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Summary 
This deliverable 2.5 “A set of smart building and installation details for mounting and de-mounting" 

presents the research done within DRIVE 0 task 2.6 “Development of smart building and installation 

details for mounting and de-mounting". It explains, a step-by-step approach, how to consistently 

design with mounting/demounting for disassembly in mind. The main aim is to ensure a method which 

allows for a reuse of building materials that come available after the lifespan of a building or its 

components.  

 

To create reference details for mounting and de-mounting, a method/tool has been developed. 

Chapter 1 ‘Development of an assessment tool for disassembly in construction details’ describes the 

development of such tool. The method shows the potential of assessing the performance of 

detachability. This can facilitate innovators to improve the assembly of building products to extend the 

lifespan of the building by maintenance or transformation. The lifespan of products or materials can 

also be extended by re-use after the lifespan of a building or building part. Furthermore, visualizing 

the assessment of detachability with performance layer in the reference details can facilitate designers 

to design for disassembly. 

 

Possibilities of further optimization of this method is shown in chapter 2 ‘Properties and performance 

indicators for disassembly in reference details’. The aim here is to study on how to bring the Excel based 

tool to an integrated tool in BIM-modeling software. The properties generally available in BIM-models 

have been analyzed to see if automation of the method is possible. They look very promising, where 

further research is needed to point out if these properties are enough to automatically create a 

disassembly layer in the reference details.  

 

Further automation lies in the calculation of the building physical aspects in reference details. The 

research into this is shown in chapter 3 ‘Checking and calculating building-physical aspects in smart-

building and reference details’. The conclusion is that from the technological point of view, it is possible 

to automate the process. However, to build such a model that is sufficiently reliable, this would require 

extensive labor work first. For now, manual individual calculations cost seem to be more efficient. To 

digitize and automate the process would bring an added value if this method is to be applied at scale 

in future.   

 

Finally, the implementation of the method for some of the DRIVE 0 pilots details (provided by 

consortium partners) shows the potential of the tool. Chapter 4 ‘Implementation of detachability 

assessment for reference details’ shows the analysis of specific pilots details and gives advice on how 

to improve these details. Several reference details of different partners have been analyzed on the 

end-of-life and maintenance scenario. The tool gives new insights and shows several problems with 

today’s building components in relation to the potential for disassembly.    

 

Further important research possibilities are shown below:  

• Integration in BIM, a digital twin or a life cycle analysis tool. This would make the method more 

efficient and user friendly thus market attractive; 

• The automation of the assessment of detachability; 
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• Integration of modular products and/or elements. Every product and element could be 

scalable and endless combinations could be made through this method. With the right setup 

this could lead to a less laborious process for the automatic calculation of the reference details.  
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Abbreviations and commonly used terms 
 

ASSEMBLY  

According to ISO 6707-1:2017, 3.3.5.5, assembly is ‘Set of related components attached to each other.’ 

 

BIM 

Building information model. A digital model of an existing or to be built building.  

DEMOLITION  

According to EC Circular Economy Principles for Building Design document, demolition is ‘Removal by 

destructive methods.’ 

 

DEMOUNTABLE 

Demountable building constructions are defined as structures which allow destruction free dis- and 

re-assembly responding to changing structural demands, revitalisation or removal. 

 

DESIGN FOR DISASSEMBLY (DfD) 

According to ISO 6707-1, design for disassembly (DfD) is ‘Approach to the design of a product 

or constructed asset (3.8) that facilitates disassembly (3.12) at the end of its useful life, in such a way 

that enables components (3.7) and parts to be reused, recycled, recovered for energy or, in some 

other way, diverted from the waste stream. 

 

DISASSEMBLY  

According to ISO/FDIS 15392, 3.11, disassembly is ‘Non-destructive taking apart of a construction 

works or constructed asset into constituent materials or components.’ 

 

ETIM  

European Technical Information Model. A standard article classification for the installation, 

construction and maritime sectors. 

IFC  

Industry Foundation Classes. A file format intended for use in the buildings process to generalize data 

stored in BIM-models.  

LCA 

Life cycle analysis. An analysis to show the environmental impact of a product or building.  

LOD  

Level Of Detail. Indicates the complexity and detail in a refence detail.   

MPG 

MilieuPrestatie Gebouwen. A Dutch law on the environmental impact of the materials used in a 

building. This concerns new office buildings (larger than 100 m²) and newly built houses. 

https://www.iso.org/obp/ui/fr/#iso:std:iso:6707:-1:ed-5:v1:en
https://ec.europa.eu/docsroom/documents/39984/attachments/1/translations/en/renditions/native
https://www.iso.org/obp/ui/#iso:std:iso:20887:ed-1:v1:en:term:3.8
https://www.iso.org/obp/ui/#iso:std:iso:20887:ed-1:v1:en:term:3.12
https://www.iso.org/obp/ui/#iso:std:iso:20887:ed-1:v1:en:term:3.7
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NL-SfB 

A Classification of building and installation components. This standard is used in the construction and 

buildings services industry in the Netherlands when designing, realizing and managing buildings.  

REUSE 

According to the Directive 2008/98/EC of the European Parliament and of the Council of 19 November 

2008 on waste and repealing certain Directives, reuse is ‘any operation by which products or 

components that are not waste are used again for the same purpose for which they were conceived.’ 

  

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0098
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Introduction  
This report introduces the research done within DRIVE 0 task 2.6 “Development of smart building and 

installation details for mounting and de-mounting". It explains, a step-by-step approach, how to 

consistently design with mounting/demounting for disassembly in mind. The main aim is to ensure a 

method which allows for a reuse of building materials that come available after the lifespan of a 

building or its components. 

 

The added value of assessing the detachability in the reference details is; 

1. Giving guidelines to the ambitions regarding to disassembly; 

2. Showing the possibilities with their performance indicators that can be realized by building 

technology; 

3. Working as a design tool for improved disassembly. 

 

The objective is that the smart building and installation details have functionality for mounting and de-

mounting where special attention is given to building physics properties and its behavior. To be able 

to create these details for mounting and de-mounting consistently, a method or tool is needed. 

Chapter 1 ‘Development of an assessment tool for disassembly in construction details’ introduces the 

development of this tool. It is built upon the previous work developed within task 2.3 and task 2.4, 

containing several defined building and installation details. For example, cross sections of tasks 2.3, 

2.4 between installation and building elements are investigated closely. Furthermore, mountings of 

new elements to existing buildings or other elements (joints) are investigated. The method is 

integrated into a calculation Excel based tool. Different possibilities on how to optimize application of 

this method to construction details is researched in chapter 2.  

 

To further automate the process of building and installation details, the building-physics aspects 

(thermal insulation, linear thermal bridge, airtightness, water tightness, vapor-tightness, fire 

resistance, noise) in relation with the mounting and de-mounting methods are checked. To take this 

step, the information stored in the reference details needs to be extended. Think about sizes of 

different products, insulation values, weight, etcetera. Chapter 3 ‘Checking and calculating building-

physical aspects in smart building and reference details’ introduces the automation possibilities of the 

checking and calculating of the construction details.   

 

Lastly, the implementation of the method is presented by showing the specific construction details 

assessment on the mounting and demounting aspects. The building and installation details have been 

made available through digital (BIM) means through the DRIVE-0 partners, so that they can directly be 

applied in new designs (imported in BIM based libraries). Chapter 4 ‘Implementation of detachability 

assessment for reference details’ shows the analysis of partner details and gives advice on how to 

improve these details.   

 

Other indicators going beyond detachability index (defined via Design for Disassembly DfD) are not 

regarded in this report, because the scope of the reference details is on the connection between 

different building elements and less on the building elements itself. The reference details show generic 

products and therefore are less suitable to show a Material Index (MI) – e.g. Life Cycle Analysis (LCA) 

assessment of implemented materials and products or a Reusability Index (RI) - Potential of re-use. 
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Starting point: ISSO reference details 

The ISSO Reference details (from now on called reference details) are building and installation details 

used as a reference in building projects. The target audience are designers, executive and supervisory 

parties.  

 

ISSO changed path from the original 2D reference details to 3D models, with added additional (smart) 

information. The 3D models contain additional information on element level, making them 

implementable in BIM-models. This information is also needed to be able to automatically calculate 

the building physical aspects of the reference details. In the 2D models, the elements were simple 

drawings and the information was read from the drawings themselves and the tables added to them. 

This means that by adding information as attributes to the 3D model, Reference details have taken a 

step into the future of BIM.   

Aside from the additional information in the models, there are also layers for every model. The layers 

show information about physical properties of the construction, think of thermal insulation, linear 

thermal bridges, airtightness, water tightness, vapor-tightness, fire resistance and noise insulation. 

These layers are to create a greater understanding of how the construction works in practice and what 

parts to pay extra attention to during the construction process. It also serves as an educational purpose 

and to widen the understanding of building professionals. To see the current reference details see 

Figure , the bottom three images show the performance layers.  

  

   
 Figure 1: The current reference details, 2021 
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Figure 1 shows a 3D model, top left. Every product/part in the model, think of the brickwork, 

windowsill, window, etcetera, is drawn separately and has information about the physical properties 

of that element. The top right part of the figure shows a visual representation of how the information 

is shown in the 3D model (part of BIM libraries). In this example it shows the information of the 

plasterboard element, lower left corner in the 3D image, in the construction component. The bottom 

three images show the visual performance layers, from left to right: Thermal insulation, linear thermal 

bridge and water tightness. The reference details form a practical starting point for good and sound 

construction. These can serve also as guidelines for compliance with the (minimum) legal 

requirements.  
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1. Development of an assessment tool for disassembly in construction 

details 
To get to a standardized procedure to check reference details on mounting and demounting, a method 

has to be developed and tested which is presented in this chapter.  

 

The ability to disassemble products is an important condition to make building construction circular by 

re-use of products (extend lifespan of the product) as well as improving the adaptability and 

maintenance of the building (extend lifespan of buildings).  

 

ISSO has developed a tool to provide insight into the detachability potential and performance in the 

reference details. As mentioned, the reference details offer designers, executive and supervisory 

parties a practical starting point/guide for good and sound construction on one hand, and guidelines 

for compliance with the (minimum) legal requirements on the other. They are also ideal for displaying 

how the components can be designed for disassembly at the end of the lifespan of a building, during 

maintenance, renovation, repurposing, etcetera. The reference details are prepared for use in step-

by-step instruction for mounting teams and quality assurance. In 2022 details have been provided with 

a performance layer of detachability. Besides that, ISSO interacted within the DRIVE 0 pilots to find out 

how the method can improve their designs. Instruction to involved actors in order to guarantee 

construction as designed. This is shown in Chapter 4.  

 

For instance, using the tool can help the demonstrators in the Drive 0 design their renovation elements 

to be easily disassembled and re-assembled for future use, by pinpointing the strong aspects in the 

design and stressing the issues to be solved to improve the disassembly even more. 

1.1. Background – Focus on disassembly  

This chapter shows the background for the development of an assessment method with parameters 

for detachability as important condition for re-use of products, an important aspect of circularity. The 

ambition for this deliverable is shown in the points below. 

 

In the report of deliverable D6.1; Benchmarking on circularity of the demonstration sites [1] the 

development of various Circularity Indicators (CI) is evaluated in paragraph 2.3. There are various 

aspects to be evaluated to come to a circularity index or assessment of circularity. However, indicators 

of circularity other than detachability (or Design for Disassembly DfD) are not regarded in the reference 

details because the scope of the reference details is on the connection between different building 

elements and less on the building elements itself. The reference details show generic products and 

therefore are less suitable to show: 
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• Material Index (MI) – e.g. Performance of Life Cycle Analysis (LCA) of implemented materials 

and products 

o LCA’s assessing the exploitation of virgin materials and the production of unrecoverable 

waste are made per product or material. Not all information about the used products can 

be presented in the Reference detail.  

• Reusability Index (RI) - Potential of re-use 

o The potential of re-use of the product depends on the aspects; 

▪ performance of the product before use; 

▪ degeneration of the product during use; 

▪ damage caused by disassembling the product; 

▪ requirements for performance of the product in the future. 

 

In conclusion; only the assessment of detachability is suitable to implement in standard reference 

details. However, this can be an important added value in living up to the ambition for circularity in 

the built environment, because it is a key condition for the potential of re-use of products as it 

determines the damage caused to the product during disassembly. To ensure this added value, the 

indicators of detachability in reference details can and should be made suitable to use in other 

calculations for circularity and sustainability via for example BIM. 

1.2. Method 

As a base for the determination method for detachability in the reference details, the measurement 

method developed by Alba Concepts together with DGBC and W/E advisors commissioned by the 

Ministry of the Interior and the Circular Construction Economy Transition Agenda was used:   'Circular 

Buildings, measurement method detachability' [2]. This measurement method is based on four factors: 

connection type (TV), accessibility of the connection (ToV), integration (DK), and edge confinement 

(RA). To each element a value of 0.1 - 1.0 can be assigned for each of these aspects, with 0.1 giving the 

lowest rating for detachability and 1.0 the highest. The first two indices determine the detachability 

index of the connection (LIc), Equation 1.1) and the last two the detachability index of the composition 

(LIs, see Equation 1.2). These two detachability indices together determine the detachability of the 

product (LIp,  

Equation 1.3 According to this method, as part of circular construction, the detachability is included in 

BREEAM-NL and GPR-Building. 
Equation 1.1: Detachability index of the connection, taken from 'Circular Buildings' [2] 

𝐿𝐼𝑐𝑛 =  
2

1
𝑇𝑉𝑛

+
1

𝑇𝑜𝑉𝑛

 

containing: 

LIcn detachability index of the connection of product or element n: 

TVn type of connection of product or element n 

ToVn accessibility of the connection of product or element n 

 
Equation 1.2: Detachability index of the composition, taken from 'Circular Buildings' [2] 
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𝐿𝐼𝑠𝑛 =  
2

1
𝐷𝐾𝑛

+
1

𝑅𝑂𝑛

 

 

containing: 

LIsn detachability index of composition of product or element n: 

DKn Integration of product or element n 

ROn edge confinement of product or element n 
 

Equation 1.3: Detachability index of the composition, taken from 'Circular Buildings' [2] 

𝐿𝐼𝑝𝑛 =  
2

1
𝐿𝐼𝑐𝑛

+
1

𝐿𝐼𝑠𝑛

 

 

containing: 

LIpn detachability index of the product or element n: 

LIcn detachability index of the connection of product or element n: 

LIsn detachability index of composition of product or element n: 

 
Table 1.1: Assessment of the type of connection, taken from 'Circular Buildings' [2] 

Connection type  Score 

Dry connection  Loose (no connection material)  1,00 

Click   

Velcro   

Magnetic   

Connection with added elements*  Bolt and nut  0,80 

Spring   

Corner joints   

Screw  

Connections with added connection elements**   

Direct integral connection  Pin***  0,60 

Nail  

Soft chemical bond Kit connection  0,20 

Foam compound (PUR)   

Hard chemical bond Adhesive  0,10 

Deposit connection   

Weld   

Cement bond   

Chemical anchors   

Hard chemical bond   

* Added connecting elements must be made of materials that are insensitive to degradation due to weather and/or use conditions 

(e.g. stainless steel). 

** For example, a façade hanging system 

*** For example, a staple-connection 
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Table 1.2: Assessment of the accessibility of the connection, taken from 'Circular Buildings' [2] 

Accessibility of the connection (ToV) Score 

Freely accessible without extra actions 1,00 

Accessible with additional actions that do not cause damage 0,80 

Accessible with additional operations with fully repairable damage 0,60 

Accessible with additional operations with partially repairable damage 0,40 

Inaccessible – irreparable damage to the product or surrounding products 0,10 

 

Table 1.3: Assessment of integration, taken from 'Circular Buildings' [2] 

Integration (DK)  Score  

No integration - modular zoning of products or elements from different layers.  1,00  

Occasional integration of products or elements from different layers.  0,40  

Full integration of products or elements from different layers.  0,10  

 

Table 1.4: Assessment of edge confinement, taken from 'Circular Buildings' [2] 

Edge confinement (RO) Score 

Open, no obstacle to the (interim) removal of products or elements. 1,00 

Overlap, partial impediment to the (interim) removal of products or elements. 0,40 

Closed, complete impediment to the (interim) removal of products or elements. 0,10 

 

1.3. Application method within ISSO reference details 

 

Because the reference details are used to show the connections between different elements and 

products and do not reflect all the information of the elements, the assessment of the detachability in 

the details is limited to the detachability index of the connections (LIc). 

Definitions 

In order to maintain clarity between the applied measurement methods for detachability, the same 

definitions are used for building components as for 'Circular Buildings, measurement method 

detachability'; [2]. 

 

- Product: A part that arrives at the construction site and is further processed in a building. 

This can be, for example, a brick or a prefab (masonry) façade. 

- Element: A component consisting of several products, which arrive at the construction site as 

a single pre-assembled whole. For example, an masonry wall on the construction site forms 

an element with bricks and mortar as products. 

- Sealing material: A material or product that ensures the seal between different products or 

elements. 

- Connection material: A material or product that provides the (constructive) connection 

between different products or elements. 

 

As with the measurement method of 'Circular Buildings, measurement method detachability', [2] in 

the reference details the sealing materials and fasteners are not assessed for detachability. 

 

In the reference details, a product is only assessed for detachability if in the considered scenario (see 

scenarios) this product is removed from the building individually at the construction site. The 



                                                                                                                              
 

H2020 DRIVE 0_841850_WP2_Task 2.6                                                  17 
 

processing steps taken after disassembly of the products and elements are not taken into account and 

assessed when determining the MPG or the LCAs. 

Scope 

- As with the measurement method of 'Circular Buildings, measurement method detachability' 

[2], the reference details do not assess the sealing materials and connection materials for 

detachability. This benefits the usability of the method because it avoids unnecessary 

complexity and in the totality of materials it is only a fraction of the weight and volume. In 

the future, it may be considered to assess this. 

- In the reference details, a product is only assessed for detachability if in the scenario under 

consideration (see scenarios) this product is removed from the building individually on the 

construction site. The processing steps taken after disassembly of the products and elements 

are not taken into account and assessed when determining the MPG or the LCAs. 

- Because it is a simplified method, the damage caused to the considered element by 

removing a previous element is not taken into account in the assessment of the detachability 

of the element in question. 

- The accessibility of the connection refers to 'extra actions' to remove the element. No 

statement is made about the time and labor that this costs as there is insufficient 

information available about this. This can be a valuable addition in a follow-up project 

because it has a direct impact on the feasibility of disassembly.  

- The presented method is designed to assess common ways of assembly and disassembly. 

Innovative mounting and disassembly can therefore be assessed worse than is actually the 

case (for example, glue that comes off after heating or wetting without causing damage to 

the elements). 

Scenarios 

Products can be disassembled to extend the life of the building through maintenance or 

transformation or to extend the life of products or materials by reuse beyond the life of a building or 

component. 

 

The building is a complex system with elements that have different timescales of change. In his book 

'How Buildings Learn: What Happens After They're Built' [3], Steward Brand identifies the 6  'shearing 

layers of change' based on a concept previously developed by the architect Frank Duffy; 

 

•Site   geographical location; 

•Structure foundation and load-bearing elements; 

•Skin  outer surfaces that separate the outside from the inside; 

•Services e.g. wiring, plumbing, sprinkler systems, HVAC, lifts; 

•Space Plan interior organization (walls, ceilings, floors and doors); 

•Stuff  parts that are not attached to the building (e.g. furniture, appliances,..) 
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Figure 1.1: The Layers of Brand (Source [3]) 

Based on the differences in the lifespan of the elements, all kinds of scenarios can be defined for which 

the detachability of products is desired; 

 

- End-of-life: The building is dismantled (demolished) at the end of the life of the building. 

- Renovation: The building is (partially)  repurposed  or renovated and several elements and 

products are replaced. This can range from relatively small adjustments such as the re-

insulation of a roof or the replacement of (some) windows through deep renovation in which 

all facades, floors and roofs are tackled. 

- Maintenance: The element or product is removed from the building because it needs to be 

replaced because of, for example, defect, decreasing performance or increased or changed 

requirements. 

Between the two extreme scenarios ‘End-of-life’ and ‘Maintenance and management’ there are many 

degrees of renovation. In order to develop the method, only the two extreme scenarios have been 

worked out in this project. 

End-of-life 

For the end-of-life scenario, it is assumed that the elements are removed in reverse assembly order; 

the reverse construction order. This means that, when the detachability of an element is considered, 

the previous elements have already been removed and therefore no longer affect the accessibility of 

the connection. In the reference details, all elements are numbered in this reverse construction order. 

The last element that remains cannot be assessed for detachability because all the connections shown 

in the relevant detail are no longer present. By default, this is not displayed with a color in the 

performance layer. 

Maintenance 

For the scenario of maintenance, it has been assumed that all elements that may be eligible for 

replacement must be removed individually and that all other elements in the structural connection are 

still present. In particular, this can have a major impact on the accessibility of the connection and can 

therefore also lead to a lower detachability index for maintenance than for end-of-life: there will be 

more damage to the element to be detached, but also to the remaining elements. All damage as a 

result of this must then be repaired. 
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1.4. Visualization 

Color-coding of the score on detachability 

For the purpose of visualization the scores will be translated into color codes to be used in the 

Reference details. This provides direct visual insight into the detachability of the various elements in 

the details and is more suitable for clear analyses in the design process. In Figure 1.2 the color coding 

is related to the score.  

 

 

 

 

 

 

 

 

 
Figure 1.2: Color-coding of the scores for type of connection and accessibility of connection 

Scoring the elements 

Of all the elements that are connected to each other on site, a calculation has been made in the 

background according to the indicated method. This calculation can be shown in pdf as background 

information for the details. In the ISSO Referentiedetail, the considered elements are indicated by  

successive numbering of the disassembly order, a qualitative assessment of the detachability index for 

the connection per element in color coding and the connections themselves. A general legend is shown 

in Figure 1.3.  

 

 
Figure 1.3: General legend for the assessment of the detachability of the joints in the Standard Reference details  
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End-of-life example 

An example of a detail showing the detachability for the end-of-life scenario is shown in  

Figure 1.4 The additional information shown in the downloaded PDF is shown in Figure 1.5.

 
Figure 1.4: Example detail with performance layer detachability for the end-of-life scenario 
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Figure 1.5: Details calculation for example detailed end-of-life scenario 

In the shown example detail, it becomes clear quickly where the elements are located and how difficult 

are to be detached. Therefore, this shows where improvement is needed to make the products and 

elements suitable for reuse. For example, the outer masonry wall has the rating 'very bad' which can 

immediately be seen in the purple color. The information in Figure 1.5 shows the type of connection 

(chemical anchors) and the poor accessibility of the joint (the masonry will have to be demolished 

completely to get to the anchors). The connection itself is indicated by the blue arrow. 

 

Note: The information in Figure 1.5 provides a total score of the detail. This number now results 

from equal weighting of all elements. Some elements will have more influence on the total 

detachability of the building than others, for example because they occur more often or because 

the product to be reused has a higher environmental impact. This total score is therefore no more 

than an indication and is not related to the operational and embodied performance. A good rating 

is possible while having a significant environmental impact. The added value of displaying the 

detachability in the reference details lies mainly in the visualization with the colors in the detail itself 

to see where the problems arise. 

 

Note: Element 3 in Figure 1.4, the outer cavity leaf, is considered as a whole in this scenario. This 

follows from the definition of the element (see § 1.3). When removing the outer cavity leaf, this 

element itself is demolished. In practice, the loose stones can be cleaned and reused.  
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Example maintenance  

An example of an assessed detail for the maintenance and management scenario as it appears on ISSO 
Open is given in Figure 1.6. The additional information displayed in the PDF download is shown in  

Figure 1.7. 

 

Figure 1.6: Example detail with performance layer detachability for the maintenance and management scenario 
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Figure 1.7: Details calculation for example detail scenario maintenance and management 

When comparing detachability for the end-of-life scenario with the detachability for the maintenance 

scenario, a number of things stand out; 

 

- In the maintenance scenario, only 3 elements are assessed because it has been assumed that 

only the windows are eligible for replacement. 

- The assessment of detachability of the window in the end-of-life scenario is very good, but in 

the maintenance and management scenario very poor. In the information in Figure 1.7 it can 

be seen that the accessibility of the connection is poor because first part of the outer 

masonry wall must be removed and part of the insulation to get to the corner connection. 

This causes irreparable damage to these two elements. From this it can be seen that there 

are different points of attention in the different scenarios for, in particular, the accessibility 

of the connection. 

 

Note:  
Figure 1.7 provides a total score of the detail. This number now results from equal weighting of all 

elements. Some elements will have more influence on the total detachability of the building than 

others, for example because they occur more often or because the product to be reused has a higher 

environmental impact. This total score is therefore no more than an indication. The added value of 

displaying the detachability in the reference details lies mainly in the visualization with the colors in 

the detail itself to see where the problems arise. 

 

Note: Element 3 in Figure 1.6, the frame, is considered as a whole in this scenario. This follows from 

the definition of the element (see § 1.3). In practice, however, it is quite conceivable that the 

operable part is detached from the frame and that this is also reused separately. When refining the 

method, these types of scenarios can also be worked out. 
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1.5. Conclusion 

The proposed method shows the potential of assessing the performance of detachability. This can 

facilitate innovators to improve the assembly of building products to extend the lifespan of the building 

by maintenance or transformation. The lifespan of products or materials can also be extended by re-

use after the lifespan of a building or building part. 

 

Furthermore, visualizing the assessment of detachability with the Performance layer in the Reference 

details can facilitate designers to design for disassembly. 

1.6. Recommendations 

The recommendations that follow from this research are twofold, first is airtightness in buildings 

designed with disassembly in mind. Most airtight connections use some sort of adhesive to prevent air 

from leaking through, which makes circular building is a lot harder to achieve. Other types of sealants, 

for instance water or vapor seals, prove little to no problem in practice. The question is, how can a 

building be made air-tight without leaving adhesive residues and/or fixing elements together with 

some sort of adhesive? 

Secondly, by implementing indicators in smart reference details it will also be possible to build further 

upon this method. The indicators can be implemented in a database, making it possible to facilitate 

calculations that use these indicators, think of LCA’s or a disassembly index for a whole building. In the 

appendix a prospect is given of the connection to the Dutch Nationale Milieudatabase (National 

Environmental Database), which holds environmental impact data of building products used to make 

calculations for the Environmental Impact calculations mandatory in the Netherlands. 
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2. Properties and performance indicators for disassembly in reference 

details  
This chapter looks into the possibilities in IFC to automate the calculation of disassembly of 

construction details in BIM. The reference details already make use of the IFC format, which enables 

the models to store a great amount of information. This chapter will give insight in which properties 

and performance indicators for disassembly can be connected to smart reference details and make the 

connection from reference details to detachability. 

2.1. Background – Smart reference details 

The 3D IFC reference details contain additional information on element level, making them 

implementable in BIM-models. For the additional information think of, insulation values, building 

order, measurements element, etc.  

Aside from the additional information in the models, there are also layers for every model. The layers 

show information about physical properties of the construction, think of thermal insulation, linear 

thermal bridges, airtightness, water tightness, vapor-tightness, fire resistance and noise insulation. 

These layers are to create a greater understanding of how the construction works in practice and what 

parts to pay extra attention to during the construction process. It also serves as an educational purpose 

and to widen the understanding of building professionals. For an example see Figure 2.1. 

 

 

  

  

  

   
 
Figure 2.1: Example reference details 
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2.2. Method – Properties and performance indicators for disassembly 

For the method an analysis was done on the current IFC models and the needed properties for (the 

automation) disassembly.  

 

To begin an assessment was done on the current information contained in the IFC models. All the 

information in the models was collected and analyzed. From this analysis a split in properties could be 

discerned:  

• IFC-parameters; 

• NL-SfB-parameters [3] (classification of building components and installations). 

 

Furthermore, a list of the most important properties, ranked from most to least important, was 

summarized for disassembly. These properties are shown in the results.  

2.3. Results - Properties and performance indicators for disassembly 

The most important properties for disassembly are shown in this chapter. The table below shows the 

properties that are currently assigned to the reference details and can therefore be used directly in 

practice. These properties come from the IFC standard. With these properties, a tailor-made work 

instruction could be made. The properties combined with the detail define when and where the 

materials need to be applied in the construction process. In addition, 'build order' can be used directly 

for the mounting and de-mounting sequence. 
Table 2.1: IFC properties eligible for mounting and demounting.  

Properties Description Example 

Building order Construction order 1 (possible subdivision, foundation 

fase 1 – 10, construction of the 

facade 11 – 20, etcetera.) 

Material Type of material used for this application Waterproof flexible lead 

Level Level where the detail is located in the 

building 

Level: 00 ground floor 

Description Description of the material and any 

properties (e.g. sizes) 

Water-retaining vapor open foil 

Application  Application for residential, highrise 

residential and/or utility buildings 

W + WG 

 

Other properties in the IFC standard that may be of interest: 

• Family; 

• Type; 

• Family name. 

 

The other properties mainly describe the general type of material, for example “Water-retaining and 

vapor-permeable foil, flashing: Water-retaining vapor open foil” for the material “watertight flashing”. 

 

NL/SfB [3] is also an important addition to the reference details, however for disassembly it adds little 

value.  
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2.4. Conclusion 

The properties mentioned above is what is currently available. Further research must point out if these 

properties are enough to create a disassembly layer in the reference details.  

 

Another good addition to take reference details to the next level would be to add the ETIM 

classification [4] to the elements in the IFC models. The current family description could be replaced 

by the ETIM classification, which would add a great deal of information useful for learning purposes 

and when designing.  

2.5. Recommendations 

For reference details there is a single recommendation to further research. The detachable reference 

details are currently being designed by hand, hand drawn and copied into the 3D models. Using the 

properties, researched in Chapter 2, and a step in automation it may be possible to automate the 

creation of the detachable layers in the reference details. This would use a lot less work and make it 

more accessible for the market.  
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3. Checking and calculating building-physical aspects in smart building and 

reference details 
The next step in automation is in the building-physical aspects assessment. Task 2.6, deliverable 2.5 

mentions the following: 'Building-physical aspects are checked and calculated (thermal insulation, 

linear thermal bridge, airtightness, water tightness, vapor-tightness, fire resistance, noise). Those 

always in relation with the mounting and de-mounting methods.’  

 

Not only detachability or disassembly in reference details needs to be automated, calculating the 

building-physical aspects is just as important for a good workflow. The 3D models that ISSO uses 

contain additional information on element level, making them smart and implementable in BIM-

models. This information is also needed to be able to automatically calculate the reference details. For 

an example see Figure 3.1. 

 

 

 

 

 

 

 

 

 

 

The following part of this document describes the results of our research about the automatic 

calculation of the reference details. To be able to automatically calculate the physical performance of 

reference details, a number of things are required, namely:  

• Reference details at LOD level 500, see Chapter 3.1; 

• Calculation software that can calculate the physical performance of the junctions based 

on a 3D model. For this research SOLIDO was used, see Chapter 3.2.   

  

   
 

Figure 3.1: The current reference details 
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3.1. Background - Level of detail in the reference details 

Level of Detail (LOD), specifies which level of detail has to be used during each step of the design 

process. See BIMforum [5] for more information. The reference details are developed at LOD 400. This 

is the level needed to be able to make a proper functioning design which can be used in practice. In 

order for this level of detail to be used in SOLIDO, several additions have to be made to the model to 

bring it up to LOD 500. In LOD 500 the air layers around the construction are added, all connections 

are perfectly aligned and fitted together and all parts in the BIM model are drawn separately. For an 

example see the images below.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2. Method - Test setup for automated Checking and calculation 

For this test ISSO used timber frame reference details. It concerned a total of 100 Reference details 

split into 5 batches. The batches consisted of approximately 20 models per batch of similar models, 

such as roofs, facades, floors, foundations, etcetera. The details were worked out by a bureau 

specialized in BIM modelling and Revit. The calculations of the physical performance have been carried 

out by a specialized engineering firm.  

Figure 3.2: LOD 100 - 500 

https://bimforum.org/lod/
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Figure 3.3: IFC Reference details 101.4.1.01 

The software used to automatically calculate the reference details was SOLIDO from the maker 

Physibel. To be able to do calculations in SOLIDO, the model drawn in BIM-modelling software can be 

used. In addition, SOLIDO makes calculations based on the latest legislation and regulations. 

The calculation work in practice  

SOLIDO works with STL files. These files are generated from IFC models made in the BIM-modelling 

software. The LOD 500 reference details are exported from Revit and converted into STL-files. During 

this process all components/elements in the model are converted to fixed geometry. The fixed 

geometry combined with the physical properties of the materials make it possible to calculate the 

models in SOLIDO.  

 

 

 

 

 

 

 

 

 

Figure 3.4: Calculation file SOLIDO source: Physibel 
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After the calculation has finished, a construction detail looks like  

 

 
 

 

 

 

 

 

Figure . The colors in the figure represent the temperature development through the construction. In 

addition to the visual, this also allows to automatically calculate the linear thermal bridges and thermal 

insulation values.  

3.3. Results - Advantages and disadvantages of the automatic calculation of the 

Reference details 

Calculating the physical performance of the construction with a program without human work has 

advantages and disadvantages. These will be discussed in the following paragraphs.  

Theoretical advantages: 

• There is no longer a need for a calculator; 

• A step is removed from the development process, saving time; 

• There is less or no coordination needed between the calculator and the modeler. 

In practice, these benefits did not prove to be true: 

• The modeler has to perform extra modeling work, which is more difficult than regular modeling 

work; 

• In addition to the greater level of detail of the models, all components/elements must be drawn 

separately. For example, every wood beam in a construction has to be its own element; 

• SOLIDO is a very error prone program. If the points above have not been done properly, SOLIDO 

cannot handle the files and there is a high chance of errors during the calculation process. In 

practice there have been instances where even if the drawing had been checked by several 

people, SOLIDO would still give error messages during the calculation. This when no problems 

could be found in the models themselves and the errors could not be traced to any particular 

problem. This meant that someone was still needed to do manual calculations using Trisco. 

3.4. Conclusion 

In conclusion, in theory the automatic calculation of Reference details sounds very promising, in 

practice however it is a laborious process that takes more man-hours and high precision which 

specialized companies cannot currently deliver. For now, manual calculations are more efficient and 

less labor intensive.  
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3.5. Recommendations  

There are a few recommendations to further research the automatic calculation of reference details. 

Another step could be made by making the models more modular. Every element could be scalable 

and endless combinations could be made through this method. A small experiment has already been 

done by prioritizing certain elements above others, making it possible to for example: slide a wall into 

a floor where the model (with priorities set), determines how the connection should be made. This 

research should focus on the elements that are harder to model, such as vapor- and airtightness. These 

elements often fit in between other elements and go around corners, where the last part is a challenge 

to program.  

 

 

4. Implementation of detachability assessment for reference details  
To assess the DRIVE 0 partner building and installation details, developed in task 2.3 and 2.4, on 

detachability, the method of chapter 1 ‘Development of an assessment tool for disassembly in 

construction details’ is used. This chapter partly goes into the analysis of the partner details and gives 

advice on how to improve these details, to be finalized by partners as detachable reference details, 

and on the other hand looks into the usability of the methodology as a design tool. The reference 

details are prepared for use in step-by-step instruction for mounting teams and quality assurance.  

4.1. Background 

The method was tested with four DRIVE 0 partners. This test has two goals, first to improve the 

detachability of the partner reference details, secondly to test and improve the methodology. The 

following questions had to be answered with the partners to come to a useful conclusion:  

• Can the visualization of detachability in reference details be used as a design tool for circular 

building? 

• Can the visualization of detachability in reference details be used/implemented in other design 

tools? 

• Can the visualization of detachability in reference details and the underlying method be used 

to test circular performance?  

4.2. Method 

The DRIVE 0 partners were contacted to participate to test the methodology, assessment of the 

detachability, on their reference details. Four of the partners responded and actively participated in 

the testing. All of the partners sent in their details which could aid with the testing of the methodology 

and in turn which could help improve their view on designing with disassembly in mind.  

 

During three sessions each detail has been discussed, the first two meetings were necessary to 

understand the details and to form a detailed analysis. The last meeting served to analyze the 

reference detail in depth, score them with the methodology and to give advice on how to improve the 

detachability. The appendix C shows the reference details. Chapter 4.3 below shows the results of the 

analysis.  
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4.3. Results 

The reference details shown in Appendix C of partners ALIVA, Coady Architects, Pich Architects and 

UNIBO haven been reviewed. Shown below are the results of the analysis.  

 

The maximum available score is 1,00, being the completely detachable without having to damage any 

elements of the construction. The lowest score 0,1, being that none of the materials in the construction 

will be detachable making reusing the materials hard to impossible.  

ALIVA 

Below, the results of the detachability assessment for ALIVA can be found.  

Name End-of-life detachability Maintenance detachability 

Corner-detail 0,56 0,34 

Top-detail 0,36 0,28 

 

The construction details score fairly low on both end-of-life and maintenance, with the main cause 

being a lime based finish on the outside of both reference details. After some discussion, it became 

evident that these construction details could not be adjusted because the details are meant for a 

protected building.  

 

Starting with the corner detail; with the current technologies and knowledge, the construction 

materials and connection types under the lime based finish currently cannot be improved much. The 

base material used under the finish are designed with detachability in mind, but the finish also requires 

a certain type of base layer to be applied to, that is rigid and will not tear over time. Hence the details 

have little room to improve.  

 

The same conclusion can be drawn for the top-detail, hard chemical bounds and irreversible damage 

to the material give these reference details a low score, which is hard to improve because the materials 

and connections are needed for the lime based finish.  

 

Advice is hard to give in this situation, because of the protected façade (under cultural heritage) of the 

building forcing several of the hard chemical bindings in the construction. This is a common problem 

for energy as well as circular renovations of heritage buildings.   

Coady Architects 

Below, the results of the detachability assessment for Coady Architects can be found.  

 

Name End-of-life detachability 

Vertical-detail 0,85 

Horizontal-detail 0,77 

 

Both details score really high on the end-of-life detachability. Most of the materials can be removed 

without any damage, or reversible damage and the connection types are well thought through. Two 

points of interest however are the connections used for the insulation in the tolerance zone and the 

accessibility of the panels. At the present no better solutions are available for these connection types.  
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The maintenance scenario is not documented due to a lack of information. However, seeing that most 

materials can be removed without any damage, the same rating as the end-of-life scenario can be 

expected.  

Pich Architects 

Below, the results of the detachability assessment for Pich Architects can be found.  

 

Name End-of-life detachability 

Vertical-detail 0,90 

Horizontal-detail 0,90 

 

Both details score really high on the end-of-life detachability. All of the materials can be removed 

without any damage and the connection types are well thought through. A point of interest, in the 

current phase of the construction details, is the air-tightness/humidity shielding on the outside of the 

construction. Adding this could worsen several of the values in the calculation.  

 

The maintenance scenario, not documented for lack of information, looks to be the same rating as the 

end-of-life scenario.  

UNIBO 

Below, the results of the detachability assessment for UNIBO can be found.  

 

Name End-of-life detachability 

Window top-detail 0,44 

Window bottom-detail 0,41 

 

The reference details score fairly low on the end-of-life scenario. The reference details are meant for 

a protected building. Meaning the outer layer of the construction has to be a lime based finish, which 

scores really bad in the assessment. The same goes for the plaster on the inside of the construction. 

The other parts of the construction are fairly circular and not much can be done to improve them for 

the end-of-life scenario. With the current technologies no further improvements can be made to the 

construction details.  

4.4. General feedback 

Several feedback points have been given about the methodology during the meetings, see the points 

below.   

 

Future improvements in the tool could be: 

• Integration in BIM/digital twin, to automatically rate reference details; 

• Material based grading system, to grade the bio-based/environmental impact rating; 

• The coupling with a life cycle analysis calculation, to further improve the workings of the 

methodology; 

• A link between the results in practice and the theory of the methodology. 
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Furthermore, an additional functionality of the tool could be to use it for separate building 

components, think about wall panels, windows, etcetera. The tool in its current form is usable for this 

but the scenario’s introduced with the methodology do not take this into account.  

4.5. Conclusion 

Overall, the methodology works as intended and is usable as a testing method for disassembly 

performance and as a design tool for disassembly, when used during the development of the building 

details. However, as a standalone tool it will not have the impact as intended; to further the impact of 

the tool it has to be used together with the other design tools.  

4.6. Recommendations 

To further improve the methodology several improvements and integrations can be made to increase 

the usability of the tool. To get the tool to a wider audience, integration in BIM or a digital twin system 

could be made. This could also automatically rate the reference details on detachability. The same 

could also be done with a life cycle analysis tool, for the same reasons.  

 

Additions to improve the methodology itself could be to implement a material based grading system, 

to grade the bio-based or environmental impact rating. Research also needs to be done about the link 

between the results in practice and the theory of the methodology, to finetune the results of the 

calculations. The last improvement could be to research the scenario’s during the lifetime of a building, 

to calculate the detachability of every aspect of the building.  

5. Next steps 
Further research can be done in the following subjects:  

• Integration in BIM, a digital twin or a life cycle analysis tool.  

• An implemented material based grading system. 

• Automation of the assessment of detachability 

• Integration of modular products and/or elements.  

• Airtightness in buildings with disassembly in mind.  

 

For more information on these subjects, see the recommendations in the previous research chapters.  
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6. Conclusions 
To facilitate designers to design with detachability in mind, an assessment tool for disassembly has 

been developed within this task. This was done to get to a standardized procedure to check reference 

details, in DRIVE 0 task 2.3 and 2.4, on mounting and demounting.  

 

The method shows the potential of assessing the performance of detachability. This can facilitate 

innovators to improve the assembly of building products to extend the lifespan of the building by 

maintenance or transformation. The lifespan of products or materials can also be extended by re-use 

after the lifespan of a building or building part. 

 

The implementation of the methodology in construction details shows that the overall methodology 

works as intended and is usable as a testing method for circular performance and as a design tool for 

circular buildings, when used during the development of the building details. However, as a standalone 

tool it will not have the impact as intended; to further the impact of the tool it has to be implemented 

in other design tools.  

 

Furthermore, visualizing the assessment of detachability with the Performance layer in the Reference 

details can facilitate designers to design for disassembly. 

 

The automation of the methodology with the current reference details, based on the results of 

deliverable 6.1, and their properties seems to be possible, but further research must point out if these 

properties are enough to create a disassembly layer in the reference details.  

 

The research on automatically checking and calculating the building-physical aspects (thermal 

insulation, linear thermal bridge, airtightness, water tightness, vapor-tightness, fire resistance, noise) 

in relation with the mounting and de-mounting methods sounds promising. However, in practice with 

the current technological developments it is a laborious process that takes more man-hours and high 

precision than specialized companies can currently deliver. Manual calculations are currently still more 

efficient and less labor intensive.  
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7. Recommendations 
There are a few recommendations to further research in circular and smart reference details. The 

detachable reference details are currently being designed by hand, hand drawn and copied into the 

3D models. Using the properties (researched in Chapter 2) and a step in automation could make it 

possible to automate the creation of the detachable layers in the reference details. This could be done 

through integration in BIM, a digital twin or a life cycle analysis tool. This would imply a lot less work 

and make it more accessible for the market.  

 

Additions to improve the methodology itself could be to implement a material based grading system, 

to grade the bio-based or environmental impact rating. To calculate the detachability of every aspect 

of the building, scenarios in the lifetime of a building need to be deeply analyzed and compared to the 

methodology.  

 

The automatic calculation and smart reference details could bring a step further. Though the reference 

details are already fairly smart, another step could be made by making the models more modular. 

Every element could be scalable and endless combinations could be made through this method. A 

small experiment has already been done by prioritizing certain elements above others, making it 

possible to for instance slide a wall into a floor where the model (with priorities set), determines how 

the connection should be made. This research should focus on the elements that are harder to model, 

such as vapor- and airtightness. These elements often fit in between other elements and go around 

corners, where the last part is a challenge to program.  

Another research possibility is airtightness in circular buildings. Most airtight connections use some 

sort of adhesive to prevent air from leaking through, which makes circular building a lot harder. Other 

types of sealants, for instance water or vapor seals, prove little to no problem in practice. The question 

is, how can a building be made air-tight without leaving adhesive residues and/or fixing elements 

together with some sort of adhesive.  

Biobased building offers a similar challenge. Most adhesives are not biobased, which in the near future 

could cause more trouble in the built environment with stricter regulations on environmental aspects.  
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Appendix A: Preliminary results in designing the (visual) assessment of 

disassembly potential in Reference Details 
 

 

Figure 0.1 PRELIMINARY VISUALIZATION, October 2020 
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Figure 0.2 Preliminary visualization, October 2020 

 

Figure 0.3 Preliminairy visualisation, october 2020 
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Figure 0.4 Preliminary visualization of indicators - Status November 2020 
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Appendix B: Connection of reference details for mounting and de-mounting 

(disassembly) to Dutch Environmental Impact Calculation 
 

The way in which the preconditions for reuse, by means of detachability, can be displayed in the 

standard Reference Details can in the future contribute to the assessment of whether or not a product 

is suitable for future reuse. As a future reuse, one of the processing scenarios is end of life in the LCA 

method. 

 

 
 

In the Amendment Sheet Determination Method Environmental Performance Construction Works'  

(Amendment 1 dated 1 October 2020), a quality factor K is introduced to assess the value of the 

product after the first use. With this factor, a transparent assessment of reuse can be provided in the 

LCA of a new product.  

 

The quality factor K is a measure of the remaining quality of the product (and therefore not related to 

material flows) compared to the initial product. The quality factor K is expressed in a % between 1 and 

100 and can be determined by the producer by;  

 

1. Substantiation of technical quality after first use - or;  

2. Expected residual lifespan of the 2nd use - or;  

3. Market value of the product for reuse in relation to the market value of the new product.  

 

The detachability of the product directly affects the aspects mentioned above as damage to the 

product after removal negatively affects the technical quality of the product.  

Support use of End-Of-Life Processing Scenarios using Reference Details 

The way of (dis)assembling in the building is of course not (only) a feature of the product itself, but of 

the construction method of the entire building. Therefore, the detachability of the products 

https://milieudatabase.nl/wp-content/uploads/2020/10/Wijzigingsblad-Bepalingsmethode-1.0-juli-2020-Milieuprestatie-her-te-gebruiken-producten.pdf


                                                                                                                              
 

H2020 DRIVE 0_841850_WP2_Task 2.6                                                  43 
 

themselves cannot be determined exclusively in a product card and therefore not the (full) factor K. 

However, a conditional factor K can be given that can only be maintained if certain preconditions are 

met. Reference can be made to the details specifically to be developed for future reuse. This can be 

done in several ways: 

 

1. Direct coupling with specific Standard Reference Details -> If the products are assembled 

according to the method indicated in specific Reference Details (or corresponding Product 

Details developed by ISSO and the manufacturer of the product), the indicated factor K may 

be used. This method is very sensitive to changes in the mutual databases and therefore only 

prefers category 1 product cards (product specific) in combination with product details. 

 

2. Indication of a minimum score of detachability in the Reference Details as a condition for 

applying the specified factor K; for example at least category “good” (yellow according to 

scoring matrix in Fout! Verwijzingsbron niet gevonden.) with an optional active link with filter 

to the Reference Details. The filter in the Reference Details is not (yet) available but would be 

an extremely valuable addition for this application, among other things (see chapter 2). This 

method would be suitable for category 2 (generic specified) and 3 (generic) cards because it 

automatically refers to changed or new Standard reference details.  

 

 
 

 

 

 

 

 

 

 

 

 

Reference to product cards from the standard reference details; Linking the standard 

reference details to the NMD 

Preferably it will be possible in the future to be able to make direct links to NMD product cards from 

the Standard reference details as well. In the Standard reference details you can then refer to one (or 

more) category 2 or 3 cards per product and in the Product details you can then refer directly to 

category 1 cards. See below some examples of references to category 3 cards. The link can be allocated 

at the designation of the elements.  

By making the reference details smart, this can be attached as attributes to a 3D model.  

  

Figure 0.1: Example of multiple possible entries of factor K indicating minimum detachability in Reference Details with 
possible link to Standard Reference Details with a set filter on product and minimum detachability index in the red 
frame 

Kwaliteitsfactor Kmax bij losmaakbaarheid ≥ Uitstekend  0,9 
Kwaliteitsfactor K1       bij losmaakbaarheid ≥ Goed 0,8 
Kwaliteitsfactor K2     bij losmaakbaarheid ≥ Matig 0,5 
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at the designation of the elements.  

 

Figure 0.2: Example of an active link to product information on NMD in the reference details 

Active link to product information 
2. Kozijn 

Kwaliteitsfactor Kmax bij losmaakbaarheid ≥ Uitstekend  0,9 
Kwaliteitsfactor K1       bij losmaakbaarheid ≥ Goed 0,8 
Kwaliteitsfactor K2     bij losmaakbaarheid ≥ Matig 0,5 
 



Appendix C Partner reference details 

Aliva  

Corner-detail end-of-life 

 
 

   

end-of-life Aliva_corner 1 1 1 1 1 0,56

score comment

1 Lime based finish 0 0 0 0 0 0,10

on sandwich panel with rigid insulation

Type of connection 0 0 0 0 0 0,10 Cement bound Hard chemical bound

Accessibility of connection 0 0 0 0 0 0,10

2 Prefab façade panel 1 1 1 1 1 0,69

on perpendicular prefab façade panel In this detail the connection to what and type of connection is not visible -> worst case scenario is assumed

Type of connection 1 1 1 1 1 0,80 Connection with added elements Connection with added elements

Accessibility of connection 1 1 1 1 1 0,60

3 Prefab facade system 1 1 1 1 1 0,89

on existing wall In this detail the connection to what and type of connection is not visible -> worst case scenario is assumed

Type of connection 1 1 1 1 1 0,80 Connection with added elements Connection with added elements

Accessibility of connection 1 1 1 1 1 1,00

4 Existing wall

Existing element; not assesssible

With extra activity with irreversable damage / not accessible

Freely accessible

With extra activity with reversiable damage
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Corner-detail maintenance 

 

 

   

seperate layers Aliva_corner 0 0 0 0 0 0,34

score comment

1 Lime based finish 0 0 0 0 0 0,10

on sandwich panel with rigid insulation In this detail the connection to what and type of connection is not visible -> worst case scenario is assumed

Type of connection 0 0 0 0 0 0,10 Cement bound Hard chemical bound

Accessibility of connection 0 0 0 0 0 0,10

2 Fribro cement panels 0 0 0 0 0 0,10

on sandwich panel with rigid insulation In this detail the connection to what and type of connection is not visible -> worst case scenario is assumed

Type of connection 0 0 0 0 0 0,10 Glue Hard chemical bound

Accessibility of connection 0 0 0 0 0 0,10

3 Sandwich panel with rigid insulation 0 0 0 0 0 0,18

on existing wall

Type of connection 1 1 1 1 1 0,80 Connection with added elements Connection with added elements

Accessibility of connection 0 0 0 0 0 0,10

4 Low density mineral wool insulation 1 1 1 1 1 1,00

on existing wall

Type of connection 1 1 1 1 1 1,00 no connection material Dry connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

5 Existing wall

Existing element; not assesssible

With extra activity with irreversable damage / not accessible

With extra activity with irreversable damage / not accessible

With extra activity with irreversable damage / not accessible
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Top-detail end-of-life 

 

 

  

end-of-life Aliva_top 0 0 0 0 0 0,36

score comment

1 Lime based finish 0 0 0 0 0 0,10

on sandwich panel with rigid insulation

Type of connection 0 0 0 0 0 0,10 Cement bound Hard chemical bound

Accessibility of connection 0 0 0 0 0 0,10

2 Low density mineral wool insulation 0 0 0 0 0 0,10

on existing wall

Type of connection 0 0 0 0 0 0,10 Glue Hard chemical bound

Accessibility of connection 0 0 0 0 0 0,10 With extra activity with irreversable damage / not accessible

3 Prefabricated façade element 1 1 1 1 1 0,89

on sandwich panel with rigid insulation In this detail the connection to what and type of connection is not visible -> worst case scenario is assumed

Type of connection 1 1 1 1 1 0,80 Connection with added elements Connection with added elements

Accessibility of connection 1 1 1 1 1 1,00

4 Existing wall

Existing element; not assesssible

With extra activity with irreversable damage / not accessible

Freely accessible
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Top-detail maintenance 

 

 
 

   

separate layers Aliva_top 0 0 0 0 0 0,28

score comment

1 Lime based finish 0 0 0 0 0 0,10

on sandwich panel with rigid insulation In this detail the connection to what and type of connection is not visible -> worst case scenario is assumed

Type of connection 0 0 0 0 0 0,10 Cement bound Hard chemical bound

Accessibility of connection 0 0 0 0 0 0,10

2 Low density mineral wool insulation 0 0 0 0 0 0,10

on existing wall

Type of connection 0 0 0 0 0 0,10 Glue Hard chemical bound

Accessibility of connection 0 0 0 0 0 0,10 With extra activity with irreversable damage / not accessible

3 Fribro cement panels 0 0 0 0 0 0,10

on sandwich panel with rigid insulation In this detail the connection to what and type of connection is not visible -> worst case scenario is assumed

Type of connection 0 0 0 0 0 0,10 Glue Hard chemical bound

Accessibility of connection 0 0 0 0 0 0,10

4 Rigid insulation panel 0 0 0 0 0 0,10

on existing wall

Type of connection 0 0 0 0 0 0,10 Glue Hard chemical bound

Accessibility of connection 0 0 0 0 0 0,10

5 Low density mineral wool insulation 1 1 1 1 1 1,00

on existing wall

Type of connection 1 1 1 1 1 1,00 no connection material Dry connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

6 Existing wall

Existing element; not assesssible

With extra activity with irreversable damage / not accessible

With extra activity with irreversable damage / not accessible

With extra activity with irreversable damage / not accessible
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Coady Architects 

Vertical end-of-life 

 

 

  

end-of-life Coady_vertical 1 1 1 1 1 0,85

score comment

1 Powder coated perforate aluminium sheet 1 1 1 1 1 0,89

on prefabricated façade panels

Type of connection 1 1 1 1 1 0,80 Screw Connection with added elements

Accessibility of connection 1 1 1 1 1 1,00

2 Top prefabricated façade panel 1 1 1 1 1 0,89

on existing wall

Type of connection 1 1 1 1 1 0,80 Connection with added elements Connection with added elements

Accessibility of connection 1 1 1 1 1 1,00

3 Bottom prefabricated façade panel 1 1 1 1 1 0,89

on existing wall

Type of connection 1 1 1 1 1 0,80 Connection with added elements Connection with added elements

Accessibility of connection 1 1 1 1 1 1,00

4 Bio-based insulation in tolerance zone 1 1 1 1 1 0,75

on boarding

Type of connection 1 1 1 1 1 0,60 Nail Directe integrale verbinding

Accessibility of connection 1 1 1 1 1 1,00

5 Existing wall

Existing element; not assesssible

Freely accessible

Freely accessible

Freely accessible

Freely accessible
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Horizontal end-of-life 

 

 
 

 
  

end-of-life Coady_horizontal 1 1 1 1 1 0,77

score comment

1 Right prefabricated façade panel 1 1 1 1 1 0,69

on prefabricated façade panels

Type of connection 1 1 1 1 1 0,80 Screw Connection with added elements

Accessibility of connection 1 1 1 1 1 0,60

2 Left prefabricated façade panel 1 1 1 1 1 0,89

on existing wall

Type of connection 1 1 1 1 1 0,80 Connection with added elements Connection with added elements

Accessibility of connection 1 1 1 1 1 1,00

3 Bio-based insulation in tolerance zone 1 1 1 1 1 0,75

on boarding

Type of connection 1 1 1 1 1 0,60 Nail Directe integrale verbinding

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

4 Existing wall

Existing element; not assesssible

With extra activity with reversiable damage

Freely accessible
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Picharchitects 

Vertical end-of-life 

 

 

  

end-of-life Pich_vertical 1 1 1 1 1 0,90

score comment

1 Fiber cement panel 1 1 1 1 1 0,80

on existing structural wall

Type of connection 1 1 1 1 1 0,80 Connection with added elements Connection with added elements

Accessibility of connection 1 1 1 1 1 0,80

2 Green facade panel 1 1 1 1 1 0,80

on existing structural wall In this detail the connection to what and type of connection is not visible -> worst case scenario is assumed

Type of connection 1 1 1 1 1 0,80 Connection with added elements Connection with added elements

Accessibility of connection 1 1 1 1 1 0,80

3 Low density mineral whool insulation 1 1 1 1 1 1,00

packed between brackets

Type of connection 1 1 1 1 1 1,00 no connection material Dry connection

Accessibility of connection 1 1 1 1 1 1,00

4 Low density mineral wool insulation 1 1 1 1 1 1,00

on existing wall

Type of connection 1 1 1 1 1 1,00 no connection material Dry connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

5 Existing wall

Existing element; not assesssible

With extra activity with no damage

With extra activity with no damage

Freely accessible
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Horizontal end-of-life 

 

 
 

 
  

end-of-life Pich_PV_horizontal 1 1 1 1 1 0,90

score comment

1 PV Panel 1 1 1 1 1 0,80

on existing structural wall

Type of connection 1 1 1 1 1 0,80 Connection with added elements Connection with added elements

Accessibility of connection 1 1 1 1 1 0,80

2 Fiber cement panels (Equitone) 1 1 1 1 1 0,80

on existing structural wall In this detail the connection to what and type of connection is not visible -> worst case scenario is assumed

Type of connection 1 1 1 1 1 0,80 Connection with added elements Connection with added elements

Accessibility of connection 1 1 1 1 1 0,80

3 Low density mineral whool insulation 1 1 1 1 1 1,00

packed between brackets

Type of connection 1 1 1 1 1 1,00 no connection material Dry connection

Accessibility of connection 1 1 1 1 1 1,00

4 Low density mineral wool insulation 1 1 1 1 1 1,00

on existing wall

Type of connection 1 1 1 1 1 1,00 no connection material Dry connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

5 Existing wall

Existing element; not assesssible

With extra activity with no damage

With extra activity with no damage

Freely accessible
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Unibo 

Window-top end-of-life 

 

 
 

  

end-of-life Villa Cucoli_window top 0 0 0 0 0 0,44

score comment

1 Lime based finish 0 0 0 0 0 0,10

Prefabricated façade element

Type of connection 0 0 0 0 0 0,10 Cement bound Hard chemical bound

Accessibility of connection 0 0 0 0 0 0,10

2 Window 1 1 1 1 1 0,69

Existing wall

Type of connection 1 1 1 1 1 0,80 Connection with added elements Connection with added elements

Accessibility of connection 1 1 1 1 1 0,60

3 Prefabricated façade element with monobloc included 1 1 1 1 1 0,89

Existing wall

Type of connection 1 1 1 1 1 0,80 Connection with added elements Connection with added elements

Accessibility of connection 1 1 1 1 1 1,00

4 Plaster 0 0 0 0 0 0,10

Existing wall

Type of connection 0 0 0 0 0 0,10 Cement bound Hard chemical bound

Accessibility of connection 0 0 0 0 0 0,10

5 Element

Connection to  underlying construction is not visible in this detail; not assesssible

With extra activity with irreversable damage / not accessible

With extra activity with reversiable damage

Freely accessible

With extra activity with irreversable damage / not accessible
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Window-bottom end-of-life 

 

 
 

 

end-of-life Villa Cucoli_window bottom 0 0 0 0 0 0,41

score comment

1 Lime based finish 0 0 0 0 0 0,10

on prefabricated façade element

Type of connection 0 0 0 0 0 0,10 Cement bound Hard chemical bound

Accessibility of connection 0 0 0 0 0 0,10

2 Window 1 1 1 1 1 0,69

on prefabricated façade element

Type of connection 1 1 1 1 1 0,80 Connection with added elements Connection with added elements

Accessibility of connection 1 1 1 1 1 0,60 With extra activity with reversiable damage

3 Prefabricated window cill 1 1 1 1 1 0,89

on prefabricated façade element

Type of connection 1 1 1 1 1 0,80 Screw Connection with added elements

Accessibility of connection 1 1 1 1 1 1,00

4 Prefabricated façade element with monobloc included 1 1 1 1 1 0,89

on existing wall

Type of connection 1 1 1 1 1 0,80 Connection with added elements Connection with added elements

Accessibility of connection 1 1 1 1 1 1,00

5 Indoor cill 0 0 0 0 0 0,10

on reinforcement

Type of connection 0 0 0 0 0 0,10 Cement bound Hard chemical bound

Accessibility of connection 0 0 0 0 0 0,10

6 plaster 0 0 0 0 0 0,10

on existing wall

Type of connection 0 0 0 0 0 0,10 Cement bound Hard chemical bound

Accessibility of connection 0 0 0 0 0 0,10 With extra activity with irreversable damage / not accessible

7 XPS 0 0 0 0 0 0,10

on existing wall

Type of connection 0 0 0 0 0 0,10 Glue Hard chemical bound

Accessibility of connection 0 0 0 0 0 0,10 With extra activity with irreversable damage / not accessible

8 Element

Connection to  underlying construction is not visible in this detail; not assesssible

With extra activity with irreversable damage / not accessible

With extra activity with irreversable damage / not accessible

Freely accessible

Freely accessible


