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How the Construction Industry Struggles

The engineering construction industry struggles with making informed decisions based on the most
accurate information available and with managing people and materials in a dynamic construction
environment.

In many cases, executing a given construction task as it was planned is a challenge. It is often
unclear what must be done, when it must be done, by whom, and which materials are available.
The traditional answer to such challenges is for contractors to include a significant amount of
contingencies in their cost estimates to ensure that a contract will pay as much as possible.
Typically, less attention is being spent on reducing inefficiencies, risk and waste at the construction
site.

e Construction readiness: This has a major impact on a project’s budget and schedule. If
projects are planned too late or inaccurately, there will be major cost overruns. For effective
construction readiness, a similar project vision must be shared by engineering,
procurement, scheduling, and project controls.

e Productivity loss: The construction industry is muddling through some alarming realities.
Only 33% of all work-hours are productively spent for direct work, and 35% is spent on
materials, tools, transportation, instructions, and personal breaks; 32% is wasted, spent idle
or waiting due to a lag in materials or information delivery. Every year, owner operators,
engineering, procurement and construction companies and contractors are hit with billions
of dollars in construction claims because of inefficiency factors. Good construction planning
should consider and track labour factors in the original work scope. This is to accurately
reflect all the conditions that were used to estimate and fund the project, as well as to
eliminate or minimise the impact on productivity, which will directly affect the construction
costs. It should also include changes in work scope that look at labour impacts as part of
the sequence and planning of any work.

e Lack of supply chain integration: In today’s complex, joint venture projects, contractors
often use high-end design systems for construction projects. There is an extensive amount
of detailed data to share with a variety of stakeholders. Ineffective management of data and
supply chain management can result in significant cost blow-outs and delays in project
completion. Construction supply chains tend to include a lot of waste.

e Risk management: Construction projects can be extremely complex and fraught with
uncertainty, which can potentially have damaging consequences. Therefore, risk analysis
and management continue to be major features of the project management to deal
effectively with uncertainty and unexpected events and to achieve project success*.

It is often mentioned that the solution to these challenges is to become “lean.” The term “lean” is

usually associated with lean manufacturing, lean thinking, lean production, and lean construction.
There are many arguments on what each of these have in common and what their differentiators
are. So, what does “lean” really mean?

“Lean” has many meanings and uses. It refers to continuous improvement and change
management. It is a management philosophy, and it relates to minimising and eliminating waste.
However, it is not what is eliminated, but added, that is the most defining denominator: Value.
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To clarify, being “lean” is not about cutting costs or resources or trying to get maximum results out
of the minimum input. Nor is it just about decreasing inefficiency. It is about providing the most
value possible.

A Shift in the Construction Paradigm

In the construction industry, we have seen a shift in the construction paradigm with a focus on “lean
construction.” Lean construction is a combination of operational research and practical
developments in design and construction with an adaption of lean manufacturing principles and
practises to the end-to-end design and construction process. In addition, the basic principles of lean
construction supplement the basics constructs of Advanced Work Packaging (AWP), the latest best
practise from the Construction Industry Institute (ClI).

The concept of “lean construction” is more than just a set of tools; it represents a new way of
thinking and is about people and processes that come together to diminish, if not eliminate, the non-
value-added aspects of doing business. The focus is on change management and waste reduction,
in all its forms, with hands-on involvement and long-term vision, all of which will allow the industry to
excel in the long run.**

When we mention waste, we refer to items such as waiting time, surplus materials, unnecessary
transportation, bureaucracy, underuse of resource potential, hidden and late delivery of information,
and anything else that does not add value to a process. It also includes losses in data integrity of
both engineering and procurement information, which needs to be available to the construction
team.

To summarise, by reading this white paper you will;

e Learn what the concept of “lean construction” includes and how you can use those
principles to add more value to your organisation and increase your profitability

¢ Discover how technology is advancing to make the implementation of lean construction
practices possible to both your company and the whole industry

e Understand how crucial it is to integrate “lean” with technology and how you can use tools
that support the shift in the construction paradigm delivering maximum value and to develop
a sustainable future

The Origins of Lean Construction

Toyota was the first — or at least the most notable —organisation to bring “lean principles” into the
limelight. In the 1970s, Toyota created a focus on eliminating waste to improve customer value in
the automotive industry. The small Japanese automaker grew to be the world’s largest by adopting
seven waste reduction principles in its production manufacturing and preserving value with less
work.

The philosophy of focusing on waste elimination was expanded to include improved efficiency by
optimising workflows and came to be known as “lean manufacturing.” Today, lean manufacturing is
practised by most of the major manufacturing companies worldwide and has greatly influenced
other industries to adopt “lean” policies, including the construction industry. This said, the term “lean
construction” was adopted nearly 20 years ago and is still trying to gain momentum in the
construction mainstream.
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Looking back at the evolution of the construction paradigm, the original key points of attention were
cost and schedule. The primary goal was to get projects done fast and cheap, often at the expense
of one or the other. As times changed, however, regulatory, and humanitarian pressures made
safety a new project driver, escalating the safety of workers and efficient processes to top priority. It
was thought that this shift would bring extra costs and delays. However as new safety standards
were implemented, contractors saw a reduction in accidents, lower insurance costs, and a decline
in workers’ compensation, with productivity back to previous levels and later increasing. Owner
operators and contractors realised that safety mitigation was an added investment in time, money,
and resources, but it also saved time and money. Enforcement was a smart idea because it
produced a great return on the investment required: It had value.

The same was true for quality. Poor quality caused customer dissatisfaction through rework, delays,
and cost overruns. Investments in quality assurance programmes, people, systems, and controls
improved workflows and added value.

Lean construction is a new paradigm in construction planning that uses lean concepts that
approach value rather than cost, and efficiency rather than schedule.

Lean Construction, as defined by the non-profit Lean Construction Institute (LCI), is a
production management-based project delivery system, emphasising the reliable and
speedy delivery of value. The goal is to build the project while maximising value, minimising
waste, and pursuing perfection — for the benefit of all project stakeholders.

Lauren Pinch, Construction Executive, November 2005

Owner operators are the main stakeholders in construction projects, and it would be remiss not to
recognise that cost, schedule, quality, and safety are the key drivers behind their project approval
and funding. However, to truly capitalise on the concept of lean construction, all stakeholders must
support the overall lean philosophy of decreasing waste, which inherently increases the “value” of
the process.

Waste comes in many forms, some unexpected within the traditional construction paradigm. They
include unnecessary transportation, waiting, inventory, motion, over-processing, over-production,
and defects.*** These are the seven types of waste lean methodologies aims to remove and
reduce. With the construction industry’s adoption of these practices, it often adds an eighth type of
waste which is typically skills or the underutilisation of talent. This is a comprehensive list that
demands high level stakeholder engagement and understanding of how each potentially wasteful
task impacts the value and productivity of a construction project.

The best way to achieve that value is to incorporate lean practises into early planning before the
project is approved. Collaboration must be achieved with the owner operators; engineering,
procurement, and construction companies and all project participants to build these lean principles
in the conceptual stage as early as possible.

Introducing lean philosophies and reduction of wasteful processes early on may, however, require a
significant focus on change management. Although few would argue with the results of lean
construction — that is, more productive and profitable projects — many traditional work processes
and project methods are engrained in the slow-to-shift construction industry. All stakeholders
involved will have to buy into this new, smart way of thinking and make changes to their (often
comfortable) ways of working and processes, to achieve the benefits of lean thinking.
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How Lean Construction Adds Value

Lean construction is a “way to design production systems to minimise waste of materials, time, and
effort to generate the maximum possible amount of value. ****”

Value in construction is like value in any business: It is a return on your investment. Adopting lean
principles is an investment in the future of the project, which will reap benefits and give a solid

return on investment.
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The Crucial Role of Technology

Computers have played a key role in improving project performance for many years by increasing the
speed, accuracy, and quantity of data that can be processed. However, most of the people on-site are still
suffering since computers are not enough to make your processes leaner. In addition, smart technology
needs to be adopted, on a wider scale.
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But what is smart technology? When we say this, we refer to technology that records all data into open,
standard, and commercially available databases which are used to execute all business work processes.
It means, for example, that engineers and other project stakeholders no longer need to struggle with
managing files, dealing with proprietary database formats, or integrating with third party or legacy
systems.

This “digital data-centric” approach to design brings a variety of benefits to the value chain and its
stakeholders:

e It allows Objects Correlation, which is the ability to digitally recognise design objects in the
system and automatically understand how they work together. It has two important implications,
both bringing value and efficiency to project stakeholders:

o Multi-discipline coordinated consistency: As soon as all the data describing given objects
are in the standard database, the system can recognise whether a component in the
project is the same among several tools. This is a key feature to maintain and reuse
consistent information across different disciplines and functions.
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o Multiple objects design change implication: As soon as a design change has to be
executed on a given component, the database will know and point out which objects will
be impacted, supporting the 3D designer accordingly. Hence, a better, more accurate
design solution can be achieved with just a few clicks.

It enables Work Sharing on a global basis. Timely visual status updates are provided on what
other disciplines, operating centres, and eventually engineering partners or subcontractors are
doing, therefore maximising cooperation and collaboration among all stakeholders. It works in
real-time, enables a huge productivity increase of liaison engineers, and massively reduces
coordination costs.

It allows Automation. All project information is available in the standard databases, so it
becomes possible to process it further and apply design rules and verification cheques resulting
in increase in both quality and efficiency. With such an approach, typical engineering design tasks
are all automatic outputs of system data processing: creating drawings, defining requisitions for
purchasing materials, forecasting construction execution upon site materials availability, etc. The
consequence? No more error-prone manual executions and a huge decrease in verification costs.

It provides real-time Change Tracking and Management, which is key in developing detailed
design, especially with today’s fast track projects. Some key enabling features are the following:

o The ability to record each digital version of the same document and automatically
compare them

o Highlighting differences in material requirements among various project statuses and
phases

o Receiving system notifications about deliverables reflecting a design change, which
needs to be released with a higher revision number. This is fundamental information that
needs to be available timely to the construction companies.

It allows so-called Surplus and Shortages Free execution, meaning that “just in time” delivery of
materials at the construction site is possible. This is driven by the digital execution of engineering
to procurement work processes. This is also driven by relevant change management from one
side and data-centric supply chain management with accurate and timely information provided to
construction stakeholders on the other side.

The goal is to prevent shortages before a planned erection or installation. Using surplus and
shortages free principles, one can avoid expensive last-minute purchases of missing components
and prevent claims from construction subcontractors. However, one can also avoid surplus and
excess materials delivery and save costs for handling and storing such excess materials.

It ensures Tag Number Consistency. This is the result of applying digital rule-based naming
conventions. It enables the reuse of equipment or instruments relevant properties across the
engineering and supply chain, down to site construction. No more inconsistent designs.

It allows Reuse, Simulate, and Look Ahead, meaning that the engineering output and design
tasks, 3D, and relevant deliverables can be immediately reused to feed constructability analysis
and construction design review sessions. Because of this, construction stakeholders join the
project earlier than ever. Furthermore, enhanced visualisation triggers additional benefits like
preventing potential construction issues when on-site and enabling more accurate construction
planning so that animation can simulate different approaches to construction execution.
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This would happen before a plan would be adopted. The digital acknowledgement of the so-
called Engineering Construction Quantity eliminates the need for a lengthy, costly document-
based engineering to construction handover process.

e |tallows Capturing Real Assets, with real dimensions, so that a complete digital model can be
created reusing existing elements as a source for defining new virtual assets. At the same time, it
enables new digitally based certifications and quality control / quality assurance work processes
for comparing erected assemblies, manufacturing parts, modules, etc. One can use a relevant
digital view from the 3D model to digitally determine deviations and match tolerances.

e Smart technology based on a standard database allows an easy handover of this huge and
valuable set of engineering and design data to operations & maintenance, which ensures that
plant lifecycle management is based on accurate information.

Smart technology is the main mean to improve efficiency and eliminate waste in any discipline and
relevant cross functional collaboration. The use of smart technology advances lean construction in any
organisation.

Smart Technology for Lean Construction

The construction industry must deal with the major challenge of proper planning. In the previous
chapter, we explained the crucial role of technology and the beneficial use of Smart technology and
its data-centric approach for the successful completion of construction projects. Smart technology is
the main mean to improve efficiency and eliminate waste in any discipline — it makes you lean.

Effective construction management requires accurate information and a stronger connection to
available data and those who use that data to initiate and complete the construction process.
Integration with materials management and tracking is crucial so materials arrive on-site on time.
There must be easy, fast, and accurate reporting; there is no need to reinvent the wheel. Simply set
the construction environment once to evaluate progress, interact with crews and contractors, and
identify performance to control costs. Accurate information is needed prior to initiation and is
essential for forecasting and ensuring the vast amounts of project data are in sync, allowing those
managing materials, engineering, and planning to make informed, fast decisions if changes are
needed.

“Megaprojects are expected to increase rapidly to 24% of the global GDP in the coming 10
years ... The project management community is still struggling to find consistent ways to
improve the performance of megaprojects ...”

The Past and Present of Megaprojects
Project Management Journal, January 2018

It all starts with the ability to smoothly integrate all disparate data that construction planners and
foremen require in one single platform, such as:

e Drawings and Documents
e Quantification and Materials Tracking

e 3D Modelling and Management
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e 4D - Schedule Management, Work Package and Production Planning, RFI and Issue
Management and Visualisation

e 5D — Cost Control, Budgeting, Forecasting, Project Change and Performance Management
and Visualisation

This way, all information will be available from inside the package, and planners will have the ability
to execute with informative, appropriate decisions. It will also allow construction planners to provide
the team in the field with accurate information to execute their tasks.

A New Method for Construction Planning

Building construction projects are among the most difficult undertakings to plan, coordinate, and
execute. That difficulty, compounded by the continued flat line of productivity in the industry,
increasing complexity of projects and growing risk of schedule and cost overruns, makes the need
to invest in technology solutions clearer than ever.

The HXGN Smart Build™ Portfolio meets these challenges, leveraging decades of Hexagon’s
leadership in multi-industry project planning and control. By intelligently linking model, schedule and
cost information in a simple-to-use, cloud and mobile solution, HXGN Smart Build Insight provides
real-time insight into project performance that drives predictable outcomes to keep projects on
schedule and within budget.

As megaprojects are increasing, engineering and construction firms must improve their ability to
manage technical complexity to avoid delays and costly rework. At Hexagon, we adopt lean
principles and develop solutions that allow these innovative methods of working.

Enhancing Overall Efficiency

Hexagon’s PPM division created this solution specifically for construction planners to better plan
and manage construction projects, resulting in enhanced safety, increased quality, and improved
productivity more efficiently

Validating Construction Decisions

Hexagon’s PPM division created this solution specifically for construction planners to better plan
and manage construction projects, resulting in enhanced safety, increased quality, and improved
productivity more efficiently.

Using current information from various sources such as 3D models, materials management, and
project control and scheduling systems, Hexagon'’s solution ensures accurate and timely decisions
can be made on the best available information. You can create 3D models and drawing filters with
enhanced 4D animation, powerful new pre-configured filters, and selection rules for a 3D model.
This delivers you significant efficiency and improvements in building a work package, along with
cost and time savings.

Reducing Construction Risks

Construction projects are extremely complex to manage. Risk and uncertainty are negatively
influencing, making risk analysis and management critical for successfully managing them.

10
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Our solution dynamically captures and reports progress and deviations from plan throughout the
construction phase of the project. This constant collaborative connection between people,
workflows, and real-time data minimises surprises, establishes accountability, and creates visibility
for proactive decision-making. The advantage of having true data integration and a single source of
truth benefits the entire engineering, construction, and operations value chain:

e Owner Operators can reduce operational risk, digitalise operations and meet internal and
external regulatory compliance. Hexagon'’s lifecycle approach makes certain that building
owners and operators can access their Smart Digital Reality, a living digital twin that gives
precise transparency on all components in the completed building to optimise operations,
maintenance, and useability.

e Contractors can deliver on-schedule and on-budget building and construction projects.
With Hexagon’s data-driven approach, portfolio of reality-capture sensor solutions, and
intuitive software, orchestrating a construction project becomes a model of productivity and
efficiency — with higher quality and less rework and waste.

e Planners can create a solid conceptual design and enable informed investment decisions.
Hexagon’s software empowers users to turn design and vision into a plan of action, digitally
mapping out every detail for the construction phase, including time, materials, estimating,
scheduling, production tracking, quality control, and cost to win more projects and reduce
costs and overruns.

e Designers can Intelligently design and engineer industrial assets across the project
enterprise. Hexagon’s CAD and BIM solutions offer best-in-class drawing, modelling, and
editing capabilities which include iterative and generative design workflows, all built around
a lightweight, file-type agnostic package.

Increase Value with the HxGN Smart Build
Portfolio

Optimised Work Planning Saves Costs and Improves Collaboration

For successful construction projects, you need to optimise your work planning. The software allows
you to plan earlier and to improve workflows, sharing the right information with the right people at
the right time in the right format. It provides you with digitally available Bills of Quantities and it helps
to define achievable tasks and a clearly defined work scope, allowing you to optimise the
distribution of the workload.

Work Package Planning

Hexagon’s solution can be employed to provide visual representations of work packages — detail-
level descriptions of construction work that a foreman and a crew can perform in a scheduled
amount of time — with engineering, construction, and design data stored in a database. Users are
also able to view, navigate, and filter 3D models and 2D drawings that were published to the
database.

11
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Figure 1: HXGN Smart Build Insight identifies the work package by discipline.

The Sharing of Information

Hexagon'’s solution workflow allows users to digitally share accurate engineering, construction, and
design data among engineering products and users. The solution is configured to provide a
comprehensive electronic data storage, exchange, management, and integration system.

An open API provides direct integration with other non-Hexagon applications, such as material, project
control, or schedule systems.

The workflow process allows the following:

e 3D design and construction planning can work together to make delivery, support transparency,
and maximise value

e Engineering, drawings, cost, schedule, and planning are linked “real-time” to improve
performance and monitor results

e Reconfiguring project specific value chains for optimised supply chain integration
o Work packages created using work breakdown structure (WBS), as illustrated below in Figures 2

e International communication illustrated below in Figure 3

12
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Figure 2: HXGN Smart Build Insight enables work packages to be created and linked for a clear
workflow and enables Work Package Schedule Optimisation

Today, we have suppliers, engineers, contractors, subcontractors, and projects around the world. The
need for strong communication in a common language is greater than ever. With improved technology,
visualisation is the strongest form of communication breaching the international language barrier;
however, the written word is still relied upon in certain instances. As illustrated below in Figure 3, HXGN
Smart Build Insight enables a homogenous or heterogeneous environment, allowing regional settings to
be changed to multiple languages, such as English, German, Spanish, Chinese, Swedish and Japanese
which can be viewed simultaneously around the world. This eliminates problems, errors, and wasted time
caused by misinterpretation or failure in communication that breaks the workflow.

User Language

English ~
German
Spanish
Chinese

Swedish

Figure 3: HXGN Smart Build Insight is available in multiple languages.
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Visualisation

Hexagon’s solution workflow allows users to digitally share accurate engineering, construction, and
design data among engineering products and users. The solution is configured to provide a
comprehensive electronic data storage, exchange, management, and integration system.

Increased visualisation communicates key information to the workplace in which it will be retained.
Workers not only remember the workflow and other key elements but are also confident in executing as a
result. Figure 4 below is an example of a 3D model for increased visualisation.
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Figure 4: This 3D model helps to increase visualisation.

Manage “issues” in the 3D model to visually communicate workflow, show constructability, or flag
workplace hazards. Show workers areas of the project that require attention (as illustrated below in Figure
5) with details and instructions to resolve those issues.
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Figure 5: HXGN Smart Build Insight enhances the safety of a project through visualisation and issue
management for clear safety communication.

Look-Ahead Scheduling Increases Efficiency

When construction planners constantly focus on the end date, they lose sight of the current opportunity
for improvement by focusing the work taking place in the next few weeks. Lean construction planners
think smart, and do not lose the opportunity to view workflow opportunities for improvement. A “lookahead
schedule” allows the work planner to see work packages scheduled to start in the next few weeks and
enables planners to efficiently prepare and communicate workflow processes, just-in-time deliveries, and
resources to the work force. This facilitates engagement with others and coordination of dependencies.

As shown in Figure 6, our solution will filter work packages to provide a standard out-of-the-box,
lookahead schedule selection for work scheduled in the next week, three weeks, or eight weeks. It also
provides controls allowing planners to see work packages planned for selected start and finish dates with
an adjustable sliding date control. Planners can see all work packages within a selected range of dates.
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Figure 6: HXGN Smart Build Insight enables look-ahead scheduling for work packages.

Work planners create a work package and assign sequenced work steps and components, which are
then linked to the WBS schedule and material management system. Work packages can be reviewed in
the look-ahead schedule and animated in the 3D model to verify if conflicts, resources, or constraints
prohibit planned execution. It can also help illustrate if adjustments are needed to maximise efficiency.

Just-in-time Deliveries

Figure 7 illustrates how a Trade Manager, oversees day-to-day construction activities, and manage the
crew on the job site. Trade Managers must ensure that all the materials and tools are available, and the
resources are properly allocated.

Trade Managers also need to ensure that they update the progress of the work assigned to the crew time-
to-time. During the process, problems are identified that cause delays, issues are filed, resolved if
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possible, or routed it to the right person and get it resolved. This eliminates waste and shrinkage and
prevents delays.

Trade Manager Workflow

Review
work packages
assigned to you

Update the
work package
progress

Assign work packages
to Tradesman

Leg in to
Smart Build App

Inspect No Issue
the job site

My Work Packages

) v
Create an issue and Creat . d
assign it to Respond reate anissuean Respond
A/E Consultant assign it to Tradesman

Figure 7: lllustrates how as a Trade Manager, HXGN Smart Build Insight allows you to oversee day-to-day
construction activities and manage their crew on the job site.

Issue
Management

Animation in 4D - “What-if”

The ability to animate the construction workflow allows work planners to identify conflicts and correct them
before errors or delays occur (illustrated in Figure 8). It also helps visualise the constructability of the
project and communicate the workflow process, site access, and animates the work sequencing and
schedule. The 4D animation communicates what needs to be built and where.

VISUALIZATION

g >

@ » P eI ee

Figure 8: HXGN Smart Build Insight features enhanced 4D animation, enabling work planners to identify and correct
conflicts early in the planning process.
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You will also be able to adjust variables and visualise totally new scenarios and see the impact on the
plan before it happens. This maximises value, making construction both safer and more efficient. As
delivery times shift, vendors send information onto the shared system and the impact can be clearly seen,
allowing for a solution to be worked out. If materials do not arrive at a particular site, the workers know
that a certain work package cannot be completed, so they can then consult the model and look to see if
parts are available elsewhere on the site to help them complete the job. The construction team will know
what is onsite, what can be built, and when future deliveries will arrive.

Lean Construction: The Future

Lean construction is gaining momentum in the industry. With a trend toward incorporating lean
construction principles into standard work processes, construction planners are now able to make
informed decisions. Introducing lean principles into a company will be a challenge to accomplish, but
more and more owners, contractors, and their supply chains understand the value of this approach and
use it.

The lean approach focuses on getting maximum results out of the minimum input. It is about providing the
most value possible, and technology has played a key role in achieving this. However, just the use of
computers only is not enough. One needs to take it a step further and introduce Smart Technology as
well, which allows for a digital data-centric approach. Using accurate data, a single source of truth, and
cultivating collaboration between all stakeholders, it improves construction readiness, reduces risk, and
increases productivity.

HxGN Smart Build Insight is the next-generation software that is built with lean principles featured as
standard out-of-the-box functionality. It brings advanced technology to the workflow process by putting

“lean” tools directly in the hands of work planners and embedding a lean construction culture directly into
the project planning and execution.
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(4 4 HEXAGON

Hexagon is a global leader in digital reality solutions, combining sensor, software and autonomous
technologies. We are putting data to work to boost efficiency, productivity, quality and safety across
industrial, manufacturing, infrastructure, public sector, and mobility applications.

Our technologies are shaping production and people-related ecosystems to become increasingly
connected and autonomous — ensuring a scalable, sustainable future.

Hexagon’s PPM division empowers its clients to transform unstructured information into a smart digital
asset to visualize, build, and manage structures and facilities of all complexities, ensuring safe and
efficient operation throughout the entire lifecycle.

Hexagon (Nasdaq Stockholm: HEXA B) has approximately 21,000 employees in 50 countries and net
sales of approximately 3.8bn EUR. Learn more at hexagon.com and follow us @HexagonAB.
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