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 Abstract  

Thesis outlines new approach in automated creation of the discrete nD BIM 

models by interlinking and utilization of existing CONTEC (Construction 

Technology) method, originally designed for automated construction technology 

planning and project management based on data in the form of budget or bill of 

quantities.  CONTEC enables automation in production of nD model data such 

as schedule(4D) including work distribution end resource planning, budget(5D) 

– based on attached pricing system, but also nD data such, as health and safety 

risks plans (H&S Risk register), quality plans and quality assurance checklists 

including their monitoring and Environmental plans. Thesis includes practical 

example of interlinking existing BIM model without classification system to the 

CONTEC system and automated creation of above mentioned nD models. 

Proposed method is applicable also to existing classification systems but is 

especially useful in countries where development of BIM is in early stages.  

Abstract in Czech 

Práce nastiňuje nový přístup k automatizovanému vytváření diskrétních modelů 

nD BIM prostřednictvím propojení a využití stávající metody CONTEC 

(stavební technologie), původně navržené pro automatizované plánování 

stavebních technologií a řízení projektů na základě údajů v podobě rozpočtu 

nebo rozpisu množství.  CONTEC umožňuje automatizaci výroby dat modelu 

nD, jako je například plán (4D) včetně plánování zdrojů distribuce práce, 

rozpočet (5D) – založený na připojeném cenovém systému, ale také údaje nD, 

jako jsou plány na ochranu zdraví a bezpečnosti (plán rizik BOZP), KZP a 

kontrolních plánů BOZP a environmentálních plánů. Práce zahrnuje praktický 

příklad propojení stávajícího modelu BIM bez klasifikačního systému do 

systému CONTEC a automatizovaného vytváření výše zmíněných modelů 

protokolu nD. Navrhovaná metoda je použitelná i pro stávající klasifikační 

systémy, ale je užitečná zejména v zemích, kde je vývoj BIM v raných fázích.  
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Chapter 1 Introduction 

Utilization of the Building Information Modelling commonly known under 

abbreviation BIM became phenomena of past ten years. BIM is a natural 

development of the computer aided design commonly known as CAD systems 

developing the idea of three dimensional parametric designs into the database 

models.  These models are then enabling use of wide variety of application. 

Common nominee of above mentioned applications is utilization of 3D 

parametric models commonly known as BIM.  

BIM is covering wide range of applications used during the whole lifecycle of 

the building. List of the software is ranging from design software, construction 

management software to facility management software where date from the BIM 

models may be utilized to visualize or to populate existing databases.  

Building Information Modelling (BIM) is defined as “a digital representation of 

the physical and functional characteristics of a facility”. [1]A BIM is a shared 

knowledge resource for information about a facility forming a reliable basis for 

decisions during its life cycle. Database is defined as existing from earliest 

conception to demolition [2]. 

BIM model is a database system, where 3D view represents visual display of 

data entered into the model database system. Information can be extracted from 

the model, modified and inserted back into the database.  

A BIM model is different from traditional 3D CAD models in which 3D CAD 

only describes a facility with independent 3D views, such as plans, sections and 

elevations. If one of those views is modified, the others must be updated 

accordingly. Further, data in 3D CAD drawings are only graphical entities, such 

as lines, arcs and circles. On the contrary, a BIM integrates semantically rich 

information related to the facility, including all geometric and functional 

properties during the whole life cycle in a collection of “smart objects” [3] 

The main differences between the standard 2D drawings and 3D BIM models are 

in the database organisation of the information where visual interpretation of the 
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database is just one of the information included in the BIM model database. Data 

itself are related to individual components of the model such as wall, pillar etc. 

Every component bares unique identification code called Global Unique 

Identifier (GUID), information of special and dimensional relationships, 

information of type and material as well as any other information inserted by 

user into the model. Information and specification can be inherited from the 

parental classes. For that purpose, are models organized into families. 

Information organized in such a manner are than usable in the wide array of 

applications capable to harvest and utilize data from the BIM models. 

Data structure of the information included in the BIM models in the Czech 

Republic is currently neither defined in the technical nor in the legislation 

standards. Due to that above stated fact the approach to definition of the data 

structure is variable and individual to every project and from that perspective 

creates the greatest obstacle in finding unified approach to data extraction and 

usage. The data structure is therefore usually based on the native data structure 

of individual software or rather on the standards of the company managing the 

design and, on the definition, stated in the BIM execution plan (BEP) [4].   This 

situation implicates large variety of structures of the models with respect to the 

definition of individual elements, materials and descriptions of the individual 

objects. Yet another issue is definition of naming and coding standards which 

varies in between the projects, or even individual designers on one project, 

creating issue with data conformity not only between different projects but 

within on project i.e. one BIM model.  

Despite the fact that coding systems in use for the BIM models such as 

Omniclass [5] or Uniclass [6] are often natively implemented in the design 

software, until today, neither Omniclass nor Uniclass evolved into the 

recognized classification standards fulfilling the current needs of the construction 

industry in the Czech Republic and neither designers nor investors are willing to 

accept these classification systems as a market standard.  

Above-mentioned situation resulted into the development of several coding 

systems for the BIM models with the target to standardize design and project 

management approaches. This sole issue of undefined data structure of the 

models is one of the main obstacles of the development of the use of BIM in the 

Czech Republic. Based on this situation, all solutions which are focusing on 

usage of the BIM data under current conditions must be versatile to any 

classification system i.e. usable with any systematic classification system.  

Current software tools provide only partial support for this demanding 

assignment. For example, linking building elements of a 3D model with the 

corresponding construction processes, known as 4D Building Information 

Modelling (BIM), enables a visual analysis of construction schedules [7]. 
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Automation of the process of the scheduling  on the base of the BIM were 

addressed in several research projects in previous years [8] [9] [10].  

The basic requirement enabling the models to be utilised in above mentioned 

manner is to have mutual data conformity not only in content but also in formal 

way.  This is currently the main limiting parameter for wider use of broader 

spectrum of existing software and in this way is defining necessity of 

standardization the data structure or element classification.  Limitation in 

missing interconnectivity between design packages and others software is being 

questioned [11] since as early as 2008 without reaching acceptable results.  

In this moment in the Czech Republic there is no BIM data structure defined by 

the means of legislation or technical norms. Current technical standards are 

applicable only to the paper print-outs from the models. Information value of the 

models is much higher in compare to traditional CAD data or printed 

documentation and their non-use represents considerable data loss and especially 

of the data already entered into the model, causing high ineffectiveness of the 

process. Correctly defined data structure for the BIM models can therefore 

impact the effectiveness of the construction process.  By defining either element 

coding system or means of connecting existing coding systems into the existing 

software solutions would be a major accelerator of BIM development and 

implementation.  

In the perception of the European norm and legislation, inspiration can be drawn 

from the Nordic countries, where there are national standards defined by 

governmental institutions, and also in Great Britain where BIM requirements 

were defined by PAS 1192-2:2013 Specification for information management for 

the capital/delivery phase of construction projects using building information 

modelling, which is one part of the initiatives started to increase construction 

industry productivity. 

The goal of this thesis, with respect to the current market condition and 

unclear development of the situation, is to describe principles of the 

elaborated applicable method of extraction and utilization of the data from 

the BIM models to develop so called BIM models of higher order commonly 

called nD or xD models. This method shall be applicable for various 

classification systems currently in use or developed in the Czech Republic, 

but also it shall be applicable to any general classification system currently 

in use worldwide. Existing coding systems will be evaluated and tested in the 

case studies. Interface will be created between existing software CONTEC 

[12] and BIM models utilizing various coding systems and models of higher 

orders such as 4D, 5D and nD will be created.  
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By this means information which is included in BIM models can be 

enhanced not only by information of technological assessment, execution 

time, construction cost, but also of health and safety issues as well as 

environmental and quality information.  
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Chapter 2   Current state of knowledge 

In the past years various research papers were dealing with the use of BIM 

models for purpose of automatized creation of 4D or even 5D models. [7] [8]  

Providing that a BIM model is a database, almost infinite number of information 

may be added to enrich this database system, and, in this perspective, new types 

of models may be developed. A basic BIM models would in this regard include 

material, spatial and other technical properties enabling its utilization as a basis 

for design and construction works.  

In such a model, each component shall be regarded as a “smart object” with all 

associated parameters stored in it can be defined. The information of the 

properties can be accessed when needed by any stakeholder. This important 

feature of BIM allows stakeholder access to information and combinations of 

information. [12]  

Models enriched by certain type of information are commonly noted as a so 

called nD models, where n represents level of information included in the model 

or rather level of added information into the model itself.  

In terms of nD modelling, some researchers use nD to describe the different 

maturity levels of BIM [13]. Some researchers define nD as an extension of BIM 

[14].  

In this respect the only widely accepted levels of BIM model are 4D model and 

5D model, where 3D model represents the base of development of a BIM. The 

4D model utilizes BIM for project time allocation and construction sequence 

scheduling and simulation [12]. These models can be created either by means 

adding construction time information to the particular objects or by linking 

existing separately elaborated schedules to the models, or recently by means of 

automatized 4D models creation with use of data from the data rich 3D BIM 

models [8].  

Furthermore, model can be expanded by adding cost information to the 4D 

models, for this approach the term 5D is being used by several authors [5] since 
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as early as 2008. Unlike in the case of 4D model discrete model contains the cost 

information without the time information is not being widely used.  

The BIM model expanded by further information are often described as nD 

models, this consist not only 4D and 5D but other aspects of construction as 

quality, stability [15], sustainability [16], and  safety [17] to name a few. Variety 

of applications is large with common nominee of utilisation and interconnection 

of the various database data, which allows dynamic and virtual/visual evaluation 

of the information. However model developed beyond 4D and 5D shall rather be 

noted as a nD models hence there is no common agreement on the numbering 

above 5D [14] [12]. 

This nD model provides a database allowing all stakeholders to retrieve needed 

information through the same system, which allows them to work cohesively and 

efficiently during the whole project life cycle [12]. Meaning all models are 

interconnected and therefore possible to update on demand or automatically 

when core information database (in this case BIM model) is changed.  

The nD model can be in this respect part of the integrated BIM model or discrete 

but interconnected models. In the both cases for the purpose of this thesis, the 

term basic integrated model ( Figure 1) will be used. BI BIM serves as a 

keystone or basis for further populating by data of the higher order models such 

as 4D, 5D and nD. In this perspective BI BIM is still 3D BIM model containing 

only elementary data as stated in the first chapter.  

 
Figure 1 BI BIM - Basic integrated model 

 

In perception of BI BIM as a keystone for the further nD model development, 

there are two different approaches in creation of nD models i.e. discrete 

Basic 
integrated 
BIM (BI 

BIM) 

Structural 
model 

MEP 
models(Plumbing, 

Heating, 
Ventilation, 
Electricity) 

Architecutral 
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Civil model of 
surroundings 
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information 
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modelling approach and integrated modelling approach which are in detail 

described in the Used methods chapter.  

 

2.1 4D BIM  

The building information model can be linked to schedules created in 

conventional scheduling software [18] [19]. In this way, a new dimension is 

added to this merged model, which is why these models are often referred to as 

4D models because the geometric model of the building has been supplemented 

by a time dimension. Model 4D enables simulation and optimization of the 

construction process by sequencing and testing different scheduling options 

directly in the model environment. The 4D model can be displayed in the 

unfinished phases at individual times or time periods [19] (Figure 2). This allows 

modelling and virtually testing and optimizing variants of the construction 

process with regard to its constraints, investor requirements, or even the 

technologies used. This area of application includes planning of site equipment 

at various stages of construction, screening of complex technological processes 

and the also may be use and optimization of lifting equipment. [20] 

 

Figure 2 Sample of 4D model 

All parties involved can use the 4D models to introduce the process, the intended 

construction process in a visually understandable and clear way. Furthermore, 
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thanks to the possibilities and information already contained in the 3D model, the 

amount of material and the amount of work performed over time can be checked. 

Nowadays, this is done manually with a high amount of time, due to the high 

amount of labour for linking the individual BIM models to the processes of the 

separately created time schedule. Another important fact is that the models must 

be often modified for this purpose to match the technological division of the 

stages, because models as such are not created with regard to technological 

planning and use as a basis for 4D modelling. 

2.2 Model 5D – Finance 

When linking 4D models to the budget, a complex time and financial model is 

created and is referred to as 5D due to the delivery of the fifth information 

dimension. The issue of drawing up assessment reports and budgets is also 

closely linked to this issue. 

The use of BIM models to produce bill of quantities has clear advantages as well 

as limitations. In general, models can only be reported as much as they are 

inserted into them with appropriate accuracy. From information models, only up 

to 70% of the information needed to create a budget can usually be reported with 

high accuracy [16]. It is then necessary to add the remaining information 

manually or to calculate it from other documents. 

When budgeting from BIM models, it is more important to know what is not 

included in the model rather than what the model contains, as everything else can 

be reported using software tools. The amount of information contained in the 

model is directly dependent on the detail of the model. The main cause when 

information cannot be obtained from the model is either due to the low level of 

detail of the given model or due to the different way the designer and the cost 

estimator work (such as scaffolding, transport of masses, etc.). However, due to 

the complexity of the detailed modelling work, it is not economically or time-

efficient to create the BIM model with all the details needed to create a complete 

bill of quantities for the purpose of estimation of the cost. As mentioned above it 

is easier and more effective to calculate above mentioned items either from the 

items contained in the model or to include them into the aggregate [20]. 

Furthermore, the budgeting system used in the conditions of the Czech market is 

not adapted to create a budget from the building information model (Figure 3). 
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Figure 3 Sample of direct output from model 

The benefits and simplicity of the automatic bill of quantities models are clear, 

but there is also a high risk of error in creation of the automatic bill from the 

BIM mainly due to the poor quality of model creation and inconsistency of data 

entered by the designer / model creator. Examples of errors in the model may be, 

for example, incorrect type or material designation of individual elements. 

Another risk is in the case of duplication of structures in the model (e. g. in the 

geometry of one wall is overlapping), another risk is the non-compliance with 

the agreed marking of materials, or the designation of the same material by 

different names (e.g. concrete, concrete, concrete, B20, C20 / 25, etc.). Many of 

these things can be eliminated by automatic or manual control of the models, but 

at the same time greater demands are placed on designers and "cleanliness" of 

their work. 

Based on the above, it is necessary to classify the individual elements for 

reporting purposes and possibly link them to the estimating software. This was 

followed by manual transcription on the existing pilot projects, and the BIM 

model only served as a rich data source for separate bill of quantities extracted 

from the model only as a basis for future budgets. 
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2.3 On the classification systems 

Classification of Structures and Works used in the Czech Republic (TSKP – 

Třídník stavebních konstrukcí a prací), which is based on price systems delivered 

in public tender proposals by engineering companies. These data are regularly 

maintained by the state that hires private company to do so. Using the software 

tool with available functionalities and workflows, it is almost impossible to 

model the information model so that it can be represented in the TSKP structure. 

The price systems also use types of items that have a direct connection with the 

construction / activity, but their modelling in the information model would be 

lengthy, impractical and would require designers to have cost estimation 

principles knowledge. Types are for example surcharges for work at heights, 

dusty environment, etc. That is why in many countries these classic classification 

systems are replaced by new ones, such as Uniclass (UK), OmniClass (USA), 

CoClass (SWE) [21] or eventually local or company specific classification 

systems.  

As stated by ISO in the text of ISO 12006-2, “Provided that each country uses 

this framework of tables and follows the definitions given in this standard, it will 

be possible for standardization to develop table by table in a flexible way. For 

example, Country A and Country B could have a common classification table of 

e.g. elements, but different classification tables for work results without 

experiencing difficulties of ‘fit’ at the juncture [22]. 

The CONTEC method and system was originally designed to obtain and utilise 

data from Czech standard budgets and bills of quantities where 8-digit numerical 

code derived from TSKP [23] is being used to identify and classify the item in 

the budget. However, CONTEC is designed to be capable to operate with higher 

level of aggregation of individual items, where just first three or four digits are 

essential to classify the item together with related information such as 

description, quantities, quantity units and for that feature was selected as a tool 

capable to interconnect to the various coding systems used in BIM models. This 

aggregation respects the construction technology point of view, too, because the 

aggregation is done into construction processes as works of different work gangs 

on site, while the last digit of the code of the item means the technological stage, 

in which the construction process is implemented 

2.3.1 The Omniclass [22] 

The OmniClass Construction Classification System (known as OmniClass or 

OCCS) is a means of organizing and retrieving information specifically designed 

for the construction industry. OmniClass is useful for many applications in 



17 

 

Building Information Modelling (BIM), from organizing reports and object 

libraries to providing a way to roll up or drill down through data to get the 

information that meets your needs. OmniClass draws from other extant systems 

in use to form the basis of its Tables wherever possible — MasterFormat™ for 

work results, UniFormat™ for elements, and EPIC (Electronic Product 

Information Cooperation) for products 

OmniClass is designed to provide a standardized basis for classifying 

information created and used by the North American architectural, engineering 

and construction (AEC) industry, throughout the full facility life cycle from 

conception to demolition or reuse and encompassing all of the different types of 

construction that make up the built environment. OmniClass is intended to be the 

means for organizing, sorting, and retrieving information and deriving relational 

computer applications.  

OmniClass consists of 15 hierarchical tables, each of which represents a different 

facet of construction information. Each table can be used independently to 

classify a particular type of information, or entries on it can be combined with 

entries on other tables to classify more complex subjects. 

OmniClass is, in simple terms, a standard for organizing all construction 

information. The concept for OmniClass is derived from internationally-accepted 

standards that have been developed by the International Organization for 

Standardization (ISO) and the International Construction Information Society 

(ICIS) subcommittees and workgroups from the early-1990s to the present. 

ISO Technical Committee 59, Subcommittee 13, Working Group 2 

(TC59/SC13/WG2) drafted a standard for a classification framework (ISO 

12006-2, more information below) based on traditional classification but also 

recognized an alternative "object oriented" approach, which had to be explored 

further.  

ISO TC59/SC13/WG6 developed an electronic framework (ISO/PAS 12006-3, 

more information below) for the tagging and managing of objects and their 

attributes. 

These standards, ISO 12006-2: Organization of Information about Construction 

Works - Part 2: Framework for Classification of Information, and ISO/PAS 

(Publicly Available Specification) 12006-3: Organization of Information about 

Construction Works - Part 3: Framework for Object-oriented Information, define 

methods of organizing the information associated with construction and affiliated 

industries, and also promote a standard object-modelling definition for concepts 

addressed. Of these two standards, ISO 12006-2 has more immediate impact on 
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OmniClass, and the OCCS Development Committee has closely adhered to this 

standard in establishing and defining the tables that make up OmniClass. 

The Construction Industry Project Information Committee (CPIC) of the UK 

which was formed to create Uniclass has, to date, exploited this standard most 

successfully by publishing a usable version of Uniclass in 1997. It is anticipated 

that the UK authors will assess OmniClass as they work to update to that 

publication. 

In addition to the application of ISO 12006-2 in Uniclass, the object-oriented 

framework standardized by ISO/PAS 12006-3 has been adopted by ICIS 

members in their Lexicon program, and both standards are followed by groups in 

several other countries that are developing similar classification standards, 

including Norway, Netherlands, UK, and others, in concert with the Nordic 

chapter of the International Alliance for Interoperability (IAI), and the Japan 

Construction Information Centre (JACIC) which is currently working to develop 

the Japanese Construction Classification System (JCCS), modelled in part on 

OmniClass. 

The OmniClass Construction Classification System (OCCS) Development 

Committee believes that following these ISO standards will promote the ability 

to map between localized classification systems developed worldwide. It is the 

Committee’s hope that organizations in other countries pursuing initiatives 

similar to OmniClass will also strive to be ISO-compatible, thereby enabling 

smoother exchange of information between them. 

ISO 12006-2: Organization of Information about Construction Works - Part 2: 

Framework for Classification of Information: This standard provides a basic 

structure of information about construction that is grouped into three primary 

categories composing the process model: construction resources, construction 

processes and construction results. These are then divided into fifteen suggested 

“Tables” for organizing construction information. The OmniClass Tables 

correspond to this arrangement of information: 

 Tables 11 - 22 to organize construction results 

 Tables 23, 33, 34, and 35, and to a lesser extent 36 and 41, to organize 

construction resources, and 

 Tables 31 and 32 to classify construction processes, including the phases 

of construction entity life cycles. 

ISO/PAS 12006-3: Organization of information about construction works - Part 

3: Framework for object-oriented information implements the basic approach of 
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ISO 12006-2 but uses the entries on these tables as the defining points (or 

characteristics) for object-oriented information organization. The ‘object-

oriented’ approach describes the characteristics of things without imparting a 

grouping preference or hierarchical order. 

In the object-oriented approach, the object is central, acting as a basis for 

characteristics or properties that describe it. An object thus described can then be 

grouped with similar objects using a classification arrangement like OmniClass. 

The framework established by ISO/PAS 12006-3 will enable computers to store 

and relate information in an object-oriented manner, while OmniClass Tables 

provide humans with a variety of viewpoints to that data, and a useful approach 

to establishing relationships between objects. 

For the purpose of this thesis Table 21 Elements respectively Table 22 is 

applicable classification systems which might be utilised for the data transfer and 

for the purpose of the thesis as a base for a coding system. The Omniclass was 

evaluated during the research predominantly due to the fact, that Omniclass is 

fully integrated into the software Autodesk Revit, which is the most dominant 

software used to create BIM models in the Czech Republic. 

2.3.2 The Uniclass 2015 [6] 

Uniclass 2015 is a unified classification for the UK industry covering all 

construction sectors. It contains consistent tables classifying items of all scale 

from a facility such down through to products. Uniclass 2015 is a unified 

classification system for the construction industry. For the first time, buildings, 

landscape and infrastructure can be classified under one unified scheme. 

 A hierarchical suite of tables that support classification of all ‘things’, 

from a university campus or road network, to a floor tile or kerb unit. 

 A system compliant with ISO 12006-2 Building construction — 

Organization of information about construction works Part 2: Framework 

for classification and also allows mapping to other classification systems 

in the future. 

 A classification system maintained and updated by NBS. 

Uniclass 2015 is divided into a set of tables which can be used to categorize 

information for costing, briefing, CAD layering, etc. as well as when preparing 

specifications or other production documents. 
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2.3.2.1 Uniclass Tables 

The suite of tables is broadly hierarchical (Figure 4) and allows information 

about a project to be defined from the broadest view to the most detailed. The 

Complexes table describes projects in overall terms and can be thought of in 

terms of the provision of an Activity. Complexes can be broken down as 

groupings of Entities, Activities and Spaces/ location depending on the use. 

Entities can be described using the Spaces/ location and Activities tables if 

required. The linear Entities can also be described using the Systems table. 

For detailed design and construction, the main starting point is Entities. 

The main architectural components of an Entity are Elements, such as roof, 

walls, floors, etc. Other requirements in an Entity, such as drainage, heating or 

ventilation, are included as Functions which are part of the Elements table which 

is named Elements/ functions. Functions can be used in the early stages of a 

project to define what services are required but can also be used to describe 

facets of an asset manager’s role for managing these services or functions. 

Elements and Functions are described in more detail by Systems which in turn 

contain Products.  

Figure 4 Uniclass 2015 scheme 

https://www.thenbs.com/-/media/uk/new-images/by-section/knowledge/knowledge-articles-body/uniclass-structure.png
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2.3.2.2 Using the classification system 

The tables need to be flexible and to be able to accommodate enough coding’s to 

ensure coverage, to allow for a multitude of items and circumstances, including 

new technologies and developments that are yet to emerge. 

Work is being done to support the tables and their users: synonyms are being 

added to terms to aid searching, and mappings to other classification systems are 

being prepared, to allow a seamless cross-over. 

Each code consists of either four or five pairs of characters. The initial pair 

identifies which table is being used and employs letters. The four following pairs 

represent groups, sub-groups, sections and objects. By selecting pairs of 

numbers, up to 99 items can be included in each group of codes, allowing plenty 

of scope for inclusion. 

For example, Systems are arranged in groups with subgroups which are sub 

divided, which leads to the final object code. 

 30 Roof, floor and paving systems 

 30_10 Pitched, arched and domed roof structure systems 

 30_10_30 Framed roof structure systems 

 30_10_30_25 Heavy steel roof framing systems 

 50 Disposal systems 

 50_75 Wastewater storage, treatment and disposal systems 

 50_75_67 Primary sewage treatment and final settlement systems 

 50_75_67_46 Lamella tank systems 

 

2.3.1 TSKP based CONTEC classification system [24] 

The activity database, together with the resource code, forms the overall 

databank of standard data on activities with a common use of at least one group 

of type network graphs to build a construction technology design. The purpose of 

the activity databases is to collect normative data for the individual database 

items (activities – as construction processes) that are needed to calculate, in 

particular, the duration of processes in future preparatory documents. It follows 

that the activity database must be present when processing the basic Construction 

technology design documents. The basic type of database contains activities at 

the level of partial construction processes, also called activities, building parts or 

non-aggregated activities as work of several work-gangs on the building site in 

actual technological stages. Such a database is implicit in area 1 of the 
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CONTEC® system. The three main files of this database have a common prefix 

of "DB" and are stored in the Data base folder. The database consists of activities 

that are identified by numerical and verbal code, each activity contains several 

descriptive and normative entries and a reference to up to 20 resources. 

The database of activities at the level of partial construction processes was 

created on the basis of classifying for building parts and crafts, eventually to the 

types of construction or subgroup of works, according to the class of building 

constructions and works [23]. With regard to the TSKP, the names of the 

activities, units of measure, numbering and distribution of the type of activity 

were roughly determined for the main and auxiliary construction production. 

Classification system is created based on following principles based on TSKP 

which divides construction and work for construction production into 9 groups of 

building parts based on construction processes, work gangs and technological 

stages: 

 

1 EARTHWORKS 

2 SPECIAL FOUNDING, FOUNDATIONS 

3 VERTICAL AND COMPLETE CONSTRUCTION 

4 HORIZONTAL CONSTRUCTION 

5 OTHER COMMUNICATIONS 

6 FINISHING OF SURFACES, FLOORS AND ASSEMBLY OF OPENINGS 

7 CONSTRUCTION AND FINISHING WORKS (including MEP)SBP 

8 PIPE LINES 

9 OTHER CONSTRUCTIONS AND WORK, CUTTING, SCAFFOLDING, 

TRANSFER OF MASSES 

 

The database activities are numbered with four-digit indexes. The designation of 

the building parts group acts as the first character of the activity number. The 

second character describes the specific building part in the TSKP. So, for 

example: 
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3 VERTICAL AND COMPLETE CONSTRUCTION 

31 WALLS SUPPORTS AND LOOSE 

32 WALLS AND RETAINING WALLS 

The third character distinguishes the type of structure, the subgroup of works, or 

the craft. However, for technological reasons it is only monitored for a group of 

building parts 7, 91 to 95 and case 979. For the other groups, the designation of 

activity is zero in the third place. So, the first three places of the label may look 

like. As follows: 

3 VERTICAL AND COMPLETE CONSTRUCTION 

31 WALL SUPPORTS AND LOOSE 

310 WALL SUPPORT AND FREE WALLS 

Or: 

7 CONSTRUCTION AND WORK OF PSF 

71 INSULATIONS 

713 ISOLATION THERMAL INSULATION 

The fourth character refers to the technological stage (TE). In theory, each group 

of the first three characters can bind to any technological stage. In practice, 

however, these links are limited and the joining of groups of the first three 

characters with technological phases is, if possible, logically chosen in the 

activity figures according to the flow of implementation of a construction project 

and its parts (facilities).  

Following are technological stages (TE) of the buildings [25] 

0.   Earth works + demolitions 

1.   Foundations 

2.   Sustructure 

3.   Superstructure 

4.   Roof 

5.   Execution of partition walls and MEP installations  

6.   Execution of plasters and base layers of floors  

7.   Execution of floors, surfaces, finalization of MEP 
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8.   Completion of MEP and interior surfaces 

9.   External works 

10. Commissioning and quality assurance  

 

Therefore, a case of a type activity should not appear: 

1404 MINIG ROOF... 

A technological stage is a group of structures and works defined with regard to 

time and area of implementation. Classification of activities according to TSKP 

allows to use the division of Construction structures and works according to the 

constructional point of view-regardless of the construction sector and time or 

local factor. The numbering of the database activities is chosen to combine these 

two principles. 

Examples of the whole designation of activities: 

3 VERTICAL AND COMPLETE CONSTRUCTION 

31 WALLS BEARING AND FREE STANDING 

310 WALLS BEARING AND FREE STANDING 

3102    WALLS BEARING BASEMENT 

3103 WALLS BEARING 

3104 WALLS ABOVE ROOF 

3105 SYSTEM CHIMNEYS 

3106 WALLS SUPPORTING 

3109 CORNICES 

or: 

7 STRUCTURES AND WORKS - FINISHING 

71 INSULATIONS  

713 THERMAL INSULATION 

7130 REMOVING OF INSULATION (ANY TYPE) 

7133 FIREPROOF INSULATIONS  
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7134 THERMAL INSULATION OF ROOFS  

7135 THERMAL INSULATION HEATING 

7136 THERMAL INSULATION INTERIORS (floors, walls, ceilings, girders) 

7139 THERMAL INSULATION EXTERIORS (walls, ceilings, pipes) 

 

There are also some activities in the database that are not a direct part of the 

TSKP classification, but logically fit into it, e.g.: 

9003 OTHER WORK TE 3 

904A SEPARATE BASIC ITEMS 

905A OTHER costs, reserve 

The measurement units of activity correspond (with small exceptions) to the 

TSKP, as well as the division of activities into MBP (Main building production) 

and SBP(Secondary building production) This distinction is simple when binding 

to TSKP, as all the work of SBP is contained in the group of building parts 7. All 

other groups fall under MBP. 

The activity database also contains another classifier category that does not bind 

to the TSKP. This is a 5-digit word key. It contains any 4-character abbreviation 

supplemented by the number of the technological stage. By the word key it is 

possible to quickly search for an activity without knowing its number and it also 

serves for a brief description of the process when plotting the line-of-balance. 

Example: 

7134 IZTE4 THERMAL INSULATION OF ROOFS. 

 

2.3.2 BIM based classification systems in the Czech Republic 

In the Czech Republic, the situation develops very rapidly, when, since the first 

BIM conferences in 2010, despite the realization of the first pilot projects at the 

end of the year 2013, there is a clearly defined requirement of the market for 

standardization, which is currently under patronage of non-profit organization 

CZBIM.org, where development of Czech based classification started. However, 

the situation is somewhat more complex, and this is demonstrated by the 

following example of the organization CZBIM.org, which is at this moment the 
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most important group promoting BIM in the Czech Republic and as such brings 

together the most important institutions. 

From the perspective of future BIM developments, the most important following 

two working groups of this organization: 

PS # 01: BIM & Standards and legislation 

Dealing with the continuity of BIM modelling to the European Directive, 

respectively, of Building Information Modelling (BIM) on Directive 2014/24/EU 

of the European Parliament and of the Council. 

However, which did not advance the definition of project requirements and the 

definition of the building models at the time of the writing of the thesis. 

PS # 03: BIM & Realization 

Main objectives 

 Defining and assigning LOD (Level of detail) to individual stages of 

project documentation  

 Create a unified data structure for BIM in the Czech Republic 

 Creation of contractual standards for ordering architectural and projection 

work, realization of construction works, and managers and operators of 

constructions processed in BIM technology for building construction 

 Enforcement of contract standards on the CZECH market 

In this group both major construction companies (Metrostav A.S., Skanska a.s., 

VCES a.s.), representatives of design companies (Obermeyer HELIKA a.s.), 

Producers of budgetary software (ÚRS Praha a.s., Callida s.r.o.) and consultants 

are represented. 

Since this group brings together significant companies in the market for land and 

transport construction as well as budget companies, it can be assumed that the 

agreed output will be accepted as a national standard in the future. 

2 concepts were developed within the group and are under process of testing, i.e. 

SNIM [26], URS system [23]. 
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2.3.3 CZBIM – SNIM System 

An example is in annex 4a, B – it is a modified system, at this moment the most 

discussed in Group 2 CZ BIM. This system enables rapid implementation on the 

pilot project, within the Czech Republic, so far the widest support among 

designers, because it is based on the software system of marking of MEP and 

HVAC components and is simply applicable for building objects. It also 

provides some possibility of variability for defining specific structures 

The syntax then works as follows: 

SN. 300-314 

                                              Brick--of bricks--full-burned 

                        SN "Vertical Construction 

The range of numbers 300 to 314 then enables to encode the design specifically 

for the design and the required modifications in the design. 

This system is already piloted by Obermayer Helika and follows the data 

structure accepted for Skanska a.s.  

For the above reasons, and then because of the availability of models for testing 

the interconnection, this system is best suited for the development of the 

connection between the CONTEC and BIM. 

2.4 On methodology and basic documents of the 

construction technology design [27] 

The main documents in construction technology design include files of 

technological standards, sometimes called as technological analysis sheets or 

programs, and network diagrams. The close link between these documents which 

is used in the CONTEC expert system enables to elaborate bar charts, line-of-

balance graphs, allocation graphs of different technological and economic 

resources and quality assurance checklists.  Hitherto the said documents, on one 

hand technological standards (programs) and on the other hand network 

diagrams were mostly processed subsequently, separately. Their close 

construction technology relationship was often disregarded, and network 

diagrams elaborated without consistent technological analysis and synthesis 

contained a number of errors which made them useless for construction project 

control with all consequences thereof, regarding economical, time and quality 
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losses. Quality assurance checklists were not usually elaborated at all or by a 

separate division with no connection to the actual flow of the building process. 

The simultaneous elaborating of technological standards, network diagrams, cost 

analysis and quality assurance checklists, used in the CONTEC expert system, 

eliminates the processing of network diagrams without the technological analysis 

and synthesis and makes possible to use the close link between technological 

standards and documents for quality management in the project. [27] 

The technological standard (technological analysis sheet or programme) 

determines the technological structure of the production process (sequence of 

construction processes, volume of production, labour and cost consumption, 

number and profession of workers or machines etc.). According to the calculated 

network diagram the technological standard includes a bar chart which indicates 

the time structure of the production process. Further a technological scheme 

showing the spatial structure of the process is usually added. The connection 

between the time structure and the spatial structure of the building process can be 

seen in the line-of-balance graph. The quality assurance checklist which is 

automatically created according to the technological standard consists of 

instructions for performing the quality checks of the resulting product at every 

significant construction process. 

According to the values of the duration of the processes and the minimum 

working space necessary it is possible to determine (with regard to the direction 

of the course of processes) the critical approximation of construction processes 

and to link these processes immediately in the optimum way in the construction 

technology network diagram method with regards to the condition of the quality 

of the resulting products of construction processes. Thus, all documents men-

tioned above after the network diagram calculation depict floats of the 

construction processes. Floats are subsequently used for the optimization of the 

building process from the point of view of limited resources in different time 

periods. [27] 

2.5 Basic fact on links in the construction technology 

network analysis method [27] 

The construction technology network analysis method used by the expert system 

was designed for simultaneous evaluating of technological standards and 

network diagrams and for the optimization of linking the construction processes 

from the point of view of maximum use of minimum working space on site 

necessary for the efficient, economical and safe performing of construction 

processes including technological pauses [28]. This network analysis method 
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Figure 5 Working space index 

uses the activity-on-node network diagram. All four types of links of activities 

introduced in the precedence graph method (finish - start, start - start, critical 

approach and finish - finish), [29], are included in the construction technology 

network analysis method too. The main disadvantage of the precedence graph 

method is the necessity to know the actual values of lag times between every two 

activities that are linked together and their duration while creating the network 

diagram. This would make the concurrent evaluation of the technological 

standard and of the network impossible. 

Therefore, the 

construction 

technology network 

analysis method 

introduces the 5th 

type of link, the 

construction 

technology link, 

that results from 

the condition of 

release of the 

minimum working space on a structure by the previous work gang so that the 

following work gang could start as soon as possible. The lag time is not given by 

a certain time value, but it is calculated by the computer according to the 

duration of linked activities and to the spatial structure of the building, which is 

represented by a working space index f. This index is determined by the ratio of 

the minimum working space needed for the gang divided by the total working 

space in the building, e. g. in a 8 story administrative building the usual 

minimum working space are 2 floors, so the working space index f is 2/8, that is 

25 %, see Fig. 3. Introducing this link in the CONTEC method means not only a 

simplification of inputting the data of the network diagram but it permits a wide 

formation and utilization of typical network diagrams as computer files for the 

erection, maintenance and reconstruction of different sorts of buildings with the 

possibility of their modification according to the spatial structure of the actual 

building. There are usually only three main types of working space for different 

activities on site (f1 for sub terrain structure or works on the roof, f2 for erection 

and plumbing, f3 for finishing works). Thus, only three values of the main 

working space indexes are sufficient to evaluate practically all technological 

constraints in the building process. In the typical network diagram, the values of 

the working space indices are given parametrically. While stating data about the 

actual building the typical network diagram can be modified by stating of the 3 

main working space indices only. 

T

M M - minimum working space

T - total working space available

f - working space index

f
M

T
 100 [%]
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The situation of linking two processes of technological stage i and j is illustrated 

in the line-of-production graph on fig. 2 a, b. Each process of technological stage 

(e. g. foundation, superstructure etc.) consists of several construction processes 

(working gangs, e. g. formwork, reinforcement, concrete laying etc.). Values ti 

and tj represent the duration of processes of technological stage, Ti and Tj their 

time of launching, TPi the technological pause after completing the i activity, fij 

is the working space index. In the first case (fig. 2 a) if the last construction 

process in the preceding process of technological stage i is shorter, than the first 

construction process in the following process of technological stage j, the lag 

time  can be automatically calculated according to formula (1). 

= (ti - T’i) .fij + T’i + TPi +                                 (1) 
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Figure 6 Principle of the construction technology link 

 

The  value rounds the lag time to whole time units, so that the topical work 

gang would start their work at a certain time unit in the morning. If the first 

construction process in the following process of technological stage j is shorter 

than the last construction process in the preceding process of technological stage 

i, (fig. 4 b) then the lag time  is calculated according to formula (2).  

= (tj - T’j) .fij + T’j + TPi +              (2) 
 

In the time analysis of the network diagram using the construction technology 

link, the start of the following activity j Sj can be calculated during the forward 

calculation according to formula (3), the finish of the preceding activity i Fi can 

be calculated during the backward calculation of the network diagram according 

to formula (4).  

Sj
 =  max {[Si + (ti - T’i) .fij + T’i + TPi + )]; [Si + ti - tj + (tj - T’j) .fij + T’j + TPi + ]}  (3) 

 

Fi =  min {[Fj - tj - TPi + (1 - fij) .(ti - T’i) - - T’j - TPi - fij .(tj - T’j) -            (4) 
 

Further, the construction technology network analysis method introduces the 6th 

type of link, the flow link, that results from the condition of continuous course of 

a construction process on different products, e. g. sections, buildings etc. The 7th 



32 

 

and 8th types of link, the partial links, describe the condition that a following 

activity can start (or must finish) after the completion of a certain part of the 

previous activity or vice versa. These links are determined by the partial link 

indices that represent the ratio of the duration of finished part of the previous 

activity divided by the total duration of the previous activity (type 7) or the ratio 

of the duration of unfinished part of the following process divided by the total 

duration of the following process (type 8). If this index is negative it represents 

the same ratio but for the following (type 7) or preceding (type 8) activity. Using 

the flow link modified typical network diagrams or evaluated network diagrams 

of buildings can be automatically linked into a greater network that may 

represent the building process of the whole project consisting of more buildings, 

e. g. a housing estate, an industrial plant, or its maintenance or reconstruction. In 

this case the flow links are generated by the system at activities that are 

performed by specialized work gangs that proceed continuously from one 

building to another.  

The network diagram can be calculated on the deterministic or stochastic base, 

[28]. 
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Chapter 3 Targets of the thesis 

The target of this thesis is to introduce means of automated creation of nD BIM 

models [14] as stipulated in above chapters. Focus will be placed not only 4D 

and 5D but also 6D Plan of resources, 7D Quality plans 8D Environmental risk 

plan 9D Health and safety risk plan etc. For the purpose of this thesis, all models 

above 5D will be called models of higher order or nD.   

In order to achieve this goal  existing data included in the BI BIM models will be 

utilized as a base data to for the existing software CONTEC expert system, 

which was originally developed for automated creation of the basic documents of 

the construction technology design as described in [30].  

CONTEC was originally developed to work with data included in the schedules 

organized in the form of budget. The aim of this thesis is to define means of data 

transformation from the BI BIM into the CONTEC and to create data of the 

construction technology design based on BIM data. By interconnecting of these 

data sets models of a higher order would be created. 

The aim define means of data transformation for automated creation of nD 

models and by this means to improve the productivity of the construction 

management works. Successful solution of this problem would enable early 

evaluation of constructed buildings with respect to the level of development of a 

BIM model, providing information about the construction time as well as rough 

estimation of construction cost in the preparation phase. In the execution phase 

utilization of this approach shall create complete set of construction technology 

design documentation.   

By use of existing phenomena i.e. fast development of the BIM design, 

continuous research on classification systems [21] [6] [23] [22] in combination 

with existing proven software solution [29] a new method will be created. 

The developed method will be applied in two modification i.e. direct application 

of coding into the model and creation of transformation database of a general 

coding system into the CONTEC system. 
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The created documentation will be compared with the documentation and 

construction times on the executed projects with regard to the documentation in a 

case study as well as to the real construction times of selected projects. Work 

proceedings will be as shown on Figure 7.  

 

Figure 7 Diagram of work phases 

  

Evaluation of the current state of BIM 
models 

•Evalutation of data included in the model 

•Evaluation of achivable data quality 

Definiton of the basic data set - BI BIM 
model 

•Basic integrated model is to be defined as a elementary 
database 

Classification system selection  

•Classification systems evaluation in respect to 
technologialal modeling 

•Selection of a classification system 

Application of selected coding system into the 
model 

•Manual application of a coding system into the model 

•Automated interlinking of existing classification system 
into the model 

 

Automated creation of technological model 
(discrete nD model), based on data extracted 
from a BIM model. 
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Chapter 4 Used methods 

In my thesis following methods are used 

 Analytically-synthetic method of the scientific work 

 CONTEC Method [31] [32] [33] 

 Integrated modelling approach in BIM 

 Discrete modelling approach in BIM 

4.1 CONTEC Method 

4.1.1 Basis of the STSG Method 

“(STSG Stavebně technologický síťový graf)” – Construction technology 

network diagram was originally developed for automated computing of 

technological analysis and network diagrams and is utilised in the CONTEC 

expert system [29], [30], [34] STGS is based on BKN method (Baukasten 

Netzplanung) [35]. The activity-on-node network diagram used by STSGis in 

compare with BKN, where only 4 types of technological links are used, 

expanded by four other types of a links as follows: construction technological 

link, enabling optimal interlinking of processes with respect to the spatial 

consequences and ensures a condition of use of the minimum working space for 

a work gang. Furthermore, sixth type of a link is a flow link, which ensures 

condition of fluency of the works engaged in the flow of one work gang engaged 

on the various tasks on several facilities or parts of a building.  The seventh link 

is the partial start - start link and the eight links is the partial finish - finish link 

enabling linking of the  term of start of the successor to the partially finished 

predecessor process or the term of start of predecessor process can be linked to 

the part of a completed successor process, or that part of the predecessor process 

will be finished after the finish of the successor process [36].  

As proposed in the published papers [37], [38] data from the BIM model can be 

harvested and transformed into so called nD models. Two main approaches were 
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considered where data were integral part of the BIM model and second where 

interconnected specialized models were created.  

4.1.2 Time analysis of the network diagram in STSG 

Time analysis is in STGS method is governed by the same principles as other 

classical methods of the network analysis.  

By forwards calculation the  terms of early start and finish of individual tasks are 

calculated. First early start of i
th
 task ZMi is determined as maximum of 8

th 
partial 

first early starts of a i
th

 task ZMi
(k).

 Evaluated are only tasks where i
th 

task is 

linked with the link type k: 

a) k=1, type finish start (K-Z) 

b) k=2, type start-start (Z-Z) 

c) k=3, type critical approach (KP) 

d) k=4, finish – finish (K-K) 

e) k=5, construction technological link(STV) 

f) k=6, flow link(PRV) 

g) k=7, partial link start start(ČZZ) 

h) k=8, partial link finish finish(ČKK) 

i) ZN – external forced start 

Similarly backward calculation of the late terms may be performed. 

4.2 Integrated modelling approach 

Integrated models are being created by means of populating BI BIM model by 

required data i.e. time (4D), cost (5D), other (nD). Above-mentioned data are 

than added into the model as a property of individual items as for example in the 

case of the time or as an enhanced property based on material, family, type etc. 

in case of the cost information.  

In most of cases is populating of the information related to more than property of 

the object and for that reason in order to automatize this process coding system 

for the data linking has to be developed as an integration interface. Data are then 

populated directly into the model as a property of the item and therefore as an 

integral part of the BIM database.  

Apparent advantage of this approach is creation of single database containing all 

necessary data for all intended purposes stated in the BIM execution plan (BEP) 

[4]or initially determined by model users for intended purposes.  
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Such an approach creates one single database with all intended data stored in one 

model and therefore enables better simultaneous use of date for combination of 

purposes as well ensures up to date state of the data, i.e. data are as current as the 

model itself. Data organization can be visualized as an expanding layers of BI 

BIM model creating subsets of complete model database (Figure 8).  

Disadvantage of this approach is the high data volume which has to be 

processed, even though it might not be needed at the given moment for the 

intended purpose. Due to the high demand of this approach on computing power 

and data clarity and conformity is this approach preferably used on small scale 

projects, where data volume and therefore also reaction time of the software 

using the BIM data on the standard computers is on acceptable level.  

For the models of higher complexity is this approach at the current state of 

software and hardware development contra productive not only in perception of 

computing power but also due to high demand on data clarity and conformity 

through the various models. Furthermore, large databases are forcing the user to 

work with the data which might not be essential for the given purpose and 

therefore the speed data management and work effectiveness is affected (see 

survey in discrete modelling chapter). 

 

Figure 8 Integrated modelling approach 

 

n+1D model 

nD model 

5D model 

4D model  

Basic 
integrated BIM 

(BI BIM) 
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4.3 Discrete modelling approach 

  The discrete modelling approach utilizes either specialized but discrete models 

derived from the BI BIM, or discrete models or data sets directly linked to the BI 

BIM model. Discrete modelling advantages are mostly derived from the lower 

data volume and the fact that users may use just the data, which are necessary for 

the intended purpose of the sovereign model. Furthermore, data may be sorted 

and adjusted to the needs of data users. This approach enables work with high 

volume of data and with very complex models.  

Furthermore, this approach is necessary when working with models of the large 

scale and therefore large data volumes. Based on working experience (Figure 9) 

is at the current level of the hardware development models acceptable size of the 

working models at around 200 MB.   

 

Figure 9 Research among BIM coordinators 

Current design recommendation even for BI BIM models are that models are not 

to exceed 500 MB for each file (Figure 9)(Figure 10). In the case of large scale 

projects, are even BI BIM models split into number of discrete models. Either 

models are split spatially or based on trade/work package.   
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Figure 10 Research experience with BIM models 

In discrete modelling approach, is the way of linking of the models or data sets a 

key aspect of correctness and usability of the discrete models, together with 

possibility of updates of information cross all discrete models.   

Currently, apart from the split BI BIM models, model linking is at the most cases 

done indirectly by exporting necessary datasets from the BI BIM and developing 

or populating these data while working on the specialized model, this approach is 

utilized for example in the structural design or thermal calculations, where 

results of the discrete modelling and calculation are then in the necessary volume 

transferred back into the BI BIM model. These models cannot be perceived as 

true nD models due to the missing direct linking and update possibilities.  

Other approach is the direct interlinking between discrete models and BI BIM 

models, which can be created either manually or semi manually by directly 

linking necessary data to the items or data in the BIM or in some cases 

automatically through existing coding systems. In this case data in the discrete 

model can be automatically updated when BI BIM is modified or changed.  

This approach is used especially in case of 4D and 5D models, where current 

software systems are designed for this purpose.  However, this thesis intends to 

demonstrate possibilities of automatized nD model development by means of 

interconnection of existing non-BIM software, in this case CONTEC, with the 
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various BIM models through the coding interface. Through the CONTEC 

discrete output date of nD BIM model such as schedule/network diagram (4D), 

cost and financial plan/cash flow (5D) as well as data of nD models such (6D) 

resource plan, (7D) quality assurance checklist and testing plan - KZP, 

environmental plan (7D), health and safety risk plan (8D) including schedule of 

risk occurrence (9D), as well as other data such as resource or various analysis’s 

are then created.  

Combination of the proven approaches with the new trends in construction 

design and construction management in this case represented by BIM may open 

the new possibilities in increasing the productivity in the construction process 

not only in the pre-construction phase but also in the execution of the works. 

This process is enabling transfer of the resources, increase of the focus of the 

project management staff from the process-oriented tasks such as manual 

planning, costing, creation of base health and safety registers and creation of 

quality assurance checklists to the improvement-oriented task such as 

optimization and maintenance of all above-mentioned tasks.  

Above mentioned approach is applicable not only for discrete modelling 

approach, where dedicated models for specific purposes can be created but also 

is applicable for integrated modelling approach where reverse transfer of 

information to the BIM is needed by already developed methods.  
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Chapter 5 Results and solution 

This thesis is based on the fact, that the BIM model is in fact a database of 

constructional information, containing not only the data needed for the 3D 

visualization of the database but other useful data such as material and quantities 

information, but also spatial information such as placement of individual items in 

the building etc. Every item in the database shall be classified by classification 

code, so that database can be processed or interlinked with other databases based 

on the used classification system either for the purpose of pricing of the model 

[21] or generally for the data processing.  

5.1 Evaluation and selection of the classification system 

Following systems were evaluated Uniclass (UK based system), Omniclass (US 

based system), SNIM CZBIM (newly developed local Czech system), Modified 

TSKP (Contec classification system) 

5.1.1 Uniclass 

5.1.1.1 Benefits of Uniclass 

 is gradually integrated into BIM software due to the rapid development of 

BIM in the Great Britain 

 It has until recently been promoted by the UK as a standard for future 

European legislation 

 It is a numerical system with a clearly defined structure with links to 

various phases of the building process 

 It is complex for both ground and transport construction 

 It is connected to the standardization of the ISO system 

5.1.1.2 Disadvantages of the Uniclass system 

 Not compatible with systems used in the Czech Republic 
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 There is a political question to be enforced in view of the UK's exit from 

the EU 

 Not extended to nearby markets (Germany, Poland, Austria) 

 

5.1.2 Omniclass 

5.1.2.1 Advantages of the Omniclass system 

 Integrated into BIM software, such as the Revit Architecture 

 is introduced in the United States - major world construction market 

 enforced and required by companies with links to the US – significant in 

case of project divestment by developers. 

 Pilot has been tested on projects in the Czech Republic 

5.1.2.2 Disadvantages of the Omniclass system 

 By default, US systems are more difficult to enforce on the market in 

Europe 

 Very difficult to connect and interlink to the classification used in the 

Czech Republic 

 Does not follow Czech pricing standards 

 Hard to link to the technological stages (TE) 

5.1.3 SNIM – CZBIM system 

5.1.3.1 Advantages of the SNIM - CZBIM system 

 System designed by Czech design company in accordance with design 

standard 

 Easy to use for unexperienced users 

 Fit to use with BIM model 

 Pilot project already in execution phase 

 As a new system it still possible to modify – influence development 

5.1.3.2 Disadvantages of the SNIM - CZBIM system 

 Does not match standard classification systems used in Czech Republic 

 High level of aggregation in some cases 

 Underdeveloped for MEP 

 Generally rather simplistic 
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5.1.4 CONTEC (TSKP based system) 

5.1.5 Advantages of the CONTEC (TSKP based system) 

 System based on traditional Czech classification standards – easy to 

interlink 

 Good level of aggregation for the purpose of use in the BIM models 

 Pilot project already in execution phase 

 Acceptable complexity 

5.1.5.1 Disadvantages of the CONTEC (TSKP based system) 

 Demanding for designers to put into consideration technological stages 

(TE) 

 Units measurements have to be adjusted in some cases 

 Generally, not wide spread among designers – yet based on standard 

classification. 

 

5.1.6 Decision about the use of the system for the automated data 

transfer. 

The fact that designers working with the BIM model are not accustomed to the 

creation of the bill of quantities and budgets (task by default performed by 

specialist), is one of the greatest obstacles in faster implementation of reasonable 

classification system into the BIM models.  

CONTEC classification system was chosen for the pilot of the manual coding of 

classification system into the model. Decision was based on two premises: 

1) Manual coding is performed after BIM model was created hence may be 

done by specialist who is familiar with implementation of project and the 

technological stages of particular works and with budgeting principles 

used in the Czech Rep. 

2) Transformation of the data from the BIM database into the CONTEC does 

not require extensive conversions.  

SNIM – CZBIM was selected for this thesis as one for testing of automated 

transfer, despite of the fact that it is not ideal for the given purpose, existence of 

the real project with applied SNIM system, was the main cause of the decision -. 

Neither Omniclass nor Uniclass was successfully applied in the Czech Republic 

on the executed projects or used for the export of the bill of quantities. 
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Furthermore SNIM – CZBIM system is open for editing, therefore it may be 

developed for the future use, based on the requirements stipulated by this thesis.  

  

5.2 Automated nD model creation using CONTEC 

Discrete modelling approach is selected in this thesis to demonstrate possibilities 

of automated nD model development, with utilization of the data harvested form 

a BIM model and processed in the CONTEC expert system.  

To transfer information to the CONTEC software, the aggregation of the 

production calculation, the bill of quantities and the budget is used. The principle 

of preparation of data for takeover into a network graph consists in the necessity 

of aggregating detailed budget lines of production calculations, budgets or bill of 

quantities according to the technological division of labour on partial 

construction processes - activities, which demonstrate the works of work-gangs 

on the building site, occur in network graphs and express the progress of the 

work of individual work-crafts.  

The construction technology division of labour is automatically determined, i.e. 

structural items are automatically assigned to the structures, which are produced 

by construction processes performed by work gangs
 
[30]. 

The most important thing for transferring data from BIM is that the bill of 

quantities items is encoded from the BIM system by a unique alphanumeric 

code. It does not matter the form of this code, it should be limited by a certain 

number of characters, and the coding system should be in a certain way logical, 

as it is e.g. in TSKP. Several coding systems can be used. For the purposes of 

BIM models, after determining the coding system of individual entities, it is 

necessary to create a converter between the information database in the BIM 

model and the CONTEC software on the basis of the proline of individual 

elements of a statement generated from BIM and construction processes. On this, 

the CONTEC system is ready and it is possible to create the converter easily 

when transferring data from several statements of bills of quantities, estimates or 

budgets, as this matter is built on the self-taught principle. Furthermore, it is 

necessary to harmonize the transfer. By using the construction process models 

that will be created with the help of the CONTEC system, it is possible to 

achieve up to 9D BIM models including 3D project documentation, construction 

time process, number of employees, price, cost and other technological 

resources, quality control, environmental plans and OHS(occupational health and 

safety) plans, including monitoring according to actual implementation of the 
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project with the possibility of updating all documents. This information would 

then be transferred to the models for facility management as required. 

As stipulated in the targets of the thesis CONTEC enables to model construction 

processes of the buildings or infrastructure including the creation of schedule, 

budget, resource plan and bases of quality,  environment and and health and 

safety management [39], [40]. Model creation works on principles of joining the 

methodology of construction technology design and original STSG network 

diagram method [31]. Due to the fact, that necessary data are available [24], the 

construction technology models of the implementation of a project can be 

created with high speed and considerably high accuracy.  

CONTEC as an expert system is based on quick modelling of the building 

process, maintenance or reconstruction of different buildings and structures by 

use of typical network diagrams, which are prepared in advance, created not by 

classical network analysis methods but by an original construction technology 

network diagram method. The typical network diagrams can be modified 

according to the spatial conditions of a certain building and to the amount of 

construction works and materials. Thanks to the database of data about 

construction processes and to the typical network diagrams the model of the 

building process including the cost assessment can be made about 50 times 

quicker than by use of current cost estimation or project management systems. 

This method has the possibility to simultaneously create and update quality 

assurance checklists, environmental plans and safety and health plans in direct 

linkage to network diagrams, programmes and time schedules as an integral part 

of the construction technology design. [27]  

CONTEC enables to input and retrieve data and specification resulting from 

various constructional and technological conditions of the construction process, 

predominantly from bill of quantities produced by designer or by consultants of 

investor, from the budget or eventually from calculations or invoices in ideal 

state in automatized manor [30].  

Considering above mentioned inbuilt features of the software, utilization of the 

BIM and especially BI BIM models as a base source of the data for the 

CONTEC expert systems appears as a very effective way of automatized data 

retrieval and furthermore automatized creation of the nD models.  
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5.3 Interlinking BIM model with the CONTEC expert 

system 

As mentioned above, the BIM model in principle is a database of information 

which can be utilized or interlinked with other databases or software to be 

developed, or to serve as a base of information used for various task. To create 

nD models via CONTEC expert system, data from BIM has to be transferred to 

the CONTEC in order to be processed. Processed data can either be handled as a 

discrete models nD or via reverse upload may create integrated nD models.  

This process must be performed repetitively on demand of the users, especially 

in the cases when the model data have changed either due to the modification of 

the model or simply due to the fact that BIM model is developing through the 

design process into the higher level of detail. Typical application of this process 

would be an evaluation of the project from the perspective of the investment cost 

and maintenance cost [27] , health and safety [34], quality etc. in different stages 

of development such as during zoning permit, building permit or execution 

phase.   

This approach may provide quick feedback to the project time regarding the 

correctness of the design and verification of decisions based on this information.  

In order to achieve all above mentioned, either common coding interface has to 

be used, or coding interlink has to be created. As stated in the introduction, 

coding systems are undergoing fast development and they are very often country 

specific, or even company specific. This thesis addresses two approaches, where 

in the first approach root coding system of CONTEC is used in the BI BIM 

model and second where general BI BIM coding is used and interlink in between 

CONTEC and BI BIM is defined and set for the automatized data transfer.  

5.3.1 On the means of data interchange between BIM and CONTEC 

BIM as a database contains data which are bond to every item such as volume, 

area, type, material etc. hence data organization differs slightly in between 

various design software but IFC (Industry Foundation classes) as a standard is 

now widely accepted and defined by ISO (Figure 11) and maintained by 

independent organisation. 

 



47 

 

 

 

Figure 11 ISO definition base of IFC 

   ISO 16739:2013 specifies a conceptual data schema and an exchange file 

format for Building Information Model (BIM) data. The standard exchange file 

format for exchanging and sharing data according to the conceptual schema is 

using the clear text encoding of the exchange structure, consists of the data 

scheme, scheme of specification and reference data, represented as definitions of 

property and quantity names and descriptions. [2] 

 

 For the success full data transfer in between BIM and CONTEC with respect of 

all above mentioned following criteria must be met.      

1) Every item must have a classification code 

2) Item carries spatial information such as volume, area, count etc. 

3) Data conformity of a model is kept (Same items have same classification 

codes and properties descriptions) 

 

4) Item has a description in Item Name, Class or Family to enable 

verification for data conformity of classification and description 

5) The unique measure unit has to be defined to every item. 

6) Items in the model are created with respect to the means of technological 

design i.e. implementation of the building.  
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7) Works or items missing in the model must be known to the person 

performing the data transfer 

Providing that above-mentioned criteria are met; two principles of data transfer 

can be applied based on the decision process shown on(Figure 12). For the 

purpose of this thesis two approaches were preselected for the testing of the 

concept.  

1) Application of the modified TSKP (CONTEC) coding directly into the 

BIM model.  

2) Utilization of locally developed general coding SNIM system (SNIM 

Attachment 2) as a base for automated data transfer. 

BI BIM model provided 

by Architect

Classification systém is 

applied to the elements

Manual insertion of the 

CONTEC coding shall be 

applied

Bill of quantities is 

exported from BIM 

model

NoYes

Classification systém 

can be aligned with the 

work gangs
No

Yes

Change database for the 

automated data transfer 

may be created in 

CONTEC

Bill of quantites ready for 

transfer into the 

CONTEC

 

Figure 12 Decision process of manual vs. automated classification 
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5.3.2 Direct application of the CONTEC classification coding into the 

BIM model 

Assuming that designers, creating the model do not usually have a knowledge of 

the construction technology modelling or estimating processes, direct application 

of coding into the model by a specialist familiar with the issue proved to be the 

effective approach. 

This approach is applicable especially at the cases where BI BIM does not carry 

any classification system which could be used for automated transfer, or 

classification coding cannot be linked to the work gangs or concrete 

technological stages. Typically, example would be when underground structures 

carry same classification of coding as the superstructure construction processes 

or when BI BIM model is not complete i.e. some sub models are missing 

(typically MEP in early stages of model development).  

Advantages of direct application of the coding into the model, especially in the 

early stages of the model development is the accurate allocation of the 

structures/works in - concrete technological stages as well as manual control of 

model conformity and integrity of a BI BIM model. During the further 

development of the model, coding can be added for the newly designed items, or 

inherited [41] for the newly designed, yet existing items. Furthermore, libraries 

[42] may be created derived from existing projects for the further utilization by a 

design or development companies.  

 For the purpose 4-digit basic coding derived from TSKP was applied in bellow 

case study into the model by means of creation of shared parameters 

(Attachment nr. 1). in the early phase of the zoning permit and then regularly 

updated during the design process.  CONTEC coding system is based on 

database of activities and work gangs on site in concrete technological stages.  

Classification coding was therefore applied with respect to the future utilization 

for the technological modelling based on the assumed technological work 

distribution in technological stages as well as with the high enough level of 

aggregation to suit BIM model and to overcome the differences in between 

classification system and BIM model. 

Classification was applied to Families [41] where possible and as a such were 

inherited during the design process such (typically for piping, equipment, 

masonry etc.). Eventually they were applied to the individual items or group of 

items where for example position or type of the item where defining 

technological process such as in case of hydro-insulation of substructure or 
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hydro-insulation of a roof or in case substructure and above ground structure of 

concrete. 

During the process of the code application various properties may be utilized 

based on the LOD [43]  to filter and group various items based on their special 

presence in the model or material specification.  

Process of the direct application of the coding system into the BIM proves to be 

best suited for the BIM models with no applied classification system, especially 

those in low LOD, meaning in early stages of development such as zoning 

permit or building permit.   

Coding was performed by two basic methods, either by Creation of shared 

parameters (Attachment 1) or by export of the bill of quantities into the .csv file 

where necessary codes were inserted and by this means implemented back into 

the BIM model in this case in the Revit system (Figure 13).  

 

Figure 13 Sample of manual classification coding 

Manual application of classification was performed via excel sheet and by 

reverse upload applied via design software to the BI BIM, although this did not 

prove effective due to the fact, that design models are nowadays not ready for 

construction technology modelling yet, and their division into the logical 

complexes does not follow technological principles of construction technology 

Typ Klíč Zkratka Název činnosti Množství M.j.

patka 2701 ZAKL1 ZÁKLADY 41,61 m3

3000x2800x150x45st 2701 ZAKL1 ZÁKLADY 3,75 m3

7900x7500x1200x45st 2 2701 ZAKL1 ZÁKLADY 48,36 m3

Pilota 630 2201 PILO1 PILOTY 35,49 m

Pilota 900 2201 PILO1 PILOTY 188,9 m

Pilota 1200 2201 PILO1 PILOTY 222,14 m

Podlahy 3 4303 SCHO3 SCHODIŠTĚ 7,78 m3

Rameno 2 A 2pp 4303 SCHO3 SCHODIŠTĚ 8,52 m3

Schodistě B nástup rameno 4303 SCHO3 SCHODIŠTĚ 7,08 m3

Schodiště B výstupní ramena 4303 SCHO3 SCHODIŠTĚ 7,27 m3

900x350_hl2700x2200x100 2 3302 SLOU2 SLOUPY SPODNÍ STAVBY 12,61 m3

Betonový sloup D 500mm 3303 SLOU3 SLOUPY A PILÍŘE 113,31 m3

Betonový sloup D 550mm 3303 SLOU3 SLOUPY A PILÍŘE 62,4 m3

V_sloup_kruh 3303 SLOU3 SLOUPY A PILÍŘE 21,52 m3

ŽB Sloup 350x900 3302 SLOU2 SLOUPY SPODNÍ STAVBY 50,32 m3

ŽB Sloup 350x1200 3302 SLOU2 SLOUPY SPODNÍ STAVBY 2,18 m3

ŽB Sloup 595x900 3302 SLOU2 SLOUPY SPODNÍ STAVBY 1,39 m3

ŽB Sloup 1520X350 3303 SLOU3 SLOUPY A PILÍŘE 2,21 m3

RAMPA 1PP-2PP 4103 STRO3 STROPY 335,55 m2

Rampa gastro 4103 STRO3 STROPY 11,96 m2

ŽB DESKA 50 4103 STRO3 STROPY 75 m2

ŽB DESKA 100 4103 STRO3 STROPY 7 m2

ŽB DESKA 100 - hlavice pod deskou 4103 STRO3 STROPY 913,51 m2

ŽB DESKA 150 4103 STRO3 STROPY 38,17 m2

ŽB DESKA 180 4103 STRO3 STROPY 52,87 m2

ŽB DESKA 200 4103 STRO3 STROPY 39,97 m2

ŽB DESKA 245 4103 STRO3 STROPY 53,21 m2

ŽB DESKA 250 4103 STRO3 STROPY 1551,32 m2

ŽB DESKA 250 4103 STRO3 STROPY 17596,87 m2
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modelling or rather does not include sufficient descriptions enabling proper 

interlink with activities. For example, they do not differentiate bearing structures 

and partition walls, or do not differentiate substructure or superstructure 

constructions.  

Direct application of the classification into to design software proved to be more 

effective, due to the possibility of visual verification of the classified elements, 

as well as to the possibility to manually verify data conformity and quality 

directly in the model. Furthermore, some structures such as shafts, or 

substructure exterior walls had to be divided and assigned to respective floor, to 

enable proper construction technology modelling.  

Manual coding procedure proved that BIM models are designed in that manner 

that does not follow technological processes of impletation of the building and 

automated processing of the data shall either ensure proper set up of a model by 

the designer, and therefore this approach is suitable for projects where BIM 

models are not developed with respect to the construction technology design 

principles.  

Manual coding seems to be applicable at the cases where no or insufficient 

classification system was applied.  

Further development of the utilization of the TSKP/CONTEC coding in the BIM 

design process, is that design libraries, derived from the project where above 

mentioned coding was applied may be used as a base for the further design if 

desired by investor. This may lead to automated transfer of the date from a BI 

BIM model to the CONTEC and in the case that technological principles in 

design works were met, also to the automated creation of the nD models.  

Manual coding of the case study project was executed by a single person in the 

early stage of the project design (building permit design) and was further 

inherited to the execution and even as build design. Measured workload was 15 

men/hours including the data processing in the CONTEC and therefore was 

comparable with the workload necessary for the traditional schedule creation, 

which is implicitly not based on calculation of volumes of production, time 

standard, number of workers etc, but rather on estimations, assumptions and 

experience. Therefore, traditional scheduling is not as accurate and rather 

dependant on the experience and approach of individual creating the schedule.  

Along with schedule, resource plan, OHS risk register and plan, and quality 

assurance plan were automatically created, results in measurable savings in 

planning processes.   
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5.3.2.1 Manual coding process 

Manual application of the coding into the model is hereby presented on the case 

of software Revit as it apart from application of Uniclass or Omniclass which are 

native classification systems of the software open to default classification, which 

has to be done semi-manually. Below there is a quick description of the process, 

which in detail is described in Attachment nr. 1. Property for labelling was 

utilized in our case and parameters were modified using the Project parameters 

function, which can be found on Administration tab.     

 

In the following dialog, Add has to be selected. The user then will get to the 

settings of the created parameter, i.e. its properties. For his needs, he sets its type 

as a shared parameter, which ensures that its functionality is not limited. 

Parameter than can be reported or exported without problems. The name, 

discipline, and parameter type are stored in a text file for shared parameters. 

Name is a default, discipline shall be common, and the type shall be text, 

parameter shall be set as data.  Next, one needs to set the parameter data, 

primarily to be Instance. In the Category column, select All. This will ensure the 

ability to mark everything (Figure 14). 

 

Figure 14 Creating shared parameters 
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5.3.2.2 Creation of bill of quantities 

To create a bill of quantities that in the form of .xlsx the tool Report in Revit was 

used. This tool allows easy to report individual categories of model elements 

(statement/Quantity) as well as can generate material reports. It can be found on 

the toolbar View tab, under create (Figure 15). Bill of quantities may be exported 

as a separate table by category or as a single table. This process may be 

automatised by preparing suitable tables already in the Revit template. 

 

Figure 15 Bill of quantity export 

One of the options is to create a multi-category report, or a multicategories 

statement. With this feature, report may be created without looking at the feature 

of the category. In this way all the necessary data may be exported into a single 

comprehensive table. This must be followed by filters or grouping functions.  

 

Figure 16 Setting up of the export 
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This will help to show that each identical element in the report is only one line, 

but it is necessary to set up the calculation of totals for all fields that give us a 

quantity for example. Number, volume, area, etc. (Figure 17). 

 

Figure 17 Export properties 

To get the final form of the table suitable for export, it is necessary to finally 

number the individual items. This may be executed in the already grouped form 

and with the utilization of other tables. Since all the data are still in the model, 

means that if one parameter is filled in a specific location, its value will be 

reflected in all others, whether it's plan views, slices, 3D views, or just reports. 

This approach is applicable in the case where no classification or unsuitable 

classification system was applied.  

Despite the fact, that this work might be tedious, applied classification may be 

reused on the new project by means of exporting already defined families as a 

base of future design works.  

5.3.2.3 Import to CONTEC 

To upload data from the generated bill of quantities, transfer foreign budgets in 

the CONTEC was used. It is important that the file contains individual item 

numbering, description, assessment, and unit of measure. It could still contain 

information about the price, the type of item or the technological stage (Figure 

18).  
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Figure 18 Linking bill of quantities to the CONTEC 

After setting up of the data transfer, each item is converted and uploaded. In the 

first dialog it is possible to discard irrelevant data that could be transferred, e.g. 

Headers, subtotals, and so on. As explained above, the number of the technology 

stage information we used already contains in the fourth digit of the item code. 

This was set during the conversion. 

  

Figure 19 Data transfer into the CONTEC 
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The above dialog box (Figure 19) shows the data aggregation, where in each row 

the direct link in between the particular bill of quantity item and CONTEC 

activities is visible. In the case of manual classification method of the BIM 

models, the aligning process should work automatically, as it is one of the 

features of the software. Successful transfer is visually confirmed by visual 

underlining by a cyan colour or eventually by a yellow colour in the case were 

assignment of the task shall be verified. Furthermore, conversion factor (Koef.) 

has to be verified in the case where units of the bill of quantities and CONTEC 

tasks does not match.    

In the next step, quantity adjustment factor can be edited again and then the 

conversion process is finished and saved in the aggregation *.r file format. 

Where possible the best practice would be the adjustment of the export tables 

directly in Revit, since majority of the BIM items carry all information needed 

for the calculation of the volume, surface or count to match the desired 

measurement unit in the transfer bill of quantities to the work gang measurement 

unit used in CONTEC.  

5.4 Case study manual classification of existing model 

Manual application of classification system was applied on the project of the 

office building called FIVE and implemented in Prague by Skanska. Project 

FIVE was one of the first implementation of the BIM design in the Czech 

Republic and for this reason no classification system was applied to the BIM 

model at the first place. Furthermore, due to the complexity of the building and 

the quality of the information included especially in the HVAC and Electrical 

models, the classification system was applied only to the structural and 

architectural model. Securing of the construction pit, excavation works, 

restoration works, demolitions and underpinning of the surrounding buildings 

were not modelled in the BIM and for that reason it was not a subject of the data 

transfer in between BIM and CONTEC.  

Project FIVE(Figure 20) is office building with two underground floors and 

seven above ground floors with the 20 000 m2 of the gross floor area and as a 

such represents the typical size of the office building project executed in Prague.  
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Figure 20 Office building FIVE BIM model 

Project FIVE had complete BI BIM model consisting of structural, architectural, 

heating, cooling, ventilation, piling, 3D scan of historical walls and surrounding 

buildings which is visible on the 3D section of the building (Figure 21). 

 

Figure 21 3D section of the building FIVE 
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Classification system was applied manually in the software Revit by the method 

of shared parameters briefly described in the text above and Attachment nr. 1.  

Report tables for the transfer bill of quantities were set up and reports were 

created in the form of .xlsx files (Figure 3). 

Coding was performed on structures and architectural part only, none of the 

models of the HVAC, MEP were designed at the time of the test. CONTEC 

enables construction technology modelling even with incomplete data based on 

the type of the structure and volume of the structure. Utilizing transferred data to 

verify and to precise the technological model of the building.  

The basic document of the construction technology model is the technological 

analysis (Figure 22) developed from the combination of the information from the 

BIM model and data preselected technological model based on type of the 

building.  Where items transformed from the exported bill of quantities are 

visible for example at the case of process nr. 1402 – items written in small 

letters, on the contrary processes written in CAPITAL letters without breakdown 

were calculated from the type network diagram.  

 

Figure 22 Technological analysis 
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Schedule and line of balance (Figure 23) was created based on the data, 

representing 4D of the original BIM model. Based on the 4D model construction 

duration was 18 months, in compare to the actual construction time of the project 

representing 19,5 months.  

Biggest differences in between modelled execution times and as-build 

construction times were in the special foundation – underpinning of surrounding 

buildings. As well as in restoration of historical wall, which visually present in 

the BIM model but could not be exported in the bill of quantities as it was not 

newly implemented at the first place, but restored according to the requirements 

of heritage office.  

 

 

Figure 23 Line of balance of project FIVE(see attachment for the detail) 

This feature was not included in the BIM model, therefore could not be 

transferred into the CONTEC. Naturally this discrepancy may be easily manually 

adjusted, yet it was kept as automatically calculated in order to demonstrate main 

restriction which has to be taken into consideration when creating automated 

schedules i.e. that information which are not included in the BIM model has to 

be either calculated or manually entered. Furthermore, weather dependent tasks 

like execution of roofs has to be taken into the consideration when automated 

creation of 4D model is performed.  
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5D model was created by automated pricing of the model, based on the integral 

CONTEC database creating 5D model (financial data) including its distribution 

in the time (Figure 24 ). This chart provides extremely important information 

especially for the investors when securing the financing of the project.  

 

Figure 24 Allocation of financial resources in time 

Apart from the financial data, other resources such a human resource was created 

in form of Graph of number of people in time. Maximum number of workers and 

distribution of the workers calculated in the resource graph(Figure 25) with the 

maximum of 106 people correspond to the actual  maximal amount of workers 

which did note exceeded 115 during the construction period.  

This feature enables proper dimensioning and planning of site facilities during 

the permitting process as well as control the cost the site facility(site cabins, 

toilets, showers meeting rooms, changing rooms etc.).  
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Figure 25 Resource graph - people 

Models of the higher order nD were than represented by health and safety plan, 

plan of Quality assurance see Attachment nr. 2 for the details.   

5.4.1 Summary of the case study FIVE results 

Manual application of the classification system into the existing model is a time 

demanding and tedious work, but the only effective solution in the cases when 

no classification system was applied into the model, or data inconsistency is 

high, or existing data may not be interlinked to the database. Data transformation 

from the BIM model into the CONTEC had to be executed with several 

iterations to properly set up export tables in the Revit.  

After successful set up of the export measure units were aligned, and because 

CONTEC classification was used, the database alignment was done 

automatically through transfer of the bill of quantities process.  
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Creation of the discrete nD models from the exported BIM data was than 

processed through construction technology modelling in CONTEC with 

acceptable results, despite the fact, that BIM model was not fully coded i.e. 

technological part of the model was not transferred into the CONTEC.  

This single feature of the possibility of construction technology modelling using 

incomplete data from the model (aligned to the respective part of pre-set 

technological model) opens great opportunities of the evaluation of the projects 

and construction technology planning and assessment in very early stages of the 

design process. 

Applied codes from the model as well as export tables are reusable for the future 

project provided that developed BIM families and tables are exported as a BIM 

library. This feature enables development and implementation of classification in 

the small companies or developing markets.  

5.5 Automatic linking with existing coding systems 

Second applied method was automated linking of the CONTEC database from 

the existing classification system.  

As shown on decision process (Figure 12) data in the BI BIM model have to be 

evaluated for the feasibility of the automated linking of the classification system 

to the CONTEC before the linking process begins.  

In the bellow case study of the Gemma apartment building SNIM classification 

system was used for the purpose of testing of automated data transfer in between 

BIM and CONTEC. 

Following key features of the data has to be put into consideration in order to 

evaluate feasibility of transformation (Figure 26).  
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Database transfered and ready 
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Figure 26 Creation of change database creation for automated transfer of BIM data into the CONTEC 
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1) Existing classification system applied in the model is based on the division 

of labour i.e. works can be differentiated in between technological stages 

(TE)  

 

Example: Insulation of underground structures vs. Insulation of Roof 

or 

Foundation slab vs. Ceiling slab 

 

2) Existing classification system has sufficient level of detail – must not 

aggregate works from different work stages under one code 

 

Example: SNIM System aggregates complete flooring layer composition 

under one code – base layer of floor is executed in TE 6, Floor surface TE 

7 

 

3) Measure units of existing classification system correspond to the 

classification system of CONTEC 

Shall one more of above mentioned conditions be not met, adjustments of either 

bill of quantities, BIM model or existing classification system must be performed 

in order to ensure repetitive faultless data transfer in between BIM and 

CONTEC. 

Following measure were applied in individual cases: 

In the case nr. 1 and 2 – two approaches may be applied: 

A) individual items of the bill of quantities may be aligned with proper 

code of CONTEC classification individually based on description of 

the individual item 

B) Existing classification system may be adjusted in the BIM model to 

enable reflection of technological stages (TE) 

Approach (A) is applicable and effective in the cases when transfer is required 

for individual project only or when limited number of items are problematic in 

the transfer. Approach is not effective when repeated transfers are needed or 

when classification system is impossible to modify. 

In the case nr. 3 two approaches may be applied: 
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A) Transformation coefficient Koef. may be adjusted in the transformation 

database for individual items or even for linked classification codes. 

Information is stored in the change database and reused during every 

transfer. The transformation coefficient Koef. is used to calculate the 

difference in between the measure unit of the bill of quantities and 

measure units of the CONTEC activity. 

 

Example:  

3103 ZDIP Bearing walls                        measurement unit m3  

 

vs. export bill of quantities  

 

3103 Concrete wall thickness 0,25m        measurement unit m2 

 

Koef = 0,25  

 

B) Export tables of the BIM model in the Revit may be adjusted in order to 

match required measurement units.  

Both approaches are equally effective, yet approach (B) is more beneficial for 

the future reuse of the BIM libraries and export tables.  

After the alignment of the classification systems and measurement units, change 

database is created and transformation may be repeated using the BIM data from 

the respective BIM model as well as from any default BIM model utilizing same 

classification system for which the change database was created.   

5.1 Case study automated transfer of BIM data 

Automated data transfer was tested on the project Gemma. Project Gemma is a 

apartment house consisting of 59 apartments and retail units (Figure 27). It is 

constructed in the open pit with two underground and 5 above ground floors with 

the pile foundation. Gemma is situated in Prague and is currently under 

construction. Project is designed in BIM with the application of the SNIM 

Figure 27 Gemma apartment building 
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classification system. It is a most recent project with the application of this 

coding and most probably first project currently under construction. Project was 

designed by company Helika who is the one of the main developers of this 

system.  

 

Figure 28 Section of Gemma in BIM model 

 BIM model of execution documentation was used for the purpose of this thesis 

in order to export the necessary data from the model. The export was performed 

through one general table consisting of not only structural and architectural 

model including foundation piles but also model of heating, cooling, sprinkler 

systems, as well as cable trays of high current. Items of earth works, external 

infrastructure, low current and utility connections were not included in the 

model. Model did not include heat source as central heat exchanger was not part 

of the building.  

Transferable model data were exported in the form of .xlsx table which was 

processed by a method described above. Exchange database was created for the 

SNIM classification system applied to the model.  

Due to the limitations of SNIM described above, original SNIM coding had to be 

adjusted in order to fit requirements of automated transfer, especially in the 

following cases. 
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Compositions of the floors and roofs are according to the SNIM definition 

bearing one classification code for the complete composition. These were 

examples where original classification system had to be modified by adding 

extra letter or number defining the technological stage. Due to the fairly open 

manor of the classification, this is possible without violating basic rules of the 

SNIM system. SNIM system is open in definition and shall be set up individually 

for every project. Yet in order to maintain automation in nD modelling 

processes, definition shall be kept containing the upgraded definitions, especially 

I the roof and floors compositions.  

The SNIM classification system is still rather underdeveloped in the 

technological models such as water, sewage, heating etc. and for that reason 

these items could have been transferred only partially. Further development of 

the classification of the technological part shall be subject of the further 

development in order to achieve detailed work with the data. For example, is 

current classification system unable to reflect difference between the main 

distribution lines and final elements. On the contrary completing elements are 

well distinguished.  

Generally data used for the automated transformation were more detailed, hence 

the automatically generated nD models are more accurate as a result.  

Providing 4D time schedule (Figure 29) 

 

Figure 29 Generated time schedule Gemma 
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5D model represented by requirements of financing for respective months of the 

construction period (Figure 31) developed from automatically calculated budget 

(bill of quantities priced using internal price database). 

 

Figure 30 Budget based on transferred data 

 

Figure 31 Requirements of financing in time Gemma 

The nD models are then represented 6D human resource plan (Figure 32). 
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Figure 32 Human resource plan 

7D quality assurance and testing plan – KZP(Figure 33) including the quality 

control schedule (Figure 34). 

 

Figure 33 Quality assurance plan KZP 
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Figure 34 Quality assurance schedule 

 

8D is than represented by environmental risk plan.  

 

Figure 35 Environmental risk register 
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 9D is represented by OHS register (Figure 36) and Health and safety plan  

 

Figure 36 OHS risk register 

 

Figure 37 Health and safety plan/schedule 

 

  



72 

 

5.1.1 Summary of the case study Gemma results 

Automated application of the classification system into the existing model is a 

feasible solution in the cases where either classification system fulfilling above 

defined requirements is put in place, or the classification system is open for 

editing, or based on TSKP.  Gemma case proved that automated nD (in this case 

9D) model creation is feasible in discrete modelling approach and by reverse 

transformation of the data into the model potential even in integrated modelling 

approach.  

Gemma case proved that further development of SNIM system is needed, 

especially in MEP and HVAC part. Furthermore, breakdown of composition 

layers of floors, roofs and walls has to be performed in order to enable proper 

pricing and activity alignment. Development of such a classification system 

would be time demanding and would require investment, but would bring 

considerable savings, especially for the developer who is performing repetitive 

project like in case of project Gemma developed by Residential development of 

Skanska.  

In such a case library containing proper classification as well as description shall 

be developed as well as export tables. Under these circumstances would be the 

change database reusable and data transfer in between BIM and CONTEC may 

be performed repetitively in various stages of development of the project and due 

to the feature of CONTEC enabling calculations based on partial data only 

enabling even in very early stages.  

Lately research had been conducted [21] which may result to applicable 

classification system for the condition of Czech market, where after creating 

change database by means described in this thesis fully automated nD model 

creation may be achieved.   

 



73 

 

Chapter 6 Summary of achieved results 

The following targets of the thesis were achieved: 

1) The key target of the thesis was to enable automated nD model creation 

based on the BIM data not only 4D and 5D but also nD models of 6D Plan of 

resources, 7D Quality plans 8D Environmental risk plan 9D Health and 

safety risk plan was achieved by interlinking BIM model to the CONTEC 

system and by automated creation of the discrete nD models of the original 

BI BIM model.  

 

2) Existing classification systems were evaluated for the purpose of the 

automated data transfer and classification system was selected for the testing 

purposes.  

 

 

3) Two methods were developed and tested i.e. manual coding and automated 

transformation to achieve interlink existing BIM data and CONTEC system 

thus to produce required data.  

 

4) The prerequisites of the BIM model to enable data transfer from the model 

for the both methods were defined. These prerequisites would be applicable 

to any transformation of the data, not only to the CONTEC but to general 

data processing of BIM data.   

 

 

5) Both methods were applied to the existing projects and compared to the 

actual construction times or to the contracted construction times in case of 

Gemma, thus the accuracy of the method was tested.  

 

6) Results of the pilot project are demonstrated in the case studies, proving 

feasibility of this method and defining conditions of the method accuracy. 

Automatically created data was compared to the data of existing project 

either real execution or contracted execution times and requirements.  
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Chapter 7 Conclusions and expected benefits of the 

work 

Basic integrated BIM model was used for automated creation of 4D, 5D and up 

to the 9D nD such as for example, 4D and 5D but also 6D Plan of resources, 7D 

Quality plans 8D Environmental risk plan 9D Health and safety risk plan. 

Process of the direct application of the CONTEC classification system into the 

BIM proves to be best suited for the BIM models with no applied classification 

system, especially those in low LOD (Level of detail), for use especially in early 

stages of development such as zoning permit or building permit or in the 

countries where no classification system of the elements in BIM is not developed 

or accepted by the industry.  

Once applied into the model classification may be developed together with the 

model or reused simply by application existing families and elements in the new 

future models.  

Limitation of this method is the fact that the designer or creator of the BIM 

model has to take into consideration the fact, that structures in the model has to 

be modelled with respect to technological processes of construction and 

furthermore in the data structure that meets criteria described in this paper.  

In the cases where all above mentioned criteria are not met, level of automation 

of the process, i.e. necessity of data processing before using the CONTEC drops 

considerably and requires a certain amount of manual work. 

Automated transformation of the BIM data proved to be feasible solution in the 

cases where classification system is already applied into the BIM model and 

when the applied classification system is possible to align with the work gangs. 

In the case of tested SNIM system is connectivity achievable when modifications 

were performed in the SNIM classification. Despite the fact that modification 

within the given borders of the SNIM system is expected and permitted, for the 

process of automation it would be necessary that modified classification is kept 
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for the more than one project. This would be beneficial for the big developers 

where design requirements are set and repetitive. Furthermore, development of 

the BIM classification developed or based on TSKP would enable at least in the 

conditions of the Czech Republic much larger connectivity to the existing 

solutions which are currently present on the market.   

 

1) Main contribution of the thesis to the scientific field 

 

Automated creation of the nD models through CONTEC provides feasible 

alternative to the methods which are currently being developed such as [17] 

or [8], but provides wide range of results, not limited to 4D and 5D but as 

well to the nD models. It defines requirements of future research and 

definition of classification systems to full fill the requirements of Czech 

market as well as future requirements of EU.  

 

 

2) Main contribution to the practical use 

 

Definition of the means of transformation and the automated creation of nD 

models improves the productivity of the construction management works. 

Successful solution of this problem enables the early evaluation of 

constructed buildings with respect to the level of development of a BIM 

model, providing information about the construction time as well as rough 

estimation of construction cost in the preparation phase. In the execution 

phase utilisation of this approach shall create complete set of construction 

technological design documentation. 

 

 

3) Main contribution for the educational purposes 

 

Use of advanced technologies such as BIM modelling is rapidly developing 

within public and private construction projects. The nD model creation is one 

of the most researched and demanded features that are developed for the 

future use of BIM. Automated creation of nD models shall become one of the 

teaching concepts of the BIM as an integral part of process of technological 

modelling.   
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