation, the less output we get. In addition, we need to be very careful to specify the operation 

time, it is important to think about the employee welfare because the more we operate the more 

we have to pay them. If their salary is not worth the amount of what they have been contributing 

perhaps they will find another job and we will lose some money and time to recruit a new people. 

This is the information used to simulate the random orders, as from each order there will be a 

value for tonnage generated and each total tonnage will be summed for each order and total hours, 

days, weeks required will be calculated using the information from the Control Input. 

  

 

The operation time is excluded from any public holiday. Our operation times are 10 hours per 

day, 5 days per week and 48 weeks for a year. 
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Generator button. 

 
Figure 60 : Simulate button 

 

  

The picture above shows the button to simulate the program for a week, a month and a year. The 

button will generate according to the time that we wish for example if we want to generate for one 

month, the programme will randomly take the order for one month and calculate the result. The 

reset button functions to empty the order list as shown on the Figure 61 below. The order list table 

contains the information about the order such as type of steel, cutting length, the quantity, weight 

per unit steel, and time for process. These are all pieces of information that are important to get a 

right output calculation. 

Order list

 
Figure 61 : Order list table 
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15.3 Result 

 
Figure 62: Result Indicator 

 

The Figure 62 above shows the indicator for calculation result. The ‘Total time (Hour)’ is the 

result from the summation of the total time for each order. It tells us how many hour we need to 

process the selected order. This result will depend on the control input for example we are using 

the value as mention at the control part, the ‘Operation Day’ will turn to one day when the ‘Total 

time (Hour)’ reach every 10 hours. In addition, the ‘Operation week’ and ‘Operation Year’ also 

depend on it. In other word we can say when; 

 Total time (Hour) =2400;  

Operation Day = 240;  

Operation Week = 48; 

Thus; 

Operation year = 1; 

  

The ‘Total Quantity’ is the summation of all the amount of the steel that generated according the 

order. The goal of this program is to calculate total weight that we could produce in one year. The 

aim of this project is to produce 120,000 tonnes of steel per year, hence this program will tell us 

how efficient our operation is compared to the total weights. This program is actually based on 

how the factory is designed which means the flow of the operation time and the number of 

machines used would affect the production.  

  

This random generator was not developed only for getting the total weight, but also it is important 

to know how much the quantity we can handle. Based on the total quantity that we get, we should 

know the capacity of our storage and the number workers. In order to achieve the goal, the storage 

must be efficient enough to deal with these particular amounts either in term of capacity or the 

operations of the storage. It is important that the operation are easy and fast to upload and 

download the steel from the storage because it will cut the time to process, thus increase our 

production.  
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This is essential to have enough manpower to supervise the process to make sure it is going 

smooth till the delivery.  

 

Simulation result. 

Working hours; 

- 10 Hours per day 

- 5 Days per week 

- 48 Weeks per year 

Result; 

For 1 week; 

   Total Quantity ≅ 894 pieces 

                                    Total Order      ≅ 46 

                                    Total Weight    ≅ 2500 𝑡𝑜𝑛𝑛𝑒𝑠 

For 1 month; 

   Total Quantity ≅ 3458 pieces 

                                    Total Order      ≅ 133 

                                    Total Weight    ≅ 11000 𝑡𝑜𝑛𝑛𝑒𝑠 

For 1 year; 

  

Table 20 : Simulation table 

 

  

No No of order Total Quantity Total Weight 

1 1728 40588 118647.48 

2 1672 40550 119876.32 

3 1660 40590 117191.07 

4 1657 40682 116435.76 

5 1729 40632 116983.49 

6 1720 40994 115282.53 

7 1645 40438 120929.91 

8 1704 40950 116286.47 

9 1793 40726 118794.54 

10 1635 40466 116492.20 
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The Table above is the result for simulating 10 times random generated order for 1 year 

production. Each simulation shows the total number of order, quantity and weight. The 

total weight does not totally depend on the numbers of order and quantity, but it also 

depend on the type of steel because there are many type of steel which have different 

weight per meter. That is why we can see where some times the number of order or 

quantity is less than the others but having high weight.   

 

From the result, the average output per day is about 500 tonnes and 46 orders could be 

done. As we have in total 16 delivery bays that can store 31 tonnes each at one time, it is 

possible to achieve the output stated above and satisfying the customers as we have a next 

day delivery policy. 
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Section 16 Power Distribution Design 
16.1 Introduction 

Electricity is important to run a business nowadays and it is needed to be design carefully to avoid 

any trouble in the future such as overloading trips or cross circuits that could cause fire disaster. 

In addition, an ineffective planning can cause more money flow out because of unnecessary 

power consumption and this problem will be discussed later. Below is a basic blog diagram 

showing the distribution of power supply on site. The green dotted line is for low voltage (230V) 

equipment which is using a single phase connection whereas the others would use three phase 

connection. 

  

Main switch board

Sub switch board

(Office)

Sub switch board

(Factory)

Sub switch board for 

facilities (Factory)

Single Phase

 
Figure 63 - Basic blog diagram of the power distribute on site 

 

The power supply for the building is taken from the power transmission line provided by power 

generation station. The power from the station is extremely huge (100kV-700kV) and it uses a 

transformer to step it down in order to deliver it to the customers. The distribution of power that 

commonly used is three-phase alternating current transmission either uses overhead cable or 

underground cable which carries high voltage. To supply our building with electricity, the use of 

step down transformer is highly recommended to decrease the power from 11kV (primary 

distribution) that is normally provided at distribution substation using transmission line to the 

consumers. The purpose of lowering the voltage is because the maximum machine load on site is 

400V. 
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16.2 Building Power 

 
Figure 64 - (Single line diagram) Main switch board 

 

 

 
Figure 65 - Symbol key 
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A transformer is a device that transfers energy from one circuit to another through inductively 

coupled conductors. The inductive coupled conductor could be function to increase and decrease 

the transferred energy. In order to decrease the supply, 1250kVA transformer has been chosen 

because it has the ability to step down the supply from 11kV to 400V. As we can see on Figure 64 

the transformer is connected to the main switchboard as a distribution box.  

 

If the current supply source exceeds the Air Circuit Breaker (ACB) equipment value, the ACB 

equipment will disconnect itself from the source to make sure that the machineries aren’t 

damaged. This kind of protection is important and is known as a circuit breaker to stop damages 

and therefore spending a large amount of money to replace equipment. The switchboards contain 

of ACB, Moulded case Circuit Breaker (MCCB), and Overload Current (OC) and Earth Fault 

(EF) relay, all these components functioning as protection. Overcurrent relay is responsible for the 

increase of current which flowing through the protected element ACB. In the switch board, there 

are a lot of free slot that we can use for MCB and some of it can be used in the future, they are 

called ‘Spare’ on the single line diagram Figure 64. 

 

Table 21 : Differences between ACB and MCCB 

 

The table above shows the reason why ACB has been chosen only at the main switch board and 

ACB could be adjustable but not for MCCB. The main switchboard is located outside the building 

where it is near and easy to connect to the supply. The incoming supply is surely high and it is 

recommended to use ACB.   

 

Also earth leak circuit breaker (ELCB) will be installed as a safety to prevent shock in area which 

has earth high impedance. In some case of fault, there is leak current flow to the earth through the 

earth rod (grounding). The high impedance earth surface causes the current remain which 

potentially to high risk for shock that could injure or even kill a human. For example, when 

somebody gets an electrical shock, the ELCB will cut off the power within the time 0.1s thus it 

also avoiding damage to the equipment and personnel. 

 

 ACB MCCB 

Price Expensive  Cheap 

Space Need more space(362*323*402) Only small area require(260*210*95)  

Function Same Same 

Operation  High rating current (can be higher 

than 1500A) 

Low rating current(Usually less than 

1500A) 
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The site contains two buildings which are the processing facility and office building. The office 

building usually uses low voltage with single phase connection which is different from the 

processing facility where it uses high voltage for machinery and low voltage for other facilities. In 

this case the separation from three-phase to single-phase could be use by separating the switch 

board as shown at the blog diagram above. By dividing to different section, it can avoid the whole 

building from having cut off supply due to one source connection. Also, the reason why we 

separating the main board to several sub board are to make the maintaining work easy and it 

would save a cost by save the length of the cable. If for example the supply at the office has been 

interrupted, the technician can rectify it at the sub board for office without disturbing the other 

sections, this is more efficient because it can less the repairing time. The sub boards that will be 

used are shown below. 

 

High voltage load (400V):   1) Saw machine (63A fuse) 

                      2) Drill machine (100A fuse) 

                                3) Crane (500A fuse) 

                      4) Kasto rack (800A fuse) 

Low voltage load (240V):    1) Light 

                2) Computer 

                3) Heater 

                4) Outlet socket  

        5) Fan ventilation 

 

Machines load: 1) Saw machine = 3x400V AC (63A fuse) 

              2) Drill Machine = 3x400V AC (100A fuse) 

 

Machines load table: 

 

Table 22 : Machine load table 

 

Equipment Voltage(V) Fuse(A) Max 

Current(A) 

Power(Watt) 

Saw machine 400 63 30 12k 

Drill Machine 400 100 50 20k 

Crane 400 500 250 100k 

Kasto rack 400 800 360 250k 

Fan ventilation 230 6 1.8  1.25k 
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A calculation for the selection of ACB for the main board is made from the transformer capacity 

and is shown below: 

 𝐼 =  
𝑃

𝑉 × cos𝜑 × √3
   

cos𝜑 = 1 (𝐴𝑠𝑠𝑢𝑚𝑒𝑑 𝑡ℎ𝑎𝑡 𝑡ℎ𝑒 𝑔𝑒𝑛𝑎𝑟𝑎𝑡𝑜𝑟 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑠 𝑡ℎ𝑒 𝑝𝑜𝑤𝑒𝑟 𝑎𝑡 𝑢𝑛𝑖𝑡𝑦 𝑝𝑜𝑤𝑒𝑟 𝑓𝑎𝑐𝑡𝑜𝑟) 

𝑃 = 1250𝑘𝑉𝐴 

𝑉 = 400𝑉 

𝐼 =  
1250𝑘𝑉𝐴

400 × 1 × 1.732
= 1804.2 𝐴𝑚𝑝 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦/𝑝ℎ𝑎𝑠𝑒   

 

Selection of ACB must be twice of the actual value:  

𝐴𝐶𝐵 = 1804.2 𝐴𝑚𝑝 × 2 = 3608 𝐴 ≅ 3600𝐴 

The ACB will cut off the circuit to prevent the equipment or machine from having damage if 

overload current (exceeds 3600A) or the starting current flow from the transformer is high. 

 

 
Figure 66 - ( Single line diagram) Sub board for machine in the processing facility (three phase) 
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Figure 67 - (Single line diagram) Sub board at office for lighting 

 
Figure 68 - (Single line diagram) Sub board at office for electronic devices 

 

Example calculation for MCCB: 

Computer power consumption 200-400Watt; 

Single phase voltage =240V 

I =
p
V

 

I =
400W
240V

= 1.667 ≈ 2amp 
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Fuse calculation:    

 

Fuse = 2amp × 2 = 4amp 

 

Suitable fuse is 10Amp. Total MCCB can be use= 10 + 10 + 10 + 10 + 10 = 50amp ≈ 63amp 

 
Figure 69 - Single phase configuration for power socket 

 
Figure 70 - Single phase configuration for others facilities 

As shown in Figure 70 which is single phase connection at the office for low voltage electronic 

device will also be used for the factory building. Power has to be supplied to the main office 

building to ensure that the computers are in touch with the factory building  

 

  



MDDP 2010 – Steel Stockholder – Group 2 
 

Author: Muhammad Ramlee Page 124 of 233 Section 16 

Calculation to choose fuse value for Water heater: 

𝑉 = 230𝑉 (𝑠𝑖𝑛𝑔𝑙𝑒 𝑝ℎ𝑎𝑠𝑒) 

𝑃 = 2𝑘𝑊 

𝐼 =
2000𝑊

230𝑉 × 1
= 8.69𝑎𝑚𝑝 

𝑀𝐶𝐶𝐵 (𝑓𝑢𝑠𝑒) = 8.69𝑎𝑚𝑝 × 2 = 17.39𝑎𝑚𝑝 ≈ 20𝑎𝑚𝑝 

In order to prevent disaster and crime happening thus losing a lot of money, fire alarm and 

burglary alarm will be installed in the office and factory building.  

 

16.3 Power factor 

In the future, there is possible expansion to the operation after four years by adding shot blast and 

paint operation. This means additional machines will be used in the factory and it will be using 

more power and due to greater power consumption, perhaps it will have an unstable power 

supply.  In this case the capacitor bank will be introduced to improve the quality of the electrical 

supply and the efficient operation of the power system, in other word it is used for power factor 

correction. Machines load can cause the power factor to drop to 0.8 or lower and this could 

penalise the stockholder by an extra service charge by the electrical authority. The reason to have 

capacitor bank is to maintain a power factor above 0.9. The lower the power factor means the 

higher current increase and if it higher than the ACB value, it will trip the supply and it will break 

all of the operations at the factory and the office and stockholder will lose some money. 
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Below picture shows the example of Power Supply Distribution Board (DB) 

 
Figure 71 : Distribution box (DP) 

 
Figure 72 - Inside the distribution box 

 

Equipment price: 

1) Transformer ≅ £1500 

2) ACB ≅ £2000 

3) MCCB ≅ £60~£200 

4) MCB ≅ £2~£100 

5) ELCB≅ £5 

Earth leak circuit 

breaker 
MCC

 

Earthing terminal (Green cable)  
MCB final 
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Figure 73 - Full Single Line Diagram for three phase connection 
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Figure 74 - Full Single Line Diagram for single phase connection 
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Section 17 Construction Programme (James Walters) 
17.1 Construction Programme  

Having the project running to time is most important. Delays and overruns will cost all parties 

involved time, money and possibly legal action. Thus it is very important that the project runs on 

time. To ensure this happens a construction programme was created and is found in Appendix 4 - 

Construction Programme of this report.  

 

The work on the site will be broken down into three areas, firstly, the office building, secondly the 

processing facility and finally the external work around the buildings. Work on all areas of the 

development ( the construction of office building, the processing facility and the external work) 

are due to start in early 2011, with handover to the clients of a paint and shot line with the 

expansion into that commercial sector. This phase is expected to be complete within a year for the 

2016 financial year. 

 

All areas, the office building, the processing facility and external work will all start around the 

same time in early 2011.  The first area to finish will be the external work, viz. the roads and car 

park. Next will be the office building.  This will be finished so that the staff and clients move in 

which will allow them to learn how to use the equipment in the main factory while the machines 

are being tested.  Testing, final walk-through and landscaping will be done before the handover. 

Below is a brief description of the construction programme explaining how the construction will 

be carried out. 

 

The construction of buildings must be rapid, safe and efficient, because the faster and more 

efficient the construction, the sooner profits can be made.  Also, a safe construction site keeps 

costs down avoiding any possible legal action.  Thus steel will be used in the construction.  Steel 

generates very little waste, and what there is can be fully recycled.  Steel construction is dry, dust-

free, comparatively quiet, and requires relatively small volumes of materials to be delivered to 

site.  The offsite manufacture of steel construction products ensures high quality under controlled 

conditions.  Factory manufacture is also safer, faster and more efficient than site working for 

example, in the use of concrete and pre-stressed concrete.  In turn, it reduces site construction 

times, minimising the impact on surrounding communities. 

 

This is very important as steel stock holdings in green field sites and land keeps construction 

impact to a minimum. 

 

  



MDDP 2010 – Steel Stockholder – Group 2 
 

Author: James Walters Page 129 of 233 Section 17 

17.1.1 Area one – Processing Facility. 

 

• Foundations and concrete slab. (17-37) 

o Laying the foundation will take one of the longest times of the construction 

project.  This is because of the scale and complexity of this part of the project.  

First will be the pile foundation (19-29) to support the columns to the portal 

frame and the cranes on the frame. This will involve using an earth drill to dig 

each pile and then placing reinforcement in the hole and finally concreting to 

form the pile. Once the concrete piling has finished (26), laying the concrete slab 

can be started (30-37) to support the machines inside the processing facility.  

After both the piles (26) and the slab (35) have been completed, they will tested 

seven days later to check that the concrete has reached the strength required. 

• Structural steel. (39-44) 

o Straight after the work for the piles (26) and the concrete slab (35), the steel can 

be built (39). As the structure is a steel portal frame it means a fast build and be 

will take three weeks to erect.  To reduce time and costs the structural steel (41) 

and the Kasto Racking system (50) will be built at the same time with the mobile 

crane, as this will mean that a crane will not stay on site to build the Kasto 

Storage system inside the processing facility which would add to costs.   

• Machines and testing. (54-56) 

o The machine will be installed once the crane been tested (52).  This is  so that the 

mobile crane can be removed (47) saving money.  To reduce time, a temporary 

electrical system (46) will installed for the crane so that the machines can be 

installed in the processing facility (51 & 52) while waiting for the installation of 

mains electricity. The electrical and plumbing work will start with external to 

internal plumbing (58) and electrical (62) seven days before the building is water 

tight.  Once the structure is water tight (44) the internal plumbing (60) and 

electric installation (65) can start.  Once all the electrical and plumbing systems 

are installed, the testing of the machines can begin. This is the last section on any 

part of the project; however the testing of the machines is one of the most 

important elements as being able to show the processing facility is able to cope 

with the demand on the system is one key requirement of the project. 

• Finishing. (67 -72) 

o This involves the walk-throughs (67 & 71), building inspection (68), and the 

move in (72). 
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17.1.2 Area Two – Office Building 

 

• Foundation and Concrete Slab (78-87 & 97-99) 

o This foundation is strip reinforced concrete; this will involve (for both sections) 

digging to the desired level, then placing the reinforcement and concrete 

afterwards.   

• Walls, roof and windows. 

o Once the foundation has been finished, the construction of walls (99) can begin.  

Once the walls are up, the roof and windows can be installed (90) to make the 

building water tight. 

• Electrical, plumbing, and specialty installing (101-106 & 108-111). 

o After the building is water tight, the installation of the electrics and plumbing will 

be completed in two stages; the first stage (101-111) will be the placing, the 

wiring and pipes for example, so called the rough through. The second stage is 

the final trim after the painting and decorating has taken place, for example, the 

sockets and toilets. Also before the painting and decorating the special 

installation will be undertaken. This includes the alarm system (108), telephone 

system (109) and the television system (110). 

• Soft finishes (130-135) 

o Once all the painting and decorating has finished in most of the building i.e. two 

days before the painting is finished, the soft finishes will be installed. All the soft 

finishes will start at the same time with the longest being the suspended ceiling 

taking two weeks. 

• Finishing. (137 -140) 

o Again, this involves the walk-through (138 & 142), building inspection (139), 

and the move in (143). 

 

17.1.3 Area Three – External work 

 

• Road and Access (146-152) 

o This will begin at the start of the project so there is access on to and off the site. 

• Landscaping. 

o This will be carried out just before finishing the project and involves the final 

grading of the soil (154) and the planting of the trees, shrubs and bushes (155).  
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Section 18 Bill of Quantities (Sam Saunders) 
18.1 Bill of quantities 

The bill of quantities for this project has been generated using the 2009 edition of the ‘Spon’s 

Architects’ and Builders’ Price Book’ (Spon’s A&B 2009). For the purposes of the bill of 

quantities, the site has been split into four main sections. The portal framed processing facility, 

Kasto rack, covered Kasto load area, and office building have been considered separately. Costs 

for roadways and other site infrastructure not obviously connected with any one of the four 

elements have been included in a separate section.  

 

‘Building Cost Models’ from Spon’s A&B 2009 were used as the basis for the estimation for the 

processing facility and office building. The cost model for a small industrial unit has been used as 

a basis for the estimation for the processing facility, and the cost model for a primary school 

extension has been used as the basis for estimation for the office building with inclusions and 

omissions made in each case where necessary. Adjustments have also been made for size, location 

etc. 

 

A Tender Price is the price for which a builder offers to erect a building. Trends in tender price 

are available in the form of a Tender Price Index (TPI), which shows how tender prices have 

changed over time, with estimates available for future tender prices indices. In Spon’s A&B 2009, 

a value for TPI of 580 is used. In order to generate a considered estimate, an adjustment was 

required to align this with the projected TPI for the build date. An arbitrary date for the start of 

construction of March 2011 has been selected as a basis for both the construction schedule and the 

bill of quantities. According to Spon’s A&B 2010, the appropriate TPI value for the first quarter 

of 2011 is 427 (Spon’s, 2010). The following calculation shows the adjustment to the costs given 

in Spon’s A&B 2009 that is required. 

 
427 − 580

580
 × 100 =  −26.4 % 

 

The cost of constructing a building varies across the UK. This fluctuation can be accounted for 

using location factors, documented in Spon’s reference material. The values given in Spon’s A&B 

2009 are for Greater London where the building cost factor is 1.00. The location chosen here is 

the Coleshill, Birmingham, West Midlands, giving a location factor of 0.88 (Spon’s, 2009) to be 

applied to the total building cost. 
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The full bill of quantities can be found in Appendix 6 - Bill of Quantities. Total costs given below 

for each element of the overall construction include the adjustment for TPI and location as 

described above.  

 

The estimated total build cost of the processing facility and associated facilities was 

approximately £6,081,000. The costs associated with the installation of a weighbridge, the 

construction of a train standing, and the provision of the specified areas of parking and roadways 

were included in this calculation, together comprising approximately 36% of the overall cost. 

Other significant contributors to the cost of the processing facility were the foundations and 

ground works, accounting for approximately 15% of the total. 

 

A total cost of construction and installation for the Kasto Unicompact rack for the configuration 

as described in Section 4.1 of between €6,500,000 and €7,500,000 was obtained from the Kasto 

UK sales staff. A breakdown of this figure could not be obtained and as such an equivalent 

estimate of £6,000,000 based on an exchange rate of £1 = €1.2 (XE, 2011) has been used for the 

Unicompact product. This figure includes all elements of the product, such as the foundations, 

racking structure, cassettes, exterior cladding, gantry crane, and equipment for four longitudinal 

load/unload stations, as well as the installation costs and profit margin.     

 

An estimate of approximately £461,000 was generated for the construction of the Kasto loading 

cover. The costs of foundations, steel structure and cladding, and installation of services to this 

area were included in the estimation, as well as the cost of two large roller shutter doors through 

which steel lengths up to 14 m could pass. A number of costs were not included in the bill of 

quantities for the Kasto loading cover as the construction of this element has been scheduled for 

the same period as the construction of the processing facility. There was not a requirement, then, 

to repeat allocations of one-off costs, such as the mobilisation and de-mobilisation of piling 

equipment which are accounted for in the bill of quantities for the processing facility. 

Furthermore, as the Kasto loading cover is linked to the Kasto racking system and, by extension, 

the processing facility, allowance was only made for sub-mains distribution and mains cabling, as 

the costs of high voltage switchgear and transformers are included in the estimates for the 

processing facility. 

 

The total cost of the office building has been estimated at approximately £500,000. This estimate 

includes the cost of constructing the building, carrying out first and second fixes and finishes. The 

figure also includes allowance for furniture throughout the building. Allowance has been made for 
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the installation of phone and data cables, however the estimate does not include the cost of any 

office hardware such as computers, photocopiers etc.  

 

A contingency of 3% has been included in each of the individual sections of the bill of quantities, 

as well as an allowance for overheads including site supervision and profit of 17%. 

 

The overall estimate for the construction cost of the site is approximately £13,050,000. This 

figure is for construction only and does not include a number of other major costs incurred in 

order to commission the facility. Machine costs and conveyor costs are considered below. Other 

major costs such as vehicle rental are considered in Section 19. 

   

18.2 Machine costs 

The machine costs shown in Table 23 are a combination of actual costs obtained from Voortman, 

and estimates based on actual costs for similar machines. The figures shown in Table 23 include 

shipping and installation costs. Actual costs have been converted from US dollars to pounds 

sterling using an exchange rate of $1 = £0.65 (XE, 2011). 

 

Table 23 - Machine costs 

Machine Quantity Rate Total 
Voortman V630T drill 2 £260,000 £520,000 
Voortman VB 1550 band saw 2 £126,750 £253,500 
Voortman VB 1050 band saw 2 £110,000 £220,000 
Voortman VSB 1500 shot blast line 1 £420,000 £420,000 
Voortman VP1500 paint line 1 £210,000 £210,000 
 

The estimated total cost for the phase one install of machines was calculated as £993,500 with an 

additional capital expenditure of £630,000 for the machines of the phase two install. 
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18.3 Conveyor costs 

Estimates for the cost of conveyors have been based on actual approximate installed costs 

obtained from Voortman, and are shown in Table 24. These costs were converted from US dollars 

to pounds sterling with an exchange rate of $1 = £0.65 as above.  

 

Table 24 - Conveyor costs 

Conveyor Quantity Rate Total 
Roller conveyor phase one install 320 m £1,100 / m £352,000 
Drag chain conveyor phase one install 265 m  £4,900 / m £1,298,500 
Roller conveyor phase two install 144 m £1,100 / m £158,400 
Drag chain conveyor phase two install 32 m  £4,900 / m £156,800 
 

The total capital expenditure for conveyors for the phase one install was, then, calculated to be 

£1,650,500. An additional capital expenditure of £315,200 would be required for the purchase and 

install of the conveyors required for the phase two install.  

 

18.4 Combined machine and conveyor costs 

A total estimated capital expenditure for the phase one purchase and install of four Voortman 

band saws, two Voortman drills and the associated Voortman conveyors of £2,644,000 was 

calculated. The additional capital expenditure required for the phase two install has been 

estimated as £945,200, leading to an overall capital expenditure of £3,589,200.     
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Section 19 Financial Analysis (Ben Whitehouse) 
 

A financial model will be designed and results analysed to determine the financial viability of the 

business.  In order for the stockholder to be built and the business to have enough money to cover 

start up costs and operating cash flow a significant amount of investment is required. This section 

of the report is intended to give potential investors a clear insight into the projected growth of the 

business and subsequent return on investment, whilst exposing the level of risk investment would 

carry in the form of a sensitivity analysis. 

 

19.1 Designing the Financial Model 

The following section will detail the methods used to create the figures that make up the financial 

model in order to make the predicted financial outlook of the business as accurate as possible. The 

breakdown of figures that follows is in the order in which they first appear in the model. The 

model covers a twenty-year period in order to show the potential of the business as a long-term 

investment. Spreadsheets have been created for inflation and steel price, sales revenue, fixed 

costs, variable costs and capital expenditure. 

 

19.1.1 Inflation 

The UK’s current rate of inflation for Q4 of 2010 is 3.1% (HM Treasury. 2010). This document 

also forecasts that inflation will remain above the UK’s target inflation rate of 2% in 2011 and 

2012 with figures of 2.9% and 2.7% being quoted respectively. In 2013 the target inflation rate of 

2% is forecast as being reached and as a result it was decided to stick with the current target rate 

for inflation for the duration of the financial model. The rate of inflation is extremely hard to 

predict over a twenty-year time scale due to the number of factors that could affect it. As a result 

varying rates of inflation will used in the sensitivity analysis too see the potential affect it would 

have on the finances of the business. 

 

19.1.2 Steel Price Fluctuation 

The price of steel is a variable that fluctuates with market instability.  This fluctuation will have a 

large impact on the required capital tied up in stock as well as the margins required to sustain a set 

level of profitability. The (EEF. 2009) provides details of the average UK Steel price as shown 

below in Figure 75: UK Steel Price against RPI.  
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Figure 75: UK Steel Price against RPI (UK Steel Statistics. 2010) 

 

It shows that from 2001 to 2008 steel prices in the UK rose strongly at approximately 8% per 

annum in line with commodity prices. In 2009 the average UK steel price dropped for the first 

time in 7 years due to the recession and the resulting decrease in demand for steel. Subsequently 

we have chosen to model the steel price rising at a conservative rate of 3% per annum. 

Consequently this value was used and will include steel price as a variable in the sensitivity 

analysis. 

 

19.1.3 Sales Revenue 

The stockholder has been designed to process 120,000 tonnes of steel per annum once fully 

operational. Sales revenue has been calculated by multiplying each tonne of steel by a mark up on 

the wholesale price, depending on the processes being carried out for the customer. Time is a key 

factor in determining suitable mark-ups on wholesale.  The strategy states that the focus is on 

passing high quantities of steel through our factory. If processing is slow and thus our potential 

throughput is being reduced then a higher price must be charged.  

 

As well as time, competition is also an important factor. Popular sections were chosen that sell 

fast and consequently many other stockholders sell. As a result competition is strong and margins 

are low. The advantage our stockholder has is its high level of automation and subsequent 

handling time savings, allowing the stockholder to operate a highly efficient business that can 

offer competitive margins. 

 

Table 25 - Processing Breakdown and Margins shows the processes combinations that will be 

provided in ‘Phase one’ along with the additional combinations that will be provided in Phase 

two. The mark-up on wholesale price is shown as well as the percentage of total tonnage and the 
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anticipated percentage each process will contribute to the total tonnage. It was difficult to gain 

accurate mark-ups on wholesale prices during market research, this was due to the sensitivity of 

the data, however the figures used are based on the limited amount of information that was 

acquired from a large steel stockholder called ParkerSteel.  

 

Table 25 - Processing Breakdown and Margins 

  
Margin on 

Wholesale Price (%) Total Tonnage (%) 
PHASE 1     

Standard Lengths 
 Unprocessed 5 20 

Drilling 12 10 
Non Standard Lengths 

 Sawing 10 50 
Sawing & Drilling 20 20 

Additional PHASE 2     
Shot-Blasting 10 10 

Painting 20 10 
Shot-Blasting + 

Painting 30 10 
 

120,000 tonnes is the quantity of steel that will be processed once the stockholder has been 

running for four years. Although the stockholder has been designed to cope with 120,000 tonnes 

of steel passing through it each year, there are a number of things to consider that could reduce the 

yearly tonnage within the first few years of production, including: 

 

• An insufficient customer base. 

• The efficiency of the automation process is not optimised. 

• Only a partial understanding of market demand. 

• A lack of knowledge and experience within the workforce. 

 

Figure 76 - Yearly Steel Tonnage shows the forecast year on year increase in total tonnage being 

processed through the factory. In the stockholders first year of processing the factory will be 

expected to process 80,000 tonnes of steel or 66% of its maximum throughput once the factory is 

working at its designed throughput. The factory will then increase its rate of processing by 10,000 

tonnes of steel per year which allows the above potential issues to be resolved until a shot and 

paint machine are added with the installation of Phase two after four years, and the 120,000 

tonnes per annum throughput is reached. 
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Figure 76 - Yearly Steel Tonnage 

19.1.4 Staff 

The largest fixed cost is staff remuneration. Staff remuneration has been set to increase in line 

with inflation.  The stockholder will be operated in two shifts, a night shift for loading the storage 

racks and a day shift for unloading the racks and processing the sections. Table 26 - Staff 

Remuneration shows the staff required and their total yearly remuneration, broken down into the 

two shifts. An additional 25% remuneration is provided for staff working unsociable hours. An 

additional 11% of National insurance contributions to be paid by the employee have been added 

to each of these yearly wages in the model. Market research was carried out to establish the 

expected remuneration of each job role. 

  

Table 26 - Staff Remuneration 

Job Title Yearly Remuneration per Employee (£) 
No. 

Required Total Cost (£) 
Day Shift   

Managing Director 100,000  1 100,000  
Director 80,000  1 80,000  
Operations Manager 40,000  1 40,000  
Accountant 45,000  1 45,000  
Admin 25,000  6 150,000  
Factory Workers 20,000  8 160,000  
Lorry Drivers 20,000  16 320,000  

Night Shift   
Operations Manager 50,000  1 50,000  
Factory Workers 25,000  8 200,000  
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19.1.5 Insurance 

A number of insurance policies will be required to reduce risk when the facility goes operational. 

Below is the list of the insurance policies that we would take out. 

 

• Employers' Liability Compulsory Insurance 

• Motor vehicle insurance 

• Key person insurance  

• Premises insurance 

• Trade credit insurance 

• Public liability insurance 

• Product liability insurance 

 

Insurance that covers the processing machine failure has not been included as maintenance 

contracts and warranties will cover this. A quote from an online insurance broker has suggested 

that a figure of £50,000 would be a sensible estimation of the yearly premium.  

 

19.1.6 Maintenance 

Maintenance costs have been split into two parts, machinery maintenance and facility 

maintenance. Facility maintenance is a fixed cost and includes general wear and tear off the 

facility and other considerations such as gardening and cleaning. Machinery maintenance is also a 

fixed cost and consists of the cost of maintenance contracts and routine maintenance of the 

processing machines such as sharpening of the saw blades.  Based upon a conversation with 

ParkersSteel a figure of £75,000 was deemed to be appropriate in the first year.  

 

19.1.7 Bills 

The cost of the water and gas bills has been modelled as a fixed cost, as increased sales revenue 

will not have an impact on these bills. A figure of £50000 was deemed appropriate based upon a 

figure quoted by Parkers Steel. 

 

The cost of electricity has been modelled as a variable as the machinery in the facility will be 

responsible for almost all of the electricity used and will vary dependant on the quantity of steel 

processed throughout the year. 

 

19.1.8 Capital Expenditure 

The initial capital expenditure for the project has been split into two parts, construction costs and 

business setup costs as shown below. 
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Table 27 - Initial Capital Expenditure 

Construction Costs   
Bill of Quantities 13,050,000 
    
Business Setup 
Costs   
Machine Costs 993,500 
Conveyor Costs 1,650,500 
Lorry Costs 1,200,000 
Bespoke Control 
System & Barcode 
Hardware 100,000 
Office Start-up Costs 200,000 
Flood Defences 100,000 
Cost of Land 120,000 
    
Total 17,414,000 
 

The bill of quantities as provided in Appendix 6 - Bill of Quantities output a total construction 

cost of just over £13 million. Setup up costs to turn the empty facility into a fully operational steel 

stockholding business are also shown in Table 27 - Initial Capital Expenditure  

 

Further capital expenditure is required in year four and year ten. In year four ‘Phase two’ of the 

project will be installed as shown below resulting in a total capital expenditure of £945,200 as 

shown in Appendix 7 - Financial model. 

 

After ten years the Lorries will be replaced, the total lorry price of £75,000 has been adjusted for 

inflation giving a total price for sixteen new Lorries of £1.5 million in ten years time. 

 

19.2 Lorry Hire Vs Purchase 

An analysis was carried out in order to determine whether lorry hire or purchase would be more 

cost effective over the twenty year period that the model runs for. The costs associated with this 

analysis have been included in Appendix 7 - Financial Model. The analysis suggested that over 

the twenty year period buying Lorries, maintaining them and employing drivers would be cheaper 

than hiring the Lorries with a driver. Figure 77 - Lorry Hire Vs Purchase shows the comparison of 

costs between buying and hiring, after ten years the Lorries require replacing which is why we see 

the buying of the Lorries being briefly more expensive than hire in year ten and eleven. 
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Figure 77 - Lorry Hire Vs Purchase 

 

As well as the financial benefits that are seen there are a number of other benefits of buying. 

Additional benefits of buying Lorries and employing our own staff include additional care taken 

during deliveries, a stronger image as we deal with the customer’s order throughout and 

advertising on the vehicles. The one down side of buying rather than renting the Lorries is the 

additional risk you take on in terms of lorry breakdowns, more staff to employ and the increased 

level of admin required. 

 

19.2.1 Required Investment 

A capital investment of £17.4 million is required at the start of the project. Additional investment 

is required to ensure that our working capital can be met. From analysis of the financial model a 

total investment of £25 million has been deemed adequate. 

 

The money invested will be paid back from the third year of the model until the tenth year when 

investors will have been fully repaid. Investors will receive interest at a rate of 7% alongside 

dividends from their share of the company’s profits. 

 

19.3 Results 

19.3.1 Net Profit 

Figure 78 - Yearly Profit shows that the business would begin making a net profit in its fourth 

year of trading. A steady rise in profits can be seen as investors are paid back and the Phase 2 
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install increases profit margins by providing value added services. Alongside these factors the 

price of steel is modelled as rising at a rate of 3% as opposed to the 2% for inflation. This results 

in the businesses profits rising faster than inflation, as the margins on the wholesale price of the 

steel are modelled as a percentage. 

 

 
Figure 78 - Yearly Profit 

19.3.2 Net Present Value 

Net Present value analysis is sensitive to the reliability of future cash inflows that the investment 

will yield. The NPV compares the value of a pound today to the value of that same pound in the 

future, taking inflation and returns into account.  Using Table 28 - Net Present Value it can be 

seen that three discount rates were used when calculating the net present value.  

 

Table 28 - Net Present Value 

Discount rate 8.0% 12.0% 15.0% 
NPV (£’000) 19,938 7,856 3,000 

 

The results of the net present value calculations show that over a twenty year period all discount 

rates output a positive net present value and thus even with a high discount rate the business still 

proves a worthwhile investment. 
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19.3.3 Gearing 

Figure 79 - Gearing shows the loan capital as a percentage of the capital employed.  Gearing is a 

good way of determining the risk that a company is prepared to take on with loan repayments, as 

it shows the businesses exposure to interest rate changes. The risk of having a high gearing ratio is 

that interest has to be paid back whether the investment is a success or not. 

 

 
Figure 79 - Gearing 

Figure 79 - Gearing shows that gearing in the first five years is very high, progressively 

decreasing from 55%. Over the next five year period the gearing ratio becomes more manageable 

until all loans are paid off in the tenth year. Although the gearing ratio is high within the first five 

years, this is to be expected of a new business that requires investment. The interest will be paid 

back to the private investors at a fixed competitive rate of 7% over the ten year period, thus 

eliminating the risk of rising interest repayments. 

 

19.3.4 Interest Cover 

The interest cover ratio measures how easily the company can pay its interest out of its profit. It is 

calculated by finding the ratio between the operating profit and interest payable. Figure 80 - 

Interest Ratio shows that in the first two years of trading the interest payable on the loan is greater 

than that of the operating profit, as operating profit is negative. This means that the business will 

need to pay interest using the loan, rather than with profits generated from the business. In the 

third and fourth year the interest ratio is still low however by the fifth year the ratio is acceptable. 
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Figure 80 - Interest Ratio 

19.3.5 Sensitivity Analysis 

A sensitivity analysis was carried out on sales revenue and steel price to determine their affect 

upon the profitability of the business. Sales revenue was adjusted by plus and minus ten and 

twenty percent as shown in Error! Reference source not found..  

 

 
Figure 81 - Sales Revenue Sensitivity Analysis 

 

The results show that with a ten or twenty percent gain in predicted revenue the business will 

break even or make a net profit in the first year of trading. A 10% reduction in predicted sales 

-2

-1

0

1

2

3

4

5

6

7

0 1 2 3 4 5 6 7

In
te

re
st

 R
at

io

Year

-15000

-10000

-5000

0

5000

10000

15000

20000

25000

30000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

N
et

 P
ro

fit
 (£

'0
00

)

Year

Sales Revenue

-10% Sales Revenue

+10% Sales Revenue

-20% Sales Revenue

+20% Sales Revenue



MDDP 2010 – Steel Stockholder – Group 2 
 

Author: Ben Whitehouse Page 145 of 233 Section 19 

revenue shows that the business does not make a net profit until its tenth year of trading. A 20% 

reduction in predicted sales shows that the business only starts making a net profit after twenty 

years of trading making the business a poor investment in this scenario. 

 

The financial model has modelled the steel price variation at a fairly conservative increase of 3% 

per annum. For the sensitivity analysis the change in steel price has been modelled at -3%, 0%, 

6% and 9% as shown below. 

 
Figure 82 - Steel Price Fluctuation Sensitivity Analysis 

Figure 82 - Steel Price Fluctuation Sensitivity Analysis shows that the wholesale price of the steel 

has a significant impact on the profitability of the business. If the steel price was to remain at 

today’s price for the next twenty years, then the business would making a consistent net profit of 

just under £1million per annum after seven years. If the steel price decreases by 3% per annum 

then the company makes a consistent loss and would be make the business a poor investment 

opportunity. However, if the steel price increases at a rate greater than the conservative 3% annual 

increase that has been used in the financial model then it is clear there is potential for large profits.  

 

19.4 Conclusion 

In conclusion the business can be seen to be a good investment opportunity providing that steel 

price shows growth as it did prior to the recession, and providing are predicted sales revenue 

targets can be met. The net present value was positive for all discount rates used and strong 

growth in profits can be seen based on the conservative financial model.
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19.5 Financial Model 

The financial model has been provided below, alongside Appendix 7 - Financial Model which includes calculations for inputs into financial model such as 

sales revenue and variable costs. 

 

RED = INPUT

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Residual value

Sales Revenue 32,278 37,650 43,380 49,491 56,004 58,103 60,290 62,570 64,947 67,425 70,011 72,708 75,522 78,459 81,526 84,728 88,071 91,565 95,214 99,028
Variable Costs 29,826 34,077 38,987 44,160 49,606 51,080 52,598 54,162 55,772 57,431 59,139 60,899 62,711 64,577 66,499 68,478 70,517 72,617 74,779 77,007
Fixed Costs 1,571 1,466 1,512 1,539 1,570 1,601 1,633 1,666 1,699 1,733 1,768 1,803 1,839 1,876 1,914 1,952 1,991 2,031 2,071 2,113

Cash Operating Margin 881 2,106 2,881 3,792 4,828 5,422 6,058 6,742 7,475 8,261 9,103 10,006 10,972 12,006 13,113 14,297 15,563 16,917 18,363 19,909

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Residual value

NET CASH FLOW EXCLUDING TAX & FINANCE

Working capital
Debtors 2,653 3,094 3,565 4,068 4,603 4,776 4,955 5,143 5,338 5,542 5,754 5,976 6,207 6,449 6,701 6,964 7,239 7,526 7,826 8,139
Material Stocks 7,111 8,240 9,430 10,685 12,006 12,366 12,737 13,119 13,512 13,918 14,335 14,765 15,208 15,665 16,135 16,619 17,117 17,631 18,160 18,704
Trade Creditors 1,290 1,461 1,664 1,878 2,103 2,165 2,229 2,294 2,362 2,431 2,503 2,577 2,653 2,731 2,811 2,894 2,980 3,068 3,158 3,251
Net working capital requirement 8,474 9,874 11,332 12,874 14,506 14,976 15,463 15,967 16,489 17,028 17,587 18,165 18,763 19,382 20,024 20,688 21,376 22,089 22,827 23,592
Increase in working capital 8,474 1,400 1,458 1,543 1,631 471 487 504 521 540 558 578 598 619 641 664 688 713 738 765 -23,592

Capital expenditure (todays prices) 17,414 0 0 0 945 0 0 0 0 0 1,200 0 0 0 0 0 0 0 0 0 0
Capital expenditure (including inflation) 17,414 0 0 0 1,044 0 0 0 0 0 1,493 0 0 0 0 0 0 0 0 0 0
Residual value (=25% of capex) 4987.768138

Net cash flow before finance and tax -17,414 -7,593 706 1,424 1,205 3,197 4,951 5,571 6,238 6,954 6,228 8,545 9,428 10,374 11,387 12,472 13,633 14,875 16,204 17,625 19,144 28,580
Cumulative cash flow -17,414 -25,007 -24,301 -22,877 -21,672 -18,475 -13,524 -7,953 -1,715 5,238 11,467 20,012 29,439 39,813 51,200 63,672 77,305 92,180 108,384 126,010 145,153 173,733

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Residual value

NET CASH FLOW AFTER FINANCE & TAX

Loans
Opening balance 0 25,000 25,000 23,000 21,000 18,000 15,000 12,000 9,000 6,000 3,000 0 0 0 0 0 0 0 0 0 0
(plus) Drawdowns 25,000 0
(less) Repayments 0 2,000 2,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000
Closing balance 25,000 25,000 23,000 21,000 18,000 15,000 12,000 9,000 6,000 3,000 0 0 0 0 0 0 0 0 0 0 0

Interest Payments @ 7.0% 875 1,750 1,680 1,540 1,365 1,155 945 735 525 315 105 0 0 0 0 0 0 0 0 0 0

Fixed assets and depreciation
Opening balance 0 17,414 14,802 12,582 10,694 9,978 8,481 7,209 6,128 5,208 4,427 5,032 4,277 3,636 3,090 2,627 2,233 1,898 1,613 1,371 1,166
(plus) Additions (including inflation) 17,414 0 0 0 1,044 0 0 0 0 0 1,493 0 0 0 0 0 0 0 0 0 0
(less) Depreciation @ 15.0% 0 2,612 2,220 1,887 1,761 1,497 1,272 1,081 919 781 888 755 642 545 464 394 335 285 242 206 175
Closing balance 17,414 14,802 12,582 10,694 9,978 8,481 7,209 6,128 5,208 4,427 5,032 4,277 3,636 3,090 2,627 2,233 1,898 1,613 1,371 1,166 991

Taxable Profit
Gross margin 0 881 2,106 2,881 3,792 4,828 5,422 6,058 6,742 7,475 8,261 9,103 10,006 10,972 12,006 13,113 14,297 15,563 16,917 18,363 19,909
(less) Depreciation 0 2,612 2,220 1,887 1,761 1,497 1,272 1,081 919 781 888 755 642 545 464 394 335 285 242 206 175
(less) Interest 875 1,750 1,680 1,540 1,365 1,155 945 735 525 315 105 0 0 0 0 0 0 0 0 0 0
Taxable Profit -875 -3,481 -1,794 -546 666 2,177 3,204 4,242 5,298 6,379 7,268 8,348 9,364 10,427 11,543 12,719 13,962 15,279 16,675 18,158 19,734

Tax Due @ 40.0% 0 0 0 0 266 871 1,282 1,697 2,119 2,551 2,907 3,339 3,746 4,171 4,617 5,088 5,585 6,111 6,670 7,263 7,894

Units: £'000

CASH OPERATING MARGIN

Units: £'000

Units: £'000



MDDP 2010 – Steel Stockholder – Group 2 
 

Author: Ben Whitehouse Page 147 of 233 Section 19 

 
Figure 83 - Financial Model

Net cash flow after finance and tax 6,711 -9,343 -2,974 -2,116 -3,426 -1,829 -276 140 594 1,087 216 5,206 5,682 6,203 6,770 7,384 8,048 8,764 9,534 10,362 11,250 28,580
Cumulative cash flow 6,711 -2,632 -5,606 -7,722 -11,149 -12,977 -13,253 -13,114 -12,520 -11,433 -11,217 -6,011 -329 5,874 12,644 20,028 28,076 36,840 46,374 56,736 67,986 96,566

Net present value of the cash flows after finance and tax
Discount rate @ 8.0% 12.0% 15.0%
NPV 19,938 7,856 3,000

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Residual value

THE PROFIT & LOSS ACCOUNT

Revenues 0 32,278 37,650 43,380 49,491 56,004 58,103 60,290 62,570 64,947 67,425 70,011 72,708 75,522 78,459 81,526 84,728 88,071 91,565 95,214 99,028

(less) Operating costs 0 31,397 35,544 40,499 45,699 51,176 52,681 54,231 55,828 57,472 59,164 60,907 62,702 64,550 66,453 68,413 70,430 72,508 74,648 76,851 79,120
(less) Depreciation 0 2,612 2,220 1,887 1,761 1,497 1,272 1,081 919 781 888 755 642 545 464 394 335 285 242 206 175
Operating profit 0 -1,731 -114 994 2,031 3,332 4,149 4,977 5,823 6,694 7,373 8,348 9,364 10,427 11,543 12,719 13,962 15,279 16,675 18,158 19,734

(less) Interest 875 1,750 1,680 1,540 1,365 1,155 945 735 525 315 105 0 0 0 0 0 0 0 0 0 0
Profit before tax -875 -3,481 -1,794 -546 666 2,177 3,204 4,242 5,298 6,379 7,268 8,348 9,364 10,427 11,543 12,719 13,962 15,279 16,675 18,158 19,734

(less) Tax 0 0 0 0 266 871 1,282 1,697 2,119 2,551 2,907 3,339 3,746 4,171 4,617 5,088 5,585 6,111 6,670 7,263 7,894
Net profit -875 -3,481 -1,794 -546 400 1,306 1,923 2,545 3,179 3,827 4,361 5,009 5,618 6,256 6,926 7,632 8,377 9,167 10,005 10,895 11,840

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Residual value

THE PROFIT & LOSS ACCOUNT

Equity 25000

Fixed assets
Fixed assets at cost 17,414 17,414 17,414 17,414 18,458 18,458 18,458 18,458 18,458 18,458 19,951 19,951 19,951 19,951 19,951 19,951 19,951 19,951 19,951 19,951 19,951
(less) Depreciation 0 2,612 4,832 6,720 8,480 9,977 11,249 12,331 13,250 14,031 14,919 15,674 16,315 16,861 17,324 17,718 18,053 18,338 18,580 18,786 18,960
Net fixed assets 17,414 14,802 12,582 10,694 9,978 8,481 7,209 6,128 5,208 4,427 5,032 4,277 3,636 3,090 2,627 2,233 1,898 1,613 1,371 1,166 991

Current assets
Cash 31,711 22,368 19,394 17,278 13,851 12,023 11,747 11,886 12,480 13,567 13,783 18,989 24,671 30,874 37,644 45,028 53,076 61,840 71,374 81,736 92,986
Debtors 0 2,653 3,094 3,565 4,068 4,603 4,776 4,955 5,143 5,338 5,542 5,754 5,976 6,207 6,449 6,701 6,964 7,239 7,526 7,826 8,139
Stocks 0 7,111 8,240 9,430 10,685 12,006 12,366 12,737 13,119 13,512 13,918 14,335 14,765 15,208 15,665 16,135 16,619 17,117 17,631 18,160 18,704
Total 31,711 32,132 30,729 30,274 28,604 28,632 28,888 29,578 30,742 32,418 33,243 39,079 45,412 52,290 59,757 67,863 76,659 86,196 96,531 107,722 119,830

Current liabilities
Creditors 0 1,290 1,461 1,664 1,878 2,103 2,165 2,229 2,294 2,362 2,431 2,503 2,577 2,653 2,731 2,811 2,894 2,980 3,068 3,158 3,251

Net current assets 31,711 30,842 29,268 28,609 26,726 26,528 26,723 27,350 28,447 30,056 30,812 36,576 42,836 49,637 57,026 65,052 73,764 83,216 93,463 104,563 116,579

Total assets 49,125 45,644 41,850 39,304 36,703 35,009 33,932 33,477 33,656 34,483 35,844 40,853 46,471 52,727 59,653 67,285 75,662 84,829 94,834 105,729 117,569

Funded by:
Loans 25,000 25,000 23,000 21,000 18,000 15,000 12,000 9,000 6,000 3,000 0 0 0 0 0 0 0 0 0 0 0

Retained earnings -875 -4,356 -6,150 -6,696 -6,297 -4,991 -3,068 -523 2,656 6,483 10,844 15,853 21,471 27,727 34,653 42,285 50,662 59,829 69,834 80,729 92,569
Share capital 25000 25000 25000 25000 25000 25000 25000 25000 25000 25000 25000 25000 25000 25000 25000 25000 25000 25000 25000 25000 25000

Capital employed 49,125 45,644 41,850 39,304 36,703 35,009 33,932 33,477 33,656 34,483 35,844 40,853 46,471 52,727 59,653 67,285 75,662 84,829 94,834 105,729 117,569
Check line 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Funding Ratios
Interest cover (ebit / financial charges) -0.989098 -0.067979 0.645408 1.487875 2.884636282 4.390853619 6.771453701 11.09079 21.24966 70.21807 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!
Gearing (loans/ capital employed) 55% 55% 53% 49% 43% 35% 27% 18% 9% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Units: £'000

Units: £'000
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Section 20 Collaborative Content – Conclusion 
20.1 Evaluation of project management approach 

As outlined in Section 1.6, the project management tools used throughout the project were a Gantt 

chart and associated network diagram produced using the Microsoft Project software. These 

techniques were generally useful in co-ordinating the team to achieve tasks in a timely fashion.  

 

Generating the network diagram, and the consideration of the inter-dependence between multiple 

tasks required in order to generate the diagram, was particularly useful in this case. A number of 

crucial dependencies were highlighted by carrying out these thought processes, that may 

otherwise have been overlooked. As such, significant delays were avoided by organising tasks 

such that they were completed in time for other dependent tasks to begin in good time. 

 

The Gantt chart presented on page 26 indicates the actual progress of the project. Predictions that 

were made for expected task durations were not always accurate. Notably, the finalisation of the 

internal layout of the facility was a much more involved and time consuming task than had been 

expected. In order to achieve the layout presented in this report, multiple group discussions were 

required and a number of iterations of the layout were produced. In order to produce an internal 

layout that was deemed viable and effective, a reasonable understanding of the machines, storage 

systems and material handling techniques was required, which added time to the task.  

 

A significant number of other tasks were dependent on the completion of the internal layout 

design, as highlighted by the project management tools, and as such its completion was crucial. In 

order to make progress with the wider project, a milestone was set for the completion of the 

layout in order to give a focus and motivation for all team members to complete the task. This was 

a successful strategy and after the layout completion milestone shown on the Gantt chart, only 

minor changes were made to the layout. 

 

Overall, the project management of the team was successful. This was due, in large part, to good 

communication between group members in regular formal and informal meetings. All group 

members were encouraged to participate in discussions; ideas from each group member were 

considered fairly and decisions were based on a group consensus. The internet based forum that 

was set up at the commencement of the project was a useful tool, acting as both a notice board 

and area for discussion, enabling team members to communicate effectively when not face-to-

face. The shared online document repository ‘Dropbox’ was also an effective tool, allowing team 

members to work collaboratively on documents, and refer to common documents such as the 

Gantt chart. 
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20.2 Project Conclusion 

The key civil engineering deliverables that were set  in the Inception Report were the design and 

analysis of the processing facility portal frame structure, along with accompanying drawings. The 

design and analysis of the foundations and flood defences were also identified as project 

deliverables.  

  

A double portal frame design was generated for the processing facility. The building was analysed 

using Lusas and designed by hand calculations to Eurocodes and checked in Lusas to verify the 

stability of the structure. Due to a limit in the version of Lusas used it was not possible to make a 

full model of the warehouse. If the complete structure could be analysed it would lead to a more 

efficient design.  

 

The foundations were specified as a bored piled design in three parts; firstly the Kasto racking 

system, secondly the processing facility and finally the lorry routes situated within the building.  

The pile depths where calculated as 14m for the racking system, 6m for the processing facility and 

5.5m for the roads. An area of technical uncertainty was in the geotechnical study. This was due 

to a lack of information from the British Geological Survey (BGS). With this information further 

refinement of the foundation design could be done in the future. A comparison between a piling 

method and pad method could be carried out to find the most economical solution for the 

foundation design.    

 

A strategy for flood defense has been generated in accordance with the project deliverables. De-

mountable flood defense barriers have been chosen in favour of permanent barriers. Protection for 

the essential parts of the site has been specified such that in the event of flooding the facility could 

continue to operate. More specific knowledge of the local area would enable the flood strategy to 

be developed further.   

 

A detailed plan of the buildings including the office building, and the processing facility was 

developed. The drawings include the internal fittings and fixtures in the office building, the 

machine layout in the processing facility and the elevations for both buildings. The drawings also 

include a site layout showing how the building is situated relative to the site, access points and car 

parking arrangements. An area that could be further expanded with respect to the drawings is the 

layout of services across the site and through the buildings. 

 

The machine selection for the processing facility was chosen from three companies. These were 

Demag AG for cranes, Kasto for the automated storage racking and finally Voortman for the 

automated steel processing machinery. Suitable band saw, drill, shot-blast and paint processing 
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machinery were chosen from the Voortman product range. Detailed drawings of the machine 

layout in the processing facility have been produced to show how the systems will interact with 

each other, and how the entire system is automated. Further design could be carried out for the 

barcode verification system, with the exact specification and placement of barcode printers, 

applicators and scanners.  

 

A study was carried out into the strategy for stock transportation. The stock will be transported to 

the site using trains from steelworks in Scunthorpe, and the final steel product will transposed to 

the client using a fleet of 16 articulated lorries.  

 

The steel selection was done by surveying a sample of UK steel stock holders and from the survey 

the most popular sections were chosen. Due to sensitive nature of the information, stockholders 

were not willing to divulge specific information on stock levels, or the popularity of specific 

products. As such, a breakdown of the quantity of each steel section that should be stocked has 

not been generated, as this is dependent on current demand, which can only be found out with 

firsthand experience within the market. 

 

A computer simulation to test the design has been generated, in line with the deliverables set in 

the Inception Report. A random order generator has been developed such that a list of orders for 

different steel sections with different processing requirements is generated. The time to process 

this order is then calculated and compared with a target time. Results of the simulation have 

shown that the design presented in this report is capable of meeting the target annual throughput 

of 120,000 tonnes of long steel products. Given more detailed data for processing and transporting 

the steel sections, development could be carried out to refine the simulation. 

 

Other areas of design have been completed that were not detailed as key project deliverables. 

These include the specification of cranes and the specification of a weigh station. Designs for the 

distribution of power around the site have been generated to meet the requirements of the 

machinery that has been specified.  

 

The development of a financial analysis was identified as a key project delivery in the Inception 

report. Results from the financial model indicate that the business would potentially provide a 

strong investment opportunity. A sensitivity analysis indicated that if predicted sales revenue is 

reached, or within 5% of being reached, then net profit will be high. A further sensitivity analysis 

which focused on steel price variation showed if steel prices do not increase, then the business 

would no longer be financially viable. However, if the steel price was to increase at a rate higher 

than the conservative 3% used in the model then the business would prove to be very profitable. 
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The net present value was positive for all discount rates used and strong growth in profits can be 

seen based on the conservative financial model. 

 

Overall the project has been successful in achieving the deliverables set out in the Inception 

Report. Simulations have shown that the design that has been generated is capable of meeting the 

target annual throughput capacity of 120,000 tonnes, and would be an attractive proposition for 

investors.   
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Appendices 
Appendix 1 – Drawings 
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Appendix 2 - Full stock selection 

Section ID Section Type Section Characteristics (mm)              
Depth x width x weight per metre kg/m 

UB01 Universal beam 533 x 210 x 122 122.0 
UB02 Universal beam 533 x 210 x 109 109.0 
UB03 Universal beam 533 x 210 x 101 101.0 
UB04 Universal beam 533 x 210 x 92 92.1 
UB05 Universal beam 533 x 210 x 82 82.2 
UB06 Universal beam 457 x 191 x 98 98.3 
UB07 Universal beam 457 x 191 x 89 89.3 
UB08 Universal beam 457 x 191 x 82 82.0 
UB09 Universal beam 457 x 191 x 74 74.3 
UB10 Universal beam 457 x 191 x 67 67.1 
UB11 Universal beam 457 x 152 x 82 82.1 
UB12 Universal beam 457 x 152 x 74 74.2 
UB13 Universal beam 457 x 152 x 67 67.2 
UB14 Universal beam 457 x 152 x 60 59.8 
UB15 Universal beam 457 x 152 x 52 52.3 
UB16 Universal beam 406 x 178 x 74 74.2 
UB17 Universal beam 406 x 178 x 67 67.1 
UB18 Universal beam 406 x 178 x 60 60.1 
UB19 Universal beam 406 x 178 x 54 54.1 
UB20 Universal beam 406 x 140 x 46 46.0 
UB21 Universal beam 406 x 140 x 39 39.0 
UB22 Universal beam 356 x 171 x 67 67.1 
UB23 Universal beam 356 x 171 x 57 57.0 
UB24 Universal beam 356 x 171 x 51 51.0 
UB25 Universal beam 356 x 171 x 45 45.0 
UB26 Universal beam 356 x 127 x 39 39.1 
UB27 Universal beam 356 x 127 x 33 33.1 
UB28 Universal beam 305 x 165 x 54 54.0 
UB29 Universal beam 305 x 165 x 46 46.1 
UB30 Universal beam 305 x 165 x 40 40.3 
UB31 Universal beam 305 x 127 x 48 48.1 
UB32 Universal beam 305 x 127 x 42 41.9 
UB33 Universal beam 305 x 127 x 37 37.0 
UB34 Universal beam 305 x 102 x 33 32.8 
UB35 Universal beam 305 x 102 x 28 28.2 
UB36 Universal beam 305 x 102 x 25 24.8 
UB37 Universal beam 254 x 146 x 43 43.0 
UB38 Universal beam 254 x 146 x 37 37.0 
UB39 Universal beam 254 x 146 x 31 31.1 
UB40 Universal beam 254 x 102 x 28 28.3 
UB41 Universal beam 254 x 102 x 25 25.2 
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UB42 Universal beam 254 x 102 x 22 22.0 
UB43 Universal beam 203 x 133 x 30 30.0 
UB44 Universal beam 203 x 133 x 25 25.1 
UB45 Universal beam 203 x 102 x 23 23.1 
UB46 Universal beam 178 x 102 x 19 19.0 
UB47 Universal beam 152 x 89 x 16 16.0 
UB48 Universal beam 127 x 76 x 13 13.0 

Section ID Section Type Section Characteristics (mm)             
Depth x width x weight per metre kg/m 

UC01 Universal column 305 x 305 x 198 198.1 
UC02 Universal column 305 x 305 x 158 158.1 
UC03 Universal column 305 x 305 x 137 136.9 
UC04 Universal column 305 x 305 x 118 117.9 
UC05 Universal column 305 x 305 x 97 96.9 
UC06 Universal column 254 x 254 x 132 132.0 
UC07 Universal column 254 x 254 x 107 107.1 
UC08 Universal column 254 x 254 x 89 88.9 
UC09 Universal column 254 x 254 x 73 73.1 
UC10 Universal column 203 x 203 x 86 86.1 
UC11 Universal column 203 x 203 x 71 71.0 
UC12 Universal column 203 x 203 x 60 60.0 
UC13 Universal column 203 x 203 x 52 52.0 
UC14 Universal column 203 x 203 x 46 46.1 
UC15 Universal column 152 x 152 x 37 37.0 
UC16 Universal column 152 x 152 x 30 30.0 
UC17 Universal column 152 x 152 x 23 23.0 
PC01 Channel section 430 x 100 x 64 64.4 
PC02 Channel section 380 x 100 x 54 54.0 
PC03 Channel section 300 x 100 x 46 45.5 
PC04 Channel section 300 x 90 x 41 41.4 
PC05 Channel section 260 x 90 x 35 34.8 
PC06 Channel section 260 x 75 x 28 27.6 
PC07 Channel section 230 x 90 x 32 32.2 
PC08 Channel section 230 x 75 x 26 25.7 
PC09 Channel section 200 x 90 x 30 29.7 
PC10 Channel section 200 x 75 x 23 23.4 
PC11 Channel section 180 x 90 x 26 26.1 
PC12 Channel section 180 x 75 x 20 20.3 
PC13 Channel section 150 x 90 x 24 23.9 
PC14 Channel section 150 x 75 x 18 17.9 
PC15 Channel section 125 x 65 x 15 14.8 
PC16 Channel section 100 x 50 x 10 10.2 

Section ID Section Type Section Characteristics (mm)             
Depth x width : material thickness kg/m 
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EA01 Equal angle section 150 x 150 : 12.0 27.3 
EA02 Equal angle section 150 x 150 : 10.0 23.0 
EA03 Equal angle section 120 x 120 : 12.0 21.6 
EA04 Equal angle section 120 x 120 : 10.0 18.2 
EA05 Equal angle section 120 x 120 : 8.0 14.7 
EA06 Equal angle section 100 x 100 : 15.0 21.9 
EA07 Equal angle section 100 x 100 : 12.0 17.8 
EA08 Equal angle section 100 x 100 : 10.0 15.0 
EA09 Equal angle section 100 x 100 : 8.0 12.2 
EA10 Equal angle section 90 x 90 : 12.0 15.9 
EA11 Equal angle section 60 x 60 : 10.0 8.7 
EA12 Equal angle section 60 x 60 : 8.0 7.1 
EA13 Equal angle section 60 x 60 : 6.0 5.4 
EA14 Equal angle section 60 x 60 : 5.0 4.6 
EA15 Equal angle section 50 x 50 : 8.0 5.8 
EA16 Equal angle section 50 x 50 : 6.0 4.5 
EA17 Equal angle section 50 x 50 : 5.0 3.8 
EA18 Equal angle section 50 x 50 : 3.0 2.3 

Section ID Section Type Section Characteristics (mm)                 
Depth x width : material thickness kg/m 

UA01 Unequal angle section 200 x 100 : 15.0 33.7 
UA02 Unequal angle section 200 x 100 : 12.0 27.3 
UA03 Unequal angle section 200 x 100 : 10.0 23.0 
UA04 Unequal angle section 150 x 90 : 15.0 26.6 
UA05 Unequal angle section 150 x 90 : 12.0 21.6 
UA06 Unequal angle section 150 x 90 : 10.0 18.2 
UA07 Unequal angle section 150 x 75 : 15.0 24.8 
UA08 Unequal angle section 150 x 75 : 12.0 20.2 
UA09 Unequal angle section 150 x 75 : 10.0 17.0 
UA10 Unequal angle section 125 x 75 : 12.0 17.8 
UA11 Unequal angle section 125 x 75 : 10.0 15.0 
UA12 Unequal angle section 125 x 75 : 8.0 12.2 
UA13 Unequal angle section 100 x 75 : 12.0 15.4 
UA14 Unequal angle section 100 x 75 : 10.0 13.0 
UA15 Unequal angle section 80 x 60 : 8.0 8.3 
UA16 Unequal angle section 80 x 60 : 6.0 6.4 
UA17 Unequal angle section 75 x 50 : 10.0 9.3 
UA18 Unequal angle section 75 x 50 : 8.0 7.4 
UA19 Unequal angle section 75 x 50 : 6.0 5.7 
UA20 Unequal angle section 65 x 50 : 6.0 5.2 
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Section ID Section Type Section Characteristics (mm)                
Diameter : material thickness kg/m 

CHS01 Circular hollow section  60.3 : 3.2 4.5 
CHS02 Circular hollow section  60.3 : 4.0 5.6 
CHS03 Circular hollow section  76.1 : 4.0 7.1 
CHS04 Circular hollow section  76.1 : 5.0 8.8 
CHS05 Circular hollow section  88.9 : 3.2 6.8 
CHS06 Circular hollow section  88.9 : 4.0 8.4 
CHS07 Circular hollow section  88.9 : 5.0 10.3 
CHS08 Circular hollow section  114.3 : 3.6 9.8 
CHS09 Circular hollow section  114.3 : 5.0 13.5 
CHS10 Circular hollow section  114.3 : 6.3 16.8 
CHS11 Circular hollow section  139.7 : 5.0 16.6 
CHS12 Circular hollow section  139.7 : 6.3 20.7 
CHS13 Circular hollow section  139.7 : 8.0 26.0 
CHS14 Circular hollow section  139.7 : 10.0 32.0 
CHS15 Circular hollow section  168.3 : 5.0 20.1 
CHS16 Circular hollow section  168.3 : 6.3 25.2 
CHS17 Circular hollow section  168.3 : 8.0 31.6 
CHS18 Circular hollow section  168.3 : 10.0 39.0 
CHS19 Circular hollow section  193.7 : 5.0 23.3 
CHS20 Circular hollow section  193.7 : 6.3 29.1 
CHS21 Circular hollow section  193.7 : 8.0 36.6 
CHS22 Circular hollow section  193.7 : 10.0 45.3 
CHS23 Circular hollow section  219.1 : 6.3 33.1 
CHS24 Circular hollow section  219.1 : 8.0 41.6 
CHS25 Circular hollow section  219.1 : 10.0 51.6 
CHS26 Circular hollow section  244.5 : 10.0 57.8 
CHS27 Circular hollow section  273 : 10.0 64.9 
CHS28 Circular hollow section  273 : 12.5 80.3 

Section ID Section Type Section Characteristics (mm)               
Depth x width : material thickness kg/m 

SHS01 Square hollow section 60 x 60 : 3.0 5.2 
SHS02 Square hollow section 60 x 60 : 3.0 6.7 
SHS03 Square hollow section 60 x 60 : 3.0 8.1 
SHS04 Square hollow section 70 x 70 : 3.0 6.1 
SHS05 Square hollow section 70 x 70 : 3.5 7.1 
SHS06 Square hollow section 70 x 70 : 5.0 9.7 
SHS07 Square hollow section 80 x 80 : 3.0 7.1 
SHS08 Square hollow section 80 x 80 : 5.0 11.3 
SHS09 Square hollow section 80 x 80 : 6.0 13.2 
SHS10 Square hollow section 90 x 90 : 3.5 9.3 
SHS11 Square hollow section 90 x 90 : 5.0 12.8 
SHS12 Square hollow section 90 x 90 : 6.0 15.1 
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SHS13 Square hollow section 100 x 100 : 4.0 11.7 
SHS14 Square hollow section 100 x 100 : 5.0 14.4 
SHS15 Square hollow section 100 x 100 : 6.0 17.0 
SHS16 Square hollow section 100 x 100 : 8.0 21.4 
SHS17 Square hollow section 100 x 100 : 10.0 27.4 
SHS18 Square hollow section 120 x 120 : 5.0 17.5 
SHS19 Square hollow section 120 x 120 : 6.0 20.7 
SHS20 Square hollow section 120 x 120 : 8.0 26.4 
SHS21 Square hollow section 120 x 120 : 10.0 31.8 
SHS22 Square hollow section 150 x 150 : 5.0 22.3 
SHS23 Square hollow section 150 x 150 : 6.0 26.4 
SHS24 Square hollow section 150 x 150 : 8.0 33.9 
SHS25 Square hollow section 150 x 150 : 10.0 41.3 
SHS26 Square hollow section 180 x 180 : 6.0 32.1 
SHS27 Square hollow section 180 x 180 : 8.0 41.5 
SHS28 Square hollow section 180 x 180 : 10.0 50.7 
SHS29 Square hollow section 180 x 180 : 12.5 60.5 
SHS30 Square hollow section 200 x 200 : 6.0 35.8 
SHS31 Square hollow section 200 x 200 : 8.0 46.5 
SHS32 Square hollow section 200 x 200 : 10.0 57.0 
SHS33 Square hollow section 200 x 200 : 12.5 68.3 
SHS34 Square hollow section 250 x 250 : 6.0 45.2 
SHS35 Square hollow section 250 x 250 : 8.0 59.1 
SHS36 Square hollow section 250 x 250 : 10.0 72.7 
SHS37 Square hollow section 250 x 250 : 12.5 88.0 
SHS38 Square hollow section 300 x 300 : 8.0 71.6 
SHS39 Square hollow section 300 x 300 : 10.0 88.4 
SHS40 Square hollow section 300 x 300 : 12.5 108.0 

Section ID Section Type Section Characteristics (mm)             
Depth x width : material thickness kg/m 

RHS01 Rectangular hollow section 90 x 50 : 3.0 6.1 
RHS02 Rectangular hollow section 90 x 50 : 5.0 9.7 
RHS03 Rectangular hollow section 100 x 50 : 3.0 6.6 
RHS04 Rectangular hollow section 100 x 50 : 4.0 8.6 
RHS05 Rectangular hollow section 100 x 50 : 5.0 10.5 
RHS06 Rectangular hollow section 100 x 50 : 6.0 12.3 
RHS07 Rectangular hollow section 100 x 60 : 3.5 8.2 
RHS08 Rectangular hollow section 100 x 60 : 5.0 11.3 
RHS09 Rectangular hollow section 100 x 60 : 6.0 13.2 
RHS10 Rectangular hollow section 120 x 60 : 3.5 9.3 
RHS11 Rectangular hollow section 120 x 60 : 5.0 12.8 
RHS12 Rectangular hollow section 120 x 60 : 6.0 15.1 
RHS13 Rectangular hollow section 120 x 80 : 5.0 14.4 
RHS14 Rectangular hollow section 120 x 80 : 6.0 17.0 
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RHS15 Rectangular hollow section 120 x 80 : 8.0 21.4 
RHS16 Rectangular hollow section 150 x 100 : 5.0 18.3 
RHS17 Rectangular hollow section 150 x 100 : 6.0 21.7 
RHS18 Rectangular hollow section 150 x 100 : 8.0 27.7 
RHS19 Rectangular hollow section 150 x 100 : 10.0 33.4 
RHS20 Rectangular hollow section 160 x 80 : 5.0 17.5 
RHS21 Rectangular hollow section 160 x 80 : 6.0 20.7 
RHS22 Rectangular hollow section 160 x 80 : 8.0 26.4 
RHS23 Rectangular hollow section 200 x 100 : 5.0 22.3 
RHS24 Rectangular hollow section 200 x 100 : 6.0 26.4 
RHS25 Rectangular hollow section 200 x 100 : 8.0 33.9 
RHS26 Rectangular hollow section 200 x 100 : 10.0 41.3 
RHS27 Rectangular hollow section 250 x 150 : 6.0 35.8 
RHS28 Rectangular hollow section 250 x 150 : 8.0 46.5 
RHS29 Rectangular hollow section 250 x 150 : 10.0 57.0 
RHS30 Rectangular hollow section 250 x 150 : 12.5 68.3 
RHS31 Rectangular hollow section 300 x 200 : 6.0 45.2 
RHS32 Rectangular hollow section 300 x 200 : 8.0 59.1 
RHS33 Rectangular hollow section 300 x 200 : 10.0 72.7 
RHS34 Rectangular hollow section 300 x 200 : 12.5 88.0 
RHS35 Rectangular hollow section 400 x 200 : 10.0 88.4 
RHS36 Rectangular hollow section 400 x 200 : 12.5 108.0 
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Appendix 3  - Foundation & Slab Design 

 

Determine traffic loading 

 

 

Where   T is the total number of standard axles 

  F is the initial average annual daily flow commercial vehicles 

  Y is the design life of pavement 

  G is the growth over design life of pavement 

  W is the wear (equivalence) factor 

  P is the percentage of commercial vehicles in heaviest loaded lane 

 

F = 34 cvpd 

100% of total flow is OGV2 = 34 cvpd 

 

Y = 40 years (design life) 

 

The wear factor W can be read from table 2.3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

610365 −××××××= PWGYFT
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For OGV2 W = 4.4 

 
The value for the growth over design life pavement can be read from the graph or table below 

 

For OGV2 with a design life of 40 years G = 1.67 
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The percentage of commercial vehicles in heaviest loaded lane can be found from figure 2.5. For 

34 cvpd, therefore the minimum value will be taken for cvpd P = 0.97% 

 

 

 

 

 

The design traffic for the road for each direction is 10 msa. 

 

 

Our next step is to determine the foundation strength 

The California bearing ratio test (CBR) measures the penetration of a plunger into a compacted 

sample, compared with the penetration into a ‘standard’ material. It is a  combined compaction / 

bearing capacity test designed for flexible road pavements. 

 

CBR = 6.5 

 

Calculating an estimate value for the stiffness modulus 

 

 

 

Subgrade stiffness modulus must be at least 30 MPa (approximately 2.5% CBR) 

 

 

Designing the thickness for rigid pavement 

 

( )
msaT

T
PWGYFT

4.10
67.14.41004097.0365

10365 6

=
×××××=

××××××= −

( ) MPaCBRE 3.58)5.6(6.176.17 64.064.0 =×=×=
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Minimum allowable concrete material thickness is 200mm for CRCP construction and 150mm for 

CRCB construction. The concrete thickness in Figure 2.2 does not include any asphalt surfacing; 

minimum allowable asphalt material thickness is 100mm for CRCB construction 

 

Longitudinal crack control steel in CRCB shall be 0.4% of the concrete slab cross-sectional area, 

comprising 12mm diameter deformed steel bars (T12 reinforcement). Transverse steel must be 

12mm diameter deformed bars at 600mm spacings. 

 

Using CRCB we need a minimum asphalt thickness of 100mm 

 

150mm of 4.5MPa flexural strength concrete 

 

100 + 150 = 250 mm   where:      t = concrete design thickness (mm) 

    R = reinforcement (%) 

D = diameter of reinforcement bar (mm) 

   

 

 

 

Determining the subbase 

The layer thickness can be taken as 250mm 

 

Therefore the total depth of the road will be: 

For Rigid Pavement Design

 

:   250 + 250 = 500mm 

 

mm
Rt
D 113

4.02504
12100

4
100 22

=
××
××

=
××
×× ππ
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Column and routes slab load calculation.          

 load 1 795  

design 

factor 1.6  

load factored 

1 1272  span 7  

 load 2 711     

load factored 

2 1137.6     

 load 3 840     

load factored 

3 1376  depth   

  20           

             

             

 distance 0 3.5 7 10.5 14 17.5 21 24.5 28 31.5 35 

 

factor 

moment 0 0.086 -0.086 0.063 -0.063 0.063 -0.063 0.063 -0.063 0.063 -0.063 

 moment 0 828.352 -828.352 606.816 

-

606.816 606.816 

-

606.816 606.816 

-

606.816 606.816 

-

606.816 

             

 factor shear 0.4 0 0.6 0 0.5 0 0.5 0 0.5 0 0.5 

 shear 550.4 0 825.6 0 688 0 688 0 688 0 688 

             

             

 distance 38.5 42 45.5 49 52.5 56 59.5 63 66.5 70 73.5 

 

factor 

moment 0.063 -0.063 0.063 -0.063 0.063 -0.063 0.063 -0.063 0.063 -0.063 0.063 

 moment 606.816 

-

606.816 606.816 

-

606.816 606.816 -606.816 606.816 

-

606.816 606.816 

-

606.816 606.816 
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 factor shear 0 0.5 0 0.5 0 0.5 0 0.5 0 0.5 0 

 shear 0 688 0 688 0 688 0 688 0 688 0 

             

             

 distance 77 80.5 84 87.5 91 94.5 98 101.5 105 108.5 112 

 

factor 

moment -0.063 0.063 -0.063 0.063 -0.063 0.063 -0.063 0.063 -0.063 0.063 -0.063 

 moment 

-

606.816 606.816 -606.816 606.816 

-

606.816 606.816 

-

606.816 606.816 

-

606.816 606.816 

-

606.816 

             

 factor shear 0.5 0 0.5 0 0.5 0 0.5 0 0.5 0 0.5 

 shear 688 0 688 0 688 0 688 0 688 0 688 

             

 distance 115.5 119 122.5 126 129.5 133      

 

factor 

moment 0.063 -0.063 0.063 -0.086 0.086 0      

 moment 606.816 

-

606.816 606.816 

-

828.352 828.352 0      

             

 factor shear 0 0.5 0 0.6 0 0.4      

 shear 0 688 0 825.6 0 550.4      
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Cover depth for slabs 

 
routes and column cover 

requirement for minimum cover (mm) 

bond - main bars 32mm     7mm   

unsing table 4.2, cover to main bars = bar diameter     

links 25mm are so cover to links = 32-25 =7mm     

max aggregate size 32 so no increase       

durability - C40/50 concrete, exposure XC3   30mm table NA.2 

uneven surface       N/A   

fire resistance - 2hours one way slab   4mm   

corresponding min cover = 20 - 16 = 4 mm       

effect of deviation : Nominal cover = 30mm 

 

Warehouse cover 

requirement for minimum cover (mm) 

bond - main bars 10mm     10mm   

unsing table 4.2, cover to main bars = bar diameter     

max aggregate size 32 so increase       

durability - C40/50 concrete, exposure XC3   20mm table NA.2 

For concrete cast against uneven surface with 

blinding, 50mm   

nominal cover should exceed 50mm       

fire resistance - 2hours two way slab   15mm   

corresponding min cover = 20 - 5 = 15mm   table 5.8   

effect of deviation : Nominal cover = 50mm 

 

Kasto cover 

requirement for minimum cover (mm) 

bond - main bars 20mm     4mm   

unsing table 4.2, cover to main bars = bar diameter     

links are so minimum cover to links = 20-16= 4mm     

max aggregate size 32 so no increase       

durability - C40/50 concrete, exposure XC3   20mm table NA.2 

For concrete cast against uneven surface with 

blinding, 50mm   

nominal cover should exceed 50mm       

fire resistance - 2hours two way slab   15mm   

corresponding min cover = 20 - 5 = 15mm   table 5.8   

effect of deviation : Nominal cover = 50mm 
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Column slab design. 

reference Calculations results 

  Main reinforcement         

   Location 0[7]        

  Design of main reinforcement for slab       

  Effective depth d = 350-32 = 318mm        

  Area of main tensile reinforcement        

            

  K = M/(bd2fck) = ( 810×106)/(1000×3182×40)   0.205   

  K' = 0.208 for singly reinforced slab        

  K ≤ K' so singly reinforced beam        

  z = d(0.5 + (0.25-K/1.133)0.5)≤0.95d        

  Z = 318 (0.5 + (0.25-0.2/1.133)0.5)    242.7 mm 

  0.95d = 0.95 ×318     302.1 mm 

  use 245.2 mm         

            

  fyd = fyk/γs = 500/1.15      434.8 N/mm2 

            

  As = M/fydz = ( 810×106)/(434.8×245.2)   7850.24 mm2 

  Area of 32mm diameter bar    804 mm2 

  Number of bars = 7589.42 / 804    9.44 per m width 

  Use 32mm diameter bars at 100mm centres (area = 8040mm2)     

            

  Max & minimum reincorcement areas to EN 192-1-1:2004-9.2.1.1     

            

  As,min = 0.26×b×d×fctm/fyk but not less than 0.0013bd      

  0.0013×1000×318     413.4 mm2 

            

  As,min = 0.26×1000×318×3.5/500    578.76 mm2 

            

  As,max = 0.04Ac         

  As,max = 0.04×1000×318    12720 mm2 

            

  Overall check:         

  As,min = 579 mm2 ≤ 8040 mm2 ≤ 12720 mm2       

            

  Maximum permissible spacing of bars       

  The rule, spacing  smaximum ≤ 3h = 1050 mm      

    

smaximum ≤ 400 mm where h = overall slab 

depth     
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  Existing spacing = 100 mm        

            

  Shear Requirements         

  Maximum shear      825.60 kN 

            

  Shear Resistance of only concrete        

  VRd.c = ( CRd,c×k×(100ρ1fck)0.33 ≥ vmin + 0.15 σcp ) bwd      

            

  CRd,c = 0.18/γc = 0.18/1.5    0.12   

            

  k = 1 + (200/d)0.5 = 1 + (200/318)0.5    1.79 mm 

  1.79 ≤ 2          

  ρ1 = Asl/(bwd) = 8040/(1000×318)    0.0253   

  0.0214 ≥ 0.02 so use 0.0214        

  σcp only included uf there are axial foces in the beam      

            

  So VRd,c = ((0.12×1.79×(100×0.0253×40)0.33)(1000×318))/103 313.9 kN 

  vmin = 0.035k1.5 fck
0.5 = 0.035×1,791.5×400.5   0.531   

            

  Vmin = (vmin + kσcp)bwd = (0.531 + 0)×1000×318/103  169.0 kN 

  use 313.9kN         

            

  313.9kN  < 825.6kN need to design links       

            

            

  minimum longitudinal reinforcement ratio       

            

  ρ1,min = 0.26 fctm / fyk  = 0.26×3.5/500   0.00182   

  ρ1 = As1 / (bwd) = 8040 / (1000×318)   0.025   

  ρ1,min < ρ1 so ok         

            

            

  Design of shear reinforcement        

            

  Assume θ = 22° and α = 90°        

  - 

Angular compression struts as if with a large 

shear span     

   (case for udl, i.e. θ = 22°)       

  - Vertical stirrups. (α = 90°)       
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  Ved = (Asw/s) fywd z (cot θ)        

            

  z is the lever arm taken in shear calcs as 0.9d = 0.9×318  286.2 mm 

            

  fywd = 500 N/mm2. the code recommends fywd be multiplied by 0.8.     

  This factor will reduce the stell strength resulting in a higher steel area.     

  Hence fywd = 400 N/mm2. The reasons are complex and convoluted.     

            

  Ved = 825.6kN         

            

   (Asw/s) =Ved/(zfywdcotθ)        

  = (825.6×103)/(0.9×318×400×2.475)   2.91   

  Assuming T25 diameter vertical links (491mm2) with  upright arms     

  Longitudinal spacing s = Asw/0.38 = (2×491)/2.91   337.01 mm 

  Minimum permissible spacing = 0.75d = 0.75×318  238.5 mm 

            

  Maximum longitudinal spacing of vertical links       

  smax = 0.75d (1+cotα)         

  = 0.75×318 (1 + 0)        

  = 238.5mm > s = 200mm so ok       

  Use s = 200mm         

  Main shear links: H25 in pairs at 200 centres       

            

  Strength of the concrete struts must exceed strength of steel in tension     

            

  check maximum shear resistance of concrete VRd,max      

            

  VRd,max =αcw v1 fcd bw z /(cotθ + tanθ)       

            

  v1 = 0.6 [ 1 - (fck/250)] = 0.6[1 - (40/250)]   0.504   

            

  αcw 

allows for the impact of shear craking on 

croncrete      

   strength. For RC concrete αcw = 1.0      

            

            

  VRd,max = [1.0×0.504×(40/1.5)×1000×(0.9×318)] /[(2.5 + 0.4)×103] 1326.389   

            

  VRd,max = 1326 kN > VEd,max = 826 kN so ok       
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Calculation for the length of the pile 

 

Load acting on the pile: 1100kN 

 

The undrained shaft friction: fs = s cu α 

 

Where :  s shape factor = 1.0 for straight piles 

  cu undrained shear strength 

  α adhesion factor 

The undrained end bearing capacity: fb = w cu Nc 

 

Where:  cu undrained shear strength at base of pile 

  W  base contact = 0.8 for driven cast-in-place pile 

  Nc bearing capacity factor 

 

Allowable pile capacity 

 

21 F
Q

F
Q

Q bs
a +=  

 

 Where:  F1 load factor on shaft friction 

  F2 load factor on end bearing 

 

Qs = As × fs = d π L s cu α  

 

Qb = Ab × fb = d2 π L w cu Nc / 4 

 

cu = 130+35L kPa for fs  

cu = 130+17.5L kPa for fb  

d = 0.75 m 

s = 1 

α = 0.4 

w = 0.8 

Nc = 9 

F1 = 1.5 

F2 = 3 
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3
4/)5.17135(98.014.375.0

5.1
)35135(14.014.375.01100

2 LLLL +××××
+

+××××
=  

 

This simplifies into: 

 

11 L2 + 119 L – 962 = 0 

There are two answers for the length L, one positive and the other negative, only the positive will 

be considered. 

 

L = 5.4 but a length of 5.5 will be taken. 

 

 

 

 

 

 

Group piling 

 

Group efficiency 

 

Qgroup = Qsingle N η 

 

Where:  η is the so-called efficiency of the pile group 

  N number of piles. 
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Where:  B =  diameter of piles    = 0.75m 

  s =  centre-to-centre spacing of piles   = 7 m 

  m =  number of rows of piles in the group  = 20 

  n =  number of columns of piles in the group  = 2 

 

η = 0.90 

 

Qsingle is calculated using the same formulas as before: 



MDDP 2010 – Steel Stockholder – Group 2 
 

Author: Ibrahima Sagnia Page 179 of 233  

kN

F
Q
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Qgroup  = 2199×(2×20)×0.90 

 = 79300 kN 

 

Group failure 

 

Qblock  = 2(B+L) D cu + B L cu Nc 

 

Where:  B width of pile group 

  L length of pile group 

  D  depth of penetration of piles 

  cu  average (remoulded) undrained shear strength 

  cu (undisturbed) undrained strength at base of block 

  Nc bearing capacity factor 

 

B = 6 m 

L = 133 m 

D = 5.5 m 

cu = 226.25 kPa 

cu= 322 kPa 

Nc = 9 

 

Qblock  = 2× (6+133) ×5.5×226.25+ 6×133×322×9 

 = 2,662,000 kN 



MDDP 2010 – Steel Stockholder – Group 2 
 

Author: Ibrahima Sagnia Page 180 of 233  

 

arehouse slab load calculation.          

             

 Bending moments and shear along xx w = 36 kN/m2, Lx = 5 m   

 0 2,5 5 7,5 10 12,5 15 17,5 20 22,5 25 27,5 

 xx            

moment 

coefficient  0 0,028 0,037 0,024 0,032 0,024 0,032 0,024 0,032 0,024 0,032 0,024 

 M = wLx2 0 37,8 49,95 32,4 43,2 32,4 43,2 32,4 43,2 32,4 43,2 32,4 

Shear coefficient 0,24  0,36  0,33  0,33  0,33  0,33  

Shear wLx 64,8 0 97,2 0 89,1 0 89,1 0 89,1 0 89,1 0 

             

             

 30 32,5 35 37,5 40 42,5 45 47,5 50 52,5 55 57,5 

             

moment 

coefficient  0,032 0,024 0,032 0,024 0,032 0,024 0,032 0,024 0,032 0,024 0,032 0,024 

 M = wLx2 43,2 32,4 43,2 32,4 43,2 32,4 43,2 32,4 43,2 32,4 43,2 32,4 

Shear coefficient 0,33  0,33  0,33  0,33  0,33  0,33  

Shear wLx 89,1 0 89,1 0 89,1 0 89,1 0 89,1 0 89,1 0 

             

             

 60 62,5 65 67,5 70 72,5 75 77,5 80 82,5 85 87,5 
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moment 

coefficient  0,032 0,024 0,032 0,024 0,032 0,024 0,032 0,024 0,032 0,024 0,032 0,024 

 M = wLx2 43,2 32,4 43,2 32,4 43,2 32,4 43,2 32,4 43,2 32,4 43,2 32,4 

Shear coefficient 0,33  0,33  0,33  0,33  0,33  0,33  

Shear wLx 89,1 0 89,1 0 89,1 0 89,1 0 89,1 0 89,1 0 

             

             

 90 92,5 95 97,5 100 102,5 105 107,5 110 112,5 115 117,5 

             

moment 

coefficient  0,032 0,024 0,032 0,024 0,032 0,024 0,032 0,024 0,032 0,024 0,032 0,024 

 M = wLx2 43,2 32,4 43,2 32,4 43,2 32,4 43,2 32,4 43,2 32,4 43,2 32,4 

Shear coefficient 0,33  0,33  0,33  0,33  0,33  0,33  

Shear wLx 89,1 0 89,1 0 89,1 0 89,1 0 89,1 0 89,1 0 

             

             

 120 122,5 125 127,5 130 132,5 135      

       xx      

moment 

coefficient  0,032 0,024 0,032 0,024 0,037 0,028 0      

 M = wLx2 43,2 32,4 43,2 32,4 49,95 37,8 0      

Shear coefficient 0,33  0,33  0,36  0,24      

Shear wLx 89,1 0 89,1 0 97,2 0 64,8      
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Bending moments and shear along yy w = 36 kN/m2, Lx = 5 m          

 0 2,5 5 7,5 10 12,5 15 17,5 20 22,5 25 27,5 

 yy            

moment 

coefficient  0 0,036 0,047 0,029 0,039 0,029 0,039 0,029 0,039 0,029 0,039 0,029 

 M = wLx2 0 48,6 63,45 39,15 52,65 39,15 52,65 39,15 52,65 39,15 52,65 39,15 

Shear coefficient 0,26  0,4  0,36  0,36  0,36  0,36  

Shear wLx 70,2 0 108 0 97,2 0 97,2 0 97,2 0 97,2 0 

             

             

 30 32,5 35 37,5 40 42,5 45 47,5 50 52,5 55 57,5 

             

moment 

coefficient  0,039 0,029 0,039 0,029 0,039 0,029 0,039 0,029 0,039 0,029 0,039 0,029 

 M = wLx2 52,65 39,15 52,65 39,15 52,65 39,15 52,65 39,15 52,65 39,15 52,65 39,15 

Shear coefficient 0,36  0,36  0,36  0,36  0,36  0,36  

Shear wLx 97,2 0 97,2 0 97,2 0 97,2 0 97,2 0 97,2 0 

             

             

 60 62,5 65          

moment 

coefficient  0,047 0,036 0          

 M = wLx2 63,45 48,6 0          

Shear coefficient 0,4  0,26          

Shear wLx 108 0 70,2          
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reference Calculations results 

  Main reinforcement         

            

   Location short 5 direction       

            

  Design of main reinforcement for slab       

  Effective depth d = 250-10 = 240mm        

  Area of main tensile reinforcement        

            

  K = M/(bd2fck) = ( 63.45×106)/(1000×2402×40)   0,028   

  K' = 0.208 for singly reinforced slab        

  K ≤ K' so singly reinforced beam        

  z = d(0.5 + (0.25-K/1.133)0.5)≤0.95d        

  Z = 240 (0.5 + (0.25-0.028/1.133)0.5)    234,0 mm 

  0.95d = 0.95 ×240     228 mm 

  use 228 mm         

            

  fyd = fyk/γs = 500/1.15      434,8 N/mm2 

            

  As = M/fydz = ( 63.45×106)/(434.8×228)   640,04 mm2 

  Area of 10mm diameter bar    78,5 mm2 

  Number of bars =640.04 / 78.5    8.15 per m width 

  Use 10mm diameter bars at 100mm centres (area = 785mm2)      

            

  Max & minimum reincorcement areas to EN 192-1-1:2004-9.2.1.1     

            

  As,min = 0.26×b×d×fctm/fyk but not less than 0.0013bd      

  0.0013×1000×240     312 mm2 

            

  As,min = 0.26×1000×240×3.5/500    436,8 mm2 

            

  As,max = 0.04Ac         

  As,max = 0.04×1000×240    9600 mm2 

            

  Overall check:         

  As,min = 437 mm2 ≤ 785 mm2 ≤ 9600 mm2       

            

  Maximum permissible spacing of bars       

  The rule, spacing  smaximum ≤ 3h = 750 mm      

    smaximum ≤ 400 mm where h = overall     



MDDP 2010 – Steel Stockholder – Group 2 
 

Author: Ibrahima Sagnia Page 184 of 233  

slab depth 

  Existing spacing = 100 mm        

            

  Shear Requirements         

  Maximum shear      108,00 kN 

            

  Shear Resistance of only concrete        

  VRd.c = ( CRd,c×k×(100ρ1fck)0.33 ≥ vmin + 0.15 σcp ) bwd      

            

  CRd,c = 0.18/γc = 0.18/1.5    0,12   

            

  k = 1 + (200/d)0.5 = 1 + (200/240)0.5    1,91 mm 

  1.91 ≤ 2          

  ρ1 = Asl/(bwd) = 785/(1000×240)    0,0033   

  0.02 ≥ 0.0033 so use 0.02        

  σcp only included uf there are axial foces in the beam      

            

  So VRd,c = ((0.12×1.91×(100×0.02×40)0.33)(1000×240))/103  233,9 kN 

  vmin = 0.035k1.5 fck
0.5 = 0.035×1,911.5×400.5   0,586   

            

  Vmin = (vmin + kσcp)bwd = (0.586 + 0)×1000×240/103  140,6 kN 

  use 233.9kN         

            

  233.9kN not < 108.00kN no need to design links       

            

            

   Location 2.5 short direction       

            

  Design of main reinforcement for slab       

  Effective depth d = 250-10 = 240mm        

  Area of main tensile reinforcement        

            

  K = M/(bd2fck) = ( 48.6×106)/(1000×2402×40)   0,021   

  K' = 0.208 for singly reinforced slab        

  K ≤ K' so singly reinforced beam        

  z = d(0.5 + (0.25-K/1.133)0.5)≤0.95d        

  Z = 240 (0.5 + (0.25-0.021/1.133)0.5)    235,4 mm 

  0.95d = 0.95 ×240     228 mm 

  use 228 mm         
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  fyd = fyk/γs = 500/1.15      434,8 N/mm2 

            

  As = M/fydz = ( 48.6×106)/(434.8×228)   490,24 mm2 

  Area of 10mm diameter bar    78,5 mm2 

  Number of bars =490.24 / 78.5    6.25 per m width 

  Use 10mm diameter bars at 150mm centres (area = 523mm2)      

            

  Max & minimum reincorcement areas to EN 192-1-1:2004-9.2.1.1     

            

  As,min = 0.26×b×d×fctm/fyk but not less than 0.0013bd      

  0.0013×1000×240     312 mm2 

            

  As,min = 0.26×1000×240×3.5/500    436,8 mm2 

            

  As,max = 0.04Ac         

  As,max = 0.04×1000×240    9600 mm2 

            

  Overall check:         

  As,min = 437 mm2 ≤ 523 mm2 ≤ 9600 mm2       

            

  Maximum permissible spacing of bars       

  The rule, spacing  smaximum ≤ 3h = 750 mm      

    

smaximum ≤ 400 mm where h = overall 

slab depth     

  Existing spacing = 150 mm        

            

  Shear Requirements         

  Maximum shear      0 kN 

            

            

            

   Location 2.5 long direction       

            

  Design of main reinforcement for slab       

  Effective depth d = 250-10 = 240mm        

  Area of main tensile reinforcement        

            

  K = M/(bd2fck) = ( 37.8×106)/(1000×2402×40)   0,016   

  K' = 0.208 for singly reinforced slab        

  K ≤ K' so singly reinforced beam        
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  z = d(0.5 + (0.25-K/1.133)0.5)≤0.95d        

  Z = 240 (0.5 + (0.25-0.016/1.133)0.5)    236,5 mm 

  0.95d = 0.95 ×240     228 mm 

  use 228 mm         

            

  fyd = fyk/γs = 500/1.15      434,8 N/mm2 

            

  As = M/fydz = ( 37.8×106)/(434.8×228)   381,30 mm2 

  Area of 10mm diameter bar    78,5 mm2 

  Number of bars =381.30 / 78.5    4.86 per m width 

  Use 10mm diameter bars at 175mm centres (area = 449mm2)      

            

  Max & minimum reincorcement areas to EN 192-1-1:2004-9.2.1.1     

            

  As,min = 0.26×b×d×fctm/fyk but not less than 0.0013bd      

  0.0013×1000×240     312 mm2 

            

  As,min = 0.26×1000×240×3.5/500    436,8 mm2 

            

  As,max = 0.04Ac         

  As,max = 0.04×1000×240    9600 mm2 

            

  Overall check:         

  As,min = 437 mm2 ≤ 449 mm2 ≤ 9600 mm2       

            

  Maximum permissible spacing of bars       

  The rule, spacing  smaximum ≤ 3h = 750 mm      

    

smaximum ≤ 400 mm where h = overall 

slab depth     

  Existing spacing = 175 mm        

            

  Shear Requirements         

  Maximum shear      0 kN 

            

            

   Location long 5 direction       

            

  Design of main reinforcement for slab       

  Effective depth d = 250-10 = 240mm        

  Area of main tensile reinforcement        
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  K = M/(bd2fck) = ( 49.95×106)/(1000×2402×40)   0,022   

  K' = 0.208 for singly reinforced slab        

  K ≤ K' so singly reinforced beam        

  z = d(0.5 + (0.25-K/1.133)0.5)≤0.95d        

  Z = 240 (0.5 + (0.25-0.022/1.133)0.5)    235,3 mm 

  0.95d = 0.95 ×240     228 mm 

  use 228 mm         

            

  fyd = fyk/γs = 500/1.15      434,8 N/mm2 

            

  As = M/fydz = ( 49.95×106)/(434.8×228)   503,86 mm2 

  Area of 10mm diameter bar    78,5 mm2 

  Number of bars =503.86 / 78.5    6.42 per m width 

  Use 10mm diameter bars at 150mm centres (area = 523mm2)      

            

  Max & minimum reincorcement areas to EN 192-1-1:2004-9.2.1.1     

            

  As,min = 0.26×b×d×fctm/fyk but not less than 0.0013bd      

  0.0013×1000×240     312 mm2 

            

  As,min = 0.26×1000×240×3.5/500    436,8 mm2 

            

  As,max = 0.04Ac         

  As,max = 0.04×1000×240    9600 mm2 

            

            

  Overall check:         

  As,min = 437 mm2 ≤ 523 mm2 ≤ 9600 mm2       

            

  Maximum permissible spacing of bars       

  The rule, spacing  smaximum ≤ 3h = 750 mm      

    

smaximum ≤ 400 mm where h = overall 

slab depth     

  Existing spacing = 175 mm        

            

  Shear Requirements         

  Maximum shear      97,20 kN 

            

  Shear Resistance of only concrete        
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  VRd.c = ( CRd,c×k×(100ρ1fck)0.33 ≥ vmin + 0.15 σcp ) bwd      

            

  CRd,c = 0.18/γc = 0.18/1.5    0,12   

            

  k = 1 + (200/d)0.5 = 1 + (200/240)0.5    1,91 mm 

  1.91 ≤ 2          

  ρ1 = Asl/(bwd) = 523/(1000×240)    0,0022   

  0.02 ≥ 0.0022 so use 0.02        

  σcp only included uf there are axial foces in the beam      

            

  So VRd,c = ((0.12×1.91×(100×0.02×40)0.33)(1000×240))/103  233,9 kN 

  vmin = 0.035k1.5 fck
0.5 = 0.035×1,911.5×400.5   0,586   

            

  Vmin = (vmin + kσcp)bwd = (0.586 + 0)×1000×240/103  140,6 kN 

  use 233.9kN         

            

  233.9kN not < 97.2kN no need to design links       

            



MDDP 2010 – Steel Stockholder – Group 2 
 

Author: Ibrahima Sagnia Page 189 of 233  

Calculation for the length of the pile 

Load acting on the pile: 1150kN 

The undrained shaft friction: fs = s cu α 

Where :  s shape factor = 1.0 for straight piles 

  cu undrained shear strength 

  α adhesion factor 

The undrained end bearing capacity: fb = w cu Nc 

Where:  cu undrained shear strength at base of pile 

  W  base contact = 0.8 for driven cast-in-place pile 

  Nc bearing capacity factor 

Allowable pile capacity 

21 F
Q

F
Q

Q bs
a +=  

 Where:  F1 load factor on shaft friction 

  F2 load factor on end bearing 

Qs = As × fs = d π L s cu α  

Qb = Ab × fb = d2 π L w cu Nc / 4 

cu = 130+35L kPa for fs  

cu = 130+17.5L kPa for fb  

d = 0.75 m 

s = 1 

α = 0.4 

w = 0.8 

Nc = 9 

F1 = 1.5 

F2 = 3 

3
4/)5.17135(98.014.375.0

5.1
)35135(14.014.375.01150

2 LLLL +××××
+

+××××
=  

This simplifies into: 

11 L2 + 119 L – 1012 = 0 

There are two answers for the length L, one positive and the other negative, only the positive will 

be considered. 

 

L = 5.6 but a length of 6 will be taken. 
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Group piling 

Group efficiency 

Qgroup = Qsingle N η 

Where:  η is the so-called efficiency of the pile group 

  N number of piles. 

 

 



 −+−

×



−= −

mn
mnnm

s
B

90
)1()1(tan1 1η  

Where:  B =  diameter of piles    = 0.75 m 

  s =  centre-to-centre spacing of piles   = 5 m 

  m =  number of rows of piles in the group  = 28 

  n =  number of columns of piles in the group  = 14 

η = 0.82 

Qsingle is calculated using the same formulas as before: 

kN

F
Q

F
Q

Q bs
gle

1246
3

1080
5.1

1329
21

sin

=+

=+=
 

 

Qgroup  =2409×(14×28)×0.90 

 = 400,000 kN 

Group failure 

Qblock  = 2(B+L) D cu + B L cu Nc 

Where:  B width of pile group 

  L length of pile group 

  D  depth of penetration of piles 

  cu  average (remoulded) undrained shear strength 

  cu (undisturbed) undrained strength at base of block 

  Nc bearing capacity factor 

B = 65 m 

L = 135 m 

D = 6 m 

cu = 235 kPa 

cu= 340 kPa 

Nc = 9 

Qblock  = 2× (65+135) ×6×235+ 65×135×340×9 

 = 27,420,000 kN
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Kasto slab load calculation.            

             

Bending moments and shear along xx w = 140 kN/m2, Lx = 5 m   

 0 2,5 5 7,5 10 12,5 15 17,5 20 22,5 25 27,5 

 xx            

moment coefficient  0 0,028 0,037 0,024 0,032 0,024 0,032 0,024 0,032 0,024 0,032 0,024 

 M = wLx2 0 154 203,5 132 176 132 176 132 176 132 176 132 

Shear coefficient 0,24  0,36  0,33  0,33  0,33  0,33  

Shear wLx 264 0 396 0 363 0 363 0 363 0 363 0 

             

             

 30 32,5 35 37,5 40 42,5 45 47,5 50 52,5 55 57,5 

             

moment coefficient  0,032 0,024 0,032 0,024 0,032 0,024 0,032 0,024 0,032 0,024 0,032 0,024 

 M = wLx2 176 132 176 132 176 132 176 132 176 132 176 132 

Shear coefficient 0,33  0,33  0,33  0,33  0,33  0,33  

Shear wLx 363 0 363 0 363 0 363 0 363 0 363 0 

             

             

 60 62,5 65 67,5 70        

     xx        

moment coefficient  0,032 0,024 0,037 0,028 0        

 M = wLx2 176 132 203,5 154 0        

Shear coefficient 0,33  0,36  0,24        

Shear wLx 363 0 396 0 264        
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Bending moments and shear along yy w = 140 kN/m2, Lx = 5 m          

 0 2,5 5 7,5 10 12,5 15 17,5 20 22,5 25 27,5 

 yy            

moment coefficient  0 0,036 0,047 0,029 0,039 0,029 0,039 0,029 0,039 0,029 0,039 0,029 

 M = wLx2 0 198 258,5 159,5 214,5 159,5 214,5 159,5 214,5 159,5 214,5 159,5 

Shear coefficient 0,26  0,4  0,36  0,36  0,36  0,36  

Shear wLx 286 0 440 0 396 0 396 0 396 0 396 0 

             

             

 30 32,5 35 37,5 40 42,5 45 47,5 50 52,5 55 57,5 

             

moment coefficient  0,039 0,029 0,039 0,029 0,039 0,029 0,039 0,029 0,039 0,029 0,039 0,029 

 M = wLx2 214,5 159,5 214,5 159,5 214,5 159,5 214,5 159,5 214,5 159,5 214,5 159,5 

Shear coefficient 0,36  0,36  0,36  0,36  0,36  0,36  

Shear wLx 396 0 396 0 396 0 396 0 396 0 396 0 

             

             

 60 62,5 65          

   yy          

moment coefficient  0,047 0,036 0          

 M = wLx2 258,5 198 0          

Shear coefficient 0,4  0,26          

Shear wLx 440 0 286          
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reference Calculations results 

  Main reinforcement         

            

   Location short 5        

            

  Design of main reinforcement for slab       

  Effective depth d = 500-20 = 480mm        

  Area of main tensile reinforcement        

            

  K = M/(bd2fck) = ( 258.5×106)/(1000×4802×40)   0,028   

  K' = 0.208 for singly reinforced slab        

  K ≤ K' so singly reinforced beam        

  z = d(0.5 + (0.25-K/1.133)0.5)≤0.95d        

  Z = 480 (0.5 + (0.25-0.028/1.133)0.5)    467,8 mm 

  0.95d = 0.95 ×480     456 mm 

  use 456 mm         

            

  fyd = fyk/γs = 500/1.15      434,8 N/mm2 

            

  As = M/fydz = ( 258.5×106)/(434.8×456)   1303,79 mm2 

  Area of 20mm diameter bar    314 mm2 

  Number of bars =1303.79 / 314    4.15 per m width 

  Use 20mm diameter bars at 200mm centres (area = 1570mm2)     

            

  Max & minimum reincorcement areas to EN 192-1-1:2004-9.2.1.1     

            

  As,min = 0.26×b×d×fctm/fyk but not less than 0.0013bd      

  0.0013×1000×480     624 mm2 

            

  As,min = 0.26×1000×480×3.5/500    873,6 mm2 

            

  As,max = 0.04Ac         

  As,max = 0.04×1000×480    19200 mm2 

            

  Overall check:         

  As,min = 874 mm2 ≤ 1570 mm2 ≤ 19200 mm2       

            

  Maximum permissible spacing of bars       

  The rule, spacing  smaximum ≤ 3h = 1500 mm      
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    smaximum ≤ 400 mm where h = overall slab depth     

  Existing spacing = 200 mm        

            

  Shear Requirements         

  Maximum shear      440,00 kN 

            

  Shear Resistance of only concrete        

  VRd.c = ( CRd,c×k×(100ρ1fck)0.33 ≥ vmin + 0.15 σcp ) bwd      

                  

  CRd,c = 0.18/γc = 0.18/1.5    0,12   

            

  k = 1 + (200/d)0.5 = 1 + (200/240)0.5    1,65 mm 

  1.65 ≤ 2          

  ρ1 = Asl/(bwd) = 1570/(1000×480)    0,0033   

  0.02 ≥ 0.0033 so use 0.02        

  σcp only included uf there are axial foces in the beam      

            

  So VRd,c = ((0.12×1.65×(100×0.02×40)0.33)(1000×480))/103  402,5 kN 

  vmin = 0.035k1.5 fck
0.5 = 0.035×1,651.5×400.5   0,467   

            

  Vmin = (vmin + kσcp)bwd = (0.467 + 0)×1000×480/103  224,3 kN 

  use 402.5kN         

            

  402.5kN < 440.00kN need to design links       

            

            

  minimum longitudinal reinforcement ratio       

            

  ρ1,min = 0.26 fctm / fyk  = 0.26×3.5/500   0,00182   

  ρ1 = As1 / (bwd) = 1570 / (1000×480)   0,003   

  ρ1,min < ρ1 so ok         

            

            

  Design of shear reinforcement        

            

  Assume θ = 22° and α = 90°        

  - 

Angular compression struts as if with a large shear 

span     

   (case for udl, i.e. θ = 22°)       

  - Vertical stirrups. (α = 90°)       
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  Ved = (Asw/s) fywd z (cot θ)        

            

  z is the lever arm taken in shear calcs as 0.9d = 0.9×318  432 mm 

            

  fywd = 500 N/mm2. the code recommends fywd be multiplied by 0.8.     

  This factor will reduce the stell strength resulting in a higher steel area.     

  Hence fywd = 400 N/mm2. The reasons are complex and convoluted.     

            

  Ved = 825.6kN         

            

   (Asw/s) =Ved/(zfywdcotθ)        

  = (825.6×103)/(0.9×318×400×2.475)   1,03   

  Assuming T16 diameter vertical links (201mm2) with  upright arms     

  Longitudinal spacing s = Asw/0.38 = (2×201)/2.91   390,74 mm 

  Minimum permissible spacing = 0.75d = 0.75×480  360 mm 

            

  Maximum longitudinal spacing of vertical links       

  smax = 0.75d (1+cotα)         

  = 0.75×480 (1 + 0)        

  = 360mm > s = 200mm so ok       

  Use s = 200mm         

  Main shear links: H16 in pairs at 200 centres       

            

  Strength of the concrete struts must exceed strength of steel in tension     

            

  check maximum shear resistance of concrete VRd,max      

            

  VRd,max =αcw v1 fcd bw z /(cotθ + tanθ)       

            

  v1 = 0.6 [ 1 - (fck/250)] = 0.6[1 - (40/250)]   0,504   

            

  αcw allows for the impact of shear craking on croncrete      

   strength. For RC concrete αcw = 1.0      

            

            

  VRd,max = [1.0×0.504×(40/1.5)×1000×(0.9×480)] /[(2.5 + 0.4)×103] 2002,0966   

            

  VRd,max = 2002 kN > VEd,max = 440 kN so ok       
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   Location 2.5 short direction       

            

  Design of main reinforcement for slab       

  Effective depth d = 500-20 = 480mm        

  Area of main tensile reinforcement        

            

  K = M/(bd2fck) = ( 198×106)/(1000×4802×40)   0,021   

  K' = 0.208 for singly reinforced slab        

  K ≤ K' so singly reinforced beam        

  z = d(0.5 + (0.25-K/1.133)0.5)≤0.95d        

  Z = 480 (0.5 + (0.25-0.021/1.133)0.5)    470,7 mm 

  0.95d = 0.95 ×480     456 mm 

  use 456 mm         

            

  fyd = fyk/γs = 500/1.15      434,8 N/mm2 

            

  As = M/fydz = ( 198×106)/(434.8×456)   998,64 mm2 

  Area of 20mm diameter bar    314 mm2 

  Number of bars =998.64 / 314    3.18 per m width 

  Use 20mm diameter bars at 300mm centres (area = 1050mm2)     

            

  Max & minimum reincorcement areas to EN 192-1-1:2004-9.2.1.1     

            

  As,min = 0.26×b×d×fctm/fyk but not less than 0.0013bd      

  0.0013×1000×480     624 mm2 

            

  As,min = 0.26×1000×480×3.5/500    873,6 mm2 

            

  As,max = 0.04Ac         

  As,max = 0.04×1000×480    19200 mm2 

            

  Overall check:         

  As,min = 874 mm2 ≤ 1050 mm2 ≤ 19200 mm2       

            

  Maximum permissible spacing of bars       

  The rule, spacing  smaximum ≤ 3h = 1500 mm      

    smaximum ≤ 400 mm where h = overall slab depth     

  Existing spacing = 300 mm        
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  Shear Requirements         

  Maximum shear      0 kN 

            

            

   Location 2.5 long direction       

            

  Design of main reinforcement for slab       

  Effective depth d = 500-20 = 480mm      mm 

  Area of main tensile reinforcement        

            

  K = M/(bd2fck) = ( 154×106)/(1000×4802×40)   0,017   

  K' = 0.208 for singly reinforced slab        

  K ≤ K' so singly reinforced beam        

  z = d(0.5 + (0.25-K/1.133)0.5)≤0.95d        

  Z = 480 (0.5 + (0.25-0.017/1.133)0.5)    472,8 mm 

  0.95d = 0.95 ×480     456 mm 

  use 456 mm         

            

  fyd = fyk/γs = 500/1.15      434,8 N/mm2 

            

  As = M/fydz = ( 154×106)/(434.8×456)   776,72 mm2 

  Area of 20mm diameter bar    314 mm2 

  Number of bars =776.72 / 314    2.47 per m width 

  Use 20mm diameter bars at 300mm centres (area = 1050mm2)     

            

  Max & minimum reincorcement areas to EN 192-1-1:2004-9.2.1.1     

            

  As,min = 0.26×b×d×fctm/fyk but not less than 0.0013bd      

  0.0013×1000×480     624 mm2 

            

  As,min = 0.26×1000×480×3.5/500    873,6 mm2 

            

  As,max = 0.04Ac         

  As,max = 0.04×1000×480    19200 mm2 

            

  Overall check:         

  As,min = 874 mm2 ≤ 1050 mm2 ≤ 19200 mm2       
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  Maximum permissible spacing of bars       

  The rule, spacing  smaximum ≤ 3h = 1500 mm      

    smaximum ≤ 400 mm where h = overall slab depth     

  Existing spacing = 300 mm        

            

  Shear Requirements         

  Maximum shear      0 kN 

            

             

   Location long 5        

            

  Design of main reinforcement for slab       

  Effective depth d = 500-20 = 480mm      mm 

  Area of main tensile reinforcement        

            

  K = M/(bd2fck) = ( 203.5×106)/(1000×4802×40)   0,022   

  K' = 0.208 for singly reinforced slab        

  K ≤ K' so singly reinforced beam        

  z = d(0.5 + (0.25-K/1.133)0.5)≤0.95d        

  Z = 480 (0.5 + (0.25-0.022/1.133)0.5)    470,5 mm 

  0.95d = 0.95 ×240     456 mm 

  use 456 mm         

            

  fyd = fyk/γs = 500/1.15      434,8 N/mm2 

            

  As = M/fydz = ( 203.5×106)/(434.8×456)   1026,38 mm2 

  Area of 20mm diameter bar    314 mm2 

  Number of bars =1026.38 / 314    3.27 per m width 

  Use 20mm diameter bars at 300mm centres (area = 1050mm2)     

            

  Max & minimum reincorcement areas to EN 192-1-1:2004-9.2.1.1     

            

  As,min = 0.26×b×d×fctm/fyk but not less than 0.0013bd      

  0.0013×1000×480     624 mm2 

            

  As,min = 0.26×1000×480×3.5/500    873,6 mm2 

            

  As,max = 0.04Ac         

  As,max = 0.04×1000×480    19200 mm2 
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  Overall check:         

  As,min = 874 mm2 ≤ 1050 mm2 ≤ 19200 mm2       

            

  Maximum permissible spacing of bars       

  The rule, spacing  smaximum ≤ 3h = 1500 mm      

    smaximum ≤ 400 mm where h = overall slab depth     

  Existing spacing = 300 mm        

            

            

  Shear Requirements         

  Maximum shear      396,00 kN 

             

  Shear Resistance of only concrete        

  VRd.c = ( CRd,c×k×(100ρ1fck)0.33 ≥ vmin + 0.15 σcp ) bwd      

            

  CRd,c = 0.18/γc = 0.18/1.5    0,12   

            

  k = 1 + (200/d)0.5 = 1 + (200/480)0.5    1,65 mm 

  1.65 ≤ 2          

  ρ1 = Asl/(bwd) = 1050/(1000×480)    0,0022   

  0.02 ≥ 0.0022 so use 0.02        

  σcp only included uf there are axial foces in the beam      

            

  So VRd,c = ((0.12×1.65×(100×0.02×40)0.33)(1000×480))/103  402,5 kN 

  vmin = 0.035k1.5 fck
0.5 = 0.035×1,651.5×400.5   0,467   

            

  Vmin = (vmin + kσcp)bwd = (0.467 + 0)×1000×480/103  224,3 kN 

  use 402.5kN         

            

  402.5kN not < 396.00kN no need to design links       
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Calculation for the length of the pile 

 

Load acting on the pile: 1150kN 

 

The undrained shaft friction: fs = s cu α 

 

Where :  s shape factor = 1.0 for straight piles 

  cu undrained shear strength 

  α adhesion factor 

The undrained end bearing capacity: fb = w cu Nc 

 

Where:  cu undrained shear strength at base of pile 

  W  base contact = 0.8 for driven cast-in-place pile 

  Nc bearing capacity factor 

 

Allowable pile capacity 

 

21 F
Q

F
Q

Q bs
a +=  

 

 Where:  F1 load factor on shaft friction 

  F2 load factor on end bearing 

 

Qs = As × fs = d π L s cu α  

 

Qb = Ab × fb = d2 π L w cu Nc / 4 

 

cu = 130+35L kPa for fs  

cu = 130+17.5L kPa for fb  

d = 0.75 m 

s = 1 

α = 0.4 

w = 0.8 

Nc = 9 

F1 = 1.5 

F2 = 3 
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3
4/)5.17135(98.014.375.0

5.1
)35135(14.014.375.03800

2 LLLL +××××
+

+××××
=  

 

This simplifies into: 

 

11 L2 + 119 L – 3662 = 0 

There are two answers for the length L, one positive and the other negative, only the positive will 

be considered. 

 

L = 13.6 but a length of 14 will be taken. 

 

 

 

 

 

 

Group piling 

 

Group efficiency 

 

Qgroup = Qsingle N η 

 

Where:  η is the so-called efficiency of the pile group 

  N number of piles. 
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Where:  B =  diameter of piles    = 0.75 m 

  s =  centre-to-centre spacing of piles   = 5 m 

  m =  number of rows of piles in the group  = 15 

  n =  number of columns of piles in the group  = 14 

 

η = 0.82 

 

Qsingle is calculated using the same formulas as before: 
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Qgroup  =6920×(14×15)×0.82 

 = 1,200,000 kN 

 

Group failure 

 

Qblock  = 2(B+L) D cu + B L cu Nc 

 

Where:  B width of pile group 

  L length of pile group 

  D  depth of penetration of piles 

  cu  average (remoulded) undrained shear strength 

  cu (undisturbed) undrained strength at base of block 

  Nc bearing capacity factor 

 

B = 65 m 

L = 70 m 

D = 5 m 

cu = 620 kPa 

cu= 375 kPa 

Nc = 9 

 

Qblock  = 2× (65+70) ×6×620+ 65×70×375×9 

 = 26,800,000 kN 
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Horizontal loads in pile group 

 

Axial load  795 kN 

Moment  0 kNm 

Horizontal load  145 kN 

 

For the vertical loads Fv1 to Fv6 

kN34.101
6

26
8

795 5.0

=×  

 

For the horizontal loads 

kN84.1844/26145 5.0 =×  

 

The moment of inertia is 

125])55.1()55.0[(2 22 =×+×=yI  

 

The moment at the pile top is 

1.5514538.00 =×+  

kN37.3
5125

2651.555.1 5.0

=
×
×××

 

 

The maximum pile is 



MDDP 2010 – Steel Stockholder – Group 2 
 

Author: Ibrahima Sagnia Page 204 of 233  

101.34 + 184.84 + 3.37 = 289.55 kN 

 

Axial load  711 kN 

Moment  0 kNm 

Horizontal load  218 kN 

 

For the vertical loads Fv1 to Fv6 

kN64.90
6

26
8

711 5.0

=×  

 

For the horizontal loads 

kN90.2274/26218 5.0 =×  

 

The moment of inertia is 

125])55.1()55.0[(2 22 =×+×=yI  

 

The moment at the pile top is 

84.8221838.00 =×+  

kN07.5
5125

26584.825.1 5.0

=
×

×××
 

 

The maximum pile is 

90.63 + 227.90 + 5.07 = 373.60 kN 

Axial load  795 kN 

Moment  0 kNm 

Horizontal load  52 kN 

 

For the vertical loads Fv1 to Fv6 

kN34.101
6

26
8

795 5.0

=×  

 

For the horizontal loads 
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kN29.664/2652 5.0 =×  

 

The moment of inertia is 

125])55.1()55.0[(2 22 =×+×=yI  

The moment at the pile top is 

76.195238.00 =×+  

kN21.1
5125

26576.195.1 5.0

=
×

×××
 

The maximum pile is 

101.34 + 66.29 + 1.21 = 168.84 kN 

 

Axial load  795 kN 

Moment  0 kNm 

Horizontal load  194 kN 

 

For the vertical loads Fv1 to Fv6 

kN34.101
6

26
8

795 5.0

=×  

For the horizontal loads 

kN30.2474/26194 5.0 =×  

 

The moment of inertia is 

125])55.1()55.0[(2 22 =×+×=yI  

The moment at the pile top is 

72.7319438.00 =×+  

kN51.4
5125

26572.735.1 5.0

=
×

×××
 

 

The maximum pile is 

101.34 + 247.30 + 4.51 = 353.15 kN 



MDDP 2010 – Steel Stockholder – Group 2 
 

Author: James Walters Page 206 of 233  

Appendix 4 - Construction Programme 
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Appendix 5 - Method Statement 

 

Method Statement - MDDPG2 Engineering 

CLIENT: 

CONTRACT TITLE: 

Coleshill Steel Holder          

CONTRACT NO: 

Birmingham, Coleshill – Steel Stockholder      

METHOD STATEMENT NO: 

00.00.01          

SUBJECT: 

MS/001         

 

The building of a steel stock holder for Coleshill Steel Holders    
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13.0 Subcontractors  

14.0 Contact Details  

15.0 Working Hours  

16.0 Welfare and First Aid  

17.0 Methodology  

18.0 Method Statement Briefings  

19.0 Tool box Talks  

20.0 Control Measures for Specific Health Hazards  

21.0 C.O.S.H.H &Manual Handling Assessments  

22.0 Permit to Work System  

23.0 P.P.E  

24.0 Emergency & Contingency Planning  

25.0 Appendices  

1.0 Scope of Method Statement 

 

This method statement specifically addresses the proposed of a steel portal frame building 

of and one stories office building on site with a train and lorry loading/unloading alongside 

the building. The site will also include a car and separate lorry parking areas.  

 

Responsible 

    Person 

2.0 Location 

 

The works shall be carried out within the site boundary fence. The construction will only 

take place in the zone enclosed by highlighted line below. 

 

 
 

 



Method Statement 
MDDPG2 Engineering – Guildford  

Method Statement Title 
Coleshill - Steel Stock Holders 

Reference Number 
(00.00.01/MS01) 

Revision No. 
00 

Page No. 
212 
 

Author: James Walters Page 212 of 233  

3.0 Significant Hazards 

 

Below are the is a list of the biggest risks on site, refer to risk assessment attached to how 

they be controlled:  

 

Earthworks heavy plant and equipment; personal being hit by machines or object being 

control/lifted by the machine. 

Cranes and other lifting equipment; personal being hit by machines or object being 

control/lifted by the machine. 

Working at heights; personal falling at height. 

Water hazard a river is present on the north side of the side; personal falling in and 

drowning or getting hypothermia. 

 

Site Manager 

4.0 Noise 

 

Best Practicable Means (as defined in S72 of Control of Pollution Act 1974) shall be used to 

reduce noise at all locations at all times. 

 

Site Manager 

5.0 Dust, Smoke, Vapour 

 

It is anticipated that there shall be only moderate level of dust, smoke or vapour generated 

by this work. 

 

Dust suppression measures shall be implemented when necessary. 

 

 

General 

Foreman 

6.0 Waste Disposal 

 

Any waste materials generated by these works shall be collected, segregated and disposed 

of in designated waste skips. A licensed waste disposal contractor shall carry out collection 

and disposal of waste regularly, under appropriate supervision. 

 

The burning of waste / debris will strictly forbidden. 

General 

Foreman 
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7.0 Dewatering Arrangements & Disposal of Water 

 

All ground & surface water will be stored in a tank before passed through the water 

treatment plant to remove any contaminants. After treatment the water will be tested for 

quality & if acceptable will discharge into the local sewerage or re-used on site. 

 

General 

Foreman 

8.0 Fuels, oils etc – Storage and containment 

 

Mobile plant shall be refuelled in a designated area away from watercourses with particular 

note to the north of the site and porous rock. Fuel shall be pumped into machines to 

minimise the risk of spillage. Appropriate absorbent materials and a spill kit shall kit 

available in case of emergency. Any spillages shall be contained and reported to the 

Foreman. 

 

Drip trays shall be place beneath all static combustion plant, checked daily and emptied 

when necessary. 

 

General 

Foreman 

9.0 Plant 

 

Tracked Excavator(s). 

Dump truck(s). 

Earth Drill(s). 

Concrete Truck(s). 

Mobile Crane(s). 

 

Daily checks will be record and maintained for all operated plant. 

 

 

10.0 Portable tools and equipment 

 

All normal construction equipment will be used.  

 

Weekly checks will be record and maintained for all portable tools and equipment. 
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11.0 Certification Requirements 

 

Plant operators shall provide a current CPCS or equivalent certificate of training prior to 

starting work on site. 

 

All personal shall provide a current CSCS or equivalent certificate of training prior to 

starting work on site. 

 

 

 

General 

Foreman 

12.0 Inspection & Examination Certificates 

 

All plant certification shall be inspected before the item is allowed commence on site and 

copies shall be retained on site for reference. 

 

Copies of all personal certificates shall be forwarded to the Safety Advisor for checking. 

General 

Foreman 

13.0 Subcontractors 

 

The Main Civils Contractor for the Works shall be MDDPG2 Engineering. 

 

 

14.0 Supervision Arrangements 

 

MDDPG2 Engineering Personnel: 

 

John Smith (Project Manger)                  07846 487 484 

Joe Smith (Assistant PM)                         07845 567 374 

Jack Smith (Foreman)                               07268 854 293 

 

15.0 Working Hours 

 

Standard working hours shall be: 

 

Monday – Friday    07.00 – 18.00 

Site Manager 
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Saturday                  08.00 – 14.00 

 

16.0 Welfare and First Aid 

 

Welfare facilities for this work shall be located at the office compounds. A trained and 

equipped HASAW First Aider shall be on site at all times; the first aid provisions shall be 

located in the Main Office. The emergency procedure document outline provision in place, 

applicable in the event of an emergency. Either two way radio communication shall be used 

or mobile telephone, this system shall be at hand at all times, (the working area shall have 

been checked for transmission reception prior to work commencing).  

 

A decontamination unit will be used when working with contaminated land. 

Site Manager 

17.0 Section 
METHODOLOGY 

Eng/Forman 

 

 

Area one – Steel stock House. 

Pile foundation using an earth drill to dig each pile and then placing reinforcement in the 

hole and finally concreting to form the pile.  

Concrete slab  

Tested seven days later to check that the concrete has reached the strength required. 

Steel structure and the Kasto Racking system will be built at the same time with the mobile 

crane. 

Machines and testing. 

Finishing walkthroughs, building inspection , and the move in. 

 

 

 

 

 

Area Two – Main Office 

Foundation and Concrete Slab digging to the desired level, then placing the reinforcement 

and concrete afterwards.   

Walls, roof and windows. 
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Electrical, plumbing, and specialty installing first stage the rough through. The second stage 

is the final trim after the paint and decorating. Also before the painting and decorating the 

special installation will be done this includes the alarm system, telephone system and the 

television system. 

Soft finishes all the soft finishes will start at the same time with the longest taking the 

suspended ceiling taking two weeks. 

Finishing walkthroughs, building inspection, and the move in. 

 

 

Area Three –External work 

Road and Access this will begin at the start of the project so there access on to and off the 

site. 

Landscaping this will be carried just before finishing of the project and involved the final 

grading of the soil and the planting of the trees, and plants.  

 

18.0 Method statement briefings 

 

Foreman shall ensure all operatives are briefed on the Method Statement and any specific 

Method Statements to the works they are to undertake, prior to work commencing. A record 

of attendance shall be made at the briefing to be passed on the Safety Manager, using 

standard form MDDPG2_872C. 

 

Understanding shall be confirmed by undertaking a brief verbal question session. Question 

asked shall be recorded on the Method Statement Briefing Sheet and signed confirming 

correct answers given. 

 

All operatives / supervisors shall receive a complete briefing of the Method Statement. 

 

General 

Foreman  

19.0 Toolbox talks 

 

Site Supervisors shall undertake toolbox talks as necessary. All attendees shall sign to say 

they have been briefed and agree to all recommendations set out within the relevant toolbox 

talks. 

 

Site Engineer/ 

Foreman 
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A copy of Tool Box Talk record shall be forwarded to Construction Manager. 

 

20.0 Control Measures for Specific Health Hazards 

 

Refer attached site specific Risk Assessment 

 

Section 

Eng/Forman 

21.0 C.O.S.H.H. and Manual Handling Assessments 

 

The following items have been identified as hazardous to health and shall have product 

COSHH data sheets available to allow the correct PPE to be worn: 

 

Diesel Oil 

Manual handling assessments shall be carried out prior to loads being lifted. 

 

Site Manager 

22.0 Permit To Work System 

 

All excavations are only to be carried out if a “Permit To Dig” has been issued complete 

with statutory undertakers service drawing or sketch.  

 

Confined space work shall only be carried out under the control of a “Permit to Work in 

Confined Spaces”. 

 

Hot works shall only be carried out under the control of a “Hot Works Permit”. 

 

Site Manager 

23.0 P.P.E. 

 

All project personnel subcontractors and visitors will be required to wear as a minimum: - 

 

High visibility vests. 

Safety boots. 

Safety helmets. 

Ear defenders (where signs / notices are displayed). 

Eye protection (where signs / notices are displayed). 

General 

Foreman 
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Protective clothing (glove and overalls) (where signs / notices are displayed). 

Breathing apparatus (if required, COSHH) 

24.0 EMERGENCIES AND CONTINGENCY PLANNING 

 

All situations. 

 

THE MDDPG2 ENGINEERING INIDENT CONTROLLER WILL BE REPONSIBLE 

FOR THE IMPLEMENTATION OF THE PROJECT SAFETY PLAN AND 

EMERGENCY PROCEDURE. 

 

FOREMAN, GANGERS AND CHARGE HANDS WILL CARRY RADIO HANDSETS 

AND REPORT ACCIDENTS TO THE MAIN OFFICE FROM WHERE THE 

EMERGENCY SERVICES WILL BE CONTACTED IF REQUIRED. 

 

IF A MOBILE TELEPHONE IS AT HAND THEN THE EMERGENCY SERVICES 

SHOULD BE CONTACTED DIRECTLY IF REQUIRED. THE LOCATION FOR ANY 

EMERGENCY SHOULD BE QUOTED AS: -  

 

Coleshill Steel Holders,  

Edison Road, 

Coleshill, 

Birmingham, 

B46 1DA. 

 

NEAREST HOSPITAL WITH AN ACCIDENT AND EMERGENCY DEPARRMENT: 

 

A&E Southgate,  

Station Road, 

Birmingham,  

West Midlands, 

B46 1HX. 

 

IF NECESSARY, SUMMON FIRST AID. 
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REPORT ANY ACCIDENT / INCIDENT OR NEAR MISS TO YOUR SUPERVISOR. 

 

25.0  

APPENDICES 

Risk assessment 

Method statement briefing sheet 
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RISK ASSESSMENT 

Project Name: Birmingham, Coleshill – Steel   Project Number: 

Originator Name: 

00.00.01      

James Walters    Approval Name: 

Signature:        M/S No: 

.       

MS/McA/001 Signature: .     

KEY: 

 Date:    

L = Liklihood (1-5) S = Seveity (1 – 6) R = Risk (Likelihood + Serverity) 

RISK 

RANKING 

Below 4 

Events with risks at or below the equivalent 

of one major injury a year 

5 – 7 

Events  with a level of risk greater than a major 

injury but not as high as a fatality a year 

8 – 11 

Events with risks at or above one equivalent 

fatality a year (refer to line manager or 

Assurance & Safety Department) 

 

 

TASK/ELEMENT POTENINAL HAZARDS POPULATION 

AT RISK 

RISK 

RATING 

CONTROL MEASURES SPECIFIED REVISED 

RISK RATING 

L S R L S R 

Earthworks Heavy plant and 

Equipment 

Crushing and overturning 10 2 6 8 Induction Continual Training, Monitoring of 

operations  

Site Traffic Management schemes in place and 

adhered to 

Restricted access to works area 

PPE in particular hi viz clothing 

Restricted and controlled reversing of vehicles 

1 6 7 
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Restricted and controlled loading of wagons 

Marshalls when reversing or congested working 

Certificated Plant Operators and licensed HGV 

divers 

Plant fitted with flashing beacons, reversing sirens 

ect. Properly maintained plant 

Overhead Cranes and other 

Lifting Equipment  

Crushing or Injury to 

personal  

10 2 6 8 Induction Continual Training, Monitoring of 

operations  

The ‘Safer Crane Scheme’ will be in place on site  

Certificated Crane divers  

PPE in particular hi viz clothing and hard hats 

Marshalls on the ground to monitor all lifts 

1 6 7 

Working at heights Falling off structure 8 4 6 10 Induction Continual Training, Monitoring of 

personal  

A man safe system will be used on site 

‘Permit to work at heights’ system 

4 1 5 

Underground / Overhead Services Striking / damages services 10 3 6 9 Induction, Continual Training, Monitoring of 

operations. 

‘Permit to Dig’ System 

Demarcation, Signage, Trail holes, Goal Posts  

1 5 6 

Slips / Trips and Falls Twisted ankle / falling 10 2 5 7 Induction Continual Training, Monitoring of 1 5 6 
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operations  

Restricted access to works area 

Safe access to / egress from works area 

Arising disposed of immediately 

Works area kept clean and tidy 

PPE 

Refuelling Spillage whilst refuelling 5 2 3 5 Only refuel plant away from watercourse 

Emergency spill kits with bowser 

Drip trays 

Re-fuel in designated areas 

1 3 4 

Non Operated Plant Accident resulting from 

collision or overturning 

10 2 6 8 Operatives to be competent in their use CPCS 

Roll bars or Safety Cabs to be fitted 

Safety belts to be fitted and used 

1 6 7 

Contaminated Ground Injury through skin contact 

Contamination of the 

Environment 

10 4 4 8 Isolate area with fencing 

Treat material in accordance with specific 

constraints 

Stockpile within soil remediation area 

PPE – rubber gloves / full body suits / wellington 

boots. 

2 4 6 

Manual Handling Injury to Personal 10 4 5 9 Load to be assessed for weight and awkwardness 

Ensure clear route to point of deposition 

2 5 7 
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Plan the lift  

Avoid manual handing if possible 

Quick Hitches Bucket falling off excavator 10 3 6 9 Daily visual inspection in line with plant check sheet 

No pedestrian traffic under or around the excavator 

during operations 

Safety pins to be inspected where fitted 

1 6 7 

Dust Airborne particles blowing 

into eyes inhales  

10 4 4 8 Damp down with water bower 

Water storage 

PPE – eye protection as required 

1 4 5 

Noise Deadness annoyance 5 3 5 8 PPE ear defenders 

Monitoring 

Noise barriers 

1 5 6 

Fumes  Nuisance / health hazard 5 3 5 8 PPE – Respiration protection as required 

COSHH talks 

Monitoring 

Limit time / access within in damager areas 

1 5 6 

UXO’s Explosion of ordinance 20 3 6 9 Explosive safety Engineer in attendance at all time 

Toolbox talks and training 

1 6 7 
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WEEKLY TOOL BOX TALKS & METHOD STATEMENT BRIEFING 

CONTRACT NAME: Birmingham, Coleshill – Steel 

CONTRACT NUMBER: 00.00.01 

DATE OF TALK:  

NAME OF PERSON GIVING TALK:  

TOPIC COVERED:  

  

 NAME SIGUATURE  NAME SIGUATURE 

1   16   

2   17   

3   18   

4   19   

5   20   

6   21   

7   22   

8   23   

9   24   

10   25   

11   26   

12   27   

13   28   

14   29   

15   30   

 

 

 

 

 

 

SIGNATURE OF INSRUCTITOR.        

 

SIGNATURE OF MANAGER .       

SAFETY PROBLEM’S IDENTIFED BY WORKFORCE 

(IF NO PROBLEMS ARE REPORTED PLEASE INDICATE) 
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Appendix 6 - Bill of Quantities 

Process Facility                                                                                          
(Gross internal floor area = 10,015 
square metres) 

Quantity Unit Rate Total (£)  Cost (£/m^2) % 

             
Substructure      1,023,422.67 102.19 14.81 

Excavation and disposal off site 2,114.28 m3 24.00       
Mobilisation and de-

mobilisation of Continuous Flight 
Auger (CFA) piling rig 

  item 7,360.00       

Piles 1,200.00 m 70.00       
Slab 10,015.00 m2 88.00       
             

Frame      534,250.00 53.34 7.73 
Steel propped portal frame, cold 

rolled purlins, surface treatments  250.00 t 1,251.00       

Allowance for miscellaneous 
works, protecting columns   item 11,500.00       

Frame mounted gantry cranes 2 nr 105,000.00       
             

Roof      627,575.87 62.66 9.08 
Corus Trisomet 333 system 10,241.00 m2 48.00       
Extra over for Roof lights (10% 

of total) 1,024.10 m2 52.00       

Man safe system 890.22 m 66.00       
Rainwater drainage, aluminium 

gutters and downpipes 500.00 m 48.00       

             
External Wall, Windows and Doors      174,836.00 17.46 2.53 

Corus Trisomet 333 system 2,612.00 m2 48.00       
4000 x 5000 high shutter door 4 nr 3,680.00       
12,500 x 5000 high shutter door 4 nr 7,360.00       
Double door steel security 

doors, including all ironmongery 4 nr 1,325.00       

             
Ventilation Installations      14,400.00   0.21 

Fan extractors 24.00 item 600.00       
             

Electrical Installations      473,865.00 47.32 6.86 
Lighting and luminaries 10,015.00 m2 37.00       
Emergency lighting 10,015.00 m2 5.00       
External lighting   item 53,235.00       
             

Incoming Services      348,710.00 34.82 5.05 
Allowance for incoming water 

series   item 88,320.00       

Mains connection; high voltage 
switchgear/ transformers / connections; 
mains switchboard and bush bars 

10,015.00 m2 8.00       

Sub mains distribution; 
switchboard; mains cabling 10,015.00 m2 4.00       

Small power installation  10,015.00 m2 14.00       
             

Protective Installations      8,190.00 0.82 0.12 
Lightening protection   item 8,190.00       
             

Communication Installations      60,090.00 6.00 0.87 
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Fire alarm 10,015.00 m2 6.00       
             

Site Work / Other      2,493,100.00   36.08 
Car park, landscaped 1,000.00 m2 74.00       
Weighbridge   item 41,000.00       
Train standing 1,500.00 m2 1,472.00       
Reinforced in situ concrete road 

to hardcore base, thickness not 
exceeding 150mm 

2,100.00 m3 81.00       

             
Construction Cost      1,151,687.91 115.00 16.67 

Overheads; profit, site 
establishment and site supervision @   17%         

Contingency   3%         
Construction cost (Process facility 
only)       6,910,127.44 689.98 100.00 

Construction cost scaled for location        6,080,912.15 607.18   

       
Kasto Unicompact rack                                                                                          
(Gross internal floor area = 3,000 
square metres) 

Quantity Unit Rate Total (£)  Cost (£/m^2) % 

              
Unicompact product to include:       6,000,000.00 599.10 100.00 

Ground works, foundations, 
frame, gantry cranes, 4 longitudinal 
loading/unloading stations, approx. 
6000 locations/cassettes, control 
system, rack-frame supported wall and 
roof cladding 

  item 6,000,000.00       

Construction cost (KASTO unicompact 
only)        6,000,000.00 2,000.00 100.00 
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Kasto loading cover                                                                                         
(Gross internal floor area = 1,300 
square metres) 

Quantity Unit Rate Total (£)  Cost (£/m^2) % 

              
Substructure       148,426.67 114.17 28.34 

Excavation and disposal off site 274.44 m3 24.00       
Piles 392.00 m 70.00       
Slab 1,300.00 m2 88.00       
              

Frame       67,444.00 51.88 12.88 
Steel propped portal frame, cold 

rolled purlins, surface treatments  52.00 t 1,251.00       

Allowance for miscellaneous 
works, protecting columns   item 2,392.00       

              
Roof      87,146.67 67.04 16.64 

Corus Trisomet 333 system 1,400.00 m2 48.00       
Extra over for Roof lights (10% 

of total) 140.00 m2 52.00       

Man safe system 115.56 m 66.00       
Rainwater drainage, aluminium 

gutters and downpipes 105.00 m 48.00       

             
External Walls, Windows and Doors      43,165.00 33.20 8.24 

Corus Trisomet 333 system 680.00 m2 48.00       
16,000 x 5000 high shutter door 1 nr 9,200.00       
Double door steel security 

doors, including all ironmongery 1 nr 1,325.00       

              
Electrical Installations      59,016.00 45.40 11.27 

Lighting and luminaries 1,300.00 m2 37.00       
Emergency lighting 1,300.00 m2 5.00       
External lighting   item 4,416.00       
              

Incoming Services      23,400.00 18.00 4.47 
Sub mains distribution; 

switchboard; mains cabling 1,300.00 m2 4.00       

Small power installation  1,300.00 m2 14.00       
              

Communication Installations       7,800.00 6.00 1.49 
Fire alarm 1,300.00 m2 6.00       
              

Construction Cost       87,279.67 67.14 16.67 
Overheads; profit, site 

establishment and site supervision @   17%         

Contingency   3%         
Construction cost (Kasto loading cover 
only)       523,678.00 402.83 100.00 

Construction cost scaled for location        460,836.64 354.49   
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Office Building                                                                                         
(Gross internal floor area = 510 
square metres) 

Quantity Unit Rate Total (£)  Cost (£/m^2) % 

              
Substructure       54,125.81 106.13 9.53 

Excavation and disposal 230.32 m3 24.00       
Concrete strip foundation, 

masonry work below DPC; block work 
and facing brickwork 

148.06 m 125.00       

Reinforced in situ concrete 
ground slab, including service trench; 
vapour barrier; hardcore, excavation 
and disposal 

510.00 m2 59.00       

              
Roof       69,459.19 136.19 12.23 

Softwood roof trusses 625.16 m2 35.00       
Board insulation to roof 510.00 m2 15.00       
Cement slate roofing all eaves, 

ridge tiles and labours 625.16 m2 48.00       

Aluminium rainwater down 
pipes  65.81 m 63.00       

Aluminium gutters 105.00 m 55.00       
              

External Walls       45,241.94 88.71 7.97 
Brick cavity wall, facing brick 

outer skin, inner block work leaf 361.94 m2 125.00       

              
Windows and External Doors       34,900.00 68.43 6.15 

Double door steel security 
doors, including all ironmongery 2.00 nr 1,325.00       

Double glazed uPVC purpose 
made windows 125.00 m2 258.00       

              
Internal Walls and Partitions       14,517.00 28.46 2.56 

Partitions; 100/140 block work 441.00 m2 31.00       
WC cubicle partitions; 

laminated plastics, including all 
ironmongery 

2 nr 423.00       

              
Internal Doors       15,717.00 30.82 2.77 

Internal fire doors, vision panel, 
stainless steel ironmongery 15 nr 773.00       

Double fire doors, vision panel, 
stainless steel ironmongery 2 nr 1,067.00       

Non fire rated doors, stainless 
steel ironmongery to WC 4 nr 497.00       

              
Wall Finishes       19,800.00 38.82 3.49 

Plaster and 1 mist coat, 3 coats 
of emulsion paint 900.00 m2 14.00       

Ceramic wall tiles, full height in 
toilets and showers 150.00 m2 48.00       

              
Floor Finishes       18,628.00 36.53 3.28 

Cement screed 510.00 m2 15.00       
Carpet tiles 448.00 m2 19.00       
Safety vinyl to changing and 

WC areas 62.00 m2 31.00       
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Entrance matting with 
aluminium mat-well 2.00 m2 272.00       

              
Ceiling Finishes       14,018.00 27.49 2.47 

Plasterboard ceiling, plaster 
skim and emulsion paint finish 448.00 m2 27.00       

Moisture resistant plasterboard 
ceiling, plaster skim and emulsion paint 
finish 

62.00 m2 31.00       

              
Furniture and Fittings       31,410.00 61.59 5.53 

Workstation; 2m long desk; 
drawer unit; task chair 16.00 nr 515.00       

Meeting room facilities 35.00 m2 662.00       
Staff rest area   nr 2,208.00       
              

Sanitary Fittings       10,846.00 21.27 1.91 
WCs, basins, cleaners sink, 

urinals (average rate per point) 13.00 nr 346.00       

Extra for accessible WC 
facilities 1.00 nr 828.00       

Shower fittings 5.00 nr 1,104.00       
              

Disposal Installations       7,650.00 15.00 1.35 
Waste, soil and vent 

installation; uPVC pipe work and 
fittings 

510.00 m2 15.00       

              
Water Installations       8,764.00 17.18 1.54 

Cold water points 21 nr 236.00       
Hot water points 14 nr 272.00       
              

Space Heating and Air Treatment       52,530.00 103.00 9.25 
Space heating, all costs 

associated with the supply & 
installation of the heating system, 
temperature control and distribution 
pipe work 

510.00 m2 103.00       

              
Ventilation Installations       3,901.00 7.65 0.69 

Ventilation extraction to toilet 
areas   item 3,901.00       

              
Electrical and Gas Installations       47,940.00 94.00 8.44 

Mains and sub-mains 
installations 510.00 m2 19.00       

Small power installations 510.00 m2 27.00       
Lighting & emergency lighting 510.00 m2 48.00       
             

Protective, Communication and 
Special Installations       17,834.00 34.97 3.14 

Lightening protection   item 1,514.00       
Fire alarm installation, smoke 

detectors, call points   item 5,751.00       

Telephone and data wire ways; 
internal telephone system   item 3,209.00       

Security installation; intruder 
detection, CCTV   item 7,360.00       

              
Builders work       5,888.00 11.55 1.04 
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Forming holes, chases etc   item 5,888.00       
              

Preliminaries and Contingency       94,633.99 185.56 16.67 
Management costs, site 

supervision @   17%         

Contingency @   3%         
              

Construction cost (Office building 
only)       567,803.92 1,113.34 100.00 

Construction cost scaled for location        499,667.45 979.74   

       
    Total 13,041,416.24  
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Appendix 7 - Financial Model 

Inflation & Steel Price 

 
 

Sales Revenue 

 
 

 

Fixed Costs 

 
 

Variable Costs 

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Inflation Yearly Change 0.00 3.20 3.10 1.80 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Prices Adjusted for Inflation 1.00 1.03 1.06 1.08 1.10 1.13 1.15 1.17 1.20 1.22 1.24 1.27 1.29 1.32 1.35 1.37 1.40 1.43 1.46 1.49 1.52

Steel Price Variation 0.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Adjusted Steel Prices 1.00 1.03 1.06 1.09 1.13 1.16 1.19 1.23 1.27 1.30 1.34 1.38 1.43 1.47 1.51 1.56 1.60 1.65 1.70 1.75 1.81

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Quantity of Steel (Tonnes) 80000 90000 100000 110000 120000 120000 120000 120000 120000 120000 120000 120000 120000 120000 120000 120000 120000 120000 120000 120000
Adjusted price per ton (£) 400 360.50 371.32 382.45 393.93 405.75 417.92 430.46 443.37 456.67 470.37 484.48 499.02 513.99 529.41 545.29 561.65 578.50 595.85 613.73 632.14
Sales Revenue (£'000) 32277.73 37649.65 43380.07 49490.54 56003.93 58102.64 60289.80 62569.63 64946.54 67425.19 70010.50 72707.63 75522.02 78459.40 81525.80 84727.60 88071.50 91564.55 95214.22 99028.36

Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Insurance (£) 100000 103200 106399 108314 110481 112690 114944 117243 119588 121980 124419 126908 129446 132035 134675 137369 140116 142919 145777 148692
Staff (£) 1270950 1311620 1352281 1376622 1404154 1432237 1460882 1490100 1519902 1550300 1581306 1612932 1645190 1678094 1711656 1745889 1780807 1816423 1852752 1889807
Facility Maintenance (£) 100000 103200 106399 108314 110481 112690 114944 117243 119588 121980 124419 126908 129446 132035 134675 137369 140116 142919 145777 148692
Water + Gas Bills (£) 50000 51600 53200 54157 55240 56345 57472 58621 59794 60990 62210 63454 64723 66017 67338 68684 70058 71459 72888 74346
Machiney Maintenance (£) 50000 51600 53200 54157 55240 56345 57472 58621 59794 60990 62210 63454 64723 66017 67338 68684 70058 71459 72888 74346

Fixed Costs (£'000) 1571 1466 1512 1539 1570 1601 1633 1666 1699 1733 1768 1803 1839 1876 1914 1952 1991 2031 2071 2113
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Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Quantity of Steel (Tonnes) 80000 90000 100000 110000 120000 120000 120000 120000 120000 120000 120000 120000 120000 120000 120000 120000 120000 120000 120000 120000
Adjusted price per ton (£) 350 360.50 371.32 382.45 393.93 405.75 417.92 430.46 443.37 456.67 470.37 484.48 499.02 513.99 529.41 545.29 561.65 578.50 595.85 613.73 632.14
Total Cost of Steel (£'000) 28840.00 33418.35 38245.45 43332.09 48689.51 50150.20 51654.70 53204.34 54800.47 56444.49 58137.82 59881.96 61678.42 63528.77 65434.63 67397.67 69419.60 71502.19 73647.25 75856.67

Electricity
Electricity Cost (£'000) 825.60 478.80 541.57 607.64 676.14 689.66 703.46 717.53 731.88 746.52 761.45 776.67 792.21 808.05 824.21 840.70 857.51 874.66 892.15 910.00

Shipping
Number of lorry deliveries needed in a year 1600 1800 2000 2200 2400 2400 2400 2400 2400 2400 2400 2400 2400 2400 2400 2400 2400 2400 2400 2400
Total Delivery Costs (£'000) 160 180 200 220 240 240 240 240 240 240 240 240 240 240 240 240 240 240 240 240

Variable Costs (£'000) 29825.60 34077.15 38987.02 44159.73 49605.65 51079.86 52598.16 54161.87 55772.35 57431.00 59139.27 60898.63 62710.62 64576.82 66498.84 68478.37 70517.11 72616.85 74779.41 77006.67



 

Author: Mark Scrivener Page 233 of 233  
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