' 1 This project has received funding from the European
R ‘ T q Union’s Horizon 2020 research and innovation
l ' programme under grant agreement No 723583

RE*Project

REuse and REcycling of CDW materials and structures in energy
efficient pREfabricated elements for building REfurbishment
and construction

D3.5
Fire Modelling

Author(s)®: STRESS, RINA-C

Date: 29/05/2019

WP3 - Innovative concept for modular/easy installation and disassembly of eco-
friendly prefabricated elements

Distribution? PU

Work package:

Status3: Final

The document describes the outcome of the Subtask 3.4.3, based on thermal
and thermal-structural simulations, able to replicate the fire test described in

Abstract: the 1SO 834, and performed on the structure named as Timber Facade and
Sandwich Panel. The aim of the activity is to define their fire resistance.
File Name RE4_D3.5 Fire Modelling_Final_V2.0.docx
Version Date Description Weritten By Approved by
V0.0 24/05/2019 First version for quality check | RINA-C, STRESS | RISE
V1.0 28/05/2019 Revised version RINA-C, STRESS | RISE
V2.0 29/05/2019 Final version ready for | RINA-C, STRESS | CETMA
submission

I Just mention the partner(s) responsible for the Deliverable
2 PU: Public, RE: restricted to a group specified by the consortium, CO: Confidential, only for members of the
consortium; Commission services always included.
3 Draft, Revised, Final
RE4_D3.5 Fire Modelling_Final_V2.0.docx
© RE? Consortium - This document and the information contained are RE* consortium property and shall not be
copied or disclosed to any third party without RE* consortium prior written authorisation
1




' 1 This project has received funding from the European
R ‘ T q Union’s Horizon 2020 research and innovation
l ' programme under grant agreement No 723583

TABLE OF CONTENTS

INDEX OF TABLES .....couuiiiiiiiniiiiiiiiiiiieiiitiitenieteetisieeineaseseneserenessteassstssssnesssstsnsesenesenensssnsnsans 6
LIST OF ACRONYMS AND ABBREVIATIONS ....ccccciitimmiiiiitnniiiiiiniiiiinniinieeniiiiensiesseess. 7
1. EXECUTIVE SUMMARY ...citttuuiiiiiinnniiiiiitnniiiiimnsiiiiieemsiiiiemmsiiiiimsssiirtesssiittssssisttssssissesssssssssssses 8
2. INTRODUCTION ...ciuuiiiiiiiieniiieeinieeirieiiteeirineitiasitteesireseseressistensistsssssessssressestssseressssssnsssnsnsans 8
3. FIRE MODELLING APPROACH .......ccotttuuiiiriinnniiiitinniiiniiniaiiniesnsiiiiemmsiiiiiessiiineesssssstesssssneasssene 9
3.1, INSULATION CRITERION (1) .utteuteetteeteeiee ettt sttt sttt sttt st sat e e te e et sateesaeesabeesaeas 10
3.2. LOADBEARING CRITERION (R) ...eeeutteriieeiieniieeiee sttt ettt ettt st sie e e e e e snees 10
3.3. BOUNDARY CONDITIONS & MATERIAL PROPERTIES ......cetiiiiiteieiiiieee e e s 10
3.4. INPUT REQUIRED FOR THE FIRE ASSESSMENT ....ccitiiiiiiiiiiiiiiiiiiiiiiciien e 11
3.5. FIRE MODELLING STEPS ....oeiiiiiiiieiie ettt e e e e e s e s ee e e e e s e e e 12
B, SOFTWARE ...ccuuiiiiiitiiiiiiiiiniiiitiiieteiiteetisieesisteeeteasistssseressssteasistsssisesssstessssesssesesssssenssssansans 13
5. GEOMETRY AND CONSTITUTING MATERIALS .......coittmuiiiiriiiiiniiniiinninnnsinnssnseninssssnnesassin, 13
5.1. RE# TIMBER FAGADE ......ctiiitiiteieteetetett et sttt et e et ste e eseete st e e esesbe s eseebesse st esesbesessesessenseseesenes 13
5.1.1. RE*CDW TIMBER FACADE FOR NORTHERN EUROPE........ccoeeieirieienieienieieesieneee e 13
5.1.2. RE* CDW TIMBER FAGCADE FOR SOUTHERN EUROPE..........ccortrieirieeririeneneeneeneeeseeeseeseseesenenes 14
5.2. RE* CONCRETE SANDWICH PANEL ......eveiitiietietisieieisieseeessesteeesestessesaesessessesessessesessessessesessenes 16
5.2.1. RE* CONCRETE SANDWICH PANEL FOR NORTHERN EUROPE........ccosvruerireererinererieereeneneeeenens 16
5.2.2. RE* CONCRETE SANDWICH PANEL FOR SOUTHERN EUROPE .......cecueirririeiererieieeeesieeeneeeenns 17
6. MATERIAL PROPERTIES.......ccottuuiiiriinniiiniiiiiiiiininiiiniinnsiiisienasiiniinsssissesasssisssssssssissssssssesssssnes 18
B. 1. TIMBER ... e e s s 18
6.2. WOOD FIBREBOARD.......cttiiiiiiiiiiiiiiiic i 20
6.3. EARTHEN PLASTER AND EARTH BLOCKS ......coiiiiiiiiiiiiiiiiiiiiciiiccc e 22
6.4, CONCRETE ...ottiiiiiiiiiiiiitiie et e e s e et e s e e s s bbb b e s s e e e s s s e sasranaas 25
B.5. PE-PIR 1. et 29
7. DISCRETIZED IMODEL .....ituuiiiieiiriniiriniiiieinieiiiieiiiseiiesitinietseisisseressistssseressssressssesaseseanss 29
7.1  REA TIMBER FAGADE ......cieiitiieietieiete ittt te et st te et ste et seesae e s ste s e st be st eneesesseseneesesseneenessenes 29

RE4_D3.5 Fire Modelling_Final_V2.0.docx

© RE? Consortium - This document and the information contained are RE* consortium property and shall not be
copied or disclosed to any third party without RE* consortium prior written authorisation

2



' 1 This project has received funding from the European
R ‘ T q Union’s Horizon 2020 research and innovation
l ' programme under grant agreement No 723583

7.1.1. RE* CDW TIMBER FAGCADE FOR NORTHERN EUROPE ......cccevveiieiecteienietesieeete e 29
7.1.2. RE*CDW TIMBER FACADE FOR SOUTHERN EUROPE (OPTION 1)..ccueieerieieeirieieesieseeeeeeenenes 30
7.1.3. RE* CDW TIMBER FAGCADE FOR SOUTHERN EUROPE (OPTION 2) .uvcuveviieiererieieeerecieeeveevenne 30
7.2. RE* CONCRETE SANDWICH PANEL ....veuietiitiietietisieietesteseeseesesae e e stesseseesessessesessesseseesessessesessenes 31
7.2.1. RE* CONCRETE SANDWICH PANEL FOR NORTHERN EUROPE.......ccceveerienieririeieieresieeeeeeeenes 31
7.2.2. RE* CONCRETE SANDWICH PANEL FOR SOUTHERN EUROPE ......ccoveveerireiereireeeeeie e 31
7.3 PLANE 55 oot e s s e s 32
T 4. SOLID 90 ...ttt e e st e s e er e e e st e e e e e e e s s e rr e 32
T.5.SOLID L85 ... ittt e et e e e s ar e 33
8. BOUNDARY CONDITIONS.....ccuuuiiiiiinniiriinnniiiiiinniisiinnsiiiiimmsiisimmssiesmssessmsssismsssssss 33
8.1. THERMAL BOUNDARY CONDITIONS ...ccciiiiiiiiiiiiiiienii ittt siess e 33
8.2. STRUCTURAL BOUNDARY CONDITIONS......iietieeeee ettt ee e e e e s 34
9. RESULTS ...oiieeiitiiiiiniiieiiniieeiiinsssaaisssnsasissesassssessassssssenssssssssssssssesasssssessnsssssssassssssennssssnes 34
9.1. THERMAL ANALYSIS — RE# TIMBER FAGADE .....ceiteietirieieiiriirieeeesteee e te st e sse s s ssessesesessenes 34
9.1.1. RE* CDW TIMBER FAGCADE FOR NORTHERN EUROPE ......cccevverierecreieiietesieeere e 34
9.1.2. RE* CDW TIMBER FAGCADE FOR SOUTHERN EUROPE (OPTION 1) .evevveverieiererieieeeresieeeeeeeenns 38
9.1.3. RE* CDW TIMBER FAGCADE FOR SOUTHERN EUROPE (OPTION 2) ..eovveerieeeeieeecnieerieeeseeeenens 42
9.2. THERMAL ANALYSIS — RE* CONCRETE SANDWICH PANEL.....cccoveiriiierieresieeeresieneeessesseeesessens 46
9.2.1. RE* CONCRETE SANDWICH PANEL FOR NORTHERN EUROPE........ccorvruerireereenereneeereeneseeennens 46
9.2.2. RE* CONCRETE SANDWICH PANEL FOR SOUTHERN EUROPE ......cceoueieririeiererienieeeesieeereeeenns 50
9.3. STRUCTURAL ANALYSIS — RE* CONCRETE SANDWICH PANEL .....cvrveuririeirieeeeeeeeeeeseee e 54
9.4. SUMMARY OF RESULTS.....otiiiiiiiiiiiiii it 60
10. CONCLUSIONS AND RECOMMENDATIONS ...cccuiitmiiieniriniiriniiieeinieiineninieeinesineasisenees 61
11. BIBLIOGRAPHY .....ciiiuiiiiiiiiniiiiiiiniiiiniiiniiiiiinaiinsissssisiimsssisieesssiissessssistessssisssssssssssssssssssssnns 63
DISCLAIMER .ccuuiiiiiiiiieiiriiiitiiiiteiiieeinteeirtneieteasisteesirtaseteesistsesenessssteasistssssrensssesssesensssssnssssanse 64

RE4_D3.5 Fire Modelling_Final_V2.0.docx

© RE? Consortium - This document and the information contained are RE* consortium property and shall not be
copied or disclosed to any third party without RE* consortium prior written authorisation

3



' 1 This project has received funding from the European
R ‘ T q Union’s Horizon 2020 research and innovation
l ' programme under grant agreement No 723583

INDEX OF FIGURES

Figure 1. Temperature vs time on the exposed face of the components during a fire test according to ISO 834
=10 Lo - o [PPSR 9
Figure 2. Schematic representation of the thermal boundary conditions.........c.ccceecieiiniiii i, 11
Figure 3. RE* CDW Timber Facade for NE ClIMate......cccicuieieiieieieeceecteeteee ettt ettt aenas 14
Figure 4. RE* CDW Timber Facade for SE climate — OPtion L.......cccecieieriereeieiieieieeeeere et enas 15
Figure 5. RE* CDW Timber Facade for SE climate — OPtion 2........ccvcuieueeriereiiecieeeeeeeeere et ae e eeneenas 16
Figure 6. Layering of the Sandwich Panel for cold climate .......cccceiieiieiiicii e 17
Figure 7. Layering of the Sandwich Panel for warm climate........ccceeeiiiiiieiei i 17
Figure 8. Timber Density VS TEMPEIAtUIE .....ciiiiiieee ettt e see e s et e e s et e e s s bt e e e ssabeeeesnreeesennses 19
Figure 9. Timber Thermal Conductivity VS TEMPEratUre .......cccccveeiiiiieeeiciee et e e e e e e 19
Figure 10. Timber Specific Heats Vs TEMPEIratUre........ccoicuiiii ittt e e e e e sree e s e earae e e enres 20
Figure 11. Wood fibreboard Density VS TEMPEIAtUIE .......c.eeieeeiieeeceiiee ettt e eetee e e eve e e e e eavee e e e earaee e eeanes 21
Figure 12. Wood fibreboard Thermal Conductivity Vs TEMPErature .......ccceeeeeiieeeeciiee e eeeee e eereee e 21
Figure 13. Wood fibreboard Specific Heat Vs TEMPEIratUre........eeieciieeeieiiie et e e 22
Figure 14. Clay Density VS TEMPEIATUIE........ciiiiiieeeceiiee e eettee e et e e eetee e e e tee e e e steee e esabeeeeeeabeeeeesabaeeeennreneeennsens 23
Figure 15. Clay Thermal Conductivity VS TEMPEIratUIe ......c.ceeeieiiieeceiiie ettt eereee e e e e e evee e e e ere e e e eennes 23
Figure 16. Clay Specific HEat VS TEMPEIAtUIE.......cccocciiieeeciiee ettt e e tee e et e e e e eate e e e eeabae e e enraeeeenres 24
Figure 17. Concrete DeNnsity VS TEMPEIAtUIE.....uuiiii ittt e e e st ee e e e e e st rre e e e e e esennbraeeeeeesennnnens 25
Figure 18. Concrete Thermal Conductivity VS TEMPEIatUIe ........ceeeeeiieeeieiiee e et eetee e e e e e e e e eeanes 26
Figure 19. Concrete Specific HEat Vs TEMPEIratUIE ... .ciii ittt e erae e e 26
Figure 20. Concrete Elastic Modulus VS TEMPEIAtUIE ......cuveeiiiiiie e ciiee ettt eree e e e svee e s s sbae e e e 27
Figure 21. Concrete Poisson’s ratio VS TEMPEIAtUIE .......cccueieicciieeeeeiiee e eeitee e eseee s eeee e e erree e e s svee e s e sarae e e ennres 28
Figure 22. Concrete coefficient of thermal expansion vs TemMperature .......cccccvevieeieeeiecciee e 28
Figure 23. FE model of the RE* CDW Timber Facade for cold climate ..........c.ccceevevveeeiiieeeecreceereeeeeeeevne 29
Figure 24. FE model of the RE* CDW Timber Facade for warm climate — Option 1.......cccceeeeeerevrevievveeeneenens 30
Figure 25. FE model of the RE* CDW Timber Facade for warm climate — Option 2........cccceeveeveeveevevveeeneennnne. 30
Figure 26. FE model of the Sandwich Panel for cold climate........ccoeuiiiiiciiii i 31
Figure 27. FE model of the Sandwich Panel for warm climate ........ccccviieiii i 32
FigUre 28. PLANE 55 GEOMEIIY ...uueiiiiiiiiiiiieiiiteee e ettt et e e s s ettt e e e e s s sssbabeeeeeeesssasbtseaeeesssnsssseseaeeesssnsssnns 32
Figure 29. SOLID 185 GEOMELIY .....uuiiiiiieieiieiiiiteeee e e eeccttte e e e e e s eeeaetreeeeeeesseabataeeeeeesesannsesneaeeeesesssstssneeeessnnnnnns 33
Figure 30. Fully supported boundary CONAItioNS ..........oeeiiiiiiiiiiiie e e e 34
Figure 31. Temperature distribution (°C) on RE4 CDW Timber Facade for Northern Europe after 45 min. .. 35
Figure 32. Temperature distribution (°C) on RE4 CDW Timber Facade for Northern Europe after 90 min. .. 35
Figure 33. Temperature distribution (°C) on RE*CDW Timber Facade for Northern Europe after 180 min. . 36
Figure 34. Temperature distribution (°C) on RE* CDW Timber Facade for Northern Europe after 240 min.. 36
Figure 35. Temperature distribution (°C) on RE* CDW Timber Facade for Northern Europe after 360 min.. 37
Figure 36. Maximum temperature on the exposed side VS TIME ......ccceeeieiieeiiciiee et e 37
Figure 37. Maximum temperature on the unexposed side VS TIME ......cccccieiiiiiieeccciiie e 38
Figure 38. Temperature distribution (°C) on RE* CDW Timber Facade for Southern Europe — Option 1 — after
L LN 1 1o DO PP PPPP O PPPP 39
Figure 39. Temperature distribution (°C) on RE4 CDW Timber Fagade for Southern Europe — Option 1 — after
SO N 02 T o PSP PPPTO PP 39

RE4_D3.5 Fire Modelling_Final_V2.0.docx
© RE? Consortium - This document and the information contained are RE* consortium property and shall not be
copied or disclosed to any third party without RE* consortium prior written authorisation

4



' 1 This project has received funding from the European
R ‘ T q Union’s Horizon 2020 research and innovation
l ' programme under grant agreement No 723583

Figure 41.

Figure 42.
360 min...
Figure 43.
Figure 44.
Figure 45.

Figure 47.
180 min...
Figure 48.
240 min...
Figure 49.
360 min...
Figure 50.
Figure 51.
Figure 52.
Figure 53.
Figure 54.
Figure 55.
Figure 56.
Figure 57.
Figure 58.
Figure 59.
Figure 60.
Figure 61.
Figure 62.
Figure 63.
Figure 64.
Figure 65.
Figure 66.
Figure 67.
Figure 68.
Figure 69.
Figure 70.
Figure 71.
Figure 72.
Figure 73.
Figure 74.
Figure 75.
Figure 76.
Figure 77.

Temperature distribution (°C) on RE* CDW Timber Facade for Southern Europe — Option 1 — after
......................................................................................................................................................... 40
Temperature distribution (°C) on RE* CDW Timber Facade for Southern Europe — Option 1 — after
......................................................................................................................................................... 41
Maximum temperature on the exposed side VS TIME ......cccccvieiiiiiieiecciee e 41
Maximum temperature on the exposed side VS TIME ......cccccvieiiiiiieiecciee e 42
Temperature distribution (°C) on RE*CDW Timber Facade for Southern Europe — Option 2 — after
......................................................................................................................................................... 43
Temperature distribution (°C) on RE* CDW Timber Facade for Southern Europe — Option 2 — after
......................................................................................................................................................... 43
Temperature distribution (°C) on RE* CDW Timber Facade for Southern Europe — Option 2 — after
......................................................................................................................................................... 44
Temperature distribution (°C) on RE* CDW Timber Facade for Southern Europe — Option 2 — after
......................................................................................................................................................... 44
Temperature distribution (°C) on RE* CDW Timber Facade for Southern Europe — Option 2 — after
......................................................................................................................................................... 45
Maximum temperature on the exposed Side VS TIME ......ccovciieiieiiiieeeiiieec e 45
Minimum temperature on the unexposed Side VS TIME......cccveiiiciiiieeiiiee et aee e 46
Temperature distribution (°C) on Sandwich Panel for Northern Europe after 45 min.................. 47
Temperature distribution (°C) on Sandwich Panel for Northern Europe after 90 min.................. 47
Temperature distribution (°C) on Sandwich Panel for Northern Europe after 180 min................. 48
Temperature distribution (°C) on Sandwich Panel for Northern Europe after 240 min................. 48
Temperature distribution (°C) on Sandwich Panel for Northern Europe after 360 min................. 49
Maximum temperature on the exposed Side VS TIME ......cccocviiiieiiieie e 49
Maximum temperature on the unexposed Side VS TIME ......cceeiieciieeeeiiiee e 50
Temperature distribution (°C) on Sandwich Panel for Southern Europe after 45 min.................. 51
Temperature distribution (°C) on Sandwich Panel for Southern Europe after 90 min.................. 51
Temperature distribution (°C) on Sandwich Panel for Southern Europe after 180 min................. 52
Temperature distribution (°C) on Sandwich Panel for Southern Europe after 240 min................ 52
Temperature distribution (°C) on Sandwich Panel for Southern Europe after 360 min................ 53
Maximum temperature on the exposed Side VS TIME ......cccecvieiiiiiiieeciiiee e 53
Maximum temperature on the unexposed Side VS TIME ......ccveiveciieieiiiiee e 54
Total displacement (mm) on the exposed side - MINULE 90 .......c..cocvveeviieeeiieecee e 55
Total displacement (mm) on the exposed side - MiNULE 180 .........ccoueeviieeeiieeciee e 55
Total displacement (mm) on the exposed side - MINULE 240 ........cccceevieeeiieeccee e 56
Total displacement (mm) on the exposed side - MINULE 360 .........cccceevreeeiieeccee e 56
Deflection (mm) vs Time (S) — EXPOSEA SIdE.....ccuvieeiiieiiiieiieecee ettt 57
Rate of deflection (mm/s) vs Time (s) — EXPOSE SIdE ...cc.eevveiruiiiiieiieeieectee et 57
Total displacement (mm) on the unexposed side - MINUEE 90 .........cccuieeeeciieeecciiee e 58
Total displacement (mm) on the unexposed side - MINUEE 180 .........cceeeeeciieeeeciieee e, 58
Total displacement (mm) on the unexposed side - MINUEE 240 .........cceeeeeciieeeeciieee e 59
Total displacement (mm) on the unexposed side - MINUEE 360 .........cceeeeeciieeeeciieee e e, 59
Deflection (MM) VS TIME (S) cocveeeeiiiiieeeiiiee ettt e ettt e ettt e e et e e e et ee e e esataeeeesasae e e e nsaeeessasaeeesannraeans 60
Rate of deflection (MM/S) VS TIME (S) .eeceiieiveiiirieecieeeereeeetee ettt et e et eveeeeteeeeteeeeteeeetaeesreeenareens 60

RE4_D3.5 Fire Modelling_Final_V2.0.docx
© RE? Consortium - This document and the information contained are RE* consortium property and shall not be
copied or disclosed to any third party without RE* consortium prior written authorisation

5



' 1 This project has received funding from the European
R ‘ T q Union’s Horizon 2020 research and innovation
l ' programme under grant agreement No 723583

INDEX OF TABLES

Table 1. Temperature dependent thermal material Properties .......cccccevceieercieee e 12
Table 2. Temperature dependent structural material Properties .......cccecveeeerciee e 12
Table 3. Thicknesses and materials of NE RE4 CDW Timber FAagade .......cccceeeeiiieiieiieee et 14
Table 4. Thicknesses and materials of SE RE* CDW Timber Fagade — Option L.....cccccveeeeviieeeeveeceenreereennnn, 15
Table 5. Thicknesses and materials of SE RE* CDW Timber Fagade — Option 2.....cccocveveveiieeeerecreeeenreereenenn, 16
Table 6. Thicknesses and materials of the Sandwich Panel for cold climate........ccccoovevvieiiiiiinieeenieniieee, 17
Table 7. Thicknesses and materials of the Sandwich Panel for warm climate .......cccccccevveiviiiincennncen e, 18
Table 8. Thermal analysis MESUILS .....c.vuiii et e e e e e st e e e e ate e e e eabeeeeeasbeeeeennbeeesennrens 61
Table 9. Structural @NalySis FESUILS.......coii it e e e e e e aae e e s e nba e e e enbeeeeeares 61

RE4_D3.5 Fire Modelling_Final_V2.0.docx

© RE? Consortium - This document and the information contained are RE? consortium property and shall not be
copied or disclosed to any third party without RE* consortium prior written authorisation

6



' 1 This project has received funding from the European
R ‘ T q Union’s Horizon 2020 research and innovation
l ' programme under grant agreement No 723583

LIST OF ACRONYMS AND ABBREVIATIONS

BC Boundary conditions

CAD Computer Aided Design

chw Construction and Demolition Waste
FE Finite Element

FEM Finite Element Modelling

HPC High-Performance Concrete

MIN Time in minutes

NE Northern Europe

SCC Self-Compacting Concrete

SE Southern Europe

RE4_D3.5 Fire Modelling_Final_V2.0.docx

© RE? Consortium - This document and the information contained are RE? consortium property and shall not be
copied or disclosed to any third party without RE* consortium prior written authorisation

7



' 1 This project has received funding from the European
R ‘ T q Union’s Horizon 2020 research and innovation
l ' programme under grant agreement No 723583

1. EXECUTIVE SUMMARY

This document describes the outcome of the Subtask 3.4.3. Fire Modelling, framed under work
package WP3 - Innovative concept for modular/ easy installation and disassembly of eco-friendly
prefabricated elements.

The aim of the Subtask is to simulate, through thermal and thermal-structural Finite Element (FE)
analyses, the fire test described in the standard EN-ISO 834. The analysed structures are named RE*
Timber Facade and RE* Concrete Sandwich Panel. The final purpose is to define their fire resistance
through specific criteria described in the deliverable.

Starting from the technical drawings, three discretized models have been developed for the RE*
Timber Fagade: one for its configuration addressed to the Northern Europe and two designed for
Southern Europe. For the RE* Concrete Sandwich Panel, one model for the cold climate and one for
warm climate have been defined. Following the described approach and the guidelines reported in
the standard [1], thermal analyses have been performed on each structure, by defining thermal
boundary conditions able to simulate the presence of a fire on one side (inner side) of the model,
through radiation and convection conditions. The results have been compared with the criterion
useful to define the insulation index (l), by analysing the highest and the average temperature on
the unexposed side and comparing them with their maximum allowable values (180°C as highest
temperature anytime during fire and 140°C as maximum average temperature). The simulations
have been performed establishing a total time equal to 360 min, since the maximum index is equal
to 360, and all the analysed structures have shown an insulation capacity until the end of the
analysis. As consequence, an index I1=360 has been assessed.

Concerning the thermal-structural simulations, the RE* Concrete Sandwich Panel is the only load
bearing component, consequently this kind of analysis has been performed only on this structure.
The load bearing criterion (R), foresees a comparison between the maximum obtained deformation
and the deformation rate with the respective calculated allowable values. The simulation has been
performed by setting fully supported structural boundary conditions and the results have shown
how the panel is able to respect the criteria until the end of the established time, allowing to assess
an index R=360.

2. INTRODUCTION

The document describes the numerical Finite Element (FE) calculations performed on two different
structures, denoted RE? Timber Facade and RE* Concrete Sandwich Panel. The aim of the analyses is
to simulate the fire test according to the standard EN-ISO 834 Fire resistance tests — Elements of
building construction — Part 1: General Requirements [1], in order to assess two of the three
classification criteria, specifically:

e R - Load bearing criterion (mechanical resistance),

e | —Insulation criterion.
The approach, the standards used, and the calculation procedures are described in Chapter 3.
The employed software is briefly described in Chapter 4, while Chapter 5 exposes the geometries
and lists the employed material in each structure.
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Chapter 6 describes the main hypotheses and assumptions related to the material properties.

The discretized models and the applied boundary conditions of thermal and structural analysis are
exposed respectively in Chapter 7 and Chapter 8.

In the end, the obtained results are described in Chapter 9 with the related conclusions reported
in Chapter 10.

3. FIRE MODELLING APPROACH

According to the ISO 834-1:1999 standard [1], the fire resistance classification criteria (REI) foresee:

e R -—Load bearing criterion (mechanical resistance),

e [E —Integrity criterion,

e | —Insulation criterion.
The evaluation of these criteria is based on the elapsed time for which the construction element is
able, respectively, to maintain its ability to support the load and to maintain its separating function,
without developing temperature on its unexposed face of:

e 140 °C (considered as the average temperature above the average initial temperature),

e 180 °C (considered as the temperature of any location at any time, above the average initial

temperature).

The thermal load consists of the heat flux coming from the ISO 834 Time-temperature curve. As the
temperature of the heat source is varying with time, a transient thermal analysis is necessary to
assess the insulation capacity of the components.

Iso 834 T-t Heat source

1400

__----__
1000 /
800

600

Temperature (K]

400

200

0 000 2000 3000 4000 5000 OO0 FOOO 8000

Time (sec)

Figure 1. Temperature vs time on the exposed face of the components during a fire test according to 1SO 834 standard

A coupled thermo-structural simulation allows the assessment of the theoretical insulation (I) and
load bearing (R) capacity of the structures developed during the project.

RE4_D3.5 Fire Modelling_Final_V2.0.docx

© RE? Consortium - This document and the information contained are RE? consortium property and shall not be
copied or disclosed to any third party without RE* consortium prior written authorisation

9



' 1 This project has received funding from the European
R ‘ T q Union’s Horizon 2020 research and innovation
l ' programme under grant agreement No 723583

The verification of the integrity criterion (E) is not foreseen to be checked with the FE modelling
approach proposed since it is not possible to reproduce the experimental procedure suggested by
the 1SO 834 Standard (i.e. mainly, by the verification of the ignition of a cotton pad applied on the
unexposed side of the prototype). It should be highlighted that the verification of the insulation and
load bearing capacity of the component are quite enough to assess the fire resistance performance
since the aim of the activity, within the RE* project, is not to certify the component for construction
purpose but only to understand its overall fire performance and to compare different components
solutions that have been developed during the project.

3.1. Insulation criterion (I)

According to ISO 834 Standard the insulation criterion consists of the verification of the elapsed time
for which the temperature increases, on the component unexposed side, is below:
e 140 °C (considered as the average temperature above the average initial temperature),
e 180 °C (considered as the temperature of any location above the average initial
temperature).

3.2. Loadbearing criterion (R)

According to ISO 834 Standard the loadbearing criterion consists of the verification of the elapsed
time for which the component continues to maintain its ability to support the load during the fire
event and the failure occurs when the following criteria have been exceeded:

a) For flexural elements

s . L?

Limiting deflection: D= 7004 (mm) and
— . db L? .
Limiting rate of deflection: — = (mm/min)

dt ~ 9000d

where L is the clear span of the component (in mm), d is the distance from the extreme fibre of the
compression zone to the extreme fibre of the tensile zone of the structural section (in mm), and t is
time (in min).

b) For axially loaded elements

— . . h
Limiting axial contraction: C = o0 (mm) and
N . dc _ 3h .
Limiting rate of contraction: — = —— (mm/min)
dt 1000

Where h is the initial height (in mm) and t is time (in min).

3.3. Boundary conditions & material properties

The following boundary conditions have been considered for performing the thermal analysis:
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¢ radiative and convective heat transmission on the exposed side of the components,
e convective heat transmission on the unexposed side,
e uniform initial temperature distribution (T ambient).

(a) [Hotside\ _]Cold side]

Convection ’
Radiation

Convection

Figure 2. Schematic representation of the thermal boundary conditions

The following conditions have been considered for performing the structural analysis:

e temperature body forces coming from the thermal analysis,

e structural boundary conditions.
To properly model the phenomenon, the following time dependent characteristics of the materials
of each constituent/layer of the components have been considered:

e thermal material properties: density, thermal conductivity, specific heat,

e mechanical material properties: thermal expansion coefficient, Young’s modulus, Poisson

coefficient, yield strength.

3.4. Input required for the fire assessment

The basic information needed to carry out the activities deal with:

e the geometry of the prototypes/components (CAD models and/or drawings), with a
description of each constituent of the prototypes (i.e. layers stratification, material and
thickness of each layer),

e Temperature (T) dependent thermal material properties: density (p), thermal conductivity
(A), specific heat (Cp), emissivity (¢) (see Table 1),

e Temperature dependent structural material properties: thermal expansion coefficient (p),
Young’s modulus (E), Poisson coefficient (v), yield strength Fy(T), and/or stress-strain curves
at different temperatures (see Table 2),

e Boundary conditions.
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Table 1. Temperature dependent thermal material properties

Temperature dependent thermal material properties

layer/constituent | Density Specific heat Thermal conductivity Emissivity’
of the component | (kg/m3) (J/kg*K) (W/m*K)
1 p(T) Cp(T) A(T) &(T)
p(T) Cp(T) A(T)
p(T) Cp(T) A(T)
p(T) Cp(T) MT)
n p(T) Cp(T) AT) g(T)

1 Emissivity should be provided only for the layer/constituent of the component exposed to the fire load

Table 2. Temperature dependent structural material properties

Temperature dependent structural material properties

Nonlinear properties
layer/constituent of Young's Poisson Ratio Thermal Expansion (Yield strength,

the component Modulus (Pa) Coefficient (1/K) tangent modulus...or
stress vs strain curves)

1 E(T) v a(T) Fy(T); Et(T)...

2 E(T) v a(T) Fy(T); Et(T)...

3 E(T) v a(T) Fy(T); Et(T)...

E(T) v a(T) Fy(T); Et(T)...

n E(T) v a(T) Fy(T); Et(T)...

In case of some data missing, the activity has started by accessing data provided in literature and
standards.

3.5. Fire modelling steps

The main activities to be carried out for the thermal assessment are summarized hereafter:

e analysis of the geometry of the prototypes/components for the identification of the
constituents to be modelled,

e definition of the thermal and structural material properties to be implemented in the FE
models,

e boundary conditions definitions (thermal and structural ones),

e detailed definition of the criteria against which the fire performances of the components
should be checked,

e thermal FE model stet-up and transient thermal simulations,

e structural FE model stet-up and coupled thermo- structural simulations,

e sensitivity analysis in order to investigate the effect of the main parameters (e.g. layers
thickness and/or layers material properties, boundary conditions etc.) and to support the
design of the prototypes/components,

e fire performance assessment of the developed components/prototypes.
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4. SOFTWARE

The following code has been used to carry out the numerical FEM analyses within the RE* project:
e ANSYS Enterprise is a general-purpose FE (Finite Element) software for structural analysis,
including linear, nonlinear and dynamic studies. The engineering simulation software
provides a complete set of elements behavior, material models and equation solvers for a
wide range of mechanical design problems [2].

5. GEOMETRY AND CONSTITUTING MATERIALS

The geometry of the RE* Timber Facade has been provided by ZRS Architekten Ingenieure [3], while
the dimensions and the layers of the RE* Concrete Sandwich Panel have been given by RISE
(Research Institutes of Sweden) [4] and ACCIONA [5]. Both structures present a layering related to
Northern Europe climate and another one for Southern Europe climate. In particular, for warm
weather conditions two options for the Timber Fagade have been provided. FEM analyses have been
performed on each version of the structure.

The following paragraphs describes the geometry of the analysed components, including also the
material employed for each layer.

5.1. RE* Timber Facade

All the information related to geometry, layer thicknesses and material properties of the following
Timber Facades have been provided by ZRS Architekten Ingenieure [3].

5.1.1. RE*CDW Timber Facade for Northern Europe

The repetitive unit of the Timber Facade, developed in RE* project for the cold climate, is shown in
Figure 3. The dimension of each layer and the employed material are listed in Table 3.
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outsige

4455

60 565 '
I
40 585
@ RE4 CDW Earthen Plaster (15 mm) @ Breather membrane sd=0.5

@ Wood fibre board (60 mm) @ Rear ventilated level (40 mm)
(3) Insulation from wood shavings + earth (230 mm) (7) Rear ventilated level (40 mm)
(4) Wood fibre board (40 mm) Larch (20 mm)

Figure 3. RE* CDW Timber Facade for NE climate

Table 3. Thicknesses and materials of NE RE4 CDW Timber Facade

Layer / Material Status Thickness Water vapour
[mm] resistance factor

[m]

RE4 CDW Earthen plaster RE4 product

Wood fibre board commercial 60 5/5 0,048
Insulation from wood

shavings + earth commercial 230 2/3 0,045
Timber Stud - Spruce RE4 product 20/ 50 0,13
Wood fibre board commercial 40 3/5 0,044
Breather membrane commercial 0.5 n/a 0,2

5.1.2. RE* CDW Timber Facade for Southern Europe

Concerning Southern Europe climate, two different solution have been developed within the RE*
project. The first one (Option 1) is represented in Figure 4, where its repetitive unit is shown, while
the material of each layer are listed in Table 4. The second one (Option 2) is shown in Figure 5 with
its related materials summarized in Table 5. The main difference between the two structures is
based on the presence of a layer of earth blocks in the Option 1.
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0
o
=3
o™
40 585
60 565
@ RE4 CDW Earthen Plaster (15 mm) @ Breather membrane sd=0,05m
(2) Wood fibre board (60 mm) (7) Rear ventilated level (40 mm)
(3) Earth blocks 1500kg/m* (115 mm) Rear ventilated level (40 mm)
@ RE4 wood fibre Insulation (60 mm) @ Larch (20 mm)

@ Wood fibre board (40 mm)

Figure 4. RE* CDW Timber Facade for SE climate — Option 1

Table 4. Thicknesses and materials of SE RE* CDW Timber Facade — Option 1

Layer / Material Thickness Water vapour A
[mm] resistance factor [W/mK]

[ml

RE4 CDW Earthen plaster RE4 product

Wood fibre board commercial 60 5/5 0,048
Earth blocks commercial e 5/10 0,66

Timber Stud - Spruce RE4 product 20/50 0,13

RE4 Wood fibre insulation

(CETMA) RE4 product 60 3/5 0.05

Timber Stud - Spruce RE4 product 20/ 50 0,13

Wood fibre board commercial 40 3/5 0,044
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40 585

) 565
(1) RE4 CDW Earthen Plaster (15 mm) (5) Breather membrane sd=0,05m
(2) Wood fibre board (40 mm) (6) Rear ventilated level (40 mm)
@ RE4 wood fibre Insulation (100 mm) @ Rear ventilated level (40 mm)
(4) Wood fibre board (40 mm) Larch (20 mm)

Figure 5.RE* CDW Timber Fagade for SE climate — Option 2

Table 5. Thicknesses and materials of SE RE* CDW Timber Facade — Option 2

Layer / Material Thickness = Water vapour A
[mm] resistance factor  [W/mK]

[ul

RE4 CDW Earthen plaster RE4 product

Wood fibre board commercial 40 5/5 0,038
RE4 Wood fibre insulation

(CETMA) RE4 product 100 3/5 0,05
Timber Stud - Spruce commercial 20/50 0,13
Wood fibre board commercial 40 3/5 0,044

5.2. RE? Concrete Sandwich Panel

5.2.1. RE* Concrete Sandwich Panel for Northern Europe

The layering and the materials employed in the Sandwich Panel for cold climate are shown in Figure
6. Both the inner and outer layers consist of steel reinforced CDW-based SCC. In addition, the inner
and the external layers are connected through pin connectors made of composite fiberglass.
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INNER LAYER 150 mm
100 mm
OUTER LAYER [ RE4SCC CDW + steel reinforcement , 80 mm

Figure 6.Layering of the Sandwich Panel for cold climate

Table 6. Thicknesses and materials of the Sandwich Panel for cold climate

Layer / Material Status Thickness Water vapour A
[mm] resistance factor [W/mK]

[u]

RE4 SCC CDW RE4
PE-PIR commercial 100 60 0.022
RE4 SCC CDW RE4 80 120 1.6

Fiberglass composite commercial / / 0.25

5.2.2. RE* Concrete Sandwich Panel for Southern Europe

The Sandwich Panel for warm climate mainly differs from the previous one because of the thicknesses of the layers
thicknesses of the layers (Figure 7). Furthermore, while the inner layer consists of steel reinforced CDW-based SCC,
the outer layer is composed of carbon textile reinforced CDW-based HPC. As for the rest, the employed materials (

Table 7) are the same as in the panel for cold climate. Also in this case the inner and the outer layer
are connected through pin connectors made of composite fiberglass.

INNER LAYER 120 mm
ATH CARE 60 mm
OUTER LAYER =~ RE4 HPC CDW + 2 layers of carbon textile reinf. | 40mm

Figure 7. Layering of the Sandwich Panel for warm climate
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Table 7. Thicknesses and materials of the Sandwich Panel for warm climate

Layer / Material Status Thickness Water vapour A
[mm] resistance factor [W/mK]

[u]

RE4 SCC CDW RE4
PE-PIR commercial 60 60 0.022
RE4 HPC CDW RE4 40 120 1.6

Fiberglass composite commercial / / 0.25

6. MATERIAL PROPERTIES

As explained in Section3.3, the developed transient thermal analyses require the definition of the
material properties as function of the temperature, preferably until its highest predictable value
(1200°C in this case considering the curve of the fire defined in [1]). Both experimental and literature
data have been employed. The following paragraphs describe the assumptions, the hypothesis and
the material properties of each layer.

6.1. Timber

Timber material properties have been provided by ZRS Architekten Ingenieure [3], by using the EN
1995 -1-2:2005 Eurocode 5: Design of timber structures — Part 1-2: Structural fire design [6]. The
evolution as function of temperature of density, thermal conductivity and specific heat are shown
in Figure 8, Figure 9 and Figure 10.
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Figure 8. Timber Density vs Temperature
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Figure 9. Timber Thermal Conductivity vs Temperature
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Figure 10. Timber Specific Heats vs Temperature

6.2. Wood fibreboard

Concerning wood fibreboard, in literature there are not detailed information about the material
properties of this kind of product at high temperature. Consequently, it has been supposed that
starting from the value at ambient temperature, the density decreases as function of the
temperature by following the trend of the timber density (Figure 8). Its variation is shown in Figure
11. The conductivity of this layer has been defined by using the suggestion reported in [7], which
recommends using a value equal to 35% of the solid wood. Consequently, by using the conductivity
defined in the previous paragraph, the property has been defined and its variation as function of

temperature is shown in Figure 12. In the end, the employed values for specific heat (Figure 13)
have been provided by CETMA [8] as results of experimental tests.
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Figure 11. Wood fibreboard Density vs Temperature
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Figure 13. Wood fibreboard Specific Heat vs Temperature

6.3. Earthen plaster and earth blocks

Material properties of earthen plaster and of the earth blocks have been considered to be the same.
All the implemented material properties have been provided by ZRS Architekten Ingenieure [3] and
taken from [9]. Figure 14, Figure 15 and Figure 16 show the variation of density, thermal
conductivity and specific heat as function of the temperature.
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Figure 16. Clay Specific Heat vs Temperature
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6.4. Concrete

Concrete thermal material properties have been defined by using the EN 1992-2-2005 Eurocode 2:
Design of concrete structures — Part 1-2: General rules — structural fire design [10]. The density, the
thermal conductivity and the specific heat as function of the temperature are shown in Figure 17,
Figure 18 and Figure 19.
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Figure 17. Concrete Density vs Temperature
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Figure 18. Concrete Thermal Conductivity vs Temperature
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In addition, since structural analysis has been performed only on the Sandwich Panel, the variation
of mechanical properties of concrete at temperature higher than ambient has been defined. In
particular, the elastic modulus [11], the Poisson’s ratio [12] and the coefficient of thermal expansion

[13] are reported in Figure 20, Figure 21 and Figure 22.

Isotropic Elasticity NVEHS
Young's Modulus g
/‘ __H'“*-«_
25 o/ e

&)
=

2
g
[=)
T
w
=
3

Y
=
_O'J
on
=
3
o
—

1

0.5

100 200 300 400 500 600 700 900
Temperature [C]

Figure 20. Concrete Elastic Modulus vs Temperature
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6.5. PE-PIR

Literature data for this kind of material at high temperature are very poor. [14] Therefore, the
decision was to consider constant values for density and specific heat. In particular, from [15] a
density value equal to 40 kg/m? has been used, while a specific heat equal to 1.478 kl/kg K [16] has
been considered. Concerning thermal conductivity (A), [17] specifies the following equation as
function of the temperature:

A(T) =0.02064 + 11.28 e-5 x T (W/mK)

However, its validity could be limited in a not wide temperature range because of the degradation
of the material around 300-400°C.

7. DISCRETIZED MODEL

7.1. RE* Timber Fagcade

The FE models of the RE* Timber Facade have been developed by considering a bi-dimensional
repetitive unite of the entire structure. In particular, a portion of the geometry around the stud,
which is a thermal bridge as confirmed in the Deliverable 3.4 Hygrothermal Modelling [18], has been
modelled. It is sufficient to analyse just this portion of the geometry and to develop a 2D model
rather than a 3D one, since the Timber Fagade is not a structural component. As consequence, only
the thermal analysis has been performed.

7.1.1. RE* CDW Timber Facade for Northern Europe

Figure 23 shows the discretized model of the Timber Facade for Northern Europe developed within
RE*project. 2374 nodes and 2267 quadrilateral PLANE 55 elements have been used, with an average
element dimension equal to 0.01 m. More information related to PLANE 55 element can be found
in Section.7.3.

ANSYS

ELEMENTS R19.2]

TYPE NUM

STUD Elem. Type: PLANE 55
s Avg. Size: 0.01 m

H Num. Nodes = 2374

2 H : Num. Elements= 2267

S WOOD FIBRE
INSULATON | BOARD
LAYER i
RE4 CDW
EARTHERN
PLASTER

Figure 23. FE model of the RE* CDW Timber Facade for cold climate
RE4_D3.5 Fire Modelling_Final_V2.0.docx
© RE? Consortium - This document and the information contained are RE? consortium property and shall not be
copied or disclosed to any third party without RE* consortium prior written authorisation
29




' 1 This project has received funding from the European
R ‘ [ ] q Union’s Horizon 2020 research and innovation
. ' programme under grant agreement No 723583

7.1.2. RE*CDW Timber Facgade for Southern Europe (Option 1)

Figure 24 shows the FE model of the first option of the RE* CDW Timber Facade for warm climate.
It has been created by using 2049 nodes and 1947 PLANE 55 elements.
More information related to PLANE 55 element can be found in Section 7.3.

ANSYS

STUD Elem. Type: PLANE 55
s Avg. Size: 0.01 m
Num. Nodes = 2049
INSULATON Num. Elements= 1947
LAYER
WOOD FIBRE
EARTH - / BOARD
BLOCKS RE4 COW
I EARTHEN
PLASTER

Figure 24. FE model of the RE* CDW Timber Facade for warm climate — Option 1

7.1.3. RE* CDW Timber Fagade for Southern Europe (Option 2)

The FE model of the second option of the RE* CDW Timber Facade for warm climate is shown in
Figure 25. 1530 nodes and 1436 PLANE 55 elements have been employed in order to build the
model.

More information related to PLANE 55 element can be found in Par.7.3.

COMPONENTS AN%\;&
STUD Elem. Type: PLANE 55
N Avg. Size: 0.01 m
Num. Nodes = 1530
INSULATON Num. Elements = 1436
LAYER | i N
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PLASTER

Figure 25. FE model of the RE* CDW Timber Facade for warm climate — Option 2
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7.2. RE* Concrete Sandwich Panel

A 2D model and a 3D model have been developed for the RE* Concrete Sandwich Panel for warm
climate and for the one related to cold climate, respectively. In the first case, only thermal analysis
has been performed, since the panel is not structural and considering that the effect of the pin
connectors as 3D thermal bridge is negligible, as demonstrated in [18]. Concerning the panel for
Northern Europe, it is characterized by structural functionality and a structural simulation has been
performed. As consequence, the development of a 3D model has been necessary.

7.2.1. RE* Concrete Sandwich Panel for Northern Europe

The dimension of the FE model of the Sandwich Panel for Northern Europe can be found in Appendix
A. The discretized model is shown in Figure 26. 190132 nodes and 40698 hexahedral elements, with
an average element size equal to 0.020 m. SOLID 90 element type has been used for thermal
analysis, while for the structural one SOLID 185 has been employed.

More information related to SOLID 90 and SOLID 185 element can be found in Sections 7.4 and 7.5.,
respectively.

ANSYS

COVMPONENTS R19.2
Set 1  of 1
(Elems)

CONCRETE

Figure 26. FE model of the Sandwich Panel for cold climate

7.2.2. RE* Concrete Sandwich Panel for Southern Europe

The dimension of the analysed section can be found in Appendix B. Figure 27 shows the 2D FE model
of the Sandwich Panel for warm climate. The model has been built with 2482 node and 693 PLANE
55 elements.

More information related to PLANE 55 element can be found in Section 7.4.
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Figure 27. FE model of the Sandwich Panel for warm climate

7.3. PLANE 55

PLANE5SS5 can be used as a plane element or as an axisymmetric ring element with a 2-D thermal
conductivity capability. The element has four nodes with a single degree of freedom, temperature,
at each node. The element is applicable to a 2-D, steady-state or transient thermal analysis [2].

L @ K
EL

@

v I

{or axial) I

@ I (Trizngular Option)
3 (or radial)

Figure 28. PLANE 55 Geometry

i)

7.4. SOLID 90

SOLID 90 has 20 nodes with a single degree of freedom, temperature, at each node. The 20-node
elements have compatible temperature shapes and are well suited to model curved boundaries.
The 20-node thermal element is applicable to a 3-D, steady-state or transient thermal analysis [2].
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7.5. SOLID 185

SOLID 185 is used for 3-D modelling of solid structures. It is defined by eight nodes having three
degrees of freedom at each node: translations in the nodal x, y, and z directions. The element has
plasticity, hyperelasticity, stress stiffening, creep, large deflection, and large strain capabilities. It
also has mixed formulation capability for simulating deformations of nearly incompressible
elastoplastic materials, and fully incompressible hyperelastic materials [2].

8]

Figure 29. SOLID 185 Geometry

8. BOUNDARY CONDITIONS

8.1. Thermal Boundary Conditions

The same thermal boundary condition has been employed for each RE* Timber Facade and for the
two RE* Concrete Sandwich Panels. As explained in the approach described in Section 3.3, three
conditions can be defined:

e radiative and convective heat transmission on the exposed side of the components

e convective heat transmission on the unexposed side

e uniform initial temperature distribution (T ambient)
The exposed side corresponds to the inner side of each panel, while the unexposed one is the outer
side of the structures. The boundary conditions can be summarized as follows:

e Convection on the outer surface with air temperature equal to 20°C and film coefficient

equal to 25 W/m?K (Tbuik = 20 C°, hext = 25 W/mZ2K)
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e Convection on the inner surface with air temperature equal to the equation as function of
the time: T = 345*Log [((8*time)/60)+1] + 20°C [1] and film coefficient equal to 10 W/m?K

(Touik = 345*Log [((8*time)/60)+1] + 20°C°, hint = 10 W/mZ2K)

e Radiation on the inner surface with ambient temperature defined by the function T =

345*Log [((8*time)/60)+1] + 20°C and emissivity as function of the material
e Uniform initial temperature equal to 20°C

Concerning emissivity, a value equal to 0.91 has been used for Timber Facade and 0.92 for

Sandwich Panel [19].

8.2. Structural Boundary Conditions

Structural boundary conditions have been defined as fully supported boundary conditions and they

can be summarized as it follows:
e Fixed displacements along all the direction on the perimeter of the panel Figure 30;
e Earth gravity load along Z-axis of the Figure 30;
e Thermal transient load obtained as results of the previous thermal analysis.

D: Transient Structural
Transient 2
Time: 21600 s
A Standard Earth Gravity: 9806,6 mm/s?
|8l Fixed Support
B
1000,00 (mm) l\‘
=—————1
250,00 750,00
Figure 30. Fully supported boundary conditions

9.1. Thermal analysis — RE? Timber Facade

9.1.1. RE* CDW Timber Facade for Northern Europe

The following pictures report the contour plot of the temperature of the RE* CDW Timber Facade
for Northern Europe, at different instants of time. Specifically, since the index of the REI
classification are 10, 15, 20, 30, 45, 60, 90, 120, 180, 240 and 360, some of these specific minutes

have been considered.
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Figure 31. Temperature distribution (°C) on RE* CDW Timber Facade for Northern Europe after 45 min.
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Figure 32. Temperature distribution (°C) on RE* CDW Timber Facade for Northern Europe after 90 min.

RE4_D3.5 Fire Modelling_Final_V2.0.docx
© RE? Consortium - This document and the information contained are RE* consortium property and shall not be

copied or disclosed to any third party without RE* consortium prior written authorisation
35




' 1 This project has received funding from the European
R ‘ T q Union’s Horizon 2020 research and innovation
' ' programme under grant agreement No 723583

NODAIL SOLUTTON AN%YQ%

TEMP
RSYS=0
SMI =20
SMX =1111.26

I 2 s
20 262.503 505.006 _ 747,509 990.013
141.252 383.755 626.258 868.761 1111.26
Fire timber facade—Transient Thermal (B4)

Figure 33. Temperature distribution (°C) on RE*CDW Timber Facade for Northern Europe after 180 min.
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Figure 34. Temperature distribution (°C) on RE* CDW Timber Facade for Northern Europe after 240 min.
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Figure 35. Temperature distribution (°C) on RE* CDW Timber Facade for Northern Europe after 360 min.

Figure 36 and Figure 37 show the temperature on the warmest node of the exposed side and of the
one on the unexposed side, respectively, as function of the time. Considering the criteria defined in
Section 3.1, the highest predicted temperature on the outer layer, which is ca 35°C, is lower than
180°C and consequently also the average temperature is lower than 140°C at the minute 360.
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Figure 36. Maximum temperature on the exposed side vs Time
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Figure 37. Maximum temperature on the unexposed side vs Time

9.1.2. RE* CDW Timber Fagade for Southern Europe (Option 1)

Similar to the previous analysis, the following figures show the temperature contour plot of the
Timber Facade for warm climate (option 1) at the minutes 45, 90, 180, 240 and 360.
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Figure 38. Temperature distribution (°C) on RE* CDW Timber Facade for Southern Europe — Option 1 — after 45 min.
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Figure 39. Temperature distribution (°C) on RE4 CDW Timber Fagade for Southern Europe — Option 1 — after 90 min
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Figure 40. Temperature distribution (°C) on RE* CDW Timber Facade for Southern Europe — Option 1 — after 180 min
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Figure 41. Temperature distribution (°C) on RE* CDW Timber Facade for Southern Europe — Option 1 — after 240 min
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Figure 42. Temperature distribution (°C) on RE* CDW Timber Facade for Southern Europe — Option 1 — after 360 min

Figure 43 shows the highest temperature at the warmest node as function of time of the exposed
side of the structure. Figure 44 displays the same graph but evaluating the unexposed layer and

predicting a peak equal to 21 °C at 360 min, which is well below 180°C, and by consequence also the
average temperature is lower than 140°C.
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Figure 43. Maximum temperature on the exposed side vs Time
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Figure 44. Maximum temperature on the exposed side vs Time

9.1.3. RE* CDW Timber Fagade for Southern Europe (Option 2)

The temperature distribution on the Timber Facade for warm climate (Option 2) at the minutes 45,
90, 180, 240 and 360 are shown in the following figures.
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Figure 45. Temperature distribution (°C) on RE*CDW Timber Facade for Southern Europe — Option 2 — after 45 min.
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Figure 46. Temperature distribution (°C) on RE* CDW Timber Facade for Southern Europe — Option 2 — after 90 min.
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Figure 47. Temperature distribution (°C) on RE*CDW Timber Facade for Southern Europe — Option 2 — after 180 min.
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Figure 48. Temperature distribution (°C) on RE* CDW Timber Facade for Southern Europe — Option 2 — after 240 min.
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Figure 49. Temperature distribution (°C) on RE* CDW Timber Facade for Southern Europe — Option 2 — after 360 min.

The maximum temperature on the exposed side as function of the time is shown in Figure 50. Figure
51 shows that on the unexposed side, after 360 min the highest temperature is about 116 °C, which
is lower than 180°C and ensure an average temperature on the outer layer lower than 140°C.
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Figure 50. Maximum temperature on the exposed side vs Time
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Figure 51. Minimum temperature on the unexposed side vs Time

9.2. Thermal analysis — RE* Concrete Sandwich Panel

9.2.1. RE* Concrete Sandwich Panel for Northern Europe

The temperature contour plot on the Sandwich Panel for Northern Europe is shown in the following
figures for the minutes 45, 90, 180, 240 and 360.
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Figure 52. Temperature distribution (°C) on Sandwich Panel for Northern Europe after 45 min.
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Figure 53. Temperature distribution (°C) on Sandwich Panel for Northern Europe after 90 min.
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Figure 54. Temperature distribution (°C) on Sandwich Panel for Northern Europe after 180 min.
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Figure 55. Temperature distribution (°C) on Sandwich Panel for Northern Europe after 240 min.
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Figure 56. Temperature distribution (°C) on Sandwich Panel for Northern Europe after 360 min.

The maximum temperature on the exposed side and on the unexposed one, as function of the time,

is shown in Figure 64 and Figure 65 respectively. The outer layer reaches a maximum temperature
equal to 23.4°C at 360 min, satisfying the criteria defined in Section 3.1.
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Figure 57. Maximum temperature on the exposed side vs Time
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Figure 58. Maximum temperature on the unexposed side vs Time

9.2.2. RE* Concrete Sandwich Panel for Southern Europe

The figures below show the temperature distribution at the minutes 45, 90,180,240 and 360, on the
Sandwich Panel for Southern Europe.
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Figure 59. Temperature distribution (°C) on RE* Concrete Sandwich Panel for Southern Europe after 45 min.
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Figure 60. Temperature distribution (°C) on RE* Concrete Sandwich Panel for Southern Europe after 90 min.
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Figure 61. Temperature distribution (°C) on RE* Concrete Sandwich Panel for Southern Europe after 180 min.
ANSYS

R19.2
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Figure 62. Temperature distribution (°C) on RE* Concrete Sandwich Panel for Southern Europe after 240 min.
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Figure 63. Temperature distribution (°C) on RE* Concrete Sandwich Panel for Southern Europe after 360 min.

Figure 64 shows how the maximum temperature on the exposed side increases with time, while
Figure 65 shows the graph of the highest temperature on the unexposed side during all the time of

the simulation. The latter figure displays a peak equal to about 34°C at 360 min, which is lower than
180°C and able to guarantee a mean value lower than 140°C.
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Figure 64. Maximum temperature on the exposed side vs Time
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Figure 65. Maximum temperature on the unexposed side vs Time

9.3. Structural analysis — RE* Concrete Sandwich Panel

The contour plot of the total displacement [mm] on the exposed side for the minutes 90, 180, 240
and 360 is shown in Figure 66, Figure 67, Figure 68 and Figure 69, respectively. The structure
exhibits a deflection and the maximum displacement, equal to about 2.74 mm, has been reached
on the exposed panel. The graph in Figure 70 shows how the maximum deflection increases over
time. The highest value has been used in order to check the criteria defined in Section 3.2. The
limiting deflection has been calculated as following:

2
Limiting deflection, D = 40L0 - (mm) =11.83 mm
With
d =330 mm
L=1250 mm

The obtained value is higher than the maximum deflection and the first criterion is satisfied.
The limiting rate of deflection can be evaluated as:
LZ

Limiting rate of deflection, L - (mm/min) = 0.52 mm/min
dt ~ 9000d
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The maximum registered rate of deflection is equal to 0.288 mm/min from minute 129 to minute
130, as visible in Figure 71, and consequently also the second criterion is satisfied.

ANSYS

WNCDAL SCLUTTIC R19.2

STEP=1

SUB =90
TIME=5400
U3 LAVG)
RSYS=0

DM =.849938
SMX =.849938

.188875 LTS .566625 L7555
094438 283313 472188 .B61063 849938

Figure 66. Total displacement (mm) on the exposed side - minute 90
ANSYS
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Figure 67. Total displacement (mm) on the exposed side - minute 180
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Figure 68. Total displacement (mm) on the exposed side - minute 240
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Figure 69. Total displacement (mm) on the exposed side - minute 360
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Figure 70. Deflection (mm) vs Time (s) — Exposed side

Rate of deflection

0.35
03
0.25

02

Rate (mmy/s)
o
=
(5]

0.1

0.05

0 5000 10000 15000 20000 25000

-0.05 -
Time (s)

Figure 71. Rate of deflection (mm/s) vs Time (s) — Exposed side

Looking at the unexposed side, the following Figures shows the contour plot of the total
displacement for the minutes 90, 180, 240 and 360. The graph in Figure 76 shows how the maximum
displacement increases over the time, reaching a maximum equal to 2.02 mm and consequently
lower than the previous limiting deflection calculated. The rate of the deflection is shown in Figure
77, displaying a peak equal to about 0.29 mm/min, which is below the limiting value calculated.
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Figure 72. Total displacement (mm) on the unexposed side - minute 90
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Figure 73. Total displacement (mm) on the unexposed side - minute 180
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Figure 74. Total displacement (mm) on the unexposed side - minute 240
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Figure 75. Total displacement (mm) on the unexposed side - minute 360
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Figure 76. Deflection (mm) vs Time (s)
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Figure 77. Rate of deflection (mm/s) vs Time (s)

9.4. Summary of results

The thermal results analyses are summarized in Table 8. In particular, the maximum and the average
temperature on the unexposed side (Tmax and Taverage, respectively), the allowable maximum and
average temperature on the unexposed side (Tmax allowable and Tavg allowable respectively) and, in the
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end, the insulation index / are reported. Following the criteria exposed in the approach in Section
3.1, each structure has been classified with an insulation index 1=360.

Table 8. Thermal analysis results

Index
|

Tavg allowable

(°c)

Tmaxallowable

(*c)

Taverage
Structure

(W]
RE* CDW - NE Timber Facade
RE* CDW SE Timber Fagade
(Option 1)

RE* CDW SE Timber Fagade
(Option 2)

RE? NE Concrete Sandwich

Panel

RE4SE Concrete Sandwich
Panel

Table 9 summarizes the structural results obtained on the analysed structure, i.e. the Sandwich
Panel for cold climate. The maximum deflection and the maximum deflection rate are reported with
their limit values, calculated following the approach described in Section 3.2. The obtained results
show how the loadbearing criteria are satisfied until the minute 360.

Table 9. Structural analysis results

Max. Max.Deflection Max.Deflection Max.Deflection Index
Deflection Rate Allowable Rate R
(mm) (mm/min) (mm) Allowable(mm/min)

Boundary
conditions

Fully supported \

10. CONCLUSIONS AND RECOMMENDATIONS

This document describes the outcome of the Subtask 3.4.3, namely Fire Modelling. The approach
and the methodologies useful to define the fire resistance of the analysed structures have been
previously established. In a second step, thermal and structural material properties as function of
temperature has been defined by using both literature and experimental data and by making
hypothesis and assumptions necessary to define the behaviour of some material at high
temperature. Then, starting from the geometries provided by the partners, the 2D FE models of
three version of the RE* Timber Facade have been developed, followed by the 2D model of the RE*
Concrete Sandwich Panel for the warm climate and by the 3D model of the RE* Concrete Sandwich
Panel for cold climate. The performed transient thermal analyses have been able to replicate the
fire test by applying a condition of radiation and a condition of convection on the exposed side (inner
layer of the structures) with a temperature defined by the equation T= 345*Log
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[(8*time)/60)+1]+20°C [1]. The results have been compared with the insulation criteria, which
define a maximum allowable temperature and an average allowable temperature on the unexposed
side, in order to assess an insulation index I. All the structures have been able to withstand the
thermal load until the end of the simulation (360 min) and consequently an index I=360 has been
assigned.

Structural analysis has been also performed on the load bearing component, i.e. the RE* Concrete
Sandwich Panel for cold climate. A transient analysis has been performed by considering the results
of the previous thermal analysis as thermal load, accompanied by the gravity earth load. Considering
the loadbearing criteria, the results have shown how the structure with fully supported condition is
able to respect the defined criteria until the end of the analysis and an index R=360 has been
assessed.

In the end, it is important to stress the aspect related to components catching fire. It is impossible
to include this kind of phenomenon in the developed simulations, though some physical
transformations like water evaporation or charring formation have been considered by
implementing the variation of the affected material properties.
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