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Abstract

An Optimised Workflow

After the Grenfell Tower fire tragedy 
in June, 2017, the UK Government 
established the Building Safety 
Programme  to help residents of high-
rise buildings both feel safe and be 
safe, through legislation and effective 
management. The programme makes 
detailed recommendations on the use 
of combustible materials in the external 
walls of new buildings, the removal of 
aluminium composite material (ACM) 
cladding from existing buildings, the 
installation of fire doors and fire alarms, 
and much more. 

Naturally, building owners needing to 
make changes will be looking for a high-
quality solution at the best possible 
price; but more importantly, because 
lives are potentially at stake, they need 
to act fast. And they need to know their 
buildings inside out — not just how they 
looked on the blueprint but how they 
look now, after decades of changes 
and additions.

In this white paper, we propose a 
workflow that makes use of the latest 
advances in surveying technology, 
including drones and laser scanners, to 
produce highly detailed, fully colourised, 
point clouds of the structures, and then 

quickly convert them into high-fidelity, 
intelligent, 3D models using PointFuse 
software. 

These highly accurate models — ‘digital 
twins’ — can help with a range of works 
such as the design of new external 
cladding systems, the implementation 
of optimised sprinkler systems, and 
the development of effective pre-
determined attendance plans by the 
emergency services. 

Following this workflow will help 
stakeholders achieve time, cost and 
file-size efficiencies, maximising their 
return on investment.

On the morning of 14 June 2017, Grenfell 
Tower in Kensington, London, was hit 
by a massive fire, which resulted in 
the tragic deaths of 71 people and 
the displacement of hundreds more. 
The fire, which completely gutted 
the building, highlighted potential 
shortcomings in building regulations 
and practices of the day, and there 
were numerous calls for the UK 
Government to act quickly to prevent 
another catastrophe. 

In response the Government set up, 
among others, two key independent 

bodies. The first, an independent 
advisory panel (IAP) chaired by Sir Ken 
Knight, was tasked with conducting 
tests on the claddings of the UK’s 
high-rise structures.2   This panel found 
that the cladding on 228 buildings 
was similar in composition to that of 
Grenfell, and would be likely to need 
modifying or replacing. The second 
was an independent review of building 
regulations and fire safety, led by Dame 
Judith Hackitt. 3 

In her final report released in May 2018, 
Dame Hackitt declared the prevailing 

building regulations “not fit for purpose”. 
Instead, she demanded an enforceable 
building information modelling (BIM) 
mandate to be applied to all high-rise 
residential structures, which would 
ensure there is a “golden thread of 
information” that runs from project 
design through to facility management. 

Combined, these two bodies presented 
a significant, multidisciplinary challenge 
to high-rise stakeholders, but also an 
opportunity for a whole-system solution 
to be formulated, creating a framework 
for all future projects.

+ + + =
Beginning with BIM Capturing Reality Intelligent Mesh Models Endless Applications

The Case for a Whole-System Approach

Project Proposal
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BIM is a collaborative process for 
managing every stage of a project’s 
life cycle, which provides access to the 
same data to all stakeholders — building 
owners, architects, construction firms, 
facilities managers, and so on. This 
‘democratisation of data’ ensures that 
everyone is on the same page, and that 
anyone who needs to can precisely 
locate every last nut and bolt in a 
building.

A typical BIM process might be built 
around a detailed 3D model of a new 

Beginning with BIM
Collaboration: the key  
to success

A Vision of BIMor existing structure. This model, which 
can contain an indefinite amount 
of user-defined information, is an 
invaluable resource for informing the 
construction process, as well as for 
asset management following project 
completion. 

BIM is not a new concept by any means, 
but events like the one at Grenfell Tower 
often act as a catalyst for governments 
to take legislative action. While BIM 
is now mandatory in the UK, other 
governments around the world are 
taking a keen interest to see how they 
might implement something similar.

The then Chancellor of the Exchequer, 
George Osborne, highlighted Britain’s 
commitment to BIM in his 2016 Budget 
speech, when he announced the 
Government’s vision of developing 
the next digital standard for the 
construction sector.4  

By utilising an “open BIM” workflow, 
centred around a single cloud-based 
model, all parties can constantly 
access and modify the model, for 
optimum efficiency.

Autodesk BIM360 is one of a number 
of host services that exists for this 
very purpose. It offers a platform 
built for complete collaboration, and 
allows users to view over 50 different 
file formats, quickly share 2D and 3D 
models, and review designs in real time 
on any mobile device. 5 This makes BIM 
available at any time, anywhere and to 
anyone, ensuring all parties are up to 
date and involved at every stage.

Scan data provided by Skeye BV, 
which has been processed into an 
intelligent mesh using PointFuse, 
displayed in an Autodesk BIM 360 
Environment.

Taking the BIM concept further, 
construction stakeholders are now 
looking to the ‘digital twin’ to provide an 
exact digital replica of a building, right 
down to its fixtures and fittings.

Sitting outside of the usual CAD and BIM 
packages used to create 3D models 
in the first place, the twin is the final 
deliverable that all users will have access 
to. They can use it to carry out digital 
simulations to anticipate and prevent 
issues in the real world, and artificial 
intelligence (AI) solutions can update the 
model automatically as the building itself 
changes.

The first step towards creating a digital 
twin for an existing structure is to 
commission a detailed survey to produce 
a ‘point cloud’ which will form the basis 
for any future designs and modifications. 
Advances in hardware and software 
within the survey industry have made 
reality capture an efficient and cost-
effective solution for most to accurately 
map and visualise the world around us.

The Digital Twin
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Point clouds are a set of data points that define the position and other characteristics 

of an object’s surfaces, and can be used to recreate that object in a virtual 

environment. Their use has increased in popularity in the last decade, as the method 

of rapid capture involved in their creation minimises time spent on site, with much of 

the work being performed in the office on the digital data. 

When used to capture buildings, point clouds might contain billions of data points, 

offering an incredibly detailed representation of how that building looked at a 

particular point in time, and  making them a compelling proposition for architects, 

builders, facilities managers and historians alike.

That detail doesn’t just offer an 

opportunity though, it also poses 

a challenge: in their raw form, point 

clouds can be problematic to use. 

They are characterised by large 

file sizes, making them difficult to 

display, manipulate and share, as 

well as being full of redundant data. 

And this puts them at odds with the 

principle of BIM, which is to allow 

multiple parties any-time access  

to the data.

So once we have our point cloud 

data, we need a model that strips 

out as much of that redundancy as 

possible, and that links the points in 

an intelligent way. 

An important middle step between the 

point cloud and the digital twin is the 

‘mesh’ — a 3D model, made up of solid 

triangles and polygons that combine 

to produce a 3D representation of 

objects and environments. A key benefit 

is that they maintain a small file size 

compared to point clouds, as they are 

constructed using simple shapes. For 

example, where a wall is made up of a 

100,000 individual data points in a cloud, 

it could potentially be represented by 

just a handful of polylines. 

Those data points don’t just contain x, y, 

z coordinates though: they also contain 

information on colour and texture, asset 

IDs and so on. So you can take that 

extra information to build on the bare 

bones of the mesh model and deliver 

an accurate representation of the 

original object — its digital twin.

What exactly are Point Clouds? 
Challenges of Point 
Clouds

Introducing meshing
The workflow described in this paper is 

typical of most scan-to-BIM workflows 

used in the industry today. BIM software 

capabilities have developed a lot, 

however not all software is built the 

same — the key to good point cloud 

conversion software is the ability to 

reduce the file size without losing any 

of the previous detail, maximising the 

usefulness of the final product.
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Capture 

Create a 3D model 

Collaborate

Step TWO

Step THREE

Handheld tools, such as the Leica BLK2GO6,  the NavVis VLX7  or Emesent Hovermap8,  with 
their lightweight design, ease of use and low cost make it possible to deploy and transport 
multiple scanners around each site, producing a high-quality point cloud of a large building 
in a matter of minutes.  

Civil Aviation Authority (CAA)–approved drone pilots can quickly produce survey-grade, 
colourised point cloud surveys of the exteriors of a high-rise structure, from the bottom to 
the top floor.9  Point clouds can also be created using photography using a technique known 
as photogrammetry which involves capturing multiple, overlapping images, and then using 
software to combine the photos into a 3D point cloud.

The conversion of point cloud data into meshes has been widely adopted as the best way 
to work with point cloud data. The accuracy of the data set is maintained, but the file size 
reduced by as much as 80% when compared to the original point cloud. 

Intelligent point cloud software like PointFuse automatically segments meshes into discrete 
surfaces, making every object selectable. This eliminates the need for manual remodelling 
at this stage, saving time and money. 

Finally, “texture mapping”, a technique traditionally more closely associated with the gaming 
industry rather than the survey industry, can produce a high-resolution final mesh that is 
realistically colourised — the perfect tool for high-quality visualisations.

Choosing software with a range of industry-standard output formats means the mesh can 
be taken into most third-party software, including CAD and virtual reality (VR) environments. 
Exported meshes maintain all their unique characteristics, such as their selectable 
surfaces and high-quality colourisation, without the need for plug-ins.

Cloud -based model viewing systems like Autodesk BIM360, Twincity and Procore,  
turn processing days into hours. This means models are available to stakeholders 
significantly faster than previously, delivering significant efficiency to the BIM workflow.

Software packages PointFuse, 

Leica CloudWorx, Faro As-Built 

and EdgeWise Building automate 

much of the process, making it 

faster, cheaper and much more 

accurate. Some software solutions 

like PointFuse have also been 

designed to provide a simple de-

skilled approach which is perfect 

for those entering the BIM world for 

the first time. 

A simple BIM model will give you 

a theoretical model of what a 

building looks like, but will only be 

an approximation of what is there. 

Adding new levels of detail (LODs) 

such as materials (colour and 

texture) gives extra context to the 

digital twin. Because it looks just 

like it does in the real world, users of 

the model who are not BIM experts 

can still interpret what’s there 

more easily, and this is what best-

practice BIM is all about.

How to Build an Efficient 
Scan-to-BIM Workflow  
Point clouds are by no means a new concept, but they haven’t always been as useful 

to stakeholders as they are now. With billions of data points and file sizes running to 

hundreds of gigabytes, it required a huge amount of skill to trace the points and build 

the 3D model manually. Not only was the process time consuming and expensive, but 

sharing was virtually impossible.

Step ONE
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We’ve seen how BIM can democratise the building management process, making it 

possible for multiple stakeholders to work on the same data and de-skilling the most 

complex aspects of the creation of 3D models from data-rich point clouds. 

Another important aspect of BIM is that it can — and should — be applied at every step 

of the building life cycle: from first concepts to end of life.

BIM: for Every Step of the 
Building Life Cycle

Using BIM helps to reduce site 

time and, by allowing thorough and 

robust plans to be put in place in 

advance, minimises exposure to 

risk for workers and residents alike.

Reduce Risk, Reduce 
Costs 

DESIGN

Build

operate

renovate

demolition

building
lifecycle
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Design Review
Design review is the formal and 

documented process by which 

relevant parties and stakeholders 

take a critical view of a project’s whole 

design. Its purpose is to evaluate 

design requirements, assess the 

proposed design for its capability 

to meet those requirements, and 

ultimately find solutions to any 

problems that have been turned up  

by the review. 

Thorough and regular design reviews 

mean that avoidable issues can 

be resolved in the pre-construction 

phase, preventing costly hold-ups. 

BIM has become an invaluable tool 

in the design review process, as it 

allows multiple design solutions to be 

showcased on a realistic digital twin. 

Being able to facilitate the engagement 

of all parties without multiple, costly 

site visits, allows for streamlining and 

democratisation of the decision-

making process. Making decisions in  

a fraction of the time eliminates 

constant design reworks, freeing 

designers up to do what they do best, 

and reducing project timelines.

Clash Detection
Clash detection analysis is a topic that cuts across the applications we’ve already 

mentioned, as it highlights any components that are not adequately distanced from 

each other. These clashes come in two forms: 

•     A ‘hard’ clash occurs where components physically intersect each other,  

for example pipework running through a steel beam. 

•     A ‘soft’ clash happens when components have been designed outside  

construction tolerances, where there is not enough space to install or maintain a 

component, or even when too many workers have been scheduled to work in the 

same area at once. 

O’Donnell & Naccarato (2012)10  estimated that each clash can cost an average of 

$17,000 to resolve once construction has begun, a figure which can quickly multiply 

into millions on big-budget schemes. By combining as-built data into the design, and 

then regularly throughout the construction process to reflect actual site conditions, 

stakeholders can achieve significant savings on a project’s budget and timeline.  

The ultimate result is a thorough and robust design that works.

A screenshot from Autodesk Navisworks 
showing the comparison between the 
as-built conditions and the design. The 
model clearly shows a pump and services 
that have been constructed in a different 
location, and so the design data would 
need to be updated to reflect this change 
to ensure an accurate Digital Twin is 
delivered at handover.
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Virtual Reality and Augmented Reality
A good-quality mesh with real-world colourisation is an ideal tool for creating 

high-res visualisations, especially in VR environments. Exploiting VR during 

the design review allows stakeholders to view proposed designs within an 

immersive, 3D environment, allowing them to appreciate how each solution 

will look, and facilitating informed, fast decision-making.

Using a game engine, such as Unity or Unreal, makes it possible to use a 

digital twin model as a basis for the background of an augmented reality 

(AR) scenario, in which objects can be added, removed and even interacted 

with. This can add a tantalising level of detail to the design, renovation and 

safety scenarios we’ve already covered, and really comes into its own when 

it comes to archiving historical buildings and sharing their beauty with a 

curious public.

When choosing software to support 

facilities managers (FMs), it’s important 

to make sure it has the capability to 

automatically classify segmented 

mesh models into object families, such 

as walls, floors, windows, doors and 

so on, because this will speed up their 

workflows significantly. 

Space Creator, part of  PointFuse Pro,  

is a workflow that does just that, 

mapping objects to the standard IFC 

schema, and allowing FMs to  export 

2D floor plans, 3D BIM models (digital 

twins) and more. Individual Asset 

IDs (unique numbers/letters) can be 

assigned to objects, helping link 3D 

models to asset-management systems, 

while geotags add all-important 

location- and media-based context. 

With tools like Space Creator, FMs can 

leverage the BIM solution to take a 

snapshot of a new/refurbished building, 

design initial fit-outs, record layout 

changes and plan office moves. 

Facilities Management Health and Safety Reviews 

The increased accountability placed on building owners presents the 

opportunity for regulators and landlords alike to put intelligent methods of 

compliance testing into place. Once an approved and compliant plan has been 

designed into BIM, it can be used as a building-specific standard from which 

future reviews can be compared. The model could also be modified to reflect 

any future changes in guidelines or legislation, ensuring peace of mind for both 

the landlord and residents. 

The speed and efficiency of modern data capture lends itself to this application. 

As it’s possible to carry out regular, repeat visits for minimal expense and with 

minimal disruption to residents, stakeholders can always have an up-to-the-

minute photographic record of compliance. At the same time, they can monitor 

ongoing internal maintenance issues, such as a missing fire extinguisher or 

a deteriorating stairwell, and implement works the moment they are required, 

saving money and time. 

An image captured from an example Virtual 
Reality platform, that shows the photorealistic 

immersive environment and a floorplan used 
to aid the user when navigating the 3D model. 

Ensuring the Digital Twin is accessible and 
easy to use is essential for its successful 

implementation.
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Major Renovations 
One of the many uses for the digital twin is to plan and implement major renovations, 

such as the installation of sprinkler systems. An accredited specialist can use the 

model to most effectively plan the installation, as they are able to see exactly where  

to place each sprinkler, the type that would be required in each location and exactly 

how many to order. 

Aided by applications like Autodesk Revit and Dynamo, this optimisation can occur 

semi-autonomously, based on the existing geometry of a room or corridor.11  This 

reduces time on site, as all the work can be done digitally, minimises the time spent 

on the designs, and reduces the risk of overbuying. By putting in place thorough and 

robust plans before anyone arrives on site, you can minimise the exposure to risk for 

workers and residents alike, and ultimately keep costs down while keeping quality high.

 

Advice published since the Grenfell inquiries urges building owners to remove ACM 

cladding with unmodified polyethylene fillers on buildings of any height, as soon as 

possible. 12 So not only will owners wish to move quickly to identify and remove 
dangerous cladding, but they will also want to put in place a plan that minimises 

disruption to residents and adheres to building regulations throughout the process. 

Given the high level of accuracy that can be achieved on the external survey, the 

digital twin model is the perfect tool to identify the exact location and quantity of 

any cladding that needs to be replaced. It also allows for a thorough and robust 

methodology to be put into place to identify any potential challenges and mitigate 

risks before any work is carried out on site. 

Implementing new health and safety procedures can be complex and  

expensive. BIM, can help take the pain out of the process, however. The digital twin 

can be used to identify existing fire safety measures and then identify where any 

further measures need to be implemented. The model can help to truly optimise the 

placement of fire extinguishers, notices and signs to offer the greatest impact at 

the lowest possible cost. Better still, experts or regulators can scrutinise these new 

measures easily before implementation, to ensure compliance with legislation.

An essential part of the BIM 

process is to separate a mesh 

into discrete surfaces, such as 

walls and floors. Once complete, 

users can simply select the 

information they require for their 

task and isolate it, reducing the 

working data size. Combined 

with a cloud-based solution, this 

overcomes the issue of computer 

limitation; a common obstacle to 

BIM uptake in smaller firms.13  

Previously, the only way to 

segment a point cloud was 

through manual remodelling 

— a time-consuming process 

which is also susceptible to 

subjectivity and human error, 

limiting accuracy. The automation 

of the process can represent a 

significant cost saving, removing 

a substantial bottleneck from the 

project workflow while ensuring 

a highly accurate model is 

produced each time.
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As high-rise structures have been added to the list of buildings to be considered high 

risk, local fire and rescue services need to create pre-determined attendance plans 

(PDAs) for any such structures within their regions. PDAs are building- or location-

specific action plans, created in advance of a potential emergency and designed so 

that the emergency response is as efficient as possible, to maximise effectiveness 

and minimise loss of life and property. 

To ensure these plans are as strong as possible, owners can provide a digital twin 

to the local fire service, so they can develop and visualise their PDAs. The model is 

potentially a vital tool in the creation of these plans, as it will contain the locations 

of fire hydrants, locations where larger pumps and engines could park to be most 

effective, and locations of internal stairwells and exits. With all this information already 

planned and drilled before an emergency, any response by the local fire service is 

likely to be fast and effective.

Efficient Emergency Response

Software powerful enough to detect 

individual objects allows users to 

catalogue and group existing fire 

safety measures, building a visual 

database of a building’s entire assets. 

The versatility of BIM means that 

additional information, such as fire 

extinguisher expiry and inspection 

dates, can be added to each object. 

Alerts can then be set up, so that any 

pending work can be planned and 

implemented only when required, 

making ongoing maintenance as cost 

efficient as possible.
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In summing up her inquiry, Dame 

Judith Hackitt articulated the need 

for a ‘golden thread’ of information 

for all higher risk residential buildings 

(HRRBs), so that their original design 

intent is preserved and changes can 

be managed through a formal review 

process. Equally, access to up-to-date 

information is crucial when effectively 

carrying out a fire risk assessment of 

a building and determining whether 

any action is required. The British 

Government also issued a call to 

the industry to take ownership and 

responsibility for the buildings they are 

creating and maintaining.

BIM methodology offers the perfect 

methodology to deliver on these 

demands, offering a complete and cost-

effective solution to stakeholders, which 

can be translated to every high-rise 

structure in the UK, as well as globally. 

Using powerful and unique modelling 

algorithms, solutions like PointFuse can 

take the heavy lifting out of converting 

point clouds to 3D models, reducing 

file sizes and timelines significantly, 

maximising accuracy and opening up 

that golden thread of data to everyone 

who needs to see it — architects, 

builders, building owners, regulators, 

emergency services, facilities 

managers and more.

These platforms generate automated 

efficiency in the BIM workflow that will 

form the backbone of such a solution, 

bringing together key players from 

every discipline in the construction/

renovation industry and cementing BIM 

as a vital tool in the hundreds of projects 

that lie ahead. 

BIM Brings Everything Together

“PointFuse can take 
the heavy lifting out of 
converting point clouds 
to 3D models, reducing 
file sizes and timelines 
significantly...”
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