Date:

RESEARCH REPORT

Circularity in
Referentiedetails

ISSO Referentiedetails as a tool for
insight into disassembly possibilities
for future reuse

March 10, 2022



Circularity in Referentiedetails

1S50

Project group:
André Meester
Wolfgang Passlack
Erwin Kuperus
Stephan van der Aa
Rob Wesel

Dennis Strijards
Rolien Wisse
Gerrit Buitenhuis
Arie Mooiman
Chris van der Meijden
John van den Engel
Olga van der Velde
Mike van Vliet

Mic Barendsz
Harry Nieman

Piet van Luijk

Rapporteur:
Noortje Alders

Board of Guidance:
Nancy Westerlaken
Gertjan Verbaan

Financing:

NVPU

Unilin / TC NVPU
Kingspan / TC NVPU
IKO Enertherm / NVPU
Recticel / NVPU

Heijmans - Energy and sustainability
BAM

VMRG - circular window frames
KNB-Ceramics

Kiwa-BDA

Nieman r.i.

Nibe

Alba Concepts

Building with Steel

Foundation NMD

Foundation NMD

ISSO

TNO
DGMR

This project was partly realised with financial contributions from the Minister of the Interior and
Kingdom Relations and the Dutch Association of Polyurethane Rigid Foam Manufacturers (NVPU).

Rotterdam, March 10t 2022

03-10-2022

Page 2 from 32



Circularity in Referentiedetails I S S |J

TABLE OF CONTENTS
L INETOAUCLION ettt ettt st s b ettt et ase e sase et asssesssasesssasesesssasesssasesssasassnssasan 5
11 MOTIVALION ettt ettt et ettt s e sttt bt st st enens 5
1.2 O ECLIVE .ttt ettt ettt et e se bbb b b e s ese s s e e et e e b essesenbesarsese et ensebe s seasesarsene s ennene 5
1.3 TAPEE SrOUP(S) cerurererreieeeeieeeeeee et st s s e e s s es s es s ss s s s s as s s s s s s s s s ssasasesasasasssasassssasasanas 6
1.4 SCOPIE ettt ettt et a e et e bbb et eae b e e e b e bt e bR et e R e s e Re b e e b et Reabebarseae et ersebe s tenseaeaberaeseanene 6
T4l FOCUS ittt s s s s s e b s s e s s e e se b s e e s s b ese s es s seseseseneseresesenes 6
Ti4.2  OPPOIUNILIES. .ottt ete et ettt et et e eb e se e beebesbesbesbesbesbesbessarsersersansersensensensensensensessentan 6
2  Development of performance layers ‘detachability’............o e vereae s 8
2.1 INSEIUMENTS ...ttt ettt sttt st sttt e s st sen s sasnasns 8
2.2 Determination MELNOM. ..ottt ettt ettt bt et sssssasesssasssnnas 8
2.3 Application method within ISSO-Referentiedetails .........ocoeeeveereeereceereceeceeeeeeree e 11
2.3 DEfINILIONS ettt sttt s et ses et es st s s st s s s s s s s nneas 11
2.3.2  SCOPE utiteeteetecteeteeteeteste st et et e e be et e e be et e b e s be st e sbe st et e b et et e b e s eab e b e b et e b e be b e b e b et et et erserb e b et ens e benbenbenbenee 11
2.3.3  SCENAMIOS..cuiiiecretriteretriteeretste st ses st e ea st s seseatae e sest s et be st stse s st se s s bt ses s et acnens 12
2.314  ENA-OF-TIFO ettt et et ettt et s e 13
2.3.5  MaAINTENANCE: ...ttt ettt et sttt et st e s e st bbbt st se ettt 13
24 VISUAINIZATION ettt ettt st st s e st s s saeas 14
241 ENA-Of-lifE @XAMPIE .ottt ettt ettt et sa e e b e e ss bbb arsesesbe s ebe s bennesensesernenn 15
2.4.2  EXAMPIE MAINTENANCE ...ttt ettt et ebe s ebesse s bes s sensesenseressessetensane 17
2.5 Connection with other aspects of CIrCUIArITY........coueveueiereeeeeeeeeeeeee et 19
2.5 1 MOUIE Dttt tsesese st s st s st s s s st e e sssssas s s satassessassasene 19
2.5.2  QUANILY FACLOE Kttt ettt ettt ea st s ebe b sesaessasess s snsessnseressessasensans 19
2.5.3 Linking NMD and the ISSO Referentiedetails..........ccoueeveeeeecreeeereenreecreeceerecee e eve e 19
2.5.4 Linking the ISSO Referentiedetails and the NMD.........ieceeceeeeee e 20
3 IMPFOVEA AELAIIS .ttt ettt ettt s et s ebe b ebe st essabes s bensessnseaestensebensesensenen 24
3.1 O ECLIVE ..ttt et b et st e bbb eb st ebe st e se et e ssebes st ensessrsese et e e be s benaesarnetenaens 24
3.2 CONAITIONS ..ottt ettt s sttt e st et sas e seneasnasassessensans 24
3.3 RESUIE .ttt ettt ettt et ettt ettt et b st et bet et set et asesetatesesesesssesatesesasssesasasasns 24
4 Comparison of existing details and improved details on detachability ........c.cccoevveeeeeerevereceeiees 25
4,11 EN-Of-lifE @XAMPIE .ttt ettt e e st se s e sae e et ss e sa s s s ese s e ese e se s sennens 25
4.1.2 Example maintenance and ManagemMENt..........cccceeeiereieeeeeeeeeeeeretee e se et e et ebe s s besesessases 28

03-10-2022 Page 3 from 32



Circularity in Referentiedetails I S S |J

5 CoNnclUSIONS AN FOIOW-UD ..cvievieieeeiterietecteecteceee ettt et sbesessere st sssebe s bessesensessasesessensesenses 30
5.1 CONEINUALION ...ttt ettt s st st s et e s aanae s ssssasacs 30
REFEIENCES ...ttt ettt e st s s e e et st st sestas et sentanasessensasssene 31
ALLACIMENTS ...ttt s s s e se e e e e s se e e ee e s ass e sase e e s e e sannas e snsesans 32
Bijlage A.  Performance layers 'disassembly' of 13 Existing ISSO-Referentiedetails..........cccecereuenu.n. 32
Bijlage B.  Basic drawings 15 new m. b. t. detachment of improved ISSO Referencedetails........... 32

Bijlage C.  performance layers 'disassembly' 15 new m.b.t. detachability improved ISSO
RETEIENTIEAELAIS ....cv ettt ettt s be s e b e se st et esa st st esesase st sesasassesesaserssas 32

03-10-2022 Page 4 from 32



Circularity in Referentiedetails I S S |J

1 INTRODUCTION

In a European context, it has been decided that the European economy must be fully circular by 2050.
For construction, this means that building materials from buildings must be able to be used entirely as
raw materials by reuse or by converting them into a new raw material. The central government aims to

halve the use of primary raw materials by 2030 compared to 1990.

To this end, ISSO has investigated the possibilities for providing insight into the suitability for future
reuse in the ISSO Referentiedetails, an already existing and broadly functioning instrument for
construction in the Netherlands, in which performance layers have recently been included that show

the performance of the considered connections for other (building physics) aspects.

The presented ISSO report is the result of this research. It reflects the state of art in the field of
technology and research, without laying down normative design or implementation methods.

In February 2020, the European Commission of Internal Market, Industry, Entrepreneurship and SMEs
formulated the objective for the construction sector in the report Circular economy principles for building
design [1] to help reduce the environmental impact and life cycle costs of buildings.

The method described in this report for providing insight into an important precondition for suitability
for future reuse (disassembly possibilities) in the ISSO Referentiedetails contributes to the objectives in
the area of dismantling possibilities mentioned in the report Circular economy principles for building
design:
- Increasing knowledge about building techniques to facilitate disassembly and improve the
durability and adaptability of a building (H2 E).
- Sharing information to increase the productivity of buildings with better design and
performance of construction products (H2F).
- Facilitate the design of products and systems so that they can be easily reused, repaired,
recycled or recovered (H2 H).

To this end, the possibilities for providing insight into the suitability for future reuse in the ISSO
Referentiedetails to contribute to these objectives have been investigated. More insight in this area
contributes to the transition to a circular economy.

De combinatie van de nieuwe prestatielayers voor losmaakbaarheid met de eerder toegevoegde
presatielayers voor andere bouwfysische aspecten helpen de consequenties van losmaakbare
verbindingen te zien op andere bouwfysische prestatie eisen (zoals luchtdichtheid, thermische isolatie,
akoestiek, brandveiligheid).

Het voorliggende rapport is het resultaat van dit onderzoek en vormt een startpunt van de
voorgestelde methode om voor te leggen aan de stakeholders in de bouw voor verdere ontwikkeling en
aansluiting op andere methoden voor circulariteit.
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1.3 TARGET GROUP(S)

- Contractors;

- Architectural designers/draughtsmen;
- Manufacturers of building products;

- Engineering companies;

- Teachers and students in architecture.

The Dutch Association of Polyurethane Rigid Foam Manufacturers (NVPU) is involved in this
project as co-initiator. Polyurethane (PUR) and Polyisocyanurate (PIR) rigid foam are used as
materials for thermal insulation in construction. From an environmental point of view, it is
preferable to immediately reuse existing hard foam insulation products that are released from a
building to be demolished. Because the thermal performance of hard foam hardly decreases over
time and the potential lifespan of the material far exceeds the building life, reusing polyurethane
rigid foam insulation seems to be a serious option in the context of circular construction. NVPU
has therefore contributed financially and substantively to the creation of this ISSO report.

14 SCOPE

14.1 Focus

The ISSO Referentiedetails provide insight into the connection between different construction
products, elements and components for different types of structural connections (details). Drawings of
architectural connections are primarily focused on the structural connections between the various
parts that are connected to each other on the construction site. The connections of materials and
components within a (composite) construction product, such as a prefabricated building element,
is not part of consideration. This is because, for the purpose of being able to directly reuse a
(composite) construction product, such as a prefabricated building element, the detachability
within the (composite) construction product is not relevant. Moreover, the building regulations do
not apply to this, but the European Construction Products Regulation (CPR 305/2011).This means
that the performance of this at product level must be recorded in a Declaration of Performance (DoP)
with the CE marking, or in a quality declaration in which the performance for the life cycle assessment
(LCA) is recorded or the environmental performance (NMD). In the LCA, the potential for reuse is
expressed, for example by the % of the product that can be reused and the part that is damaged and

can only be recycled.

1.4.2 Opportunities

Precisely because the ISSO Referentiedetails show connections between different, whether or not pre-
assembled, construction products, these are extremely suitable for assessing the way of joining these
products on how easy they are to detach (detachability) in order to be able to reuse the products
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again. The assembly method, with the possibility of the type of connection and its accessibility at the
time of disassembly, determine to a large extent the damage caused to the construction products by

disassembly and thus the (decrease in) potential for reuse of the products. The detachability of the
products in the details is therefore an important condition for reuse and thus for the circularity of the
(whether or not pre-assembled) construction products in the processing method considered.
Providing insight into the consequences of the types of connections and their accessibility at the time
of disassembly determines the detachability within a detail. This insight facilitates:

o designers to make the right choices for architectural detailing;
o innovation of fastening methods by clarifying where the problems arise;
. the assessment of building(s) in the field of Environmental Performance (e.g.MPG and LCAs) by

providing information (e.g. in the future via BIM).
. the assessment of the interaction between detachability and other building physics aspects.
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2 DEVELOPMENT OF PERFORMANCE LAYERS
‘DETACHABILITY’

The European Commission's report [1] mentions a number of means of achieving the objectives. ISSO
has taken up the following points to work out.

- Establishing a number of relevant indicators related to the overall circular management system
in a building.

- Using existing environmental product declarations.

- Enabling designers to explore possibilities for the use of products and materials already
available in existing buildings.

- Proposing different solutions for circularity and providing information for cost calculation.

- Facilitating the maintenance and repair of various parts of buildings, construction products and
systems.

- Facilitating assessment of the sustainability of different parts of buildings, building products
and systems.

- Connect to developed tools (e.g. BIM, material passports of construction products and
systems) to enable fast and accurate assessments of recovery, reuse and recycling potential of
specific products and systems and associated value propositions.

ISSO has chosen to use and further develop an already existing and broadly functioning instrument for
construction details in the Netherlands, the ISSO Referentiedetails (previously SBR Referentiedetails),
to make this possible. Within this project, new performance layers for future reuse have been
developed using the recently developed determination methodology of Alba Concepts (Building
Circularity Index). The detachability of architectural connections has, on the basis of this determination
method, been made visually clear for different scenarios.

As a base for the determination method for detachability in the ISSO Referentiedetails, 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), Formula 1) and the last two the
detachability index of the composition (LIs, see Formula 2). These two detachability indices together
determine the detachability of the product (LIp, Formula 3 According to this method, as part of circular
construction, the detachability is included in BREEAM-NL and GPR-Building.
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Formula 1: Detachability index of the connection, taken from 'Circular Buildings' [2]

Llc, = L+ 1
TV, " ToV,
containing:

Llcn 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

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

Llsy = T 1
DK, " RO,
containing:
Llsn detachability index of composition of product or element n:
DKan Integration of product or element n

ROn edge confinement of product or element n

Formula 3: Detachability index of the composition, taken from 'Circular Buildings' [2]

bpn= "7
Iic, T 1Is,
containing:

Llpn detachability index of the product or element n:
Llcn detachability index of the connection of product or element n:
Llsn detachability index of composition of product or element n:

03-10-2022
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Table 2 1: Assessmentof the type of connection,taken from 'Circular Buildings' [2]

Connection type

Score

Dry connection Loose (no connection material)
Click

Velcro

Magnetic

1,00

Connection to added elements* Bolt and nut

Spring

Corner joints

Screw

Connections with added connection elements**

0,80

Direct integral connection Pin***
Nail

0,60

Soft chemical bond Kit connection
Foam compound (PUR)

0,20

Hard chemical bond Adhesive

Deposit connection
Weld

Cement bond
Chemical anchors
Hard chemical bond

0,10

conditions (e.g. stainless steel).
For example, a facade hanging system
For example, a staple-connection

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

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

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 2 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 2 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

03-10-2022

Page 10 from 32




Circularity in Referentiedetails I S S |J

Because the ISSO Referentiedetails are extremely suitable 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 joints (LIc).

2.3.1 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) facade.

- 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
ISSO Referentiedetails the sealing materials and fasteners are not assessed for detachability.

In the ISSO Referentiedetails, 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
processing steps taken after disassembly of the products and elements are not taken into account and
assessed when determining the MPG or the LCAs.

2.3.2 Scope

- As with the measurement method of 'Circular Buildings, measurement method detachability'
[2], the ISSO Referentiedetails 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.

- Inthe ISSO Referentiedetails, 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
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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).

2.3.3 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;

oSite geographical location;

eStructure foundation and load-bearing elements;

oSkin outer surfaces that separate the outside from the inside;

eServices e.g. wiring, plumbing, sprinkler systems, HVAC, lifts;

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

o Stuff parts that are not attached to the building (e.g. furniture, appliances,..)

a—
- SPACE LAV

TR
SERVICES
I T Voyeye gl l ] — SKIN
V < i STRUCTURE
— SITE

Figure2. 1: The Layers of Brand (Bron [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-
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insulation of a roof or the replacement of (some) windows through deeprenovation 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.

234 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 ISSO Referentiedetails, 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 colour in the
performance layer.

2.3.5 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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24 VISUALIZATION
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 and the connections themselves. A general legend is shown in Figure 2.2.

Beoordeling elementen

Lic

Uitstekend 08<lLllc<1

Goed 0,6<Llc<0,8

Matig 0,4<Llc<0,6

Slecht 0,2<Lic<0,4

Zeer slecht 0,1<Llc<0,2

Niet te beoordelen
Aanduiding element

@ Naam element

Verbindingen
sssmsmnEns Verbinding parallel aan contactvlak (bv lijmverbinding)
——— Verbinding met toegevoegde elementen (bv hoekelement)
€ - - > Verbinding loodrecht aan het contactvlak (bv schroefverbinding)

Figure 2.2: General legend for the assessment of the detachability of the joints in the Standard Referentiedetails
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241 End-of-life example

An example of a detail showing the detachability for the end-of-life scenario is shown in Figure
Figure 2.3 The additional information shown in the downloaded PDF is shown in Figure 2.4.

1:;:;:; |
7%

Legenda Beoordeling
1 Vensterbank Matlg @ esecesees Verbinding parallel aan contactvlak
2 Aluminium waterslag Goed — = = Verbinding met toegevoegde elementen
3 Buitenspouwblad Zeer slecht < —»  Verbinding loodrecht aan het contactviak
4 Isolatie Uitstekend

5 Kozijn {incl. stelkozijn) || | Uitstekend
6 Binnenspouwblad 1 1 Niet zichtbaar op detail

Figure 2.3: Example detail with performance layer detachability for the end-of-life scenario
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‘Einde levensduur  201.0.3.16.BENG LI 064 ]
1 Vensterbank CEEEd 053
Op binnenspouwbliad
Type verbinding 0,80 [Schroefverbinding —
Toegankelijkheid verbindi 0,40 [Toegankelijk met extra handelingen met gedeeltelijke herstelbare schade
2 Aluminium waterslag CCI1 11 0,80
Op kozifn
Type verbinding EEEE 080 [Schroefverbinding —
Toegankelijkheid verbinding 0,80 Toegankelijk met extra handelingen die geen schade veroorzaken
3 Buitenspouwblad [ EEN 0,10
Op binnenspouwbiad .
ype verbinding 0,10[Chemische ankers F
Toegankelijkheid verbinding 0,10|Niet toegankelijk - onherstelbare scl aan objecten
4 Isolatie I 119 089
Op binnenspownblad i —
Type verbinding I:Iq:[:H 0,80 Verbinding met toegevoegde elementen
Toegankelijkheid verbinding 1,00 Vrij toegankelijk
5 Kozijn (incl. stelkozijn} I I I 08¢
Aan binnenspounblad
N e verbinding 00| Verbining et osgevoegde clementen SNBSS SaTE
oegankelijkheid verbinding J 1,00 Viri] toegankelij

6 Binnenspouwblad
Niet zichthaar op detail

Figure 2.4: details calculation for example detailed end-of-life scenario

In the example detail it becomes clear at a glance where the elements are located that are difficult to
detach and therefore 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. In the information in Figure 2.4 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 2.4 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 ISSO Referentiedetails lies
mainly in the visualization with the colors in the detail itself to see where the problems arise.

Note: Element 3, the outer cavity leaf, is considered as a whole in this scenario. This follows
from the definition of the element (see § 2.3.1). When removing the outer cavity leaf, this
element itself is demolished. In practice, the loose stones can be cleaned and reused. In the
MPG, module D, this scenario can be worked out.
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24.2 Example maintenance

An example of an assessed detail for the maintenance and management scenario as it appears on ISSO
Open is given in Figure 2.5. The additional information displayed in the PDF download is shown in
Figure 2.6.

/ | -

Legenda Beoordeling
1 Vensterbank Matig ~ eeeeeeee. Verbinding parallel aan contactvlak
2 Aluminium waterslag Goed — — —  Verbinding met toegevoegde elementen
3 Kozijn (incl. stelkozijn) Zeer slecht <€ — P Verbinding loodrecht aan het contactviak

Figure 2. 5: Example detail with performance layer detachability for the maintenance and management scenario
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Onderhoud en beheer 201.0.3.16.BENG I 111 0,50

1 Vensterbank [ 053

Qp binnenspouwblad

Type verbinding 0.9 [Schvoefverbinding Vg e oyl S
Toegankelijkheid verbinding || ]0.40 [Toegankelijk met extra handelingen met gedeeltelijke herstelbare schade

[ 2 Aluminium waterslag 111 0,80
Qp kozijn
Type verbinding EER o 2 schrostietining Ve et Sosgevoels S _
Toegankelijkheid verbinding | 0,80 |Toegankelijk met extra handelingen die geen schade veroorzaken
3 Kozijn (incl. stelkozijn} | EEN 018 N i
aan L.,,m,,,,%\ uwblad Opm: eerst verwijderen bovenste deel van metselwerk en isolatie

.pe verbinding 0,80 [Verbinding met toegevoegde elementen
Toegankelijkheid verbinding 0,10|Niet toegankelijk - onherstelbare schade aan objecten

Figure 2. 6: details calculation for exampledetail 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;

- Inthe 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 2.6 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 2.6 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 ISSO Referentiedetails lies mainly in the visualization with
the colors in the detail itself to see where the problems arise.

Note: Element 3, the frame, is considered as a whole in this scenario. This follows from the definition
of the element (see § 2.3.1). 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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The way in which the preconditions for reuse, through detachability, can be visually represented in the
ISSO Referentiedetails in a performance layer can, in the future, contribute to the assessment of
whether or not a product in its application is suitable for future reuse. If future reuse were to be taken
into account in the LCA method, the ISSO Referentiedetails could provide a structural framework
within which future reuse could be feasible. In a future project, in collaboration with the NMD, this
could be worked out as follows;

251 Module D
Since July 2020, the environmental performance assessment method has been extended with Module
D; Additional information outside the life cycle of the structure. The following aspects are assessed;

- Environmental costs and benefits outside the system boundary of the building;
- Possibilities for reuse, recovery and recycling.
Especially for the possibilities for reuse, recovery and recycling, the detachability is of great

importance. Due to damage that occurs during disassembly, products can become less suitable or even
unsuitable for reuse.

252 Quality factor K

In the 'Amendment sheet Determination method Environmental performance constructions'
(Amendment 1 dated 1 October 2020), a quality factor K is introduced for planned reuse. With this
factor, a transparent valuation 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 of material
flows) in relation 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 life of the second 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 has a direct influence on the above provisions, as damage to the
product after removal has a negative impact on the technical quality of the product.

253 Linking NMD and the ISSO Referentiedetails

The way of assembly in the building is of course not (only) a property of the product itself, but of the
construction method of the entire building. Therefore, the detachability of the products themselves
from an architectural context cannot be determined exclusively in a product card and therefore not the
(entire) factor K. However, a conditional factor K can be given that may only be used if certain
preconditions are met. Reference can be made to the details to be specially developed for future reuse.
This can be done in several ways:

- Direct link with specific ISSO Referentiedetails -> If the products are assembled in the manner
indicated in specific ISSO Referentiedetails (or corresponding Product Details developed by
ISSO and the manufacturer of the product), the indicated factor K may be used.
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This method is very sensitive to changes in the mutual databases and therefore only prefers
category 1 product cards in combination with product details.

- Indication of a minimum score of detachability in the applied ISSO Referentiedetails as a
condition for applying the specified factor K; for example, at least category Good (see Figure
2.2) with a possible link with filter to the Referentiedetails. The filter in the ISSO
Referentiedetails is not (yet) available but would be an extremely valuable addition as further
development.

This method would be suitable for category 2 and 3 cards because it automatically refers to

changed or new ISSO-Referentiedetails.

Buitenkozijnen, Europees naaldhout; geschilderd, acryl; duurzame bosbouw

© cenericke data @ 28-05-2021

Watergedragen acrylaat/alkydemulsie verf systeem voor buiten (voldoet aan Verfrichtlijn
2004/42/EC) Ondergronden hout en met verf behandeld hout van woningen, Functionele eenheid FE m?
buitensituaties tifa-systemen (concept 3 = volledig afgewerkte systmen) + vervolg met

zelfde productype Verbruik - nieuw syteem 3 lagen = 0,313 kg/m2 Onderhoudsfreq. 1...

Levensduur (jaar) 35
Lees meer
Toepassing 88U MKI per FE (€) - 0.3999
Eigenaar Stichting NMD Schaalbaar Ja /]
Eeiste-publicaticdati — Quality factor Kvae at detachability > Excellent [ [ 0.9

Quality factor K1 at detachability > Good [

Quality factor K> at detachability > Moderate [==] 0.5

Figure 2. 8: Example of multiple possibilities factor K with indication of minimum detachability in Standard
Referentiedetails with possible link to Standard Referentiedetails with set filter by product and minimum
detachability index in the red box

254 Linking the ISSO Referentiedetails and the NMD

It would be good to be able to make direct links to product cards of the NMD from the ISSO
Referentiedetails as well. In the ISSO Referentiedetails, one (or more) category 2 or 3 cards can then be
referred to 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 may be located at the demarcation of
the elements. It is not (yet) possible to create deep links to the correct product card(s) or, for example,
with a set filter with all cards of this element with conditions set in the ISSO Referentiedetails. In a
future project, this could be discussed with the NMD. Now examples have been given with screenshots
from the NMD.
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Furthermore, it is currently not technically possible to include links to the product cards within the
online display of the ISSO Referentiedetails. This could also be taken up in a future project.

3 Buitenspouwblad . | I I 0,10

op binnenspouwblad
Type verbinding 0,10[Chemische ankers
Toegankelijkheid verbinding 0,10[Niet toegankelijk — onherstelbare schade aan objecten

Spouwmuren buitenblad, Baksteenmetselwerk

e Generieke data @

1 m2 baksteenmetselwerk. Dit product bevat de volgende hoeveelheden: 127,5 kg aan

metselbaksteen, 45 kg aan metselmortel en 7,5 kg aan voegmortel. Functionele eenheid FE
Toepassing B&U e Levensduur (jaar)
Eigenaar Stichting NMD (i}
MKI per FE (€) -
Eerste publicatiedatum Onbekend (]
Schaalbaar

Productopbouw Deelproduct @
Elementonderdelen @ Productonderdelen @

2121  Constructieve buitenwanden Metselbaksteen

Metselspecie
2122 Borstweringen, wandverzwaringen en te... Meelifter: Borstweringen, wandverzwaringen en terugligge... Meelifter @
2123 Schoorstenen die een onderdeel van de... Meelifter: Schoorstenen die een onderdeel van de wand v... Meelifter @

Niet-afgedekte elementonderdelen Vv

Peildatum
28-05-2021
m? o
1000 (i ]
6.1542 (]

Ja ﬁﬂ

21.2 Buitenwanden; constructief, @

kg

nvt

nvt

Milieu-informatie

Milieu-informatie

Niet openbaar (g

Niet openbaar [

Figure 2. 9: Assessment of the element outer masonry wall in the example detail (Figure 2.3) with accompanying NMD

product 3
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4 Isolatie | | 0,89

op binnenspouwblad
Type verbinding [ 1T 1 | | | o80[verbinding met toegevoegde elemente
Toegankelijkheid verbinding I LT 100vrij kelijk

Isolatielagen, Steenwol MWA 2012; platen;

Peildatum
e Generieke data @ 28-05-2021
Geen toelichting beschikbaar
Functionele eenheid FE m? o
Toepassing B&U (i ]
Levensduur (jaar) 100 o
Eigenaar Stichting NMD 0
MKI per FE (€) - 0.7708 [ ]
Eerste publicatiedatum Onbekend o
Schaalbaar Ja ﬁ o
PI’OdUCtOpbOUW Deelproduct @ 21.1 Buitenwanden; niet-constructief @
Elementonderdelen @ Productonderdelen @
2116  Gebouwisolatievoorzieningen Isolatieplaat kg ﬁ Milieu-informatie

Niet-afgedekte elementonderdelen v

Figure 2. 10: Assessment of the element insulation in the example detail (Figure 2.3) with accompanying NMD product 3.
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S kozijn (incl stelkozijn) | | |j| 0,89

aan binnenspouwblad

Type verbinding 0,80|Verbinding met toegevoegde elementel
Toegankelijkheid verbinding || | 1,00|Vrij toegankelijk

Buitenkozijnen, Europees naaldhout; geschilderd, acryl; duurzame bosbouw
Peildatum

e Generieke data @ 28-05-2021

Watergedragen acrylaat/alkydemulsie verf systeem voor buiten (voldoet aan Verfrichtlijn
2004/42/EC) Ondergronden hout en met verf behandeld hout van woningen, Functionele eenheid FE m? (i ]
buitensituaties tifa-systemen (concept 3 = volledig afgewerkte systmen) + vervolg met

zelfde productype Verbruik - nieuw syteem 3 lagen = 0,313 kg/m2 Onderhoudsfreq. 1...

Levensduur (jaar) 35 o
Lees meer
MKI per FE (€ - 0.3999
Toepassing B&U [ ] p © °
Eigenaar Stichting NMD (] Schaalbaar Ja ﬂ o
Eerste publicatiedatum Onbekend [ ]
Productopbouw Deelproduct @ 31.2 Buitenwandopeningen; gevuld met ramen @
Elementonderdelen @ Productonderdelen @
31.2.1 Kozijnwerk en profielen Kozijn kg ﬂ Milieu-informatie
EPDM kg ﬁ Milieu-informatie
Schilderwerk nieuw kg ﬂ Milieu-informatie
Schilderwerk onderhoud kg ﬂ Milieu-informatie
31.22  Verstevigingen en verankeringen Meelifter: Verstevigingen en verankeringen, bij: Europees ... Meelifter @ nvt a Niet openbaar &
31.24  Verstevigingen en verankeringen Meelifter: Verstevigingen en verankeringen, bij: Europees ...  Meelifter @ nvt & Niet openbaar g
31.25 Randaansluitingsvoorzieningen Meelifter: Randaansluitingsvoorzieningen, bij: Europees n...  Meelifter @ nvt & Niet openbaar ﬁ

Figure 2. 11: Assessment of the frame element in the example detail (Figure 2.3) with accompanying NMD product 3.
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3 IMPROVED DETAILS

In this project, the focus was initially on determining the detachability of structural elements to be
assembled on the construction site, as an important aspect of circularity. After the development of the
determination method, it was applied to a number of existing ISSO Referentiedetails. In order to further
investigate more detachable construction with a view to future reuse and to be able to compare the
performance with regard to detachability with the basic details, a number of details with improved
detachability have been developed. The main aim is to get a first impression of the possibilities for
improved detachability for constructions and how the performance layers can serve as inspiration for
the development of construction products, innovative construction methods and types of connections
that could be further developed in (Dutch) construction practice.

- Inthe newly developed details, the starting point has been to use as many products as possible
that are reusable after the life of the building. The products and systems used for this are:
=  Precast concrete walls
=  Precast concrete floors
=  Precast concrete foundation
= Loose brick stacking system as facade finish
=  Closed siding, not specified
= Hard foam insulation in the vertical cavity
» Traditionally mounted wooden frames (pre-installation in the cavity)
= Aluminium mounting window frames
=  Dry screeds
- Furthermore, the focus is on as many dry connections as possible between different parts. This
has not always been possible, for example with fire-resistant seals.

From each newly developed detail with improved detachability, two performance layers have been

created:
=  End-of-life
=  Maintenance
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4 COMPARISON OF EXISTING DETAILS AND IMPROVED
DETAILS ON DETACHABILITY

4.1.1 End-of-life example

The assessment for detachability of the improved variant of the example detail of chapter 2 is given in
Figure 4.1. The additional information shown in the downloaded PDF is displayed in Figure 4.2.

Legenda Beoordeling
1 Vensterbank I Vitstekend ~—  ceeee... Verbinding parallel aan contactvlak
2 Koziin I 1] Goed - - Verbinding met toegevoegde elementen
3 Aluminium lekdorpel CICLCIT]  Goed < —»  \Verbinding loodrecht aan het contactvlak
4 Droog gestapelde I vitstekend
baksteen buitenspouwblad
5 Hardschuim isolatie [ I T I '] Uitstekend
6 Stelkozijn [T T T 1] Vitstekend

(incl. waterwerende slabbe

7 Prefab beton binnenspouwblad [ZI_I_]_1] Niet zichtbaar op detail
(incl. houten bevestigingslat)

Figure 4. 1: Improved version of the example detail with performance layer detachability for the end-of-life scenario
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’Einde levensduur 2013501 NIEUW  [IDIINEN 085
Score
1 Vensterbank [ .| 0,89
Op stelkozijn
Type verbinding FFH:HO B0 [Verbinding met t de elementen
Toegankelijkheid verbinding 1,00 |Vrrij toegankelijk
2 Kozijn CITT11]
Op kozijn
Type verbinding BHEB Schroefverbinding —
Toegankelijkheid verbinding 0.80 [Toegankelijk met extra handelingen die geen schade veroorzaken
A ini lek: 3 [ T1 0.80
S Ao gp?::;kpojn L - Bevestigingsmateriaal klar\ge-n

Type verbinding 0.80|Verbinding met t !
Toegankelijkheid verbinding 0,80 [Toegankelijk met extra handell ingen die geen schade veroorzaken

4 Droog gestapelde baksteen (T T1T11 089
buitenspouwblad
Op binnenspouwblad
Type verbinding
Toegankelijkheid verbinding

5 Hardschuim isolatie 11713 087 (Gaten opvulten)
Aan prefab beton binnenspouwblad
Type verbinding 0 80| Verbinding met toe; de elementen
oegankelijkheid verbinding 1 00| Vri] toegankeli]

6 Stelkozijn {incl. waterwerende slabbe) I I I 0,89
Op prefab beton element —
Type verbinding H_H__.H 0,80 Schroefverbinding —
Toegankelijkheid verbinding 1,00 Vrrij toegankelijk

7 Prefab beton binnenspouwblad (incl. ingestorte houten bevestigingsplat)
Verbinding aan enderfigaende constructie is niet zichtbaar in detall -> niet te beoordelen

Figure 4. 2: details of the improved version of the example detail with performance layer detachability for the end-of-life
scenario

The main point of attention for the detachability of the example detail of chapter 2, namely the
masonry wall with chemical anchors is solved by working with a dry stacking system. With this, the
score of the facade has gone from 0.1 (very bad) to 0.89 (excellent). Furthermore, the detachability of
the window sill on the inside has been improved by clamping it under the frame and mounting it with
an accessible corner profile at the bottom of the window sill so that the screw holes in the window sill
do not have to be concealed and one no longer knows where they are when disassembling.

If one looks at the colors in the images, it becomes clear that where in the existing detail the colors
purple (very bad) and orange (moderate) were still present, all elements are now green (excellent) or
yellow (good).

Furthermore, it is striking that in the improved detail some more seperate elements have been added.
This is due, for example, to the use of an assembly frame instead of a ‘inmetsel’ frame in which the
adjustment frame is inseparably attached to the frame (with an adhesive connection) and forms one
composite element.

In the improved detail, the frame can therefore be removed as second, after which the aluminum sill,
the outer masonry wall and the insulation can be removed and only then the rest of the frame. This is
particularly beneficial in the following scenario; maintenance.

The frame itself does have the rating of 0.8 (good) in the improved detail, which is lower than in the
basic detail 0.89 (excellent). In the basic detail, the two frames form a whole and are mechanically fixed
in the cavity. In the improved detail, additional operations must be carried out to get to the connection
between the two frames.
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Note: Figure 4.2 shows 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 ISSO Referentiedetails lies mainly in the visualization with the
colors in the detail itself to see where the problems arise.

Circularity in Referentiedetails
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4.1.2 Example maintenance and management

In Figure 4.3 the assessment for detachability is given of the improved variant of the example detail of
chapter 2 for the scenario 'maintenance’. The additional information shown in the downloaded PDF is
shown in Figure 4.4.

Legenda Beoordeling
1 Vensterbank [T T 1] \Vitstekend -eeeeeee- Verbinding parallel aan contactvlak
2 Kozijn CIIL I Goed — — —  Verbinding met toegevoegde elementen
3 Aluminium lekdorpel [T IIE]  Uitstekend <€ —»  Verhinding loodrecht aan het contactviak

4 Droog gestapelde EED:Q Uitstekend
baksteen buitenspouwblad

Figure 4. 3: Improved version of the example detail with performance layer detachability for the maintenance scenario
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‘Onderhoud en beheer 201.3.501 NIEUW TR 085

Score toelichting

1 Vensterbank I I I I 0,89

Op prefab beton binnenspouwbiad

Type verbinding I | | | 0,80 [Verbinding met toegevoegde elementen
Toegankelijkheid verbinding 1,00 | Vrrij toegankelijk

2Kozin EEDCE  os0
Op stelkezijn
Type verbinding 0,80 [ Schroefverbinding
Toegankelijkheid verbinding 10,80 |Toegankelijk met extra handelingen die geen schade veroorzaken
3 Aluminium lekdorpel 1 1mi 0,80

Op buitenspouwblad
Type verbinding | | | | 0,80 [ Schroefverbinding
Toegankelijkheid verbindin 0,80 |Toegankelijk met extra handelingen die geen schade veroorzaken

4 Droog gestapelde baksteen 111 0,90
buitenspouwblad
Op buitenspouwblad

Type verbinding B . oo (erbidig A —
Toegankelijkheid verbinding 0,80 |Toegankelijk met extra handelingen die geen schade veroorzaken

Figure 4.4:Details of the improved version of the example detail with performance layer detachability for the
maintenance scenario

From the comparison of the detachability during maintenance and management of the existing example
detail (figure 2.5) and the improved version (figure 4.3) it can be immediately concluded that:

- more elements are eligible for replacement. The outer masonry wall can also be replaced by,
for example, bricks with a different color.

- the parts are easily detachable and the score is equal to the end-of-life scenario because the
connections of the elements are also easily accessible without having to remove other
elements.

It was decided not to assess the replacement of the stelkozijn in the maintenance scenario. With
renovation, this would make sense. The detachability for this scenario can be further improved.

Figure 4.4 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 ISSO Referentiedetails lies mainly in the visualization with the
colors in the detail itself to see where the problems arise.
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5 CONCLUSIONS AND FOLLOW-UP

This project has led to:

- Increasing knowledge about building techniques to facilitate disassembly and improve the
durability and adaptability of a building (H2 E).
- By visualizing the detachability in the Standard Referentiedetails of ISSO, the points
where the detachability is poor can be better identified.
- This makes it easier to find solutions for innovations.
- A number of examples of improvements for detachability have been developed and
assessed using this method
- Sharing information to increase environmental performance of buildings with better design (H2
F).
- The methodology will be shared at ISSO Open with examples of assessment of existing
details (see Annex A) and newly developed details (see Annex B)
- Facilitate the design of products and systems so that they can be easily reused, repaired,
recycled or recovered (H2 H).
- Inthe future, the possibilities can be explored that make the information even more
accessible by, for example, adding a filter so that details with a certain performance in
terms of detachability can be searched.

- In afollow-up project, as indicated in section 2.6, the connection can be made with other
aspects of circularity, for example with the MPG calculations and the preparation of LCAs
so that not only detachability, but also the materials themselves are looked at;

- Research can be carried out to the need and possibilities to assess innovative forms of
fastening methods and means, with extra attention to airtightness;

- Theinclusion of an index for the time and labor required of the 'extra actions' to get to a
connection;

- More existing details can be reviewed in the future;

- Manufacturers who design smart and detachable products can also have product details
created and reviewed.

- The details and information can be made interactive, making it possible to filter by
performance and construction method and where corresponding details can be searched
(e.g. top, bottom and side). This is a functionality that requires a major adjustment for the
organizational structure of the Reference Details in general and will therefore have to be
part of an overall further development of the reference details.

- Bringing with you practical experiences from, among others, dismantling companies.
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ATTACHMENTS

Bijlage A. Performance layers 'disassembly’ of 13 Existing ISSO-Referentiedetails
Bijlage B. Basic drawings 15 new m. b. t. detachment of improved 1SSO Referencedetails

Bijlage C. performance layers 'disassembly' 15 new m.b.t. detachability improved ISSO
Referentiedetails
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