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1. Introduction 
The history of the architecture has centuries, having grown according to the necessities of the populations. The first robust buildings with strong structures are always connected to the security and power, E.g. Army’s Buildings and castles with small windows for security and protection of the weather. Palaces and Temples prevailed within the most important places and classified the power of the rulers who resided there. [1] Infrastructures were needed and engineering work in conjunction with architectural projects emerged and became more and more persistent in the daily lives of the population, having evolved from century to century. With the history of old buildings, we can conclude that Art, science, and mathematics were without doubt three partners in the construction of buildings. [2] After the industrial revolution the construction got new materials and new methods of construction. In the 20th century, the search for new alternatives, the interest in safety and the need to avoid risks, led us to the growth of new technologies that allowed the reduction of risks in the area of ​​construction. Laws were developed to protect the owners of new buildings, as well as to avoid conflicts between professionals and damage to companies with loss of earnings. At the time of the 60's the first computers appeared, and several software’s were created. But only after the 80's did design software have grown significantly in the area of CAD design (computer aided design) and this software has created a fast, efficient way to draw plans and elevations more accurately, and freeing workers from excess hours that led to drawing manually.[3]  It was possible to work faster and with fewer errors, but still had to improve shared understanding. As early as 1994, Sir. Mikael Lathan suggested the reform of procurement in construction process and advocated partnering and collaboration by construction companies. [4] The boom with the new technologies and with the high production, global warming has given rise to conferences in search of solutions for the reduction and control in the CO2 emissions. With the search for the solution and the creation of sustainable buildings gave rise to a new method developed in the area of civil construction, and that is spreading to other areas such as the transport as well. BIM - Building Information Modeling was developed to establish the methodology to manage the intelligent model base process being applied in planning, design, building management and infrastructures, with the added value of all jobs being chain and all parts can work simultaneously reducing risks and avoiding disputes. [5] The intention of Government Construction is to create a serial work methodology, with the goal of reducing the cost of government building projects by 15-20%.
This strategy began in May 2011 and was publicly launched by Cabinet Minister Francis Maude in July 2011. On July 2, 2012, the One Year On report and the update of the Action Plan were published. [6]

2 – UK Government Construction Strategy
 The Government Construction Strategy published in 2011 was to invigorate the development, the construction of more buildings but with the same funds available. That is, it is possible to reduce costs in the construction of public buildings in the order of 15% to 20%, which means that it is possible with an effective methodology that can reduce the design time, the use of suitable materials and the reduction at the time of construction. But it is only possible if, from the development of the project, a team work is adapted, in which everyone can work together in order to reduce time, risks and costs, but always with the highest quality (BIM level 2). [7] Always considering waste reduction, the choice of recyclable or local materials that can characterize constructions as sustainable with new technologies and renewable energy being classified with certificates of zero carbon emissions. The methodology is intended to decrease waste, holder administration and encourage financial development through a progressively productive development industry. 
Partnerships are the key to success, making processes shorter and more effective with less risk, loss or even abolition of disputes.


3. BIM
Basically, it is the creation of a joint work for the life cycle of a building in order to design, manage group data and exchange shared 3D models and organized and intelligent information attached to them. In addition, it is licensed by the British government task force BIM. BIM was developed in the 1990s but has been in operation since 2008 in the UK is a parametric model that gives us great control because it was created to save time in the elaboration of the project with the integration of more details and that has the capacity to detect errors before the construction that avoid losses of money, with the right choice for material efficiency, reduction of costs and time. 
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 Fig. 1 BIM is the foundation to sustainability and asset management improvement

BIM is defined by 4 levels and in each of them has the stage or stages corresponding to each stage of the development process of a project. 2D; 3D; 4D; 5D; 6D and all together classify BIM as the key to the success of projects in the initial phase with the continuity of the building's history until the end of its life cycle. [8]
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                                           Fig. 2 – BIM Maturity Levels
    3.1 BIM standards
BIM Level 0 - is characterized by the 1D stage, and this stage is considered the Scratch Point, even with low collaboration is divided in 3 steps with CAD drawings in 2d.

1D - Research of existing conditions with the study and develop of:
         - Sun Orientation
         - Weather simulations
         - Regulations and
         - Practical Program     

    
1D -  Implementation
· Consulting
· Software
· BIM executing plan
· Server repository
1D -  Concept Design
· Viability
· Strategies
· General volumetry
· Area estimation
· Cost estimation
           [image: Image result for explicacao de todos os stages do BIM e niveis]
                            Fig. 3 – BIM Standards (www.estudiobim.com.br)
BIM Level 1 – Level 1 – this consists of a mix of two stages 2D and 3D that is defined by several processes in this stage as a partial collaboration using BS1192:2007 with a collaboration tool providing a mutual data environment:
2D 1st- Production:
         -  2D drawings
· Views and plans
· Documentation
2D 2nd- Implementation
· Parameterization
· File management
· Programming
· Communications
2D 3rd- DS Development solutions
· Energy efficiency
· Materials
· Scope definition
· Room data sheets
· List of deliverables
· Structural analysis


2D 4th- Sustainability
· Certification strategies
· Energy production Life cycle estimation
· Primary MEP system
· Construction Solutions

3D 1st – Representation
· Laser scanning
· Renderings
· Walk throughs
3D 2nd- Implementation
· Model checker
· Visual programming
· BIM Object creation
3D 3rd – Final Documentation
· Detail Design
· Specifications 
· Assemblies
· MEP Design
· Structural Design
3D 4th – Sustainability
· Sun protection
· Insulation values
· Daylight requirements
· Natural ventilation
BIM Level 2 - The British Standards Institution (BSI) portrays BIM Level 2 development as a progression of space and shared combined models. The models, comprising of both 3D geometrical and non-graphical information, are set up by various gatherings amid the venture life-cycle inside the setting of a typical information condition. This requires a data trade process which is explicit to that undertaking and coordinated between different frameworks and venture members. This gives the stage to improve the co-appointment of the plan and give approve yields by means of advanced exchanges in an organized and reusable structure. 
                 [image: Related image]
[bookmark: _Hlk5906072]                                          Fig. 4 BIM Level 2 – all stages
Basically, it is an overseen 3D condition with information appended, however made in isolated control-based models. These different models are brought together to frame a combined model, however, don't lose their integrity and identity. Information may incorporate development sequencing (4D) and cost (5D) data. (Fig.3) 
             [image: collab-bim-2.JPG]  
                                     Fig. 5 BIM Level 2 – standards 4D and 5D


BIM Level 2 development is shown in the Bew-Richards "BIM Wedge" underneath it ought to be noticed that Level 2 expands upon Level 1 norms particularly BS1192-2007 and its prerequisite for a typical information condition. (Fig.5)

[image: standards.png]
   Fig. 6 - British Standards guidance (http://bimportal.scottishfuturestrust.org.uk)





4D 1st – Production
· Virtual construction
· Model federation
· Time lining
· Scheduling
· Equipment deliveries
· Project phasing
· Construction planning
· Visual validation
4D 2nd – Systems
· MEP construction
· Pre fabrication
· Structural construction
4D 3rd – Simulations
· Energy simulation
· Wind simulation
· Sun simulation
· Life cycle simulation
· Certification check

5D 1st – Production
· Detail bill of quantities
· Quantity extractions
· Fabrication models
5D 2nd – Contracts
· Trade selection 
· Logistic
· Fees comparation
5D 3rd – Sustainability
· Comparative studies
· Certification evaluation
· Life cycle cost

BIM Level 3 - At this level is a continuation of level 2, but with the interest of developing in more detail the certificates and alternatives as well as audited BIM, such as performance and cost comparisons. 6D stage is developed by openBIM; iBIM with full integration. (Fig, 7)
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                                 Fig. 7 BIM Level 3 – stage 6D  
6D 1st – Performance
· Certification
· Performance report
· Audited BIM model
· Know alternatives
6D 2nd – Value Engineer
· Energy performance
· Systems
· Simulations
· Construction performance
· Architectural performance

6D 3rd – Save estimation
· Timing risk
· Comparative costs
· Return on investments
· Select items to be optimize
· Construction benefits
6D 4th – Re-design
· Certified BIM model
                            
5. Conclusion
BIM is an intelligent method of data gathering by all team members who create and produce a database of building objects that complete the project.
This database, which is defined as a federated model, can interact with many other BIM applications and processes. It can be used by design professionals in an automated format to guide and develop a project from its conception and early stages of design to completion and monitoring of its subsequent performance throughout its life cycle. The UK government has adopted this definition in its Construction Strategy, requiring that all publicly funded construction work be done using the standard Level 2 BIM since 2016. This mandate was defined as a measure to help achieve its goal of reduce construction waste by 20%. Abortion work, divergences and errors, and inadequacies in the information supply chain are measured the main suppliers to this waste; and that collective work can help reduce it. BIM provides coordination even if it is at long distances. The fact that all professionals work in the same file means time-management and mutual collaboration in order to reduce risks. The fact that the whole procedure is done by levels and tasks reduces the impact on the environment and enables the development of sustainability in each project. The circumstance that the teams can work in detail with new technologies and advances in materials management with reduction in environmental impact, promotes the ease of acquisition of certifications for these future buildings. which leads us to conclude that looking ahead, it is highly likely that collaborative work practices will infiltrate more and more into the private sector in the same way that the CAD took over during the 1990s and that BIM becomes a method of daily work in medium and big companies in short time. The built environment sector has historically suffered from a common challenge: recording and learning from experience to avoid repeating mistakes. BIM can make this happen by allowing all those involved to feed experience back into the design process, enabling improvement in the operation of new assets and in the way subsequent assets are designed, delivered and managed. (Mott Macdonald, 2019)
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Appendix 1
Top five projects and case studies in 2017
http://www.bimplus.co.uk/news/top-five-projects-and-case-studies-2017/
1- Slussen Lock, Stockholm - BIM unlocks Swedish reconstruction
· Client: City of Stockholm
· Lead contractor: Skanska
· BIM Tools: BIMEye, Autodesk Navisworks, Revit
Slussen lock, located between the islands of Södermalm and Gamla Stan, the Old Town of Stockholm, has been rebuilt four times since 1642. The current facility (built last century) was in such as bad state of disrepair that a decision was made to demolish and rebuild it from scratch at a cost of €1.2bn (£1bn).
The design, by Foster + Partners, has been adapted to meet the needs of modern city dwellers, including more venues, increased space for pedestrians, cyclists and public transport, and to provide clean drinking water.

    [image: https://res.cloudinary.com/dtdz9wriq/image/upload/f_auto,q_auto/bim/client_media/imagecontent/slussenlock2880px.png]
2- 22 Bishopsgate, City of London – 4D modelling comes of age
· Client: AXA Real Estate and Lipton Rogers Development
· Lead Contractor: Multiplex
· BIM Tools: Revit, Rhino, Unity
The 62-storey commercial tower, located at the centre of a cluster of skyscrapers in the City of London, will become the tallest building in the financial district when completed.
The complexity of the project, with its deep triple basement, 57 lifts, complex interfaces with existing structure, and limited site access, placed an unusually strong emphasis on logistics and health & safety planning.
Advanced 4D modelling and virtual reality applications are being used by Multiplex and its supply chain to intuitively plan and interrogate sequences of work to ensure they are efficient and safe.
[image: https://res.cloudinary.com/dtdz9wriq/image/upload/f_auto,q_auto/bim/client_media/imagecontent/bishopsgate2_880px.jpg]



3- Complex laser scans show Forth Bridge in incredible detail
Incredibly detailed scans of the Forth Bridge, Forth Road Bridge and the partially built Queensferry Crossing – which was opened in 2017 –  have been produced in a £300,000 project funded by Transport Scotland.
Undertaken by the Centre for Digital Documentation and Visualisation (CDDV), a partnership between The Glasgow School of Art’s School of Simulation and Visualisation and Historic Environment Scotland, the project was one of the most challenging and complex 3D scans undertaken anywhere in the world.
It has amassed a data cloud of 37.5 billion dimensionally accurate points on the structures of the three crossings.
[image: https://res.cloudinary.com/dtdz9wriq/image/upload/f_auto,q_auto/bim/client_media/imagecontent/FB_All_North880px.jpg]





4- Orchard Village marries offsite and BIM
· Client: Clarion
· Lead Contractor: Hill Bespoke 
· Architect: DMA
· BIM Tools: Autodesk, 360 Field
Offsite manufacture and BIM are being harnessed to deliver a housing scheme in east London, which could provide a blueprint for improving quality, with minimal disruption to other site residents, whilst meeting tight timescales and budgets.
David Miller Architects is working with Hill Bespoke to deliver the fourth and final phase of Orchard Village for Clarion Housing. Orchard Village is the redevelopment of the Mardyke Estate in Rainham, in the London Borough of Havering.
This £30m final phase of the estate redevelopment will create 130 new homes for rent and shared ownership. It embodies the recommendations set out in the report from the London Assembly’s Planning Committee Designed, sealed, delivered, which called on London mayor Sadiq Khan to encourage offsite manufacturing to solve London’s housing crisis.
[image: https://res.cloudinary.com/dtdz9wriq/image/upload/f_auto,q_auto/bim/client_media/imagecontent/Orchard_Village880px_1.jpg]

5- 39 Victoria Street, London – Willmott Dixon’s inside job for DoH
· Client: Department of Health
· Lead Contractor: Willmott Dixon Interiors
39 Victoria Street is a project for the Department of Health completed by Willmott Dixon Interiors (WDI) in August 2017. The firm won the ‘Best Overall BIM Project’ at the recent RICS Awards for its work.
The project entailed a Category B fit-out, which means it includes all fixtures and fittings, of the 11-storey building using the company’s in-house design team. The building comprises ground floor with large meeting rooms, a restaurant and customer services. The first eight floors consist of open-plan offices and meeting rooms, while the ninth floor features large offices and a bullpen.
The £12.5m fit-out was delivered as a design and build contract within the Scape 3 framework. The client’s requirements were to implement BIM Level 2 in accordance with the government mandate.
Using BIM and VR enabled us to deliver the project on time and budget. We were able to prepare presentations for our client reflecting the work on site, thus avoiding changes during construction. BIM engagement with the subcontractors was a major challenge because of their lack of experience. However, this improved throughout the project.
[image: https://res.cloudinary.com/dtdz9wriq/image/upload/f_auto,q_auto/bim/client_media/imagecontent/39-victoria-street-03.jpg]
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