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Abstract
Collaboration between clients and contractors in construction projects is still poorly supported by ICT
due to the lack of a common modelling framework and a common open service platform that can
enable interoperability and decision making on various levels. In this paper we present an approach
towards the development of such a platform, elaborated within the frames of the German research
project Mefisto. Central investigated concepts are (1) the use of a common collaboration ontology
providing for multi-model logistics, (2) the use of a set of interoperability services providing for
horizontal, vertical and longitudinal information integration, and (3) special services and tools for
efficient simulation of various construction processes to help working out mutually beneficial
decisions.
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Introduction

Construction projects are one-of-a-kind undertakings, typically initiated and financed by a client
organisation that plans to operate the built facilities, and performed by a general contractor supported
by a number of subcontractors. This disruptive nature of the construction business has various technological consequences. In the area of ICT, due to the split responsibilities and the differences in
actual business goals it often results in poor software integration, inconsistent data handling and
overall inefficient “over the wall” engineering practices. However, whilst criticised already for some
decades (see e.g. Sriram 1998), there is still little progress in overcoming the client-contractor
interoperability problems. Undertaken efforts have targeted mainly the design process or contractor
related project management issues, focusing above all on schedules and costs. Recent research efforts
in 4D and nD modelling have tackled some of the challenges in BIM-centric manner (Aouad G. et al.,
2007; Gao and Fischer 2008) but have not analysed in depth the interplay of material processes (on
the construction site), information processes (on the contractor’s ICT platform) and monitoring and
controlling processes (on the client’s ICT platform) in their mutual interrelationship. However,
achieving partnership construction requires development of an adequate solution for that kind of
interoperability problems.
This is one of the main goals of the Mefisto project inaugurated in mid 2009 with duration of 3
years. Mefisto is a large national German project joining the efforts of 3 universities, 5 software
development and design consultancies in AEC and 2 large construction companies. It sets out to
develop an ICT platform for management, simulation and decision making in large construction

projects that can integrate the currently largely disjoint data sets used on client and contractor side,
make them interoperable, improve efficiency of collaboration processes and, last but not least, increase trust to enable true partnership construction (Schapke et al. 2009). The central challenge is the
management of the distributed multi-model space of construction projects where model data need to
be adequately transformed, exchanged and managed horizontally (between client and contractor and
among various discipline-specific representations), longitudinally (in their temporal development
along the project phases) and vertically (on different levels of abstraction to support different levels of
decision making). This is illustrated by the “pyramid” metaphor on Figure 1. In the paper, we outline
the overall architecture of the envisaged platform, describe the modelling framework and its
underlying collaboration ontology and provide an overview of the required main interoperability
services.
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Figure 1, From disruptive “Over the Wall Engineering” to “Partnership Construction”
(arrows on the right side of the figure show the main interoperability axes that need to be
taken into account, i.e. horizontal (H), longitudinal (L) and vertical (V) interoperability)
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Platform architecture

The overall architecture of the platform is shown on high level on Figure 2. It features a hybrid SOAbased system integrating local legacy applications with various platform services via standard web
service and .NET technology. Typical legacy applications comprise 3D CAD, scheduling, quantity
take-off, ERP and PPM systems. In the scope of the Mefisto project these include the 3D parametric
CAD system SolidWorks, the new integrated ERP system RIB iTWO, the integrated monitoring and
controlling system GRANID and several complex simulation tools such as PlantSimulation and
AnyLogic (Schapke et al., 2009). Whilst this is overall a well-known approach to the development of
distributed web-based platforms, there are certain features specifically targeting client-contractor
partnership that need to be mentioned. Firstly, users are consistently treated as part of a virtual organisation in terms of authentication, authorisation and access rights by means of a role-based approach
using known standards such as RBAC and the findings of the EU project InteliGrid and the German
project BauVOGrid (cf. Dolenc et al., 2007). Accordingly, only a minimal necessary amount of public
data is shared whereas all other needed information exchange is performed by specialised rolesensitive services. Secondly, each partner in the process continues using its own familiar tools and
environment; communication with other partners is achieved in fully transparent manner by means of
platform services integrated via dedicated plug-ins and/or web browser GUIs. Data transport is
provided by means of harmonised Model Containers, created and manipulated by a set of model
management services. Thirdly, the creation and use of Model Containers as well as various other
operations are guided in process-centric manner by means of a collaboration ontology providing dynamically instantiated business process objects based on predefined reference process and knowledge
patterns. This approach, extending previous findings described e.g. in (Katranuschkov et al., 2006), is
central to the modelling framework presented in the next section.
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Figure 2, High-level diagram of the platform architecture
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Modelling framework

The information backbone of the suggested platform is developed in anticipation of the fact that not
all relevant project data can be structured in a single, all-encompassing schema. It features a layered
ontology-based modelling framework comprising ten different data model schemas (Figure 3).
Indeed, whilst a large number of information sharing tasks can be supported by the IFC project model,
there are also other standards in use (as e.g. the German GAEB for work specifications), as well as
various proprietary models (e.g. for scheduling) that have become de facto standards. Handling that
diversity requires an ordering schema, clear inter-model relationships and a set of supporting
information logistics and management functions.
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Figure 3, The layered modelling framework of the suggested ICT platform

In the proposed layered approach, each defined layer bundles similar modelling domains. Accordingly, inter-model relationships are strong and explicitly modelled within one and the same layer,
they are weaker between adjacent layers, typically modelled via functional inter-dependencies, and
are basically not allowed to jump across multiple layers.
The first layer captures the construction processes, differentiating between material processes that
are performed on the construction site and supporting information processes that are related to

construction planning, scheduling, monitoring etc. and are generally performed with the help of IT.
This differentiation is important because the first type of processes can be only virtually represented
on the platform and simulated by appropriate simulation/analysis tools, whereas the second can be
assembled into executable workflows.
The second layer defines concepts of concrete construction products and resources (building
materials, pre-fabricated elements etc.) in relation to building information models (BIM), construction
site facilities and equipment (CSM) and work organisation in subcontractor groups and teams (ORM).
The third layer comprises concepts describing qualities of the construction products in product and
work related specification models (SPM), cost models (COM) and time schedules (TSM).
Finally, the fourth layer contains analytical models that can be used to estimate risks and to
evaluate and forecast decisions regarding the models on the lower levels.
The overall multi-model logistics and the operability of the whole platform are grounded on the
consistent use of a common collaboration ontology that provides the meta-model for the described
modelling framework. It identifies on high level the roles, forms and detailing of core construction
objects within the common information resource schemas and perspectives, i.e. the applicationspecific models, composite models and corresponding model views used throughout a construction
project by different disciplines, management levels and project phases. Moreover, the collaboration
ontology defines also the organisational entities (project partners, teams and persons using the
platform), their information resources and the software services that shall be used to create, read,
update, interpret and exchange respective information resources. On the platform, such interpretations
and exchange scenarios are performed by using the already mentioned Model Containers that represent logical envelops for handling distributed, yet inter-related model views as single information
resources. This is achieved via a mechanism for semantic annotation of the models, specifying
model/object inter-dependencies within the process context of information tasks. Among others, such
annotations may include global definitions of the possible levels of detailing of a model, applicable
services for viewing and filtering, view/presentation specifications, use modes etc.
Figure 4 shows the inter-relationship of the collaboration ontology components (the dark boxes)
and the multi-model information resources of the platform framework. It shows also examples of (a)
the definition of a Model Container on the basis of the framework, and (b) an actual Model Container
extracted from the model data and exchanged between the partners.
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Figure 4, Integrated information management based on the shared collaboration ontology of the ICT platform

4

Principal interoperability services

As already indicated, interoperability on the proposed platform has to be supported along three
principal axes: (1) horizontally, between different domain-specific data models, (2) vertically,
between different abstraction levels of one and the same data model schema, and (3) longitudinally, to
support model development over time. Horizontal interoperability is needed when data from one or
more models have to be restructured for use in another context by some other application, e.g. when
using BIM data to exactly quantify and allocate work specification splits in an ERP system. This is
also necessary by various viewing tasks, requiring combined presentation of selected data from more
than one model, and is typically applied by most data transactions from one discipline to another.
Vertical interoperability is needed for the synthesis of detailed data for decision making on higher
level. This involves various structural and functional aggregation mechanisms to create performance
indicators out of the available detailed data. Such transformations may be simple, e.g. to estimate the
amount of the total volume of concrete to be supplied for the casting of all columns on one storey
level, but they can also be highly complex, e.g. to estimate the time needed for a group of operations
performed by a group of interacting construction teams. Finally, longitudinal interoperability is
required to support model change management and versioning, when models are updated within tasks.
However, whilst these three axes represent distinctly distinguished business cases, they can be
grounded on appropriately structured basic model management and coordination services. These
include: filtering, mapping, matching, re-integration of changed data, merging and versioning. The
general schema of their interaction has been described e.g. in (Weise et al., 2004). Their anticipated
use in particular scenarios and models in the Mefisto project is detailed in (Mefisto 2010). In the next
section we describe a practical application example of their beneficial use.
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Using the platform for logistics and construction simulations

Realisation of the outlined interoperability services paves the way to a variety of practical process and
information integration tasks. Among these, well distinguished and with high added value are simulation tasks that can help improve and make more reliable costly planning and management decisions.
Typically, this includes event-based logistics and construction/assembly simulations, e.g. to find out
best supply chain alternatives, storage place locations and size, crane numbers and positioning etc. On
large construction sites such simulations require complex modelling and information acquisition that
are currently mostly done from scratch. The process is performed by highly specialised personnel and
may take weeks to complete. Therefore, whilst indisputably useful, simulations are only rarely used in
current practice.
With the suggested platform and modelling framework the situation can be greatly improved
because most of the information required for a simulation model is actually available in some other
form and can be extracted from the modelling framework via appropriate mapping services using the
Model Container approach. Moreover, the process itself can be readily parameterised and used as
reference task that can be easily instantiated in a respectively defined workflow.
Fig. 5 illustrates the full simulation process from the definition of goals to the generation of results.
Integrated platform resources are pulled up via interoperability functions in four of the seven simulation tasks. Depending on the simulation goal such resources can include equipment, site facilities
and material from the site model, building elements from BIM and/or schedules and work specifications. Ideally, data acquisition can be performed automatically (via filtering and mapping), whereas
model formalisation and populating the model with data can be facilitated by dedicated tools or
services taking into account the involved model schemas. More importantly, simulation results can be
used via inverse mapping as synthesised input to higher level model representations, e.g. as
performance indicators, summarised time/cost values etc. Hence, simulations can not only prove planning alternatives but can also serve as basis for higher level decision making and risk assessment.
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Figure 5, Schematic presentation of the use of platform resources for improved automation and efficiency of
various project simulation tasks (cf. Rabe et al., 2008)
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Conclusions

In this paper we described the main concepts of a developed innovative ICT approach to construction
management based on stronger integration of clients and contractors and achieved with the help of an
open information management platform and a set of interoperable models and services linked together
by an overarching collaboration ontology. The developed classification system for processes, models
and services provides useful guidance for similar further developments as well as clear implementation targets. Beside improved integration, considerable benefits of the approach are expected in the
achievement of faster, more accurate and more efficient simulations, prognoses and project decisions.
Due to the short length of the paper, most of the addressed topics could only be briefly highlighted.
Details can be found in current and oncoming technical reports of the Mefisto project. However, many
of the outlined interoperability issues are still in the phase of conceptual development, their detailed
study and realisation are planned further research efforts.
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