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Abstract Building Information Modeling, as a model-based approach, has various
implications for the information and data management of construction projects. In
particular, data exchange during the planning and execution of BIM-based projects
creates unique demands for the management of data, since the participants involved
exchange different kinds of information at various levels of detail according to their
individual requirements, and not just once but repeatedly and back and forth. To ad-
dress this, procedures for structuring, combining, distributing, managing and archiv-
ing digital information must be set up and technically supported within a framework
for integral model-based project management. It is widely recognized that for the
implementation of BIM-based projects and the related collaborative processes, digi-
tal collaboration platforms are highly suitable. The British Publicly Available Spec-
ification (PAS) 1192 offers a general framework for the implementation of such cen-
tral platforms based on a so-called Common Data Environment (CDE). The CDE
is defined as a common digital project space that provides distinct access areas for
the different project stakeholders combined with clear status definitions and a robust
workflow description for sharing and approval processes. This chapter presents the
technical aspects of the CDE and introduces selected practical aspects.
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15.1 Introduction

In a BIM-based construction project, several project participants create a digital rep-
resentation of a building or infrastructure facility using different authoring tools in
a collaborative process. During the planning, construction, and operation of a build-
ing, the project participants exchange various information from different domains
based on agreed procedures. Practical experience has shown that the direct use of a
single shared model is not recommended for a number of reasons, not least because
this approach does not support accountability which is a problem for legal aspects.

For this reason, various guidelines, such as the Singapore BIM Guide (BCA Sin-
gapore, 2013) or the British Publicly Available Specification PAS 1192, implement
a collaborative approach based on the principle of domain-specific federated models
(Fig. 15.1). This method only gives model authors full access to the domain-specific
sub-model for which they are responsible. Each sub-model is an individual aspect of
the overall model and is usually called a discipline or domain-specific partial model.

Model creation by respective model authors

Model coordination

Discipline 1 Discipline 2 Discipline 3

Quality control

Discipline 1

Discipline 2

Discipline 3
Federated

Model

Model publication and archival

Quality control

Fig. 15.1 Principle of the federated model approach: Domain-specific sub-models are created in-
dependently but coordinated at fixed intervals (based on BCA Singapore, 2013).
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According to this federated model approach, each assigned author maintains their
domain-specific model exclusively so that the responsibilities for and authorship of
building elements, as well as any subsequent changes, are managed unambiguously.
However, this results in an enormous number of interfaces and data transition points,
which must be coordinated to maintain the consistency and validity of the overall
model.

A primary challenge of a BIM-based project is, therefore, to manage the infor-
mation processing and exchange processes described above during the lifecycle of
the construction project. To address this, procedures for structuring, combining, dis-
tributing, managing and archiving digital information must be set up and techni-
cally supported within a framework for integral model-based project management.
It is widely recognized that for the implementation of BIM-based projects and the
related collaborative processes, digital collaboration platforms are highly suitable.
When implementing such a platform, the following general aspects should be con-
sidered:

• Adequacy: The objectives, the effort and the benefits of the selected measures
and procedures should be proportionate.

• Neutrality: The selected procedures and measures should be independent of par-
ticular software products so that the companies involved can use their chosen
software.

• Applicability: The selected procedures and actions should apply to enterprises
and projects in various sizes and fields of application.

15.2 Basic technical aspects

An essential aspect of the data management of digital construction processes is
the centralization of data and information as a basis for all collaborative processes.
ISO/DIS 19650-1 (2017) (which is mostly based on the British PAS 1192-2, 2014)
specifies the characteristics of a technical solution to this requirement: the Common
Data Environment (CDE).

ISO 19650 specifies two parts of the BIM-based execution of construction
projects: project management and information delivery. Project management de-
scribes all process steps necessary to set up a BIM project, including the definition
of the Employer Information Requirements (EIR), and the following tendering and
contractual processes, as well as the preparation of the BIM Execution Plan (BEP).
Information delivery, in turn, describes all steps that are necessary for model cre-
ation and delivery, including the use of a Common Data Environment (CDE). In
this chapter, we focus solely on the aspect of information delivery.

The CDE represents a central space for collecting, managing, evaluating and
sharing information. All project participants retrieve input data from the CDE and
in turn store their output data in it. The common data environment stores all domain-
specific partial models and documents which are necessary for the coordination and
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Fig. 15.2 Common Data Environment represented as a layered structure composed of the individ-
ual technical elements (based on PAS 1192-2, 2014)

execution of a project. The primary task is to provide a platform for information
exchange, while at the same time ensuring a consistent data model that meets the
required criteria. For this purpose, the data management system enforces proce-
dures and techniques that all stakeholders must adhere to in order to ensure the
high quality of data required. Most importantly, the CDE assigns formal states to
individual data items and defines quality checking procedures that are undertaken
after each state change to properly manage the maturity and reliability of the pro-
vided information. The CDE, therefore, serves as the basis for a well-defined way
of cooperating among all participating stakeholders.
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The centralization of data storage within the CDE reduces the risk of data re-
dundancy and ensures the availability of up-to-date data at any time. Furthermore,
the CDE leads to a higher rate of reusability of information, simplifies the aggrega-
tion of model information and simultaneously serves as a central archive for doc-
umentation. Since this environment is accessible for all the project participants, it
should be used as a platform for BIM-based collaborative processes. It should be
noted, that the PAS 1192 provides recommendations for the technological as well as
management-process based implementation. In this sense, the guideline describes
a broad framework for a CDE but does not set detailed requirements so that there
is room for interpretations and the technical implementation (Preidel et al., 2016).
This setup of a CDE adheres to the aspects described in the introduction: adequacy,
neutrality, and applicability.

Despite its broad description, it outlines sufficient information to identify the
basic functionalities and elements that a CDE platform must provide. Figure 15.2
shows its typical system architecture presented as a layered structure that describes
the minimum requirements for its implementation, which we shall discuss below in
detail.

15.2.1 Data repository

The core part of the entire system is the data repository, which describes the tech-
nical space in which all data is physically stored. Since all the information created
during the BIM processes over the lifecycle of the building project is stored in the
environment, a presumably large amount of data should be considered when estab-
lishing a CDE. The volume of data will almost certainly increase in the coming years
as storage requirements as well as BIM technologies develop. In principle, there are
no specifications that detail where data should be precisely located or which tech-
nology is to be used. A central criterion, however, is that data should be accessible
at any time from any location for the involved stakeholders. For this reason, tech-
nologies that make content easily and directly accessible via the internet (especially
cloud systems) should be considered as a technological foundation.

15.2.2 Data structuring

In addition to the data repository, the structure of the stored information is an essen-
tial part of the CDE. This structure must be agreed on at the beginning of a project
and should be updated and reviewed on an ongoing basis – a requirement that is
frequently made a contractual obligation. Based on the complex characteristics of a
building project and the identifiable resources, BIM data can be structured in var-
ious ways. Commonly used structuring categories might be divided into technical
and functional aspects. Technical categories refer to handled data and can be divided

In: Borrmann, A.; König, M.; Koch, C.; Beetz, J. (Eds): Building Information Modeling - Technology Foundations 
and Industry Practice, Springer, 2018, DOI: 10.1007/978-3-319-92862-3



6 C. Preidel et al.

into different levels of aggregation (models and documents and collections thereof,
element groups or single elements, element attributes and property sets). As a basis
for model-based information management, the collected data is structured into infor-
mation resources so that software applications or users can interpret it. For efficient
management, information resources are hierarchically grouped and combined into
superordinate information resources. Technical structuring approaches comprise

• Domains (e.g., concrete works, earthworks, finishing works),
• Phases (the temporal development of a building project with a corresponding

increasing amount of information and the current planning status),
• Zones (spatial structure of a building),
• Systems (aggregation of building elements fulfilling a common function, e.g.,

building supply systems).

The content and structure of information required from the different resources are
based on metadata which are commonly used to define file naming conventions. The
project-specific application of metadata for different information resources should
be agreed, if necessary contractually. An example for the use of metadata is shown
in Fig. 15.3. Furthermore, any information resource has an identifier (UID) that
uniquely identifies a data object and should not be changed afterward. This makes
it possible to reference data objects without the need to transfer the complete data,
which makes the overall system more efficient.

In a BIM-related context, the selected structure should be applied consistently
and according to the given project prerequisites, thus enabling efficient information
management and the combination of sub-models despite high data volumes. The
Employer Information Requirements (EIR), which define the digital requirements
of the client and, in turn, the content of the final Asset Information Model (AIM),

Fig. 15.3 Example of using
metadata (VDI 2552 Blatt 5,
2017)
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offer a degree of basic orientation. A consistent and adequate data structure also
supports the automation of processes that need to be performed frequently (e.g.,
linking and combining sub-models, model quality checking).

The approach and level of detail when structuring project data depends on the
project size, type of building, supported BIM application cases as well as the soft-
ware tools used. Minimizing the effort required to structure information should be a
key consideration when defining methods for structuring a project-specific CDE. In
the German standard VDI 2552 Blatt 5 (2017), the following approach is proposed
to define an applicable data structure:

1. Select and define project-specific BIM use cases
2. Define required information and data structure derived from the combination of

BIM use cases
3. Analyze the required data structure with respect to concepts which may derive

from software tools and data formats
4. Contractually define the structuring concept (e.g., within the BIM execution plan,

modeling guidelines, standard terms, and conditions)
5. Regularly review adherence to the defined data structure

The data structure should correspond to the following prerequisites:

a) The granularity of data sets and objects must reflect the chosen BIM use cases
and support linking external data sets and objects (“Linked Data”)

b) Subsets of data and objects resulting from the BIM use cases can be identified
within the entire data pool by characteristic criteria (provision of description
methods that are independent of object IDs)

c) Information in data sets or objects that results from the criteria described in b)
need to be provided in the required format

Classification systems can support the definition of a consistent and standardized
data structure. Any classification systems used should be predefined in the BIM
Execution Plan (BEP). Guidelines on the use of classification systems are currently
under development. An example of using classification systems in the context of
databases is shown in Fig. 15.4.

Fig. 15.4 Example of using
classification systems in the
context of databases

Classification System
(Object-oriented database)

Class 1

Class 2.1 Class 2.2

Class 3.1

Class hierarchy 
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15.2.3 Access rights administration

An essential basis for the consistency of information is the allocation and manage-
ment of property and access rights for the identifiable information resources. These
rights control access to data and therefore protect information against unauthorized
access. The assigned rights determine the type of access that project participants
have to which information resources or which processes they can initiate. The al-
location of the rights determines clear responsibilities and prevents errors resulting
from unauthorized access. The definition of rights can assign different stakeholders
to different roles, which are linked to various combinations of rights. In principle,
these functions and the corresponding rights can be defined as required, but it is
advisable to keep this hierarchy as close as possible to the organization of the un-
derlying building project.

The granularity of the assigned access rights plays an important role here since
these can be linked to different sets of data objects. A right can, therefore, refer only
to a single data object, e.g. a single building element, or to complete sub-models,
e.g. a construction section. The granularity of assigned rights should be defined
according to the application requirements.

15.2.4 Workflows and information delivery

BIM-based collaboration requires all project partners to exchange well-defined in-
formation between each other at certain times, which are contractually agreed. The
exchange should take place exclusively via the CDE so that bilateral exchange with-
out storing information in the CDE is prevented. To ensure each project participant
has the required, up-to-date information for the respective processes, the author must
enter created model content at agreed times. For this purpose, a corresponding time
and performance plan, the Master Information Delivery Plan (MIDP), is required,
and often contractually stipulated. The MIDP determines how frequently, and at
which degree of detail (“LoD = LoI + LoG”) and between which partners informa-
tion is exchanged. The CDE manages the delivery of new or changed model data
and coordinates all work packages. The transfer frequency depends mainly on the
intensity of cooperation and coordination of individual or several partners over a
given period. The extent of information and frequency with which it is entered into
the environment have a significant influence on the technical realization of the CDE.

15.2.5 Version and documentation management

Each time a change is made to a data entity in the CDE, a new data resource is cre-
ated with a new version. The content of the modification is, therefore, recognizable
by comparing it with the previous version. As a result, any stakeholder can trace the
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course of changes when required. Since old versions can be accurately restored, old
model variants can be recovered. Another important aspect of construction projects
is the documentation and archiving of all relevant data. Since any information can
also be retrieved later, the CDE serves as a central archive. This stored information
is essential both for the subsequent operation phase and for possible legal questions.

15.2.6 Status management

To coordinate cooperation, the status of a registered data object or model can be
determined with the help of its planning status (see Fig. 15.5). These states indicate
if the corresponding data set can be used for the intended purpose or in which state
they currently are. A digital plan status is an intermediate result of a particular plan-
ning process, which is stored and, if necessary, made available or released to other
planning participants. For example, a multi-stage digital release process from model
states within a planning phase can be characterized by different processing degrees.
ISO/DIS 19650-1 (2017) outlines useful definitions to define the current stage of a
document or model:
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Fig. 15.5 Status management according to ISO/DIS 19650-1 (2017)
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The work in progress state is used for information while it is being developed
by its originator or task team. Data in this state should not be visible or accessible
to any task team apart from its originator.

The check/review/approve transition compares the data against the informa-
tion delivery plan and against the agreed standards, methods and procedures for
generating information.

The shared state is used for information that has been approved for sharing with
the appointing party or with other appropriate appointed parties or task teams. Data
in this state should be visible and accessible to them but should not be editable. If
editing is required, the data should be returned to the work in progress state.

Information in the shared state should be consulted by all appropriate appointed
parties and used to check the coordination, completeness, and accuracy of their own
information. The shared state is also used for data that has been approved for sharing
with the project client or with the asset owner/operator and are ready for authoriza-
tion. A separate information state, client shared, might be used for such data in cases
where the CDE is distributed over different systems or where there are security con-
siderations.

The review/authorize transition state tests all the data in an information ex-
change for coordination, completeness, and accuracy against the information re-
quirements. If the data or data sets pass these tests, their state is changed to pub-
lished. Authorization differentiates information (in the published state) that may be
relied on for the next stage of project delivery, including more detailed design or
construction, or for asset management, from information that might still be subject
to change (in the work in progress state or the shared state).

The published state is used for information that has been authorized for use,
either in the construction of a new project or in the operation of an asset. The project
information model at the end of a project or the asset information model during asset
operation contains only data and information in the published state or the archived
state.

The archived state is used to hold a complete record of all superseded data that
has been shared and published during the information management process. Data
sets in the archived state that were previously in the published state represent infor-
mation that might previously have been relied on for more detailed design work, for
construction or for asset management.

15.2.7 Filtering

A major challenge is to make the stored information accessible to all parties so that
the information can quickly be queried and retrieved as required. The structuring of
the information resources allows the filtering of data, which makes the extraction
of desired information much easier. Based on the structured information and the
contained characteristics of the information, configurable and reusable filter func-
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tionalities can be implemented. Filters are often used in the context of workflows to
quickly provide an editor with relevant information.

15.2.8 Project communication

Another important aspect of project management is internal communications be-
tween the parties involved. By centralizing all information in the CDE, this can also
serve as a central communication platform. A significant advantage is that the infor-
mation transmitted can be directly linked to information from the model and thus
significantly increases the power of expression; redundant communication paths are
avoided. For example, the CDE can be used for central issue management using the
BIM Collaboration Format (BCF), (BuildingSmart, 2016a). In a BCF-based com-
munication process, the project participants create data objects, called topics, which
store several attributes such as a type, a description, a current state and many other
kinds of information on communications. To connect the topic details with the dig-
ital building model, they can be directly linked by storing a particular view position
as well as the unique identifiers of affected building elements. In this way, the topic
is closely related to the building model and helps other project participants to under-
stand the intended meaning. In principle, this kind of communication replaces the
revision cloud as is used in conventional drawing-based processes. This BIM-based
communication plays an important role since it supports not only the assignment of
tasks and the exchange of information, such as comments but also the documenta-
tion of the whole construction process. At this point, the CDE can serve as a central
store for these topics, since it also contains the corresponding model data with which
the topics are linked. As model and topic data are kept consistent, this is much more
robust than systems that exclusively store and manage topics.

15.2.9 Quality checks and maintaining model quality

While the contents in the environment are always updated or changed, the quality
of the domain-specific models, as well as the overall model, must continually be
maintained at a high level.

An essential tool for maintaining model quality are projects standards, which
are agreed upon at the beginning of the project and by the EIR. Project standards
include definitions of how information needs to be structured as well as modeling
guidelines. The agreed standards set legally binding requirements for the way data
is stored. The created model information should, therefore, be checked iteratively
against these criteria.

For the description of specific data exchange requirements that must be met for
particular process steps BuildingSmart (2016b) developed the Model View Defini-
tion Concept (MVD). This concept can also be used to map data integrity rules.
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Fig. 15.6 Example of inconsistency in a BIM-based collaboration process

These can describe, for example, whether an attribute is assigned a value for a spe-
cific value range, which is especially important for additional attributes that are to
be used for material properties (units).

Before information is imported as models by the project participants, the qual-
ity of the information must be checked. Since the input and output streams of the
information are centralized within the CDE, these can be centrally controlled. As a
result, models can be individually checked before they enter the environment. After-
wards, they can also be checked for consistency using other models already stored in
the environment. The consistency of data implies that stored information is unified
and therefore valid as a whole. In the federated model approach, these inconsisten-
cies occur especially when domain-specific models are merged into the coordination
model.

An example of an inconsistency is shown in Fig. 15.6. In this example, user A
modifies a model object Y, which is only valid in the context of the model object
X. If user B tries subsequently to access object Y, an inconsistency arises since the
data is no longer valid. In the example, author A deletes the opening, but author B
modifies its properties at the same time. If the delete operation is executed prior to
the property modification, the data object is no longer valid, resulting in an incon-
sistency error (Preidel et al., 2016).

Redundancies occur when the same information is stored in different objects
or properties. In the context of collaborative BIM processes, redundancies are often
unavoidable or are sometimes even desirable. If redundancies are present or desired,
it is important these do not lead to inconsistencies. BIM data management must
make clear which redundancies exist, and for what purpose.
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15.3 Summary

The BIM method and the accompanying federated model approach present funda-
mental challenges and require that collaborative processes in the construction in-
dustry be adapted. The introduction of the CDE represents a major step towards the
digitalization of these processes. By centralizing data storage as well as bundling
information and data streams, the enormous amount of data stored in models and
data objects can be coordinated consistently. At the same time, essential aspects,
such as data and model quality, can be considered. The key aspects described above
provide an overview of the structure of a CDE and the capabilities it must fulfill.
The complexity and dynamic nature of building projects mean that the evolution of
BIM-data is a highly dynamic process. When defining the content and functionality
of a project-specific CDE, it is necessary to ensure that the chosen system can meet
these changing requirements.

References

BCA Singapore (2013). Singapore BIM Guide, 2nd edition, Singapore. Retrieved from https://
www.corenet.gov.sg/media/586132/Singapore-BIM-Guide V2.pdf (accessed 4 October 2016).

BuildingSmart (2016a). “BCF introduction”. Retrieved from http://www.buildingsmart-tech.org/
specifications/bcf-releases (accessed 14 March 2016).

BuildingSmart (2016b). “MVD Documentation”. Retrieved from http://www.buildingsmart-tech.
org/specifications/ifc-view-definition (accessed 13 May 2016).

ISO/DIS 19650-1 (2017). Organization of information about construction works – Information
management using building information modelling – Part 1: Concepts and principles, 1st edi-
tion. Retrieved from https://www.iso.org/standard/68078.html (accessed 24 June 2017).

PAS 1192-2 (2014). Specification for information management for the capital/delivery phase of
construction projects using building information modelling. British Standards Institution.

PAS 1192-3 (2014). Specification for information management for the operational phase of assets
using building information modelling. British Standards Institution.

Preidel, C., Borrmann, A., Oberender, C.-H. & Tretheway, M. (2016), “Seamless Integration of
Common Data Environment Access into BIM Authoring Applications: the BIM Integration
Framework”. in Christodoulou, S. (Ed.), eWork and eBusiness in Architecture, ECPPM 2016
Proceedings of the 11th European Conference on Product and Process Modelling (ECPPM
2016), Limassol, Cyprus, 7–9 September 2016. CRC Press.

VDI 2552 Blatt 5 (2017) Building Information Modeling – Datenmanagement. Beuth.

In: Borrmann, A.; König, M.; Koch, C.; Beetz, J. (Eds): Building Information Modeling - Technology Foundations 
and Industry Practice, Springer, 2018, DOI: 10.1007/978-3-319-92862-3

https://www.corenet.gov.sg/media/586132/Singapore-BIM-Guide_V2.pdf
https://www.corenet.gov.sg/media/586132/Singapore-BIM-Guide_V2.pdf
http://www.buildingsmart-tech.org/specifications/bcf-releases
http://www.buildingsmart-tech.org/specifications/bcf-releases
http://www.buildingsmart-tech.org/specifications/ifc-view-definition
http://www.buildingsmart-tech.org/specifications/ifc-view-definition
https://www.iso.org/standard/68078.html


In: Borrmann, A.; König, M.; Koch, C.; Beetz, J. (Eds): Building Information Modeling - Technology Foundations 
and Industry Practice, Springer, 2018, DOI: 10.1007/978-3-319-92862-3



Index

Asset Information Model, 5

BIM Collaboration Format, 9
BIM Execution Plan, 3

Common Data Environment, 3

Employer Information Requirements, 3

Master Information Delivery Plan, 7
Model View Definition, 9

15

In: Borrmann, A.; König, M.; Koch, C.; Beetz, J. (Eds): Building Information Modeling - Technology Foundations 
and Industry Practice, Springer, 2018, DOI: 10.1007/978-3-319-92862-3


	Common Data Environment
	Introduction
	Basic technical aspects
	Data repository
	Data structuring
	Access rights administration
	Workflows and information delivery
	Version and documentation management
	Status management
	Filtering
	Project communication
	Quality checks and maintaining model quality

	Summary
	References

	Index
	1
	Part I Technological Foundations
	2
	3
	1
	2
	3
	1
	2


	4

	Part II Interoperability in AEC
	5
	6
	7
	8
	9
	10
	11
	12
	13

	Part III BIM-based Collaboration
	14
	15
	16
	17
	18

	Part IV BIM use cases
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	Part V Industrial Practice
	31
	32
	33
	34
	35

	Part VI Summary and Outlook
	36




