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Publishable executive summary

Deliverable 5.3 is a result of Task 5.3, in which methods and tools for rule-based model checking will be
evaluated and defined. The outcomes of these model checks should become part of the regular process
when uploading data to the BIM-Speed platform. This deliverable presents the methods and tools for rule-
based model checking and data validation according to the defined extract, transform and load (ETL)
processes, and the outcomes of the evaluation of the selected real demonstration cases (in conjunction with
WP8) to ensure the compatibility and interoperability of the data to be uploaded to the BIM-SPEED Platform
(WP6).

Starting this report by explaining the underlying approach to setup methods for model checking, the
subsequent chapters are defined as inventory, definitions and demonstration:

e Chapter1 of this deliverable describes the need of inventorying the required data and information,
which will define the constraints to perform model checks on a regular basis. It will also give a brief
overview of available software to be used to perform model checks.

e Chapter 2 describes the different kinds of checks, which will be used in the BIM-Speed project. It
gives an explanation of what are semantical-, numerical-, geometrical-checks and introduces
additional validation methods like the deviation analysis. This chapter gives an overview of how to
define working model checks.

e Chapter 3 finally provides a demonstration of the model checking methodology and evaluates the
several verification methods on BIM-Speed demonstration projects. It provides examples and

detailed information on the evaluation methods.

This report is written in a general way to provide the whole picture and a complete overview of the model
checking methodology. When it comes to more details, several guidelines to perform the mentioned model

checks will be placed in the annexes to provide step-by-step manuals and to guide the interested reader.

While deliverable D7.3 is focusing on semantic design rules and how to break them down to model
requirements and therefore modelling rules, this deliverable D5.3 takes over and describes how to define
and setup model checking rules for model verification. It describes the usage of model validation tools,

which have been performed on several demonstrator projects.
Deliverable D5.3 is of type ‘other’, which means that it is not a document but a set of several general model

checks and pre-defined roles, tools and elaborated processes to be implemented into the BIM-Speed

platform. Therefore, this document is created accompanying several model-validation tools to
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explain the functionalities and the process steps behind them.
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List of acronyms and abbreviations

BEP:
BEM:
BG:
BIM:
CPA:
e.g.
ES:
ETL:
HTV:
IDM:
IFC:

LIC:
LOD:
MEP:

MIDP:

NL:
PIC:
PL:
PBS:
QC:
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BIM Execution Plan

Building Energy Model

Bulgaria

Building Information Model
packed project file of Desite BIM
for example

Spain

Extract, Transform, Load (process)
HOCHTIEF ViCon GmbH
Information deliverable plan
Industry Foundation Classes
Italy

Location Identification Code
Level of Detail

Mechanic Engineering Piping
Master Information Deliverable Plan
Netherlands

Plant Identification Code

Poland

Project Breakdown Structure
Quality Checks
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Definitions

Business process
The Business Process describes the general task to be done in the design and construction phase to reach

the Renovation Goal, e.g. energy analysis.

BIM use case
The BIM Use Case complies with BIM requirements. That means the Business Process is broken down into
detailed use cases and automated processes and/or data analysis are implemented, e.g. BIM based energy

analysis.

Clash Detection
Clash detection is a method of checking BIM model elements for the geometric intersection. The method is

used in the context of BIM coordination and aims to avoid collisions.

Deviation Analysis
Deviation analysis is a method in which a BIM model is checked for geometric correctness. Specifically, the

model is compared with a point cloud of the as-built state to identify possible deviations.

ETL Process
The ETL (extract, transform and load) process involves several individual steps through which data from

different data sources can be loaded into a common database by means of extraction and transformation.

Model Checking

The procedure of model checking verifies the BIM model system description against a specification.

BIM-SPEED D5.3: Methods and tools for rule-based model checking and data
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Figure 14 - Identification of suitable model checking software

27

Figure 15 - Example Clash Matrix

30

Figure 16 - Identification of relevant demonstrators

31

Figure 17 - Extract BIM Speed Properties

32
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Figure 21 - Comply
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Figure 35 - Starting Check Runs and Exporting Results
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Figure 36 - Result of check
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Approach

Work Package 5 focuses on developing interoperable solutions and providing input for standardized BIM
use cases in the required quality and quantity with the aim to ease a harmonised way for collaboration
between different project partners in a renovation project. To provide relevant data via BIM methodology
the information as well as the 3D models have to be verified.

The first key aspect is to identify the required information, which must be extracted, transformed, prepared
and provided for the BIM data exchange. The base for this knowledge are the outcomes of Work Package
1, which defined the data to be collected to perform specific use cases. To be able to forward these
information correctly and to enable a smooth data flow, it has to be guaranteed that the information are
accessible. The validation of quality, quantity and correctness of the data is therefore mandatory and should
be realized by performing model checks.

Additionally, the requirements towards 3D models, which are defined by the use cases, will become part of
the modelling guidelines defined in task T2.3. To verify and guarantee that these requirements are met and
therefore the use cases will be performed properly, the focus of this deliverable D5.3 is to validate the 3D

models against the modelling guidelines.

The general approach defines the setup of model checking rules in three main process steps, which will be
described in detail in the following chapters. There will be given a general overview on technologies, in
particular available model checking software on the market and their functionalities, but also an insight of

the analysis of the process to perform the BIM use case “Model Checks” itself.

General Approach

Demonstration

Definitions

Figure 1 - general approach task 5.3

Step 1 “Inventory”

will identify relevant requirements for the 3D models (3D model elements, attributes, structuring).
Additionally, model check software including their functionalities, which cover the consideration of main
aspect technologies, will be identified. The preparation to set up model checks, assumes collecting relevant
information of the inventory (e.g. input data and their formats, additional attributes and their acceptable

values, tolerances/exceptions..) and defining the project or use case specific requirements.
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Step 2 “Definitions”

will identify the relevant quality checks for the BIM use cases to be performed on BIM Speed projects. This
will include the analysis of the model check process itself, which takes place in close coordination with task
7.2. Based on the inventory and identified requirements, a validated software for model checking will be
chosen and rules for model checking can be setup. Once the preparation is complete the execution of the

model checks follows. Compiled rules can be implemented and performed in the model checking software.

Step 3 “Demonstration”

will verify and demonstrate this methodology of model checking on demo site projects. The results of the
model checks have to be categorized and verified. If all checks have been performed, categorized and
verified, the results are ready to be evaluated. The aim of the evaluation is to estimate whether further use

cases can be performed based on the 3D model or not.

Having a verified 3D model will reduce cost and time because mismatch and errors can be identified before
the projects come to construction and on site. Additionally, the verification of attached energy efficient data
will increase the possibilities to set up the BEM process. In the end this could lead to a reduction of energy

loss and therefore also to benefit for the inhabitants comfort.

This use case “Model Checks” will be documented as BIM-SPEED standard in the building SMART Use Case

Development definition.

Summarized the main activities in task 5.3 are

e To identify the relevant requirements against which information and data have to be validated and
verified;

e To define suitable model checks and verification methods (incl. Setting up validation processes and
workflows);

e To set-up model checks and verify the validation process; to extend IDM to include additional
validation model checking, such as the proper naming of elements in the model, categorisation of
elements, size of models;

e To perform model checking and validation of the BIM and other data models from the real

demonstration cases (in conjunction with WP8).

BIM-SPEED D5.3: Methods and tools for rule-based model checking and data
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1. Inventory

3D models need to fulfil all requirements coming from the intended BIM use cases to achieve the objectives
of renovation projects. To ensure the correctness of a 3D model, which should support these BIM use cases,
it is necessary to perform model checks, thereby errors or mismatches can be detected early within the

design process. Generally, model checks should ensure the following objectives:

Guarantee that the results of calculations are correct and further work steps can be processed

correctly based on the information contained in the model
Reliability that all relevant information is verified and can be accessed correctly

Time savings  through automated testing and avoiding repeating coordination issues

The intention of the first process-step “inventory” is to identify requirements to guarantee smooth workflows
of specific BIM use cases. Therefore, the process starts by defining the BIM use cases to retrieve the relevant
requirements towards information and/or towards 3D models. These requirements will be specified in
modelling guidelines (see D2.4: Guidelines for as-built BIM modelling of existing buildings) to enable the
setup of model checks. All relevant data should be checked against the definitions given in those guidelines
to validate whether the data and 3D models are able to cover the requirements of the BIM use cases.
Therefore, this inventory is mandatory to enable model checking and to guarantee the correctness of data

and 3D models uploaded to the BIM-SPEED platform.

The following items are most relevant for the inventory process:

e BIM Use Cases (relevant use cases to be verified by task T5.3)
Requirements regarding information and 3D models will be retrieved from those BIM use cases.

e Modelling Guidelines (definition on how the model has to be created)
Identified requirements (e.g. naming, structuring, granularity, information) have to be listed and
specified in the modelling guidelines to enable model checking. Without any clear definitions on
how models and information must be specified, it would not be possible to define model checks.

e Model Checking Software
To decide later on, which tool should be used to perform specific model checks, there is the need
for an overview about which software is available to perform those checks and which functionalities

do they provide.

BIM-SPEED D5.3: Methods and tools for rule-based model checking and data
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The basis for the BIM Use Case analysis is the list of use cases, elaborated in task T4.1. Not all of these use

cases require a 3D BIM model to be performed. But there are some, which cannot be set up without a 3D

model, these are the so called “BIM use cases”. Beside a 3D model, these BIM use cases require specific data

and information, to be performed. These requirements have been put together within Work package 1 into

an inventory table helping to understand the required data and information.

In task T5.3 the focus has been set to these BIM use cases, which require 3D elements and which are aimed

at refurbishment processes.

The following use cases have been chosen to explain the process of model checking in task T5.3, in detail:

e Energy analysis of existing buildings

e Planning and visualization of renovation measures

e Cost calculation

e Performance prediction / Energy analysis of renovation measures

BIM Speed Methodology Toolkit
Rev. 2.5
HOCHTIEF ViCon

2304.2021

1. Choose goal to be achived ( please take care to make a choice for each one,

choose "-" if goal is not intended)

™,
BIMl‘;\;

2. Choose BIM Speed Renovation Phase and/or RIBA Stage

[ Censtruction Quslity Management

| Cost Caloulation

(Defiration of Fefurtashnent Satepes

30 Model Data to be collected
- definition of PBS, LIC, PIC
- Building Layout as 2d drawings (dwg/pdt/paper)
- 3D BIM Model
“geometncal presentation of all room building elements
fwalle/Floors/doors/windows/coloums/rooms)
*matenal definition of all room building elements
“lamda value of matenals
m elements as representation for the room

Design
Design Qhuality Management

Data to be collected

H Measured Data to be collected

of matenals

- DHW demand

- Blectnicity bills and price

- Emission factor

- Energy Corversion Factors (solar, wind, natural gas, coal)
- Heating efficiency

- Maintenanc:
- Performance curves
- Rated Cooling =
- Rated Heating =3

- Thermal resistance of matenals
- Thickness of matenals

- Ventilation needs

Bl Senzor Data to be collected

- Energy Efficiency Ratio (EER)
- Cooling sstpoint temperatunes
|= Pnmary energy factor (PEF)

Figure 2 - BIM Speed Methodology Toolkit — Use case example for “Performance prediction / Energy analysis of renovation measures
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The inventory table generated within Work package 1 has been translated into a BIM Speed Methodology
Toolkit, which enables the user to clearly identify the required data to perform above mentioned use cases.
Summarized for these selected BIM Use cases the requirements are the following:
Definition of Project Breakdown Structure (PBS), Location Identification Code (LIC) and Plant
Identification Code (PIC) and existence of corresponding attributes within the 3D model
Geometrical presentation of all room building elements
(walls/floors/doors/windows/columns/rooms)
Room area (m?)
Room volume (m?3)
Point cloud (if available)
Attributes for energy analysis (Air Tightness, Heat Transfer, Thermal Resistance, Sound pressure
level, Energy Consumption, etc.)
Material definition for all model elements, including thickness and additional description

information/values

1.2 Modelling Guidelines / 3D models

Modelling guidelines are most important to specify the way models have to be created to match all
requirements for BIM use cases. To enable all persons involved in the design and 3D model creation process
to match the given requirements, the participants have to be aware of relevant guidelines and standards to
be respected. This includes country specific building regulations, general superordinated ISO Standard
documents and also project specific regulations. The BIM Speed modelling guidelines (elaborated in Work
Package 2) must be part of documents to be checked against as well. Awareness about all these guidelines
and regulations is most important to enable an effective way to define model checks and to verify that BIM
models are matching all these guidelines in a sufficient way. Therefore, inventorying all relevant guidelines
and regulations is the most important approach.

In addition to the general modelling guidelines developed in WP2, more specific modelling guidelines have
been defined for each software that requires them. These guidelines have been included in each deliverable
where the use of the tool has been explained. This is the case of the BIMtoBEPS tool, which has an internal
checker to validate if the materials of each layer of the walls includes their thermal properties. If these
properties are not included, the tool launches a process to enhance the IFC with these parameters, using
the user’s support. More information can be found in D3.2- A set of support tools and standardized
procedures for BEM creation and in D5.2- BIM Connectors for interoperability between different BIM tools
and with the BIMSPEED Platform.

For implementing BIM use cases a clear structuring and definition of the required 3D models are needed.
Therefore, Project Breakdown Structure, Naming Convention, Granularity of BIM Model Elements and

Attributes have to be defined in modelling guidelines.

BIM-SPEED D5.3: Methods and tools for rule-based model checking and data
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At the beginning of a project a discipline and phase comprehensive Project Breakdown Structure (PBS) must

Project Breakdown Structure

be implemented. The PBS splits the whole project into meaningful parts according to the structure of the

project. The 3D model has to respect and follow this PBS.

Naming convention

The key aspect of standardized information management is a consistent naming convention. This naming
convention has to be mandatory for all used data and information. This comprises not only the file naming,
but also naming for all used data within a 3D model: levels, zones, materials, layers, attributes, and of course

model elements themselves.

Granularity of BIM Model Elements

To perform use cases based on geometry it is mandatory that all model elements are created as 3D solid
elements and represent the real dimensions of the element in real life. Another compulsory requirement is
to model the elements exactly as the type of element that it represents in real life. A column must be a
column, a wall has to be a wall, etc. False application will lead to wrong attachment of property sets while

exporting into an IFC file and therefore deliver wrong data.

Attributes

Attributes are non-geometrical information that are added to the 3D model elements and important
providers of additional data related to specific elements. Not only additional information and descriptions
are commonly represented by attributes, but also information about manufacturer, maintenance, delivery,
costs, etc. Attributes represent the Level of Information (LOI) for each 3D element. A clearly defined list of
attributes, including data type definition and allowed values should be provided elementwise and per phase
at the beginning of a project.

For the BIM Speed project (in close coordination with task 7.2) a Revit Shared Parameter file with all
required attributes will be provided. Such a template has also been created for user defined BIM Speed

property sets.

Implementing model checks all above mentioned requirements can be verified:
- Structuring and Partition of 3D models
- Granularity of 3D model elements
- Naming convention conformance

- Existence, Completeness and Value of Attributes

For more Details on 3D model structuring, naming convention, 3D model elements and attributes, please

regard Appendix 001 — Structuring 3D Models.

BIM-SPEED D5.3: Methods and tools for rule-based model checking and data
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1.3 Model Checking Software
There are numerous software and/or Add-Ins for CAD Applications on the market. Each software provides
its own advantages and disadvantages. Some are fee based and some are free. The decision about which is
the best or the more suitable software depends on the availability, but also on the preferences and
behaviours of the person who will use it. The following chapters will list available Model Checking Software

on the market and outline the highlights and intended application.

Overview of Model Checking Software

For this investigation market-leading software has been identified. One main criteria of decision was the
ability to manage huge 3D models without performance issues.

The preselected software listed below, provide a ‘free of charge’ version with the minimum of a 3D model
viewer component and a ‘fee-based’ version with a greater functionality. The schedule below outlines main
features and specifies, whether the application can be used just for geometry checking or includes also
functionalities to access properties (information).

: . Specification
Product - Product Used Version )

Vendor Fee-Based within BIM Features

Free Version . .
Version SPEED project Geometry Information

« Clash Detection
« Possibility to import large amount of different non-proprietary and
native model data formats

Autodesk Autodesk » BCF-Workflows are only supported when using a plug-in, for the free
Autodesk Navisworks - | Navisworks - n/a version a BCF-workflow is not supported at all even when using a plug- X
Freedom Manage in

« With the free version ,Freedom* no redlining function for commenting
on models is included

« Intuitive handling and naviaation of the model. showing attributes and
« Possibility of individually configurated rule-based model checking
(only in DESITE MD)

» New attributes or calculated attributes can be added (only in DESITE
MD)

thinkproject n/a Desite BIM Version 2.8 |- Integration of external data sources to show BoQs and room X X
information

« Intuitive handling and navigation of the model, showing attributes and
room information etc.

« Provides a large data base of predefined checking rules and
automated review
« No possibility to create or show a 4D construction sequence
. i visualisation
Nemetscheck Ansyo\,l;:gre Somc))rf;i?:del n/a * Only IFC-Format and DWG-Files can be imported X
« Intuitive handling and navigation of the model, showing attributes and
room information etc.

« All-In one solution for point cloud analysis, management and
modelling

« Full interoperability with common design formats, including IFC and
Revit model files

Cyclone 3DR Version: N . .
« No free version, only test versions available X

ez Viewer Cyclone 3BR |,0,0.0.6.35838

« Check pointclouds agains IFC models

« Clash Detection

* Rule based property validation

BIMcollab BIMcollab « Share Lists for Microsoft Power Bl reporting and export information

KUBUS ZOOM Free ZOO0M n/a to Excel, CSV, PDF X X

Figure 3 - Overview Model Checking Software, Vendors and Features
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Functionalities

After having an overview of available suitable software for model checks, a deeper look at the
functionalities should provide a more detailed decision base. The given table (see below) lists different
criteria, which have been investigated.

All applications have been tested to be able to handle huge models. All listed software packages could do
this without mentionable performance issues.

Additionally, different import and export formats have been tested. The main focus for the BIM Speed
project has been given to the investigation of IFC file format, but also other common BIM use case related
formats have been considered. It must be mentioned that some of the free version viewers failed in this
concern.

Reporting functionalities of the software have been evaluated as well. Besides possibilities to measure
elements or to use and save viewpoints, it is also necessary to be able to outline mismatches or errors in
the 3D model so the author can get effective feedback about the violated rules.

Finally, a feature for verification of the existence of attributes is also required to check the value of an

attribute against predefined requirements.

Listed below are also specific BIM use case related functionalities like the possibility to perform a 4D
simulation, to generate a BOQ report and so on. For more details have a closer look at the table below. The
following screenshot shows an extract of this elaboration. The complete list can be found in Appendix 004

— Comparison of Software functionalities.

Criteria for choosing a 3D Model Checking Tool

Nemetschek Nemetschek
Solibri Model  Solibri Model

Autodesk Autodesk

Navisworks Navisworks Loz

Desite BIM

Freedom Manage Viewer Checker
CriteriaID Explanation of criteria free of charge fee-based fee-based free of charge fee-based free of charge fee-based free of charge

B - Basic Information

Cyclone 3DR  Cyclone 3DR BiMcollab BiMcollab
Standard Pro ZOOMFree  ZOOM

fee-based

D - Data, Interfaces & Output Options

IFC-Import 'C;'r'nz?;mc'de's beimportet in IFC No Yes Yes Yes Yes No Yes Yes Yes
\FC-\Zl'igsmn 2:;3 the tool support IFC Version No Yes Yes Yes Yes No Yes Yes Yes
IFC-Version 4 |Does the tool support IFC Version 47 No Yes Yes Yes Yes No Yes Yes Yes
DWG-Import |Can DWG-Files be imported? No Yes Yes Yes Yes No Yes No No
DWF (x)- N
Import ‘Can DWF- or DWFx Files be imported? Yes Yes Yes No No No No No No
N la t-ixml, 11, .pbi, .dxf, 11, .pbi, .dxf,
on- : - ) . - . n .stl, .pbi, .dxf, | .sf ,
poprray e sdtona v proproan e | | et et | ypmicaen, | S e :
file formats ’ .obj, json, .csv, VRML files VRML files
GIS-Data
v, .skp, .3dm,
ITITIES 3ds, B o
Native file |Which native file formats from BIM . -rt, ::;'“ Orthophoto, ég:'d"f':’)h';‘::‘; a’;]"d“gm;‘; pointcloud | point cloud
formats |autohring tools are supported? . IF Scatter Plots, - . N ! - format E5T format E5T
Formats, WebServi .0bj .obj
Scheduling-
Formats
Model Can several models be imported and
consolidation|consolidated in one file? LD = i -2 13 = = -
Can data be exported from the tool in
an open 3D-format (e.g. STL, OBJ, FBX,
3D-Export COLLADA, 3DS, IGES; STEP, and No Yes Yes No No Yes Yes No No
VRML/X3D.) for further analysis?
Can data be exported from the tool in
KLS-Export an XLS for further analysis? No Yes Yes No Yes No No No No
BCF_Support :.Z(l)tl_?ossmlelo create BCF-files with 0 05 1 1 1 o o o 1

Figure 4 - Investigation on criteria to choose suitable software
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2. Definitions

After the relevant information such as the requirements to perform selected BIM use cases, national
regulations and specifications, modelling guidelines have been inventoried on one hand and on the other
hand the available software and their functionalities, benefits and drawbacks have been identified, the next
step is to define appropriate model checks and their related processes.

By defining an adequate model checking process for the BIM Speed project, suitable verification methods
will be established.

Finally, at the end of this chapter common model checks for evaluating attributes, performing a deviation

analysis and guides for applying clash detection will be provided.

2.1 Types of Model Checks

As mentioned earlier, there are different kinds of checks needed to verify a 3D model, these kinds of model
checks have been divided into three categories: semantical, numerical and geometrical checks. The
geometry has to be checked e.g. by doing a clash detection or a deviation analysis and verifying the
granularity and consistency of the 3D model elements themselves. Additionally, the integrated and
attached data and information need to be approved as well. This validation and verification is done by
semantical and numerical checks.

The semantical check approves the consistency of the 3D model elements, such as choosing the right
category for model generation, following the naming convention, availability of attributes, etc. Whereas
numerical checks, in approve the value of the entered information. This means, it will be checked, whether
the value of a specific attribute is correct regarding the threshold of values (e.g. Does the thermal
transmittance has the correct value? Does it use the correct units?). Finally, the geometrical check will
validate the geometry of the 3D model elements themselves and geometrical relationships to other

elements. The following sketch gives an overview and outlines examples for the check types.

T R e

Checking for consistency of Checks for evaluating Checking for geometrical
3D objects, e.g. naming numerical information correctness of the BIM model
convention provided within an attribute e.g. Clash Detection,

Deviation Analysis

Vorgabe - Famiertyperbezsichnung:
DNC76 e Bt WetalScicie] Acmessuroon Arirdsingen

Famie: STB Stitzs - nnd
Farierty: 4 ST 818 30, 008 ¥

Bl Lo
e Dacarkote - e
Farderty: P, Bl 45 30000 JOONITY Q

Figure 5 - Overview of Model Check definitions
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Semantical Checks

Semantical checks verify the consistency of the elements. That includes checking the nature of the elements
as it might be, that some of the shown elements in the model are not real 3D elements. Additionally, the
existence of all needed attributes will be verified and finally, all the naming conventions,

(file/elements/levels/layers/attributes/etc.) will be confirmed.

Semantical Checks provide security that all relevant information is included. They create confidence that
allintegrated information is provided correctly and all needed calculations are error free and fully checked.

This enables the possibility to perform ongoing zero-defect BIM processes.

Numerical Checks

Numerical Checks guarantee the evaluation of numerical information. The existence of all needed
attributes is verified by the semantical checks, but the numerical check additionally verifies the values of
all attributes for each element. Given values will be verified as well as the correctness of selectable or

calculated values.

Numerical Checks are the verification that the design applies to design specifications. BIM based checking
tools optimize the design and highlight critical elements/areas/files/etc. Finally, working with automatic

quality checks is a big saving of time as well.

Geometrical Checks
Geometrical checks are necessary to verify clashes between disciplines (clash detection) and to assign the
task to solve this issue to the corresponding parties. On the other hand, these checks will be used to

guarantee that the given 3D model corresponds to the as-is situation on site (deviation analysis).

The reliability of having conflict-free 3D models of different disciplines leads to a collision-free
construction. This increases the confidence, that all the important aspects of the design have been
elaborated. One more benefit is, that routes of piping and/or openings in walls/slabs can be prefabricated.
Clashes between disciplines are discovered and can be solved before the construction phase on site begins.
This helps to avoid afterwards revisions of the design or doubled installations. All this results in a

minimization of costs and time.
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Besides dividing the checks into three validation types, the checks can also be categorized to receive a

focus on specific topics. The long list of uncategorized checks, which can be performed, should be clustered

according to the following categories (example-questioning given):

Naming:

General:

Has the naming convention been followed?

Are all project information correct? Is there a limitation of file size? Is the model purged?

Are there unneeded links/xref in it? Are the correct units set for the model?

Location:

Model class.:

discipline?
Attributes:
Geometry: Are all elements solid?
Lists:
format?
Version:

Export format:

Is the exported file in the correct format and free of error?

Is the model in the right location? Does it have valid coordinates?

Are the elements assigned to correct Uniclass code? Do they belong to the correct

All required attributes available? All values and formats correct?

Are required tables of building elements/materials/etc. available and in the correct

Comparison of two versions of the same model. What has changed?

The table below shows the clustering of several checks and the corresponding model checks to be

performed. The complete list is attached as Appendix 005 — Check Categories.

Naming convention

What for?

What will be checked?

Does the naming convetion
correspond to the BEP 7

General model check
semantics numerical geometrical

Naming convention Moaodel Does the the general naming for
elements / rooms / spaces / etc. has <
Space / additional character in it's
name ?
File Size File Does the file exceed the suggested «
file size of 200 Mb ?
Project Information Madel Are the project information correctly .
filled 7
Simplification Model Is the model purged ?
Are all unused elements / families / X
defintions removed ?
Linked files Model Are all linked files (xrefs, pdfs, dwgs M
etc.) removed 7
Referred models Model Are all referred models removed ? X
Warnings Model Are all resolvable programe warnings M
resolved ?
Coordinates Maodel Is the model placed on the correct "
and real-world coordinates ?
Enviromental Information Madel Is the model filled with enviromental
information (for example the weather) X
=l
nlanina arid hMaorlel la the nlannina arid incannerated in

Figure 6 - Check Categories
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As a result of task T5.3 user-guides for the following model checks will be provided (workflows and

templates):

Numerical and Semantical model checks
e Ensuring that the BIM models comply with the design rules developed in Task 7.3, by checking if
the developed structure, naming convention and relationships of model elements have been

considered correctly

Geometrical model checks
e Ensuring the geometrical correctness of a 3D model or rather the consistency of the 3D model with
the as-built state by performing a deviation analysis and comparing a 3D mesh of the BIM model

with a point cloud
e Ensuring geometrical correctness of renovation planning by performing a clash detection and

detection clashes between various discipline planning

Additionally, a Template of a QC (quality check) list will be generated. This list should help the involved
persons (BIM Author/BIM Coordinator/BIM Manager) to set up their own checking protocol and follow it
step by step. Appendix 006 — QC List gives an example for this checklist.

QUALITY MANAGEMENT - BIM MODEL CHECKLIST

FACILITY select.... [SUBMISSION DATYYYY-MM-DD |
DISCIPLINE CODE select... QA/QC DATE __|YYYY-MM-DD
FILE NAME copy file name here

REVISION select. .. - Not Approved
AUTHOR select. o |Not Required
EXAMINER select. [Not checked

1. QC (EXAMINER) Feedback Author 2.QC (EXAI

No Checkpoint Process/ Tool

Status Approval Reference Comment Comment Status Approval Reference

QC-GENERAL
] File naming as per 3D Modeling Desite BIM

T E;anr:i?r?édﬁgage as per 3D Modeling CAD Application

Standard.

3 |Linked Files unloaded CAD Application
4 |Model is purged CAD Application
5 |Units CAD Application
6 |Coodinates Desite BIM
7 |Structure of model according to PBS Desite BIM
8 |Virus Free Windows
9 |Filesize Windows

10 |Levels and Grids defined CAD Annlicatinn

Figure 7 — Extract of Example QC list
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2.2 Process for Model Checking
The process of checking and validating a 3D model must be implemented into the general design process.
Design coordination is a big task that covers not only the checking of the 3D models but offers possibilities
to coordinate the design and avoid mismatching or clashing before starting on site construction. This will
lead to reducing efforts in terms of costs and time. The validation of attached energy-relevant-data and -
information will ease the BIM to BEM process and therefore by the end reduce energy costs and improve

inhabitants comfort.

Task 5.3 investigated several methods to verify 3D models. One part is to approve and verify the given
information of a 3D model (attributes and their values) by setting up numerical and semantical checks.
Another method is to set up geometrical checks, therefore it is necessary to validate the design regarding
intersecting disciplines against each other by doing a clash detection. Furthermore, another method of
geometrical check can be performed, which is not that common one but also of interest. The comparison
of an existing or newly generated laser scan point cloud with the 3D model to verify the as-built situation
by performing a deviation analysis. All these kinds of different model checks have to be embedded in the
design processes of refurbishment projects. Additionally, the involved personnel must be identified and

their roles in the model checking process have to be specified.

In the process of design coordination there are three roles involved:

Designer: Design responsible person, is the BIM author of the 3D model, who generates the design,
relevant 3D models and 2D drawings with respect to design related requirements and
in compliance with official and law-related regulations, as well as BEP (BIM Execution
Plan), Modelling guidelines and MIDP (Model Information Delivery Plan)

BIM Coordinator: Generates numerical and semantical model checks to verify the 3D model (not
responsible for the design but for the 3D model)

BIM Manager: Consolidation of all available relevant 3D models, approves the 3D models in terms of
BIM relevant regulations and standards and project specific ones, assures

superordinated design coordination

g e S -
hY

Architecture Piping Electrical ...etc...

Designer/BIM Designer/BIM Designer/BIM Designer/BIM
Author Author Author Author

BIM Coordinator BIM Coordinator BIM Coordinator BIM Coordinator

BIM BIM Manager

Se

\h————\-h—‘-———————

Figure 8 - Related Roles in Design Process for Design and BIM
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Start of the design coordination process is the necessity to generate a 3D model. Gathering needed input
documents and information like the design itself, BEP, modelling guidelines and MIDP, the designer starts
generating the 3D model of his responsibility (e.g. Architecture, Piping, etc.). The designer is the author of
the 3D model in this case. Before giving the model to a superordinated BIM Manager, the BIM coordinator
will assure the correctness of the 3D model by performing semantical and numerical checks. According to
the quality assurance convention, the BIM Coordinator cannot be the same person as the author due to the

four-eyes principle. If no more revision is needed, then the 3D model will be delivered to the BIM Manager.

If possible the BIM Manager can do a deviation analysis between a laser scan point cloud and the 3D model
to verify the conformance of the 3D model with an as-built situation. This may cause the need of revising

the 3D model.

If there is no point cloud data available or if the project does not need this confirmation, then the BIM
Manager jumps directly to the next step. A consolidated model of all available discipline models will be
created in this step. By doing this, the BIM Manager is enabled to perform the clash detection. The clash
detection will — as the name already implies — reveal clashes between different disciplines. Findings are
summarized in a clash report, which will be a basis for a coordination meeting with all involved design
responsible. Clarifying the clashes with other disciplines may lead to a revision of the design and therefore
as well for the 3D model. The checking sequence will be repeated until all clashes will be solved (or defined
as to be solved on site). Although this might become a time-consuming process, it will save a lot of time and
costs in the end, because clashes are identified and solved at a very early stage and the design is approved
before it comes on site. Finally, the Designer will generate the final 2D drawings directly out of the now

verified 3D model. At this stage, the 3D model has a verified status and can be used for further use cases.

A visual layout of the process of design coordination is shown in the process chart below. The overall

process chart is divided into two parts due to better readability.
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Figure 9 - Design Coordination Process Part 1
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Figure 10 - Design Coordination Process Part 2
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The following process charts show the workflows for the three quality check processes in detail. First is
the semantical/numerical check, followed by the deviation analysis and concluding with the clash

detection.

x

o

% modelling guidelines| 3D models

o
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=
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| &
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EN- evaluation and

£ g deﬁmng model evreﬂl??'l]r;gd éules performing semantical numerical model classification of conflict
Els requlremems checkin model checks cnecks checks determined coordination
S |ig g ] conflicts __J \
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Figure 11 - Process Chart Numerical and Semantical Check
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Figure 12 - Process Chart Deviation Analysis
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Figure 13 - Process Chart Deviation Clash Detection
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2.3 Suitable Model Checking Software
As already identified in chapter 1.3 the market for software solutions provides several tools, which can be
used to perform model checks. Each software has different features and its advantages and disadvantages.
The elaboration of the model checks for BIM-Speed projects in this task T5.3 has been performed with

software applications according to the following table:

General model check categorization

Software Solution Furhter information
Semantics Numerics Geometry

Cyclone 3DR < Dewatlc?n analysis: ' .
Comparing a 3D mesh with a point cloud

Autodesk Navisworks - Manage X Cex Petectlon: i L
Checking models of different disciplines

thinkproject DESITE MD X X Ensuring the correctnes of attribution

Figure 14 - Identification of suitable model checking software

2.4 Examples for common Model Checks
To provide a practical approach to the user, this chapter will provide common examples for the different

kinds of model checks. Detailed user guides for setting up the checks are attached as Appendix 002 — Guide

for model checks using Desite BIM and Appendix 003 — Guide for Deviation Analysis using 3D Reshaper.

Attribute Check

Attributes are non-geometrical information that are added to the model elements. In different project
phases, the number and accuracy of attributes and information can be different. Following the usual
progress of a design project, the amount of required attributes increases.

To use the attributes and enter their values correctly a consistent and meaningful naming convention has
to be developed and implemented. Furthermore, the unit or rather the datatype and the value of the
numerical information provided within an attribute has to be defined. Depending on the process, wrong or
missing assignments can have a negative impact on further use cases.

The attributes to be used must be defined at the beginning of a project, based on the model element to
which they belong. An overview must be provided in the modelling guidelines, which needs to be accessible

for every model author.
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The attributes integrated to the 3D model serve a various number of BIM Use Cases. To ensure the
availability and applicability of the provided information, an attribute check needs to be set up. There are

six consecutive steps to be followed to setup a general checking routine:

1 2. 3. 4. 5 6
' Check Depen- Rule o :
| rt
mpo Compliance dencies Definition Srelel el R

1. Import:
Importing the BIM model to the model checking software.
2. Checking of compliance with the modelling guidelines:
Identifying required attributes. Checking of naming convention.
3. Dependencies:
Identifying relationship/dependencies of elements and/or attributes.
4. Definition of rules for model checks:
v" Which attributes should be addressed within the check?
v To what kind of datatype does the check apply (Boolean, string, integer...)?
v' What relationship/dependency exists and how can it be represented in the check (e.g.
definition of a prerequisite)?
v" Which values or range of values for this attribute are allowed?
v" What are the results of the check, if the case is undefined?
5. Evaluation:
Evaluation of the checks.
6. Report:

Exporting the check results as an easy to read report and understandable for the BIM author.

Deviation Analysis

The critical point for starting a renovation project is the quality of as-built documentation. Often there are
2D drawings available, but being sure that they match the as-built situation is usually not certain and
ensuring that available drawings and existing building geometry are matching, requires high efforts to be
verified.

3D models for renovation projects are often generated on basis of 2D drawings and therefore represent the
status shown in these drawings. Depending on the objectives of the project and planned activities a 3D
model corresponding to the exact as-built situation is required. There are two ways to get the 3D model
matching with the as-built situation by using a point cloud. Doing a laser or photogrammetry scan room-
wise in the applied building will show the exact as-built situation.

One way to work with this point cloud is to import the data to the CAD application and take it as a basis for

the 3D model generation. Although this is generally a very time-consuming process, CARTIF
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developed a plugin to ease the process of identifying and modelling specific elements like walls from point
clouds (see WP1, Deliverable 1.1). The other way to use a point cloud is to compare it with an already
existing 3D model and analyse the deviation of both. The result are measurable deviations, which will lead
to an easy decision if an update of the 3D model is needed or not.

To explain the general approach of performing a deviation analysis, the 3D Reshaper of Leica has been
used.

The following description and the user guide in Appendix 003 — Guide for Deviation Analysis using 3D

Reshaper is based on the use of Reshaper.

In order to perform a deviation analysis between the point cloud and the 3D model the following steps have

5.
Deviation
Analysis

1

. 4
Import

Alignment

to be performed:

1. Import:
First, the BIM model and the corresponding point cloud are imported into the Reshaper software.
2. Purging the point cloud:
The point cloud contains a large amount of point data, but only a fraction of this point data is
relevant to perform the deviation analysis. All unneeded points/areas of points should be deleted.
3. 3D mesh:
Extracting a 3D mesh from the 3D model.
4. Alignment:
Aligning the point cloud and the 3D mesh.
5. Deviation analysis:
Results of the deviation analysis can be displayed by colour schemes or other visualization options.
6. Report:

Evaluation and classification of determined deviations.

Clash Detection

Clash Detection is one key aspect in the process of design coordination. It outlines interferences between
the designs of different disciplines before construction starts on site. This saves a lot of time and money
because revising of design to avoid clashes will be done virtually beforehand and will avoid facing an issue

on site. The result of the clash detection is a well-coordinated design of all disciplines.
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To perform a clash detection the following steps have to be performed:

1. Check 2 _ 0 ’
Discipline oordination .
Models Model Tolerances Report

1. Check discipline models:
To create a coordination model of various disciplines the following points must be assured:
v" Units — must be the same for all models
v' Geographical information — each discipline model has to be located correctly
v" 3D model elements — each model element has to be 3D solid
2. Coordination model:
Consolidating all discipline models to a superordinated coordination model
3. Clash Matrix:
Before starting the clash run a clash matrix must be created. This matrix outlines which discipline
will be clashed against which discipline. It also identifies which disciplines can clash and don’t need
to be checked.
4. Tolerances:
Defining allowed tolerances between different disciplines.
5. Clash Run:
Performing the deviation analysis. Clustering clashes and excluding doubled or ignorable ones.
6. Report:
Creating a clash report with results of the clash run to publish and coordinate with the responsible

designer.

Structure |Architecture| HVAC Electric |FireFighting| Sanitary

Structure
Architecture
HVAC
Electric
FireFighting
Sanitary

These disciplines are not checked against themselves
These disciplines are not checked against each other
These disciplines are checked.

Figure 15 - Example Clash Matrix
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3. Demonstration

To evaluate whether the defined methods and approaches to verify 3D models and their information can
be applied in a practical example, the different kinds of model checks have been demonstrated on BIM-
Speed’s Spanish and Dutch demonstration sites.

The following chapter will describe what has been done with the two demo sites’ 3D models. Results and
feedback from the partners will directly influence the output of task 5.3 and optimization will be

incorporated.

3.1 Demonstration Cases
The following items and information are generally required to perform the intended model checks:
e 3D model (best for different disciplines)
e laser scan point cloud of the building and/or its environment

e Identification of the most relevant model checks to be performed

To verify the approach of task 5.3 and to develop workflows and templates for model checks within the BIM

Speed project the following two examples have been identified. The list below shows which type of checks

have been performed for the two examples.

Jemonstrato
Check Type I - Further information

X X
Numerical check of 3D Model Confirmation of values within the required attributes.

X N
Semantical check of 3D Model Confirmation of existance of required attributes.

X
Deviation Analysis (Pointcloud # 3D Model) Comparison of point cloud (only of surrounding) and 3D Model

Both models provide only architectural models, no clash detection

Clash Detection possible

Figure 16 - Identification of relevant demonstrators

3.2 Setup of Model Checks

The following model checks for the Dutch and Spanish demo site projects have been setup.

Semantical and Numerical checks

In coordination with task 7.2, several required design rules have been identified to approve the design of a
planned building. These design rules are defined by existing building regulations of each country, specific
project requirements and other current standards. The description of these rules can be consolidated and
documented in depth, but as such they are not usable for setting up automated checking rules. Within task
7.2 it has been researched how to break down this rule description into a format to be used in a scripting

routine in task T7.2 as well for model checking methods of task T5.3. The result is a long list of
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required general and country-specific attributes that need to be attached to the 3D model elements (see

figure below). Complete list to be found in Appendix 007 —Attribute List.

BIMSPEED Properties

Model
Element/ Country
IfcEntity

BIMSPEED BIMSPEED
General Country Specific

Spain; Germany; Netherlands, Poland;
IfcBuilding General BIMSPEED_Building  BIMSPEEDCountry STRING  Romania; Bulgaria; Italy
lfcBuilding General BIMSPEED _Building BIMSPEEDOccupancyType STRING MultiFamily: Single Family
lfcBuilding General BIMSPEED Building | BIMSPEEDNumberQOfStoreys INTEGER :Number of Storey
lfcBuilding ES BIMSPEED Building ES BIMSPEEDCIlimateZone STRING aAB CDE
IfcBuilding T BIMSPEED_Building IT_BIMSPEEDClimateZone STRING  ig;A;B;C.;D,E.F
IficZone General BIMSPEED_Zone BIMSPEEDPubliclyAccessible BOOLEAN | Truth, False
licZone General  BIMSPEED Zone BIMSPEEDNetAreaPlanned INTEGER [m"2]
licZone NL BIMSPEED_Zone NL_BIMSPEEDFireCompartment BOOLEAN : Truth; False
licZone BG BIMSPEED Zone BG_BIMSPEEDHandicapAccessible {BOOLEAN : Truth; False
lficZone NL BIMSPEED_ Zone NL BIMSPEEDHeight INTEGER {[m]
lficZone NL BIMSPEED_Zone NL_BIMSPEEDGrossArePlanned INTEGER [m"2]
licZone NL BIMSPEED Zone NL BIMSPEEDDistanceToExit INTEGER :[m]
Kitchen; Bathroom; WC; Auxilary Room; Corridor,
lfcSpace General BIMSPEEDSpace BIMSPEEDCategory STRING  iHall: Stairs: Living Room; Bedroom

Figure 17 - Extract BIM Speed Properties

This overview list has been investigated afterwards with the aim to identify relationships of model elements

interdependently.

Example

The design rule states: In Spain in climate zone A-E each external wall needs to have an acoustic rating of
more than 35dB.

The figure below shows, how this rule description has been translated in a way that model checks, based

on scripts, easily can be set up.

B - | var | £ TN - i | overeanirs | > [E]@

WHEN LR LT BIMSPEEDCountry=""5Spain"* | ES_BIMSPEEDClimateZone="o.A.B.C.D.E" B
I
I

> kust Have BIMSPEEDAcousticRating > 35 dB

Figure 18 - Example of Transition of Design Rule to checkable format
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Figure 18 described in words:
If there is a geometry model of a building, then there will be an entity “IfcBuilding”. When there is an entity
“Ifc Building” and the general attribute “BIMSPEEDCountry” provides the value “Spain” as well as the country
specific attribute “ES_BIMSPEEDClimateZone” provides one of the values “a, A, B, C, D or E”, AND if the entity
IfcWall can by identified as external wall using the attribute “BIMSPEEDIsExternal” providing the value
“True”, then this entity of “IfcWall” must have the attribute “BIMSPEEDAcousticRating” with a value bigger
than 35,00db.

This is just an example to understand the elaboration of the design rules developed in tasks 5.3 and 7.2.

The complete list of all defined design rules is given in Appendix 008 — Design Rules.

Taking this list as input, semantical and numerical model checks for task 5.3 have been set up in Desite BIM.
As a Result of this Deliverable all generated checks for each Design Rule of the Spanish Demo Site are
provided as single xml-files to be imported when using Desite BIM. This are 59 semantical and numerical
checks, which can be used as a template for setting up more checks as well.

In addition, the complete Desite BIM project file for checking the Spanish demo site is provided in native
.pfs format (including all data structure) and as a packed Desite BIM project file (*.cpa-format).

For Details refer to Appendix 009 — Desite BIM Project and Checks.

Additionally, a user guide has been generated, which will help the users to set up a check by themselves.

See Appendix 002 — Guide for Model Checks using Desite BIM.

Deviation Analysis

The Dutch demo site project has been investigated by performing laser scans of the surrounding of the
complete building complex on site in Warmond. In parallel, the 3D model was generated based on the
existing 2D drawings. This was the starting point for performing a deviation analysis between the point

cloud information and the 3D model. The impressive result is shown in Proof of Concept.

There is no rule for performing a deviation analysis. Since it is “just” the comparison to identify deviations,
itis not possible to provide a template here, but a short introduction tutorial as a guide for the user is given

in Appendix 003 — Guide for Deviation Analysis using 3D Reshaper.
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3.3 Proof of Concept
After setting up the checks, the approach of task 5.3 must be verified. If the results of all checks really outline
issues in 3D models that can be revised to improve the quality of the 3D models, then this demonstrates
that procedures defined by task 5.3 contribute to enhancing the renovation process. In the next chapters,

there is a deeper look into these results.

Semantical and Numerical model checks

The semantical and numerical checks have been setup for the identified demo site projects. Following the
results of the checks done for the Spanish demo site are illustrated. There have been two versions of the 3D
model. Both versions are exactly the same in terms of their provided geometrical information, but they have
different values within the attached attributes. One of the models does comply with the guidelines, the
other one does not. Checking these two 3D models clearly reveals if the model checks work or not.

The following figures show the results.

perty: BIMSPEED_! SPEED Show Objects: | (3¢) 142 0 @ 1332 (/) 220 @ a

Objects, Linked Documen] & X
A 0
@ Data Sheet 2 % Update Object Data D@ Update Documents
A show Active Propdrties Only Q, |Filter Properties ... [ i

Domain: geometry

Property Name. Value Data Type
BIMSPEED_Wall
1 : BIMSPEEDIsExternal false xs:boolea
n
bs
2 : BuildingID bs::3LQI IMAuv0$gKedLikXdV xs:10
3 : BuildingName Building xs:string
4 : BuildingStoreyID bs::3LQI IM4uv0$agKcdLkHVCcy8 xs:ID
5 : BuildingStoreyName P3 xs:string
= 6 : SectionID bs::3LQI IM4uv0$aKedLkHVCy8 xs:ID
7 : SectionName P3 xs:string
8 : SectionType typeBsBuidingStorey xs:string

=

<p

NOT COMPLY: Attribute BIMSPEEDAcousticRating is missing in Pset Ifcwall

Figure 19: Not comply
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Property: BIMSPEED_WalkBIMSPEEDACousticRating Show Objects: (3) 192 0 () 12| 220 | ©) £)

@ Data Sheet o Qwﬂauo&p«mu D")wanm-

2] show Actve Properties Only Q, | Pire - *
~
Doman: geometry
I N T
BIMSPLED_Wall 1
1 1 BIMGPEEDACOUSBHABNG £t xsiowng O
2 1 BIMSPEEDC ombus titsle rue "M
3 1 BIMSPLEDCompar tventation rue :rlndu B
“ 1 BIMSPEEDPvestatng c aavng
s 1 BIMSPEEDIsExterral rue nubecles
0 1 BIMSPEEDLOAdBea NG true :M
7 1 BIMSPEED ThermalTr anemwttance 1,2000 xs:double
o
L] + DudngiD Dot LQIMANOSOKEA IV 1o
° 1 Bukdnghiame Butdng xsisving
10 1 BukdngStoreylD et AQUMANOSOKCAIVCYD x50
11 1 BukdngStoreyhiame =] xsisving
12 1 Sectonld b LQUMANO KM VCYD 10
13 1 Sectortame ] ansving
14 SectonType typeBsbuidngSiorey xaiatring
@
1 1 BaseAres 13542 [(m2) wn:double
16 1 BaseAreaContact 0,9102 (m2] a:double
A tam ke bl

COMPLY: Attribute BIMSPEEDAcousticRating is provided in Pset IfcWall

Figure 20 - Comply
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Another descriptive example is the result of the already investigated design rule: “In Spain in climate zone
A-E each external wall needs to have an acoustic rating of more than 35dB”. Pleases note the picture below.
There are 142 elements in the model that do not comply with this requirement. Additionally, there are 1332
elements that have been ignored in the check routine because they are not relevant. This means they are
either not an external wall or not a wall at all and therefore have been excluded from running the check

routine. But luckily there are also 220 elements that do comply with the requirements.

Property: BIMSPEED_WalkBIMSPEEDAcousticRating Show Objects: i’:‘:‘ 142 0 ® 1332 | 220 @ @

D )|

@msbeet a &Lbc e Object Dota DgLDdauDown:n.

2 : BIMSPEEDCombus thie true xs:boolea
n

3 + BIMSPEEDCompar tmentation true xs:boolea
n

4 : EIMSPEEDFreRating (] ¥5:51ring

5 + BIMSPEEDIsExternal true usthoolea
n

(3 BIMSPEEDLoadBearing true xs:boolea
n

7 + BIMSPEEDThermalTransmittance 1,2000 xsidouble

bz

] + BuldingID bis:: QT IMAuDSghodLaV x5:I0

9 + Buldinghlame Bulldng ws:string

10 : BuldingStoreyD bis: 1 3LQT M DSgKedLkHVEy 8 x5:ID

1 : BuldingStoreyhame P3 wsistring

12 + SectioniD bis:: LQI M0 godLkHVCyS x50

13 + Sactionhiame P3 ¥sretring

4 + SectionType typeBsBuidngStorey x5istring

o

COMPLY: Attribute BIMSPEEDAcousticRating has a value bigger than 30,00dB

Figure 21 - Comply
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Summarized the results of the performed numerical and semantical property checks of both models are

shown in the table below.

Property Version of 3D model Version of 3D model NOT
COMPLY COMPLY
BIMSPEED_Buidling:BIMSPEEDClimateZone | Parameter is assigned and Not assigned
values does comply with
defined value. @

BIMSPEED_Buidling:BIMSPEEDCountry Parameter is assigned and Not assigned

O
values does comply with
defined value. @ ®
BIMSPEED_Wall:BIMSPEEDAcousticRating | Parameter is only assigne Parameter is only assigned
to external walls. @

to external walls.

BIMSPEED_Wall:BIMSPEEDIsExternal Parameter is assigned and Parameter is assigned an
filled correctly. filled correctly.

In Spain in climate zone A-E each external COMPLY: The acoustic rating | NOT COMPLY: the acoustic
wall needs to have an acoustic rating of more | for all relevant walls is > @ rating for all relevant walls i
than 35dB. dB not>35dB ®

Figure 22 - Overview of the results of the model checks
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An exemplary execution of a deviation analysis was performed on the Dutch demonstrator. The model was

Deviation analysis

created based on existing 2D drawings and as mentioned before, the result is very impressive. No one has
expected such a small deviation between these old existing 2D drawings and the reality captured as point
cloud. Following some impression of the results.

The colour scheme at the side shows the deviation. Blue means that the point cloud differs regarding the
inner direction to the building shell, while red shows deviation in direction to the outer surrounding. The
frame around the entrance doors was captured by the laser scanner and it clearly deviates from the model

where it is missing.

40,181
+2.14%

Figure 23 - Deviation Analysis
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Deliverable 5.3 — Output and Attachments

As the deliverable of task 5.3 is of type other, the outputs are several required Appendices to provide User
Guides, 3D Model and Check Definitions and at least a complete project template to be used in Desite BIM.
Following these exemplifications, the user will be able to approve and verify the 3D Model to perform the
identified BIM Speed use cases.

This accompanying report completes the Deliverable by giving additional descriptions and guidance.

Appendix 001 — Structuring 3D Models

Project Breakdown Structure

At the beginning of a project a discipline and phase comprehensive Project Breakdown Structure (PBS) has
to be implemented. The PBS splits the whole project into meaningful parts according to the structure of the
project. The 3D model has to respect and follow this PBS, which benefits the fact to have 3Dmodel files in

performant file size. An example of a project PBS is shown in the picture below.

WBS Level 01 - Project w

WBS Level 03 - Zone

WBS Level 04 - Level / Area
WBS Level 05 - Discipline
WBS Level 06 - Elements

Figure 24 — Project Breakdown Structure (example)

Architectural and structural 3D models should respect this splitting, especially since the splitting at each

level is easily convertible for these disciplines. Different to this are the disciplines of mechanical, electrical

and piping (MEP). Those networks have to be modelled according to their corresponding system.

Based on logical correlations those networks cannot be modelled Area or level-wise, otherwise the (g
-
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meaning of the engineering would fail. In addition to the MEP elements, there may be exceptions for facades

and precast elements as well.

More information to PBS is also described in Work Package 1, Deliverable 1.1.

Discipline 3D Models - Consolidated 3D Model

Following the defined PBS, it is mandatory not having one general discipline comprehensive 3D model but

to have separate 3D models for each discipline. This provides some essential benefits for further processing:
There will be no performance problems when working with the 3D model data. The file size is kept
to a useful size.
As each designer is responsible for their specific 3D model, updating of the corresponding discipline
3D model can easily be done, without affecting other disciplines. Coordination issues are
minimized.
No export and import issues regarding transformation problems or data loss.

It is recommended to put all discipline 3D models together to one consolidated 3D model in a software

independent viewer at the end. All investigated software applications within this deliverable can do this.

Level Definition

For the intended BIM Use Case Clash Detection, it is essential to split the 3D model of each discipline level
wise, which also is in compliance with the defined PBS. This regulation should be followed as far as it is
possible. As already mentioned, this is not realizable for the MEP disciplines as they are modelled system
wise.

For architectural and structural 3D models the best practice experience of level definition is from top of the
structural slab to top of the structural slab and the reference level height is to be taken from the top of the
respective floor slab. Horizontal supporting slab elements (e.g. beams) belong to the respective slab and

level it supports (see picture below).
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_] I:' l:, D Level 1

77777777 7777 Finished fiear,

Structural slab

Groundfloor

Structural slab

JE—— —— — Basement

] Fnished fioor
_ Foundaton

Figure 25 - Level definition

Naming convention

BIM models comprise 3D objects that represent building elements in their geometry and functionality.
These 3D model elements should follow a project specific standardized naming convention to enable
further usage and a point of connection for other evaluations. This includes the labelling of really everything
in relation with the 3D model like labelling of files, levels, views, attributes, materials, etc. Doing this, a
unified approach for identifying 3D model elements and attached information across the discipline 3D
models is provided.

Important for all naming conventions is, that it is a kind of code with a minimum defined number of fields
with specific content.

A complete naming convention should be set up at the beginning of the project.

Following an example for the naming convention for levels. Naming conventions for all other elements
should be set up similar.

Example Naming Convention for Levels:

Level Number ISHEISSISRERNEESE | c(Name LevelFunction
03 B8 CONCOURSE LEVEL_FFl

»>
N
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BIM Speed:

It is recommended to set up also a naming convention for the BIM Speed project. At least the model file
itself, model elements and especially required Attributes should follow the same structure.
At the current stage of the BIM Speed project, this has not been added to the modelling guidelines in task

2.3 so far. It is recommended to finalize this, after finishing this report of task 5.3.

At this point of the project, required BIM Speed attributes are defined in BIM Speed property sets with
attaching “BIMSPEED” as a prefix in general and in case of country specific attributes additionally the

country specific abbreviation plus the attributes description.

Examples:
General BIMSpeed Attributes:

-Description:
[ ]

Country

FireRating
. ThermalTransmittance

Country specific BIMSpeed Attributes:

Granularity of BIM Model Elements

Each model element represents a 3D solid element. The granularity of all 3D solid elements shall
correspond with the realistic measurements, coming e.g. from 2D drawing information, point cloud
information, etc.

An exception are surfaces, they can represent digital terrain models, due to performance issues.

]
)

Lines ® 2D surfaces /| 3D element

Figure 26 - Definition solid 3D elements
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2D elements cannot display any necessary element for the 3D model. Further BIM purposed analysis is not
possible with 2D elements. Nevertheless, it is of course possible to add Model
Lines/Grids/Texts/Annotations/Xrefs for the creation of 2D drawings.

While modelling the 3D elements in the CAD software, it is mandatory to ensure, that each 3D element
really represents the corresponding building element. A column as a building element in reality is a column
in the 3D model and not a wall, for example. Otherwise, the corresponding property set will show wrong

information, e.g. wall information and not column information and ifc export will lead to wrong results.

Attributes

Attributes are non-geometrical information that are added to the model elements with a descriptive
purpose. This covers information regarding the classification of elements (e.g. Uniclass) as well as additional
design information, manufacturer, maintenance data, etc. The number and accuracy of attributes and
information provided within the attribute depends on the defined Level of Information (Lol). The Lol can
differ from element types and depends on the current stage and phase of the project.

This attached information can be used for different BIM use cases and data integration in general.

It is recommended to define the Lol before starting with the 3D model generation. Special attention should
be given to the required property sets for further processing. For the BIM Speed project, there have been
identified required use case specific attributes to enable the consecutively BIM to BEM process. For the
modelling process with Autodesk Revit there is a Shared Parameter File available based on requirements
for the Spanish demo site. This shared parameter file may be updated for other demo site projects. Within
this shared parameter file the required BIM Speed property sets have already been regarded. For smooth
export of 3D model data to the IFC format there is also a template to define a User Defined BIM Speed

property set within the IFC export settings available.
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Appendix 002 — Guide for Model Checks using Desite
BIM

While elaborating task 5.3 a huge amount of semantical and numerical checks has been set up to perform
model checks on basis of the 3D model of the Spanish demo site. These checks are part of the attached
documents to deliverable 5.3.

For setting up a new attribute check the following guide will help the user to do this on its own.

General information and approach
Desite BIM provides different tools for defining a model check.
In Tab “Tools” it is possible to set up the following checks:
Contact Check: Checks relation of elements, e.g. column cuts wall, Slab cuts wall, non-structural
wall does not cut
structural wall, etc.
Clashes: Checks clashes of elements against each other (less functionalities than in

NavisWorks Manage)

ID Check: Checks if each element has its own unique ID or if there is a double
Geometry: Checks if model element is a solid element

Attributes: Definition of semantical and numerical checks

Versions: Comparison of 2 versions of the same 3D model

Own Checks:  Definition of own script by using superordinate scripts or property scripts

DATA BUILDING ACTIVITIES QUANTITIES DOCUMENTS
A r —

: il h =Y i Bl —_ d’ s
%@ @ Iy g Eq B A= B

Contacts Clashes = ID Check Geometry Aftributes | Versions Scripts  Automation  Remote

Basic Checks Scripting Remote

Figure 27 - Checks in Desite BIM
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There are three general steps for setting up an attribute check:

A. Create a new check

B. Define preconditions, if needed

C. Define the check rules.

The following screenshot shows where to find the buttons.

Following additional information to rule definition:

Property name: Name of property (attribute) that will be checked
Datatype: Definition of data type of parameter (string/integer/Boolean/etc.)
Case Undefined: In Chapter “Prerequisite” definition, if check should run or not, in

chapter “Attribute Rule”
definition, if output should “Ok”, “Warning” or “Failed”.

Patterns: Definition of allowed values/range of values

It is possible to define more than one check rule for the same parameter. It can be differentiated, if all

defined rule are valid (AND) or if only one of them is valid (OR).

- . oy . DATA . BULDING ACTIVITIES _-;-u:-.'r.':s :cc.'-.:-.'-:- mE : @o - 1 & H &
&3 g i Y < TR (G N S R -

Clash petection Model Check  Cutting Tools Contacts Clashes 1D Check  Geometry|l Attributes  [Versions Scripts  Automation  Remote m
odel Check (PRO) Tools Basic Checks Scripting Remote
= = | 2. |
) it check [Nk |
E

e

nv-- Gatre e 2 Open “Attributes”
] [5]

- - 1. Go to tab “Tools”

3. Click “+" to create a new check.
4. Define Preconditions if needed

e e 5. Define Check Rule

Figure 28 - General Steps for setting up attribute checks
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Rules for Spanish Demosite
As elaborated in the accompanying report of this deliverable the design rules, developed within task 7.2
have been broken down into a format that is easy to perform as model check rule.

Again the Design rule No.1 of Spanish Demosite will deal as example for the setting up process.

m “Spain” | S wABCOE | i m BMSPEEDIsExtemalTrue | THEN m Mot | ewerEtosmchars | s | @

WHEN Lol B BIMSPEEDCountry=""Spain™ | ES_BIMSPEEDClimateZone="a.A.B.C.D.E" =1

> MMust Have BIMSPEEDAcousticRating > 35 dB

Figure 29 - Rule No.1 Spanish Demosite

Interpreting this rule definition, there are two entities (Building and Wall) and four attributes (Country,

ClimateZone, AcousticRating, IsExternal) to be checked:

BIMSPEED Properties

Model Element/ Cou BIMSPEED BIMSPEED
IfcEntity General Country Specific

Spain; Germany; Netherlands; Poland;
IfcBuilding General  |BIMSPEED_Building |BIMSPEEDCountry STRING  Romania; Bulgaria; Italy
IfcBuilding ES BIMSPEED_Building ES_BIMSPEEDCIimateZone STRING aq;A;B;C; D E
IfcWall General BIMSPEED_ Wall BIMSPEEDAcousticRating STRING [dB]
IfcWall General  BIMSPEED_Wall BIMSPEEDIsExternal BOOLEAN :Truth; False

Figure 30 - Required attributes to be checked
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Set up of Attribute Check for Rule No. 1

After identifying the above it is clear what has to be investigated. Going back into Desite BIM now the
following steps have to be performed:
1. Loading the 3D model into Desite BIM

2. Open Tools > Attributes and click on “+

3. Creating a new check and give it an appropriate naming

Attribute Check

na Attribute Check : Run Checks  Report: :—.n: 1 =

E‘ Appropriate naming

— Check State Check Date Comment
Property Check: BIMSPEED_Building: BIMSPEEDCountry (0) | 7' Undefined

=4
W o

Figure 31 - New Check

4. Definition of precondition, if needed. E.g. if a rule should only check specific elements, only

walls/windows/etc or only elements, that contain a specific parameter and all other should be

Property Check: BIMSPEED_Buiding: BIMSPEEDCountry Show Objeats: )0 0 @D o0 B F)

Preconditions | Attribute Rules

™" | Definition of preconditions, if needed

[ern

Figure 32 - Defining Preconditions

ignored, etc.
5. Definition of check rule. In this case the attribute “BIMSPEEDCountry” in property set

“BIMSPEED_Building” will be checked. Type of this attribute is “string”. If there are elements, that
do not have this attribute attached, then the result should be “failed”. Allowed values of this
attribute are: “Spain” or “Germany” or “Netherlands” or etc. (see table above). If value is different,

then the result will also be “failed”.

Property Check: BIMSPEED_Building: BIMSPEEDCountry Show Objects: )0~ 0 @D o0 £) &)
Preconditions |Attnbute Rules | Definition of check rule
Property Name Datatype Case Undefined Pattern

BIMSPEED_Building:BIMSPEED Country xs:string FAILED "Spain” || "Germany” || "Netherlan...

Figure 33 - Defintion of first check rule
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6. Repeating step 3 -5 for the other attributes “ES_BIMSPEEDClimateZone”,
“BIMSPEEDAcousticRating” and “BIMSPEEDIsExternal”
Example for creating a required precondition and having no specific allowed values is the attribute
“BIMSPEEDIsExternal”. For this attribute there has to be defined a precondition, because this check
should only check model elements of type “ifcWall”. Type of this attribute is “Boolean” and it has to
be filled with “yes/no”, no empty value is allowed. Therefore the check rule checks, if there is this

attribute is filled or not. The pattern says: Not undefined.

Attribute Check 8 x

al\ttrbuteched( > Run Checks  Report: -:??E?] e
Tg Creating new check
\

Name Check State Check Date Comment
(] Property Check: BIMSPEED_Building: BIMSPEEDCountry (0) 7 Undefined
/] Property Check: BIMSPEED_Building: BIMSPEEDCEmateZone (0) 7 Undefined
] Property Check: BIMSPEED_WALL: BIMSPEEDAcousticRating (0) 7' Undefined

/] Property Check: BIMSPEED_WALL: BIMSPEEDIsExternal (0) | 7 Undefined
Property Check: BIMSPEED_WALL: BIMSPEEDAcousticRating Show Objects: %) 0 0@ o0 $) &)
atribute rules | Defining precondition: Check only elements of type ifcWall
Property Name Datatype Case Undefined Pattern
@ newPreconditionGroup
ifcType xs:string CHECK fifcWall*
Property Check: BIMSPEED_WALL: BIMSPEEDIsExternal Show Objects: (%) 0 0@ovo ® a
Precondtions | Attribute Rules | | Defining check rule
Property Name Datatype Case Undefined Pattern
v [@ newRuleGroup
Property Check BIMSPEED_WALL: BIMSPEEDIsExternal  xs:boolean FAILED

Figure 34 - Definition of attribute that is not allowed to be empty

7. Starting the checks (A).

8. Exporting check results to Excel (B) or into database (C) if connected.

o]
1e]

Attribute Check E\ Lv' 8 x
éa Attribute Check > Run Checks | Report} -3“{;;*“-:);
fa.

Name Check State Check Date Comment
Property Check: BIMSPEED_Building: BIMSPEEDCountry (0) 7' Undefined
Property Check: BIMSPEED_Building: BIMSPEEDClimateZone (0) 7 Undefined
Property Check: BIMSPEED_WALL: BIMSPEEDAcousticRating (0) ? Undefined
|Property Check: BIMSPEED_WALL: BIMSPEEDIsExternal (0) | 7' undefined

Figure 35 - Starting Check Runs and Exporting Results
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The check results are shown in the top bar of the check rule definition window. It is shown how many model

elements have failed or passed, how many have been ignored and how many give a warning as output.

For better visualisation the 3D model can be coloured according to the element status.

| Elements with warnings = 0 |

Elements that failed = 142 | / Elements that passed = 220
Property Check: BIMSPEED_WALL: BIMSPEEDISExternal Show Objeé‘ (X) 142 0 @ 1332|| &) 220
Preconditions  Attribute Rules \

Property Name Datatype Case Undefined Pattern

v [@ newRuleGroup

Property Check: BIMSPEED_WALL: BIMSPEEDIsExternal  xs:boolean FAILED | Clear coloring

- Concrete PaneliLoncrete panel 10U mmid/ 2418 ¥ UK 7
| Panel de sistema:Acristalado:230938 ¥ 0K Elements that have been ignored =
| Zapata-Rectangular:1500 x 900 x 1200 mm:184027 (%) FAILED) 1332 {elements not of type ichaII) 5 m) !"Gro...
| Pilar rectangular hermigén:250 x 500 mm:177421 (%) FAILED T - T 5 m) !"Gro...
| Concrete Panel:Concrete panel 100 mm:272455 v OK
| Mentante rectangular:Montante rectangular-5... v/ OK Temporary coloring of 3D model
| | Zapata-Rectangular:1500 x 900 x 1200 mm:184236 (%) FAILED [ifcLongname]: Bas|
| Pilar rectangular hormigén:300 x 300 mm:177680 (%) FAILED [ifcLongname]: Bas| {redlyellowlbluefgreen)
| Concrete Panel:Concrete panel 100 mm:272650 v OK
[ | Pilar rectangular hormigén:400 x 400 mm:163699... (3% FAILED [ifcLongname]: Basement (-3.85 m) !"Gro...
| Mentante rectangular:Montante rectangular-5... v OK
| Zapata-Rectangular:2000 x 2000 x 700mm:184568 (%) FAILED [ifcLongname]: Basement (-3.85 m
| Pilar rectangular hormigén:250 x 500 mm:177931 ":( FAILED [ifcLongname]: Basement (-2.85 m
| Concrete Panel:Concrete panel 100 mm:272786 v OK
| Panel de sistema:Acristalado:231042 v 0K

LI 7z ta. B 1 2000 3 2000 I00 o 124265 (%) EAILED Lifcl ananamal- B (.3 85 oo

Figure 36 - Result of check

After exporting the check results to excel or into the database, this data can be prepared as QC report and

can be given to the corresponding designer/BIM Author for updating the 3D model.
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Figure 37 - Check Result Excel Export
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Check to identify the relationship of elements

The main challenge while implementing semantic rules that require knowledge of relationship between 3D
model elements was the identification of such. As introduced in work package 1 and described within this
deliverable in section 3.2, the solution was the implementation of LIC and PIC as additional information
attached to the 3D model elements. By doing so a geometrical reference has been established, which

provided the required relationship between the 3D models to enable the design checks.

3D Additional
Information S BEE i,

Information

Deliverable 1.1 of Work Package 1 gives more details on the

3D models  Geometry

generation and usage of LIC and PIC. By integrating them to

the project data structure, they built the point of connection

for all kind of data and information. Scheduling

T o3
fit
Defects  Photos T pecourcos

&

Form:

Relating to Task 7.2 and 5.3 the integration of LIC into the
3D model elements, enabled the required identification of

geometrical relationship between 3D model elements and )
Controlling

therefore the smooth usage of Design and Model Checks.

Figure 38 - LIC and PIC
In case the LIC and PIC does not exist within the 3D model, there are also some possibilities to identify
relationships. This is not trivial and should only be used by experienced user. Additionally, it has to be
regarded, that this procedure will not work for every needed identification of relationships. This is only
possible by simply integrating the LIC and PIC to the 3D model elements.
But to get an idea and an impression how to generate a script for identification manually, the following

guide will give some instruction.

For this demonstration rule No. 44 of Spanish Demo site will deal as example. The rule says in words: In
Spanish buildings, in Fire Exit Staircases, there has to be at least one door with definition “Fire Exit”.

Broken down in checkable format it looks like this:

WHEN Ircauilding BIMSPEEDCountry="Spain" And .M BIMSPEEDFireExit=True THEN AtLeastOne MuslHave
i
And IFC Stair BIMSPEEDFireExit=True

WHEN IfcBuilding BIMSPEEDCountry="Spain" 1
1
_______________________________________________________________ -

1
1
| THEN AtLeastOne Musi Have | BIMSPEEDFireExit=True |

Figure 39 - Rule No. 44

BIMSPEEDFireExit=True

To set up a check for rule 44 it is necessary to identify the relevant doors that do belong to the

Staircase. That means a relationship between the entity door and the entity stair has to be made. ﬁ*'
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Easiest way to do this is of course the integration of LIC and PIC to the elements. Doing this, the door would
have the same LIC assigned as the staircase. But not having the LIC another routine is possible at least for
this specific rule. If identifying of other relationships between elements it has to be carefully evaluated, if
same procedure may work.

In this case a JavaScript has been implemented, that can be run in Desite BIM using the “Script” tool.

To enable the user to create same script on its one, the following screenshots may help.

The script runs through 5 steps:

Step 1: Select all entities that are spaces.

Step 2: Select all entities that are stairs and defined as fire exits.

Step 3: Select all entities that are doors.

Step 4: Create a list of Stairs, Spaces and Doors. Identifiy stairs assigned as Fire Exit. Compare the list of
spaces with list of stairs (Fire Exits). Give overlapping as output (=list of spaces).

Step 5: Compare the output list of spaces (Step 4) with the list of doors. Give overlapping as output. Add

a parameter “DoorHasContactToFireExitStairs” to the uotput elements.

Figure 40 - Result of script: Identifying relevant spaces, stairs and doors

Final script including explanating commands is provided as attachement to this accomponying report of

Deliverable 5.3.
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1
2 // schritt 1:
3

4 desiteAPI. 7rclear()

5 var it=desiteAPIL. rt8yF7lter("ifcType”, "xs:string”,"ifcspace”,true, "geometry™)
6 var roomlistSTR=desiteAPI. itGetobjectl ist()

7

8
9 // schritt 2:
10

11 desiteaPI. irclear()

12 it=desiteAPI. 7tByF7 lter( ifcType","xs:string”,"ifcstair®",true, "geometry™)

13 it=desiteAPI. 7tEyF7lter("BIMSPEED_Stair: BIMSPEEDF'ir‘eE)ﬂ‘t","xs:boo'l ean”,true,true, "geometry")
14 var stairlistSTR=desiteAPI. irGetobjectList()

15

16
17 // schritt 3:
18

19 desiteAPI. 7rcear()

20 it=desiteAPI. thyFr Tter("ifcType”,"xs:string
21 var doorlistsTR=desiteAPI. rtGerobjecrf_ ist()
22

ifcboor” ,true, "geometry’)

23

24 // schritt 4:

25

26 var roomlist=roomlistsSTR. spl7c(";")
27 var stairlist=stairlistsTR.splrc(";"
28 var doorlist=door1istsTR.sp/ic(":")

29 var roomswithf'ireex‘itstaw‘rs—[]

30 for (var i=0; i<roomlist.length;i++){

31 for (\..ar k=0; k<stair ist.lén th; k++){

32 '|F(des1teAPI 7s5Irc Tu ed.:'n(sta‘lr'l'lst[k] roomlist[i]) == true

33 || desiteaPI. check_mrersecrron(sta'lr'I'lst[k] room'l'lst['l]) True){
34 roomswithfireexitstairs. push(roomlist[i])

41 // schritt 5:
42
43 var doorswithContactToFireExitstairs=""

45 for  (var m=0; m<roomswithfireexitstairs.length; m++){

46 for (var n=0; n<doorlist.length; n++){
47 1f(de51teAPI checkrntersecrron(roomsmthﬁreemtstan rs[m],doorlist[n]) == true){
48 doorswithContactToFireExitstairs=doorswi thcorrtactToﬁ reExitstairs+"; ”+door'\ ist[n]
49 desiteaPl. serPropertyvalue(doorlist[n], "DoorHasContactToFireexitstairs”, "xs:boolean”, true)
50
51 ¥
52}
3

5
54 // Ausgabe:
55

56 var test=""

57 for (var 1=0; l<roomswithfireexitstairs.length;T1++){

58 test=test+"; "+roomswithfireexitstairs [?]

59

60 desiteAPI. showe lementsoniy{test)

61 desiteAPI. shonE Tements(stair1istsTR)

62 d:siteAr':[. showe Tements(doorswithContactToFireExitstairs)
63 "fertig”

Figure 41 - Screenshot of Script ("Schritt"=Step, "Ausgabe"=Output)
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usual attribute check can be set up as model check by checking the new

H H H ]
generated parameter “DoorHasContactToFireExitStairs”.
RuleNo.44 Show Objects: * 0 1] @ 1687 10 @ @
Preconditions Attribute Rules
Proj Datatype Case Undefined Pattern
v Pl
BIMSPEED_Door:BIMSPEEDFireExit xs:boolean FAILED true
RuleNo.44 Show Objects: X (1] 0 @ 1687 10 @ @
Preconditions Attribute Rules +e
Datatype Case Undefined Pattern
xs:string DO NOT CHECK fcDoor
DoerHasContactToFireExitStairs xs:boolean DO NOT CHECK true

Figure 42 - Set up of corresponding attribute check

Check of two model versions

In case there is an update of the 3D model, DesiteBIM also provides a possibility to check the changes

between two versions of a 3D model.

DATA BUILDING ACTIVITIES
% & W 5 g
Contacts Clashes = ID Check Geometry Attributes

Basic Checks

QUANTITIES

DOCUMENTS

s

Versions

. S :

Scripts  Automation  Remote

Scripting Remote

Figure 43 - Setting up of version check

By opening the tool “Versions” a dialog box pops up.

Now simply drag and drop the two versions of the 3D model into this dialogue and let the check run.

Model Versions

%Eﬂm Model Versions
& Q& New
%o @

Project Version Structure

Check & Deleted

Differences [ Reports

Figure 44 - Version Check
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Result is an overview list of elements and attributes that are new or changed, as well as these, that have

been deleted or are unchanged and additional information on how much etc.

The version check has been executed on the Spanish demosite, therefore the model Comply has been

compared to the model Not Comply. The results are shown exemplarily in the figure below.

Check l’
-

Q @nNew 45 }xDeIeted 35 & Changed 1852 G Unchanged 0

G n

Object Old Value ‘New Value
Tubo con uniones:Tubo:752654
28SIHfBhbOIVYrQ$XGEOVV
BIMSPEED_Building:BIMSPEEDCountry

Spain
BIMSPEED_Building:BIMSPEEDNumberOfStoreys?

6
BIMSPEED_Building:BIMSPEEDOccupancyType

Multi Family
BIMSPEED_Building:ES_BIMSPEEDClimateZone?

D
Elevation

104.000
Reflatitude

42°51'5.899658"
ReflatitudeDD

428.516
ReflLongitude

-2°-40' -34.-426975"
ReflLongitudeDD

-26.762
ifcCompositionType

ELEMENT

ifcHeaderData:TimeStamp

2021-07-13T15:42:41

2021-07-22T18:01:39

ifcLongName

P3

ifcOwnerHistory

LKS_PLZ (LKS INGENIERIA S.Coop) : NOCHANGE @2021-06-29T18:02:43

LKS_PLZ (LKS INGENIERIA S.Coop) : NOCHANGE @2021-06-29T11:40:42

ifcRelConnectsPortToElement

2jnvg$fMSEMUFpi2V5rB8B;2YEAIcx4D7vi9_ 9RbwVCv

1Au72f55n72QZ5FePIVvOW;2G3CanlvP1q8TQzTWrcaBt

ifcServicedBySystems

Suministro hidrénico 4;Suministro hidrénico 10;Suministro hidrénico
11;Suministro hidrénico 13;Suministro hidrénico 12;Suministro hidrénico
14;Suministro hidrénico 28;Suministro hidrénico 27;Suministro hidrénico
29;0tro 1;0tro 14;0tro 15;0tro 16;0tro 3;0tro 17;0tro 18;0tro 19;0tro
4;0tro 20;0tro 21;0tro 22;0tro 5;0tro 6;0tro 7;0tro 8;0tro 9;0tro 10;0tro
11;0tro 12;0tro 13;0tro 23;0tro 25;0tro 24;0tro 26;0tro 28;0tro 27;0tro
30;0tro 29;0tro 31;Agua fria doméstica 2;Agua fria doméstica 1;Agua fria
domeéstica 3;Agua fria doméstica 4;Agua caliente doméstica 1;Agua caliente
domeéstica 2

Suministro hidrénico 4;Suministro hidrénico 10;Suministro hidrénico
11;Suministro hidrénico 13;Suministro hidrénico 12;Suministro hidrénico
14;Suministro hidrénico 28;Suministro hidrénico 27;Suministro hidrénico
29;0tro 14;0tro 1;0tro 15;0tro 16;0tro 17;0tro 3;0tro 18;0tro 19;0tro
4;0tro 20;0tro 21;0tro 22;0tro 5;0tro 6;0tro 7;0tro 8;0tro 9;0tro 11;0tro
10;0tro 12;0tro 13;0tro 23;0tro 24;0tro 25;0tro 26;0tro 27;0tro 28;0tro
30;0tro 29;0tro 31;Agua fria doméstica 2;Agua fria doméstica 1;Agua fria
domeéstica 3;Agua fria doméstica 4;Agua caliente doméstica 1;Agua caliente
domeéstica 2

Figure 45 - Result of version check
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Appendix 003 —Guide for deviation analysis using 3D

Reshaper

The deviation analysis is a use case for comparing a point cloud with an existing 3D model. This can be
relevant in case the 3D model has been generated based on existing 2d drawings and it is not clear, if these
2d drawings are current or outdated.

For BIM Speed project the 3D Model of the Dutch Demo site has been generated based on existing 2D
drawings. In parallel a laser scanning of the surrounding and outer shell has been done. The result was very
impressive as the deviation was really very low. But more on this later. The following guide should help the

user to set up a deviation analysis using 3D Reshaper on its own.

First step is to create a 3D mesh of the model data.

Choose: from CAD

Figure 46 - Creating 3D Mesh
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After performing laser scans on site all the collected information is available as several individual point
clouds. To use them as a single source of information the separated point clouds have to be combined.

The following image shows the general process to do so.

[ Task To Dos Results \

Figure 47 - general process steps of registering point clouds
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This process step describes the manual way of aligning the several point clouds. The common way used by
surveying experts is to use markers on site, which enables automatically registration of point clouds. For
the purpose of deviation analysis between point cloud and 3D BIM models created on base of 2D drawings

the manual way is sufficient and leads to less effort.

After importing the point cloud data to the software, this data has to be purged. Since there are several
reasons for the laser scanner to recognize wrong measurements, the imported point clouds have to be

purged. Wrong measurements can occur due to mirroring effects of windows or flat surfaces like puddles.

Figure 48 - Purging the point cloud
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To bring the several point clouds together, they have to be grouped and aligned. Therefore it is necessary

to adjust them accordingly (rotate/move/etc.).

< [}
U4AWE ¥

omg

(]

Figure 49 - Alignment of point clouds
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After the manual alignment the results will be optimized by the computer to match the best possible results.
The results have always to be reviewed to evaluate, whether the alignment is accurate enough for the
further use cases. On case they are not sufficient the above mentioned process steps have to be repeated.

A possible solution is to combine other scans to each other to merge all scans.

Clousd Registation Progress

of1 - Cloud/Mash 1
(Linvalach]

E

<< Dataits

oo

Groups/ScanWorlds/Constr._.  Type Status  Weight  Error Exror Vector Group Error  Group Error Vector
=48 Group 1
- 01: Roof (Leveled)
0.000m 0100m emor J =g 02: Roof (Leveled)
%€ Cloud/Mesh 1 | Cloud: Cloud/Mesh - Cloud... | On 10000 |0.002m aligned [0.017 m] 0.002m aligned [0.017 m]

A 02: Roof (Leveled)
- Ag 01: Roof (Lev...

@) Optimize Cloud Alignment Results

=4 Cloud/Mesh 1| Cloud: Cloud/Mesh - Cloud... | On 10000 |0.002m aligned [0.017 m] 0002m aligned [0.017 m]
- B - B vy i = 03: Roof (Leveled)
ARt e | ScmRehd zaerndd cton ket ks obop e ) *- % Cloud/Mesh 2| Cloud: Cloud/Mesh - Cloud... | On 10000 |0.001m aligned [0.013m] 0001 m aligned [0.013m]
| Cloud/Mesh 1 01: Recf (Leveled) 02 Reef (Leveled) Q00016466 w2 omd 0w g 03 Roof (Leveled)
=g 02: Roof (Leveled)
=5 Cloud/Mesh 2| Cloud: Cloud/Mesh - Cloud... | On 10000 | 0.001m aligned [0.013m] 0001 m aligned [0.013m]
g 04: Roof (Leveled)
D * 5e€ Cloud/Mesh 3| Cloud: Cloud/Mesh - Cloud... | On 10000 |0.002m aligned [0.010m] 0002m aligned [0.010m]
=g 11: Ground (Leve.
52 Cloud/Mesh 10 | Cloud: Cloud/Mesh - Cloud... | On 10000 | 0.004m aligned [0.014m] 0.00M4m aligned [0.014m]
A 04: Roof (Leveled)

=M 03: Roof (Leveled)

£ Cloud/Mesh 3 | Cloud: Cloud/Mesh - Cloud. On 1.0000 0.002m aligned [0.010 m] 0.002m aligned [0.010 m]
- 05: Roof (Leveled)
‘-3 Cloud/Mesh 4 | Cloud: Cloud/Mesh - Cloud On 1.0000 0.001m aligned [0.008 m] 0.00Tm aligned [0.008 m]

Ag 05: Roof (Leveled)
=g 04: Roof (Leveled)

=5 Cloud/Mesh 4 | Cloud: Cloud/Mesh - Cloud... | On 10000 | 0.001m aligned [0.008 m] 0001 m aligned [0.008 m]
=g 06: Roof (Leveled)
* 5e£ Cloud/Mesh 5| Cloud: Cloud/Mesh - Cloud... | On 10000 |0.001m aligned [0.011m] 0001 m aligned [0.011m]
=g 10: Ground (Leve.
5 Cloud/Mesh § | Cloud: Cloud/Mesh - Cloud... | On 10000 | 0.001m aligned [0.014m] 0001 m aligned [0.014m]

Ag 06: Roof (Leveled)
=M 05: Rocf (Leveled)
£ Cloud/Mesh 5 | Cloud: Cloud/Mesh - Cloud. On 1.0000 0.001m aligned [0.011m] 0.00Tm aligned [0.011m]
= 07: Roof (Levelsd)
‘-3 Cloud/Mesh 6 | Cloud: Cloud/Mesh - Cloud On 1.0000 0.00Zm aligned [0.013 m] 0.00Zm aligned [0.013 m]

A% O7: Roc (Leveled)
=g 06: Roof (Leveled)
=5 Cloud/Mesh 6 | Cloud: Cloud/Mesh - Cloud... | On 10000 | 0.002m aligned [0.013m] 0.002m aligned [0.013m]
=gy 08: Roof (Leveled)
i 3¢ Cloud/Mesh 7 | Cloud: Cloud/Mesh - Cloud... | On 1.0000 | 0.001m aligned [0.010 m] 0001m aligned [0.010m]
s 02 Boof il eveled)

Figure 50 — Analysing and Optimizing results
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Appendix 004 — Comparison of Software functionalities

Criteria for choosing a 3D Model Checking Tool

Autodesk

Navisworks

Freedom
Criteria-1D
B - Basic Information

Handling of large models hase been
done?

D - Data, Interfaces & Output Options

Explanation of criteria free of charge

IFC-Import

Can 3D-Models be importet in IFC
format?

IFC-Version
23

Does the tool support IFC Version 2x3?

IFC-Version 4

Does the tool support IFC Version 4?

DWG-Import

Can DWG-Files be imported?

DWF(x)-
Import

Can DWF- or DWFx Files be imported?

§|3|%|%|3

Non-
propriertary
file formats

Which additional non-propriertary file
formats can be imported?

Native file
formats

Which native file formats from BIM
autohring tools are supported?

Model

3D-Export

consolidation |consolidated in one file?

Can several models be imported and

Can data be exported from the tool In an
open 3D-format (e.g. STL, OBJ, FBX,
COLLADA, 3DS, IGES; STEP, and
VRML/X3D.) for further analysis?

XLS-Export

Can data be exported from the tool in an
XLS for further analysis?

BCF-Support

|- Information,

Show
attributes

overview?

Is it possible to create BCF-files with
tool?

View, Review

Is Is possible to show attributes of
certain objects of the model with the
tool? Is it possible to create an

Add attributes

Can attributes be added at the model?

Calculate
values

Can values be calculated based on
existing ?

Rule-based
model

Measuring
functions

checking | 3] comlmm:! of attributes)

Can models be checked rule-
based/automated?

Which geometrical values can be
measured in the model (length, area,
volume)?

Viewpoints

Can predefined viewpoints be saved to
allow a review of models?

of

Can be

Colour
Scheme

Can colour schemes be created and
displayed for different values of
attributes?

Transfer of
clour scheme

Redlining

Can colour schemes be extracted and
transfered from an old version of a
model to a newer one?

Is a redlining function included to
document model reviews?

Comparison
of 3D-
Versions

Can different versions / alternatives of
3D models be compared graphically?

4D-Animation

Can the tool show a 4D-construction
sequence (linkage between model and
time schedule) that has been created
within the product family?

Can the tool show a bill of quantity,

- Planned values above target value for

Evaluation

Point cloud
management
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change management

which has been created within the No
roduct family?
Linkage of |Can external data be retrieved through Yos
external data |linkage of model ?
of |Can the Interface be Yes
frontend for different
Room Can information regarding rooms be Yes
shown?
Collection of room information from
Réom different responsible persons for the
Information |PreParation of a room book:
focroom. [ Specification of values for design No
book (thermal load, power supply, fresh air)

Implementation of figures for high level
reporting (really only defined in
conjunction with integration platform)
Is a point cloud management function
with automated point cloud analysis

and modelling included

Autodesk
Navisworks
Manage
fee-based

thinkproject
Desite BIM

Neme

Solibri Model

Viewer

hek

free of charge

Nemetschek

Solibri Model

Checker
fee-based

clone 3DR
andard

BiMcollab ZOOM

Cyclone 3DR Pro Fr BIMcollab ZOOM
ee

free of charge fee-based free of charge fee-based

H
) Ll el e

]
i

Page 60 - 68




Appendix 005 — Check Categories

General model check

Category Check What for? What will be checked? Comments
semantics numerical  geometrical
vention Level Does the naming convetion ¥
comespond to the BEP ?
ventio Model Doee the the general naming for
elements / roome / spaces / etc. has
Space / additional character in it's 2
name 7
File Doee the file exceed the suggested file
1200 Mb >
Project Information Model Are the project information comectly
filed 2
= Simpification Model Is the model purged
@ Are all unused elements / familie
5 tione removed
o Linked files Model all linked filee (xrefe, pdfe, dw
etc.) removed
Referred models Model red modele removed ¥
Warninge Model Are all rescivable programe warnings
resolved 2
Coordinates Model le the model placed on the correct and
e real-world coordinates 7 2
L2 Enviromental Information Model le the model filled with enviromental
E information (for example the weather) 7 ¥
o
= planing grd Model le the planning grid ncooperated in the
model 7 i
ment Claseification Element Are the elements correctly claseified
according 1o Uniclass i
D objects which are not part [Element Have been every point of the checkliet
of a verified library for 2D cbjecte which are not part of a
verrified library folowed ! ’
c Model Are all areae in the building model No overlape betw
L vered in spaces the attached buildin:
.?‘-_3 : : There are no void v
2 Model Do the spaces include all necessary Define the
s information lequipmente (ds
= ’ ’ epace, selectin
% space ie upiat
g Model Are all r
propert ¥ ,
Model Does the level definti: respond The name of the level should be defined above
with the ae-built informatione X x tructural part of the floor and below the
finiching.
Building Type Model the building type and the infiltration
lase defined ? s 3
Check if exeting Attribute / le attribute/parameter eet in model Requires a liet of poeeible values
Parameter _laccording 1o the BEP? g 3
Check if exeting Attribute / le attribute/parameter filed out in
Parameter _Imodel? 2
Check if exeting | Attribute / Does attribute/parameter value
Parameter  |generally match with given values
- (e.g. COBle sheete/Uniclase-Codes) ? *
]
E Check if exeting Attribute / How often ie an attribute/parameter
[ Parameter lvalue set in the model ? !
& Check if exeting Attribute / Are epecific values only used once in S
Parameter  |the model ?
o Check if exieting Attritute / Are all given attribute/parameter values
- Parameter _|in the model 2 4 :
= Check if exiting Attribute / le combination of 2 or mare Requires a list of poseible combinatione
< Parameter attribute/parameters given in the model| -
and & thie combination correct 7
Check if existing Attribute / Does every element have a unique ID ?
Parameter i
Attributes /  |Do the used units correspond to the
parameter guideline for unite (general and MEP) ? ¥ ¥
values
neistence and |Element le every element a closed 2D object
D congistence and |Element I f 2D elements
D coneietence and ent Have been the relationship of 2d For example: The elab needs t
elements incorparated n top of the coloumn, it ie not allowed 1o have
a clash or a space there,
neistence and [Element Are elements modeled on and
aceigned t : i
neistence and [Element Are elements ass: frect room g .
neictence and |Element Are elements aseigned t mect
epace g "
D coneistence and |Element le the L f 2D obpcts a gt
the ne of RIBA st 2
neistence and |Element Are elemente ase  to the correct
modelling phase ”
neietence and |Element Are elemente aseigned to the
Main -} s ? ?
neistence and |Element Are elements modslied according t
the existent as-built information
neistence and |Element Are element; a component For example: column as column
ok p ¥
neistence and |Element model free from overaying
elemente / doublings i
[} Elernent Have liste of doors/windows/roome It ie recommendable to etructure all liste the
E been creatad by CAD system (1o be ¥ ¥ came,
- compared with given values)
S jel version Model Jomparieon of 2 10N f de Which elelerr: attribute/paran
I nceming ante and/or new/deleted/reviced
] attribute/parametere
>
< Expart Format Model Required export farmat: IFC 252 or IFC
2 4 ’ x ¥
]

BIM-SPEED D5.3: Methods and tools for rule-based model checking and data

Page 61 - 68




Appendix 006 — QC List
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Appendix 007 — Attribute List

BIMSPEED Properties

Model Element/ Countr BIMSPEED BIMSPEED
IfcEntity Y General Country Specific

pain; Germany; Netherla
STRING  Romania; Bulgaria; htaly

General BIMSPEED_Building BIMSPEEDCountry

General  BIMSPEED_Building BIMSPEEDOccupancyType STRING  MultiFamily; Single Family
General  BIMSPEED_Building BIMSPEEDNumberOfStoreys INTEGER Number of Storey
ES BIMSPEED_Building ES_BIMSPEEDCIimateZone STRING o;A;B;C;D;E

T BIMSPEED_Building IT_BIMSPEEDClimateZone STRING _a:A:B;C: D E: F
General _ BIMSPEED_ Zone  BIMSPEEDPubliclyAccessible  BOOLEAN Truth;False |
BIMSPEED_Zone  BIMSPEEDNetAreaPlanned INTEGER [m"2]

BIMSPEED_Zone _ NL_BIMSPEEDFireCompartment  BOOLEAN Truth; False

NL
BG BIMSPEED_Zone  BG_BIMSPEEDHandicapAccessible BOOLEAN Truth; False
NL
NL
NL

BIMSPEED_Zone  NL_BIMSPEEDHeight INTEGER [m]
BIMSPEED_Zone  NL_BIMSPEEDGrossArePlanned INTEGER [m*2]
BIMSPEED_Zone  NL_BIMSPEEDDistanceToExit INTEGER _[m]

Kitchen; Bathroom; WC; Auxilary Room; Corridor;
lfcSpace General BIMSPEEDSpace  BIMSPEEDCategory STRING  Hall; Stairs; Living Room; Bedroom
lfcSpace PL BIMSPEEDSpace  PL_BIMSPEEDEIlectricCooker BOOLEAN Truth; False
lfcSpace PL BIMSPEEDSpace  PL_BIMSPEEDOccupancyNumber  INTEGER Number of People
BIMSPEEDSpace PL_BIMSPEEDVentilationAirFlowrate INTEGER [m*3/h]

IfcWall General  BIMSPEED_Wall  BIMSPEEDAcousticRating STRING  [dB]
lfewall General  BIMSPEED_Wall BIMSPEEDFireRating INTEGER EuroClass
licwall _General  BIMSPEED Wall  BIMSPEEDCombusti BOOLEAN Truth; False
licWall ‘General  BIMSPEED Wall  BIMSPEEDThermalTransmittance  STRING  [W/m*2K]
ffcWall _General  BIMSPEED Wall  BIMSPEEDLoadBearing 'BOOLEAN Truth; False
‘General  BIMSPEED_Wall  BIMSPEEDCompartmentation BOOLEAN Truth; False
General  BIMSPEED_Wall BIMSPEEDIsExternal BOOLEAN Truth; False
i ——WWW_M:_
ffcWall PL _BIMSPEED Wall  PL_BIMSPEEDHeatLabel STRING _ Basement |
Mcwall  DE  BIMSPEED Wall  DE BIMSPEEDHeatlabel ~ STRING _Private_Heat
RO BIMSPEED_Wall RO_BIMSPEEDHeatLabel STRING
licWindow General  BIMSPEED_Window BIMSPEEDAcousticRating INTEGER [dB]
IfcWindow General  BIMSPEED_Window BIMSPEEDThermalTransmittance INTEGER [W/m*2K]

PL

Private_Heated; Common_Heated;
lfcWindow PL BIMSPEED_Window PL_BIMSPEEDHeatLabel STRING  Basement_Heated; Basement_Unheated
lficWindow DE BIMSPEED_Window DE_BIMSPEEDHeatLabel STRING  Private_Heated; Common_Heated
lficWindow BG BIMSPEED_Window BG_BIMSPEEDFrameMaterial STRING  PVC; Wood; Aluminium
lfcWindow NL BIMSPEED_Window NL_BIMSPEEDGIassLayers INTEGER Number of Layers
lfcWindow PL BIMSPEED_Window PL_BIMSPEEDRoofWindow BOOLEAN Truth; False
lfcWindow NL BIMSPEED_Window NL_BIMSPEEDRoofWindow BOOLEAN Truth; False
IfcRoof General BIMSPEED_Roof  BIMSPEEDFireRating STRING  EuroClass
ffcRoof ‘General  BIMSPEED_Roof  BIMSPEEDThermalTransmittance  INTEGER [W/m"2K]
lcRoof  General BIMSPEED Roof  BIMSPEEDIsExternal  BOOLEAN Truth; Faise 4
IfcRoof BG BIMSPEED_Roof ~ BG_BIMSPEEDWarm BOOLEAN Truth; False
ffcRoot  BG BIMSPEED Roof ~ BG BIMSPEEDCold ~ BOOLEAN Truth;False

= | | 1 Private_Heated; Common_Heated;
IfcRoof P BIMSPEED_Roof  PL_BIMSPEEDHeatLabel STRING  Basement_Heated: Basement_Unheated

DE STRING _ Private_Heated; Common_Heated
lfcStair General  BIMSPEED_Stair BIMSPEEDRequiredHeadroom INTEGER [m]

lfcStair General  BIMSPEED_Stair BIMSPEEDFireExit BOOLEAN Truth; False

lfcStair NL BIMSPEED_Stair NL_BIMSPEEDRiserHeight INTEGER [m]

lfcStair NL BIMSPEED_Stair NL_BIMSPEEDTreadLength INTEGER [m]

lfcStair ES BIMSPEED_Stair  ES_BIMSPEEDProtected BOOLEAN Truth; False

IfcStair ES BIMSPEED_Stair ES_BIMSPEEDSpecialProtected BOOLEAN Truth; False

ES BIMSPEED_Stair ES BIMSPEEDFireVestibule BOOLEAN Truth; False
IcFlowTerminal  General _ licFlowTerminal  BIMSPEEDHeatingSource STRING _ Hotwater; Elecricity ;
lfcFlowTerminal RO lfcFlowTerminal  RO_BIMSPEEDThermalEfficiency  INTEGER [%]

lfcFlowTerminal RO_BIMSPEE! INTEGER _[kW]
lfcDoor General  BIMSPEED_Door BIMSPEEDFireExit BOOLEAN Truth; False
lfcDoor General  BIMSPEED_Door BIMSPEEDFireRating INTEGER EuroClass
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Appendix 008 — Design Rules
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Appendix 009 (zip) — Desite BIM Project and Checks

This Appendix can be found in following repository on DepositeOnce

http://dx.doi.org/10.14279/depositonce-12627
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