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Multilevel information management in geotechnical engineering

F. Schley & K.-P. Holz

Lehrstuhl Bauinformatik, Brandenburg University of Technology at Cottbus, Cottbus, Germany

ABSTRACT: A generalized approach is described aiming at the integrated management of heterogeneous in-
formation in geotechnical engineering. The generalized architecture of a possible hybrid management system
joins two approaches operating on different levels of information integration. This paper analyzes both kinds
of systems. In particular notice will be given to the components of a strictly integrated management system
for geotechnical engineering, following the demands of time-critical information management. Elements sup-
porting presentation of all kinds of information as well as tools supporting net-based cooperation will be con-
sidered. The aspect of demands and potential for ICT support in construction engineering is briefly touched.

1 INTRODUCTION

Geotechnical engineering like other engineering dis-
ciplines can be seen as an information driven disci-
pline. The need of information recurs throughout all
stages of construction, ranging from design, plan-
ning and execution to the use of the building. How-
ever, throughout its lifecycle different demands on
the management of information and different levels
of integration can be identified.

Information in construction engineering is in gen-
eral very heterogeneous. Typical types of informa-
tion are: CAD drawings and plans, sketches, rough
calculations from the early design phases, detailed
calculations from blueprint and implementation
planning, dimensioning of construction members,
contracts, construction logs, cost estimations and ac-
counting, schedules for planning and execution, and
so on. Traditionally working small and medium con-
struction companies have a working environment
which consists of a heterogeneous collection of en-
gineering software applications and ‘standard soft-
ware’ including office software for processing this
information. However, ICT support is not yet as so-
phisticated as in other engineering industries (Jung
et al. 2004); quite some information processing is
still handled ‘manually’ (handwritten). The applica-
tion of ICT becomes profitable with a certain com-
plexity of tasks. Big companies only apply heavy-
weight integrated software solutions which support
the information processing throughout all phases of
a construction project including project communica-
tion, workflow functionality, documentation and fi-

nancial issues (like AEC/community, baulogis,
BuildOnline and others).

To support particularly small and medium con-
struction companies the following approach of a
multilevel information management is proposed.
The information management system combines two
approaches operating on different levels of informa-
tion integration.

The first approach is to manage information re-
sources in a distributed project environment apply-
ing web-based technologies. Each single document
as a container of heterogeneous information is man-
aged by a semantically describing database. The in-
formation resources themselves remain physically at
their point of origin in the responsibility of their au-
thors. By application of web-based technologies the
documents can be shared among the partners; they
are available any place any time. The organization of
the documents, however, goes beyond the scope of
file system structures. No special software is needed
on the client side.

However, for a comprehensive information man-
agement a simple document management does not
appear to be sufficient. Therefore the second ap-
proach is to integrate information that is contained in
the aforementioned information resources into a sys-
tem that supports the finding of information and
raises the transparency. Moreover, frequently ac-
cessed information shall be provided to the engineer
in a suitable manner without the obligation to access
and open the documents containing it. This demands
for the abstraction of typical engineering informa-
tion. Engineering processes and flow of information
have been analyzed to identify ‘key information’ as
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an abstraction of detailed information. An informa-
tion model for geotechnical engineering has been
developed on this level and complemented with an
appropriate user interface.

The combination of the resource management
system operating on the level of documents and data
files with the model-based information management
system operating on the level of key information re-
sults in a multilevel information management appli-
cable in geotechnical engineering. The generalized
design of the information model allows for the adap-
tation for other engineering disciplines.

2 RESOURCE-BASED INFORMATION
MANAGEMENT

One part of the multilevel information management
system is provided by a web-based resource man-
agement system (Hildebrandt 2004, Holz et al.
2003). It was developed to support the sharing of
heterogeneous information resources in distributed
project environments by a common information base
on a semantic level. This approach is closely related
to the traditional working processes which base on
the exchange of information, mostly contained in
documents. However, the major drawback of infor-
mation exchange is the lack of topicality due to dif-
ferent copies and versions of circulating information.
This is overcome by the information sharing mecha-
nisms supported by the web-based resource man-
agement system.

Typical information resources in engineering are
all kinds of (traditional) engineering documents
(plans, drawings, calculations, schedules, contracts,
construction logs, codes), data files (monitoring
data), charts, pictures and video files (observation
and documentation). The management of these in-
formation resources demands for the explication of
its implicit and hidden information. To overcome the
problem of semantic heterogeneity a single domain
ontology is the base for the semantic markup of the
information resources with descriptors (Fig. 1). The
ontology is flexibly adaptable for each project de-

pending on special glossaries of the respective disci-
pline and companies and the demands of involved
partners.

The format of an information resource is indi-
cated by its MIME type.

The management of the resources is handled by
resource entries stored in a meta-database. They
contain the semantic markup, the format information
and information about the physical location of the
resource (URL). Only the resource entries are stored
in a meta-database. The resources themselves remain
physically at their origin on any server worldwide in
the responsibility of their authors. The resource
management system is implemented as a web appli-
cation (Java Servlets) running the database and han-
dling the requests of the users.

The system is accessed from the client side by the
web browser. No special software is needed. Any
equipment such as PC, PDA or even mobile phone
(limited) can be used. As these instruments are mo-
bile, access to the system exists at any time from any
place. Basic functionalities include search mecha-
nisms (according to the semantic markup), resource
browsing (by tree structure), resource editing, inte-
grated resource visualization (provided by special
customizable applets, e.g. visualization of time se-
ries from data files), personal workspaces for regis-
tered authors and bulletin board communication.

This architecture has the advantage that the re-
sponsibility towards content and topicality remains
with the provider of the resource. Furthermore it has
the advantage that the presentation of the resource
on the client side follows the MIME type supporting
tools and thus is always familiar to the engineer. The
users have an always up-to-date common informa-
tion base.

3 MODEL-BASED INFORMATION
MANAGEMENT

Building is contracted to consortia operating as
closed systems not open to the public. Between the
partners, however, information about the contracted
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Figure 2. Excerpt from the construction site information model.

construction and operation of the building site is
commonly shared. Providing just this information
within a password protected resource management
system as described might well be used in this envi-
ronment.

However, when contracts with consortia are es-
tablished, they contain precise information of part-
ners, objectives, tasks, finances, responsibilities,
time-frame and organizational structure. This infor-
mation permits the design of information models on
a densely integrating level for rapid construction fol-
low-up and fast reaction in emergency situations. An
information model for geotechnical engineering has
been developed integrating construction elements,
building processes, monitoring, actors and organiza-
tional structure (Schley et al. 2004). The main objec-
tive for this information model lies in the support of
handling emergency situations in geotechnical engi-
neering. It is designed to contain key information
only, since only few technical details about con-
struction members and their states are needed for
emergency handling. However, it has shown that this
information model is applicable for the information
management throughout the entire construction
process.

The information model and its corresponding
model editors are not intended to replace existing
software packages and tools the engineers are using
at their regular work. It is rather intended to be a
supplementary instrument that fits into the engi-
neer’s working environment and provides a central
point of reference concerning information manage-
ment. A corresponding mechanism for interfacing
with other sources of information is presented.

3.1 Construction site information model

The information model (Fig.2) follows an object
oriented approach and is described by the unified
modeling language (UML). The abstract generalized
model consists of three components. They represent
the construction objects of the building, the con-
struction process and the organizational structure.
Construction objects are structure components
(members), measuring devices, construction equip-
ment, site facilities and machines of the construction

activitysetTimeAss.

project as well as objects interfering directly or indi-
rectly with the project like neighboring buildings or
soil and groundwater bodies. An extendable class
hierarchy has been created to model typical geotech-
nical engineering construction objects like excava-
tion, sealing slab, slotted wall, anchor, gauge and
pump. The construction object’s properties are mod-
eled separately with specialized property classes.
They contain the actual key information. The integ-
rity of the model is ensured by the definition of
mandatory properties for certain construction object
types. Other properties are optional and can be com-
bined freely.

Construction processes are mapped with activities
and relations between them. An activity graph maps
the work schedule with its planned and actual times
of execution as well as completion. It allows for a
complete control and survey of the construction
process. Changes of the work schedule are docu-
mented in the information model for later evaluation
and assessment of critical emergency situations.
Property objects provide information about the plan-
ning, execution and finish state of construction ob-
jects. Predefined construction sequences can be inte-
grated.

The organizational structure model component is
rather independent from the other ones. It is capable
of mapping the prevalent organizational and respon-
sibility structures of building sites. The hierarchic
structures, as determined by contracts, are repre-
sented with organization units. They can be real
(company, division, department ...) as well as vir-
tual units (joint venture ...). For one building project
there can be mapped several organization hierarchies
(subcontractors).

3.2 Interfacing with external models

Major problems in model-based information systems
are the integrity and the consistency of the informa-
tion model. Many software products are available
for all the different engineering tasks covering the
whole construction and building process providing
their own underlying models. For persistent storage
and exchange of information proprietary formats are
established. However, integrated solutions are feasi-
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ble with the development of common product mod-
els, like IFC (IAI 2004) for civil and building engi-
neering. But the implementation and support of
common product models in commercial products is
not yet as satisfactory as necessary.

The described information model for geotechnical
engineering was designed for quick access to key in-
formation only. The key information considered is
usually contained in other resources available to the
engineers, sometimes ‘hidden’ or implicit. However,
tough competition does not permit to spend extra ef-
fort, costs and manpower on condensation and inte-
gration into the information model. Besides this the
problem of undesired redundancies arises from the
concurrent provision of information from both the
information model and the original information
sources (e.g. proprietary storage within the informa-
tion generating software products).

The following approach of a collection based core
model has been developed to overcome both prob-
lems (Briiggemann & Liang 2004). It defines se-
lected proprietary formats as persistent core together
with providing a collection based generalized inter-
facing methodology. The described information
model is integrated part of the persistent core. Inter-
facing is done with reader and writer components
implemented specifically for the proprietary formats.
The readers and writers are interconnected with tras-
former components. Readers, writers and transform-
ers operate with basic set operations on a transient
collection based model consisting of objects, collec-
tions and relations only. The collection based model
is a very high level of abstraction of the information
to be interfaced. No further semantics is contained.

As a side effect the inevitable redundancy is
managed by the collection core approach. Informa-
tion is marked as original and dependant informa-
tion, thus allowing for consistency checks if parts of
the (whole, distributed) model change.
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4 MULTILEVEL INFORMATION
MANAGEMENT

The proposed multilevel information management
system combines both aforementioned approaches.
The resource-based approach provides the manage-
ment of all kinds of traditional documents usually
shared during construction processes. Moreover it
can handle heterogeneous information resources that
change dynamically during their life time like all
kinds of data files providing for instance measured
data. The web-based resource management system
also allocates communication and collaboration tools
and makes it part of a web-based cooperation plat-
form. The model-based approach provides the access
to and the management of distinctive information,
topological correlations and dependent information
which cannot be recognized out of documents.
However, the underlying information model cannot
give and is not designed to provide whole coverage
of all information for construction management.
Only key information is provided. The link between
both approaches is managed by the information
model. Special properties of construction objects,
activities or organization objects contain links to re-
sources, pre-formulated queries or dynamically for-
mulated queries for the search mechanisms of the re-
source management system.

Navigation through information to access key in-
formation is crucial for decision making processes
and crisis management. To support these needs a
graphical navigator has been set up (Fig. 3). It serves
as central information editor for the entire informa-
tion model presenting the construction project with
its construction objects in a schematic generalized
form by appropriate tools and editors. This allows
for quick information retrieval and the recognition of
spatial and temporal bearings to the engineer. The
temporal context, provided by the process compo-
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Figure 3. Graphical information navigator and some model editors.
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nent of the model, displays the status of the building

process at any time level of construction work. It

also allows for comparisons of both the as-built and
the as-planned states. Accessibility to information
about the project status at current and any previous
time supports decision makers to understand possi-
ble interactions between building, soil, water and ac-
tivities as well as the development of failures and
their reasons.

The graphical navigator provides the following
groups of tools and information editors:

— Tools and editors for construction object informa-
tion. They handle the type specific properties of
construction objects and their topologic depend-
encies. These tools provide continuous compari-
son of target and actual values on construction
object base. A modular structure of these tools al-
lows for an easy combination of desired tools and
implementation for other type specific properties.

— Tools and editors for process information. This
group of tools is designed for tracing, control and
editing of construction process information.

— Tools and editors for organization information.
They visualize organization hierarchies and make
them editable easily. The definition and assign-
ment of roles to their organization units as well as
roles to actors and activities is provided. Contact
information assigned to organization units, roles
and actors (persons) can be edited and instantly
applied for the establishment of communication
channels (e-mail, SMS, net-based telephony).
Links to construction object and process informa-
tion are navigable.

Furthermore the graphical navigator is interlinked
with tools that according to type of critical develop-
ment propose engineers immediate prevention
measures according to predefined scenarios and col-
laboration schemes. This supports remembering and
considering alternatives which might be difficult
during alert times.

All of the abovementioned tools contain links to
the resource management system for further infor-
mation not provided by the corresponding part of the
information model.

An alternative approach for an efficient informa-
tion access in less time critical situations through a
navigational model is given by Reinhardt et al.
(2004).

5 CONCLUSION

The approach to manage heterogeneous information
in geotechnical engineering with a multilevel man-
agement system has been outlined. Wide use of web
technology has been made. The first level is used for
loosely integrated information in document and data
file based information resources. This level follows

closely the traditional document based working
processes taking advantage of ICT for information
sharing instead of information exchange. The second
level is the level of key information mapped in an
information model. Both the information model and
the resource management system are integrated in a
web-based cooperation platform.

The general approach taken supports “virtual’ col-
laboration ‘any time — any place’. Furthermore the
model driven approach extends this working para-
digm towards the information retrieval paradigm
‘right time — right place’. It seems that this dimen-
sion is not yet familiar to practice in this environ-
ment and will need some more preparedness.

6 ACKNOWLEDGEMENT

The authors would like to acknowledge the financial
support provided by the Deutsche Forschungsge-
meinschaft within the Priority Program 1103 “Net-
work-based Co-operative Planning Processes in
Structural Engineering” (Meifiner & Riippel 2000).

REFERENCES

Briiggemann, B.M. & Liang, S.-J. 2004. Virtual Hydroinfor-
matics Laboratories: Providing and Interconnecting Re-
sources and Tools with Web-Services. In Liong, S.Y. et al.
(eds), Proceedings of the 6th International Conference on
Hydroinformatics, Singapore, 21-24 June 2004. Singapore:
World Scientific Publishing.

Hildebrandt, G. 2004. Web-based Resource Management &
Collaboration Platform “DCMS”. Brandenburg University
of Technology at Cottbus. http://dcms.bauinf.tu-cottbus.de/
(Apr. 20, 2005).

Holz, K.-P. et al. 2003. Virtual Laboratories for Projects in En-
vironment Water. /7th International Conference Informat-
ics for Environmental Protection, The Information Society
and Enlargement of the European Union, Cottbus, 24-26
September 2003. Marburg: Metropolis.

International ~ Alliance for Interoperability (IAI) 2004.
IFC/ifc XML Specifications. http://www.iai-
international.org/Model/IFC(ifcXML)Specs.html (Apr. 25,
2005)

Jung, Youngsoo et al. 2004. Informatization Index for the Con-
struction Industry. Journal of Computing in Civil Engineer-
ing 18(3): 267-276.

MeiBner, U. & Riippel, U. 2000. DFG-Schwerpunktprogramm
1103: Vernetzt-kooperative Planungsprozesse im Konstruk-
tiven Ingenieurbau. University of Technology at Darmstadt.
http://www.iib.bauing.tu-darmstadt.de/dfg-spp1103/ (Apr.
6, 2005).

Reinhardt, J. et al. 2004. Navigational Models for Computer
Supported Project Management Tasks on Construction
Sites. Journal of Computing in Civil Engineering 18(4):
281-290.

Schley, F. et al. 2004. Network-based Co-operation Platform
for Geotechnical Engineering. In Beucke, K. et al. (eds),
Proceedings of the X" International Conference on Com-
puting in Civil and Building engineering, Weimar, 2-4 June
2004. Weimar: Universititsverlag Bauhaus-Universitit
Weimar.


http://itc.scix.net
http://itc.scix.net


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




