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Abstract -

Continuous and robust process planning is
contrary to the different goals of project participants
in the construction business. The aim of holistic
building process management must be to optimize
the overall process by streamlining individual
processes. Lean management methods are
increasingly being used to harmonize building
processes. For this purpose, especially the method of
takt time planning and takt control is appropriate.
Building information modeling (BIM) is another
promising way to promote a collaborative planning
and construction process. BIM is generally
understood as a virtual 3D model of a project with
additional information. In order to be able to use the
synergies of the two methods, the requirements,
framework conditions, and goals of the two methods
must be coordinated so that the added value of
information for process planning can be used. The
parallel application of lean construction methods
and BIM can create added value that leads to
productivity gains. In established BIM applications,
the product (e.g., building) is planned as optimally as
possible. However, the production process is not
sufficiently considered. This is where lean
construction methods are used to optimize the
process. This article describes synergies through the
combination of both methods and defines the
requirements for a new BIM use case, “takt time
planning and takt control.” The presented concept is
prototypically tested on a hotel tower project and the
benefits and requirements are discussed.
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1 Introduction

A paper of the ISARC 1993 starts with the
paragraph “The chronic problems of construction are
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well-known: low productivity, poor safety, inferior
working conditions, and insufficient quality” [1].
Although this statement from more than 25 years ago
could describe many of today’s construction projects,
little seems to have changed since then. Low
productivity is one of the biggest challenges facing the
construction industry nowadays.

Many studies show that the productivity of the
construction industry has not increased in recent years
compared to that of other industries. While other
manufacturing  industries  have increased their
productivity by more than 20% in the last 20 years,
productivity in the construction industry has increased
by only about 4%. These considerations raise the
question of whether other industries are better at
realizing the opportunities of digitization than the
construction industry.

The construction industry is facing a change.
Digitization is pervading more and more sectors of the
industry. The implementation of digitization projects
requires a strong standardization for business processes
as well as for products and components.

Building Information Modeling is seen as the driver
of digitization in construction. All relevant information
in a construction project will be mapped into a
consistent data model. Thereby an improvement in the
achievement of the project goals in the dimensions dates,
costs and quality is to be achieved. However, the
industry has not been able to increase productivity to
nearly the same level as other manufacturing industries.
With the aim of increasing productivity, lean
management methods are increasingly being adapted in
the construction industry. Lean Construction and
Building Information Modelling, at first glance, are two
independent methods whose evolution has been shaped
by different perspectives.

This paper describes two methods currently most
promising in construction management to increase
productivity, occupational safety and quality. Lean
Construction methods and BIM are internationally used
methods in construction. However, the combination of
both methods lacks framework conditions to enable a
digital exchange of building data especially for the takt-
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time planning application. Therefore, the minimum
requirements will defined in the paper.

2  Problem Description and Objective

Ineffective processes not only lead to a loss of time,
but also to wastage of various resources. Not fully used
or misdirected resources lead to rising costs during
operation, indicating flawed planning and reduced
values. Studies in the United States, Great Britain and
Scandinavia have shown that wastage in the building
construction process is very high:

e  30% of the construction work must be repeated to
produce appropriate quality,

e  10% of material assets get lost due to wastage and
disorder, and

e only 40-60% of the performance is efficiently
used in construction activities [2].

The complex process of construction project
planning depends on many parameters and the quality of
construction schedules is highly related to the
engineers” knowledge. The initial schedule includes, in
most cases, only the basic information about the
planned construction. The pieces of basic information
are the approximate start and end dates of the different
trades. Detailed schedules with linked activities to
represent the dependencies between activities are in
most cases missing [3].

Software applications relieve users from routine
tasks. However, the shortcomings of present software
tools, which are currently used for construction process
management, include the separate generation of the
building information model and the construction process
model.

The successful implementation of projects requires a
structured and effective communication between all
stakeholders. The increasing development of BIM tools
has to be evaluated concerning their situational
suitability of information exchange in construction
projects.  Construction  projects are  generally
characterized by a large number of stakeholders such as
construction companies, architects, planners, and
representatives of regulatory bodies.

In order to gather the relevant information in a BIM
process, information pertaining to who, when, how, and
which has to be identified and provided. The
buildingSMART propagated a method to define such
exchange requirements is the Information Delivery
Manual (IDM) (ISO 29481). The objectives of IDM are
meant to standardize the information needed for
specific-use cases in the BIM process. This manual
defines the requirements for data exchange for all
participants, including software providers.

An IDM targets both BIM users and solution
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providers and consists of three main parts- process map,
exchange requirements, and functional parts. The
process map describes the flow of activities for a
specific process e.g., cost estimation. It improves the
understanding of configuration of activities, the
involved actors, the required information, and the
consumed and produced information (Figure 1).
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Figure 1. BIM-based lean construction

production model [4]

The exchange requirements are a set of information
that needs to be exchanged to support a specific
business requirement at a particular stage of a project.
An exchange requirement represents the connection
between process and data. It applies the relevant
information defined within an information model to
fulfil the requirements of an information exchange.
Finally, the functional parts are units of information
used by solution providers to support an exchange
requirement [4].
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Figure 2. Scheme of Exchange Requirements

This paper describes the requirement of the BIM
process to facilitate takt-time planning for a building
information model.

3 Background

3.1 Building Information Modeling

The core of BIM-based project management is an
integral digital building data model. The aim of the
Building Information Model is to combine complex and
heterogeneous data from the project participants into a
consistent database. The flow of data between project
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participants and project phases is best handled digitally
in a Common Data Environment (CDE). The current
projects are largely concerned with the digital product
model and less with the processes surrounding a
construction project, even if the BIM vision focuses on
process-related project execution.

Digitalization in the construction industry and the
application of modern information technologies offer a
great potential to improve construction safety and health
in the planning phases. According to Eastman et al. [5],
“BIM is one of the most promising developments in
architecture, engineering, and construction (AEC)
industries. With the BIM technology, an accurate virtual
model of a building can be digitally constructed.” The
BIM-based risk management, clash detection, cost
estimation, and 4D simulation have now become
established features to support construction project
management [6]. It supports the design through all its
phases until the project is completed, and also allows
better analysis and control than existing manual
processes [7].

Building Information Modeling (BIM) represents a
promising development in the architecture, engineering
and construction industries. With this method, accurate
building models can be digitally displayed. It supports
the design through all its phases till the project is
completed and allows better analysis and control than
existing manual processes.

3D-model-based clash detection, risk management,
cost estimation and 4D animation have become
established methods to make construction management
more efficient [8]. The use of BIM for construction
project planning offers many other advantages [9].

3.2 Lean Construction Management

A production system is based on fundamental
principles, standards, methods, and tools. It describes
the standardized way of working and organizing
companies according to lean principles. The goal of
Lean Management in the construction industry is to
avoid waste, to focus on the customer, and to increase
the added value of its product. So far, the application
scenarios used in the construction industry have focused
predominantly on analogous processes for planning and
controlling construction [10]. The inherent focus of
Lean Construction's production system is on the process
level, system control, and process-based organizational
design.

It is clear from these statements that the two
methods have different modes of operation. The
Building Information Model represents the product and
the Lean Construction Method describes the process

Building Information Modeling (BIM) and Lean
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Construction are two different methods of improving
the construction process originally developed by
different stakeholders with different goals. Over the past
decade, both methods have begun to spread fast in
practice.

Recently, however, it has come to be realized that
these two methods have considerable synergy and that it
is advantageous to implement them together. In view of
this, there is an increasing need to sensitize BIM users
to Lean principles and methods as well as Lean users to
the BIM project workflows.

3.3 Synergies

A combination of the BIM and Lean methods can
generate synergies if the two methods are harmonized.
On closer inspection, it can be seen that the two
methods are complementary in many target images, but
the approaches and modes of action are different. A
detailed study examining BIM applications and lean
processes was conducted by Sacks et al. a. and showed
56 interactions of both methods [11]. In order to realize
the synergies of the two methods, concrete intersections
have to be identified.

4  Methodology

This research contributes to the improvement of
construction process planning by using the information
of a Building Information Model to develop a takt-time
plan according to lean construction principles.

In this research, two main data sources are needed for
construction process planning. Information about the
building including all objects and quantities will be
delivered via a Building Information Model (BIM).
Second, information about the processes is needed. The
process information will be derived from the process
model database. The major parts of the proposed
framework are shown in Figure 3.

BIM-based lean construction

Figure 3.
production model

Decision-making in construction management is
commonly based on empirical knowledge, because it is
not easy to evaluate different execution strategies by
using traditional scheduling methods. Although the
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number of possible solutions is limited by numerous
constraints, the remaining possible execution strategies
are almost unlimited. However, they are influenced in
terms of production technique and production costs due
to different constraints [12].

The objective of this approach is to integrate basic
and methodical knowledge of construction management
into the model. In order to achieve this objective, four
steps need to be defined:

1. Capture the relevant requirement from users point
of view,

2. Describe this requirement within a model,

3. Develop abstract solutions by using empirical
knowledge and

4. Implement the solutions by adapting them for a
specific project.

Building components are represented in an object-
oriented context in this work. Accordingly, objects
belong to a class with their individual properties.
Furthermore, building information models contain
geometric data about the material, location, weight and
other properties. The building structure is hierarchical.
The building is structured in floors, groups of objects
(e.g., walls, slabs) and individual objects. Objects must
be uniquely identifiable.

5 Use case: Takt-time planning
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How can the two methods, Lean Construction and BIM,
be combined on a practical level? Lean Construction is
operationalized through application-oriented methods.
An essential method in construction is the takt-time
planning aimed at reducing the size of batches to
simplify the control of construction processes. The way
to a Lean Construction takt-time planning can be
sustainably supported by the consistent and reliable
information provided by BIM-based project handling.

The basis of the timing of the construction process is a
precise reflection of the performance target. The
performance target is guaranteed in the BIM project by
a model-based calculation of the construction work. The
content of the model-based calculation is the spatially
separated quantities and service items and their
combination with effort and performance values.
Further calculation bases from the product model are -
for example, the building topology to derive a zoning
for the building. These data can be incorporated directly
into the takt-time planning from basic quantities or used
as a control entity for plausibility calculations. The link
between the production processes and the objects of the
building information model enables the simulation of

BIM-Lean Integration
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execution strategies and their return to a harmonized
production schedule.

5.2 Product Model

The input data for the generation of the schedule are
project-specific data generated from the building
information model. This model provides the building
with specific input data e.g.,, building objects,
hierarchical order, and quantities.

Building components are represented in an object-
oriented context in this work. Accordingly, objects
belong to a class with their respective properties.
Building information models contain the geometric data
about the material, location, weight, and other properties.
The building structure is hierarchical. The building is
structured in floors, groups of objects (e.g., walls, slabs,
rooms) and individual objects. Objects must be uniquely
identifiable (Figure 4). In the model-based cost
calculation phase, every single object will be calculated.
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Figure 4. Definition of the building structure

In the cost calculation process, the individual costs
of the part services are already determined for every
single object. This includes, for example, the costs of
wages, materials, and equipment. In the following, this
object-oriented cost calculation allows these component
and room-specific values to be used as a basis for
process planning.

The described preparation process from modelling
the building and determining the component-specific
costs provides the information needed in the following
multi-level process planning.

5.3  Takt-time planning process

Takt-time planning is one of the most used methods
in the Lean Construction context. The German word
"Takt" means "beat". In this context, it means the
processes on the site follow a standardized takt
developed in the following eight steps (Figure 5).
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Definition of the lowest common
multiple(LCM) for repeatable
elements

Determination of the trade sequence
per LCM

Determination of the work contents
3 per LCM

4 Determination of labor effort per
work content and LCM

Tact determination (content and
time) and adjusting capacities

Sequence of activities See

(Wagon and train formation)

Definition of construction strategy ST
7 and setting up the production I iy
schedule = [l

Synchronization of trains,
finalization of the production
schedule (tact timetable)

Figure 5.Takt-time planning workflow

In order to determine the exchange requirements
with regard to process planning, the eight steps must be
examined with regard to the following criteria:

Who is requesting?

Why is this information important to exchange?
When is the information needed?

What information supports the request?

To Whom? Actor that fulfills the information
need.

In the first step of the workflow is the analysis of the
lowest common multiple (LCM) (Figure 6). Projects
with a high repetition factor on similar construction
stages are well-suited for takt-time planning. In this case,
all services of internal works for a LMC have to be
calculated at once and multiplied by the repetition factor.

With the traditional method of process planning,
steps 1-4 involve considerable effort. All information
must be gathered together from different documents e.g.,
tender specifications, and expert reports (Figure7).
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Figure 6.Visualization of interior takt areas on a
2D-plan (on the top) and BIM-Model (below)
with the lowest common multiple.
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Figure7. Sources of information for building
specifications

In BIM-based process planning, the information for
steps 1-4 is generated directly from the BIM-model.
However, the questions raised before must be addressed.

Who is requesting? <<Process planner>> According
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to a uniform classification system such as OmniClass.

Why? Process planning according to Lean
Construction methods requires detailed information on
the performance and structure of the building.

When? The information is transferred after the
technical description of the elements before the work
preparation.

What information? A set of attributes are the
minimum requirement for the process (Table 1).

Table 1. Minimum requirement for process attributes for

rooms
Attributes Attributes
ID Ceiling surfaces
Component type Floor area
Classification Floor

Room number
Length, Width, Height
Ceiling height
Structural height
Wall surfaces

Construction phase
Takt number
Process code
Costing code

To Whom? <<Architect>> According to a uniform
classifications system such as OmniClass.

In step 5, the previously calculated workload must
be adjusted to the set takt time (e.g., one week). This
happens through the variation of different parameters.
This includes the shifting of services within the interior
work train, adjusting the number of employees (Figure
8).
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Figure 8. Takt adjustment

Work packages can be grouped together in one
wagon if there is a no collision. Such a grouping can be
seen in the picture 8 wagon "W2". There, three trades
together become a wagon because with simultaneous
execution no mutual influence is to be expected.

The first resulting Step 6 is a train of trades to
complete the work. Now you can change the
construction process by changing the construction
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strategy. For example, the number of trains and the
direction of the construction work flow can be
varied. In the proposed framework, the effects can
be analysed directly on a 4D model. Figure 9 shows
a 4D-takt-time sequence of shell construction work.
The wagons “W1”- concrete walls - and "SL1"-
concrete slabs - alternate floor by floor between the
construction sections. Through this sequencing of
work, an optimal use of resources is ensured.

Figure 9. 4D-takt time sequence

6 Results

The following investigations are presented using the
example of a real construction project. An object-
oriented 3D building information model of a 17-story
hotel building was selected for the case study. The hotel
building has 220 guest rooms. The 3D model represents
all the structural elements of the concrete shell structure
such as foundations, beams, walls, columns, and slabs.
Furthermore, the model includes all rooms with their
specific attributes to determine the interior work
processes. The building model contains approximately
55000 objects (Figure 10). The objective of this study
was to determine the practical benefits and limitations
of the developed system.

The benefit for a process planner is the developed
querying function that automatically determines the
quantities and labour hours from the model and
calculates the duration for each of the planned activities.
The developed semi-automated takt-time planning
approach has been found to assist the workflow and
quality during construction process planning. However,
there are some current limitations and challenges. The
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framework requires a comprehensive knowledge of the
construction processes and its subsequent activities. The
gathering of all the necessary input information is a
crucial point when generating quality results. While
activities related to concreting work were investigated,
further investigations have to be done in developing
process templates for the major construction works. In
order to make use of the full potential of the method, the
IDM with all elements must be described in further
work.

Figure 10. BIM-Model for evaluations

7 Conclusions

BIM and Lean Construction are promising methods
to improve construction processes. Until now, these
methods used to be developed and applied separately.
Linking the methods may create currently undiscovered
benefits. However, finding an effective way to join both
methods is difficult. First, this work has determined the
minimum information requirements for process-oriented
project planning using BIM.

It initially demonstrates the application of an
Information Delivery Manual (IDM), specially the
exchange requirements to determine the standard
attributes that are necessary for takt-time planning.

By using digital building information models,
construction processes can be planned in detail. Both
the planning and the execution processes are, thus,
holistically considered and coordinated. The next
development steps are the further expansion of the
method for more Lean methods and the integration of
the takt control in the framework. Thus, the planned
processes with actual site data are evaluated.
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