N
N

N

HAL

open science

Combined Fire Safety and Comfort Study Using
Moment Independent and Variance Based Method

Karim Khan Juhoor, Laurent Lemaitre, Maxime Boulinguez, Alain Bastide

» To cite this version:

Karim Khan Juhoor, Laurent Lemaitre, Maxime Boulinguez, Alain Bastide. Combined Fire Safety
and Comfort Study Using Moment Independent and Variance Based Method. Building Simulation,

2017, San Francisco, United States. hal-01629275

HAL Id: hal-01629275
https://hal.science/hal-01629275v1
Submitted on 6 Nov 2017

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-01629275v1
https://hal.archives-ouvertes.fr

Comblned Fire Safety and Co *Qtudy Using Moment Independent and Variance Based Method

im Khan Juhoo:-f‘” rentLemltr . Maxime Boulinguez', Alain Bastide?

ontact Information
o ~ 00 INTEGRALE

BUILDING il

!g

INTERNATIONAL
BUILDING
PERFORMANCE
SIMULATION

~ 1Intégrale Ingénierie, Sai P rre, La R nion, Fr

< Ty ke st W . SIMULATION 2017 i
Z2Laboratoire Pimenkldr of La Reunion, Le Tampon, France / *karim.juhoor@integrale.re

4 3 - ”IIJB N [HlE AUGUST 7-9 SAN FRANCISCO ||| RS
r *’ oduction - | Sensitivity Analy:si s
| Sustainable or safety design ? The key idea consists in representing the output Variance Vy (4) as a
New buildings must enhance passive design summation of increasing order terms:
strategies, especially in tropical context, as well as a
high safety level. Considering Fire safety and Vy = Z Vit Z Vij+ -+ Vip (4)
thermal comfort as the root of a sustainable 1sisjsp
project, one should be careful of the interactions With Vi the variance of the output distribution. The V; (5) and V;; (6)
that can exist between these two key considerations, terms can be calculated as follows:
especially in passive buildings. V. = VE[Y|X,]) 5 vi; = V(E[Y|X, X;]) = Vi - )
Comfort and safety measures | Sobol’ (1990) introduced his first (7) and second (8) order indices while
S°'°25 Cenoir Netural Mechapical vertiaor S — Homma and Saltelli (1996) worked on a total order index (9), which is
g oonol it O S 2% Te%%tﬁre define as the sum of all order sensitivity indices relative to the parameters
Goms| T X; as follows:
v, v,
E 0.010 Si = (7) Sl] = (8) STi — 2 Sk
Lo o 'y y o
i | (L With #i, all the indices that contain i (j, j, ijk, ijKI ...).
Temperature (°C)
| Results

The extended Givoni's (Givoni, 1969) zones proposed by Lenoir (2013) are

chosen here to define the thermal comfort index named C (1) Sensitivity Analysis / Total order measurements

e
Nbygiyes Flow_rate

C = ND Room_height  mmm
values Window_width  ——

Outdoor_temperature m

The index selected for fire safety evaluation, S (2), is based on three threshold Room_lenght

values (Allard et al. 2011) : The maximal upper layer temperature (ULT), the Window_sill_height  m
lower layer temperature (LLT) aod the minimal layer height (LH) with respect lndoor_i‘:s;—;vt'it'; ' = Combined study
to the French fire safety regulation for LH. Orientation  m o Trorro Cornfort ade
Floor_thick t
Nbygiyes — Zlfbvalues Nb(TULT>206°C or Ty 7>60°C or LH<1,80m) o F;ZIantievSeS__Iflzrr]rfirdeit; I B fire Safety alone Toz‘?/Um’er
S = NbD , (2) Wall_thickness_insulation | ?’/770//595‘277[0;
values Wall_thickness_plasterboard | ecomaoine
Nb represents the number of values or number of simulation points. : \?/igftﬁi”Ck”efS—tc'asdi”g ;’?‘/f/’?f d
OO0I_tNICKNess_plasterpoar /1Ssoc/ale
Normalized index (3) associating comfort and safety Roof_thickness_deck studies, with
1 7 Roof_thickness_insulation a=05
I=aXS+BXC . B=0-a€l] (3 0 05 | 15 > 25
0 Total Order indices
s Case Study | The First two parameters are the same for the global and the dissociated
studies.
-Common parameters - | Conflicting parameter
-Window geometry : sill, soffit, width | 40 - 18 .
| - . : : i i | — — P(Y
Room geometry : sill height, soffit height, window width ; sf| Eﬁl’mo,zm 3 16 v 0,201 |
Ventilation: flow rate el mame) (R /O — o)
__________________________________________________________________________________________ | EZ-E' —  P(Y|Xi) 160,80] / - 2 10l — P(Y|Xi) 160,80] ||
EnergyPlus parameters 22 -
Wall  material  thickness:  cladding, ) : A |
insulation, plasterboard N 1
Roof material thickness: deck, insulation, 00— . ol . . . .
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.65 0.70 0.75 0.80 0.85 0.90
. . olasterboard N Global index a = 0.9 . . | Global index & = 0.1
Window sill helght _ . . Condiitional probability density function of global index | for different ranges of flow rate la=0.9
= loor material thickness: concrete ra-01)
e Room orientation : T parameter On the one hand, increasing flow rate also increases the global index
CFAST parameters : | 3 when the emphasis is laid on fire safety (a=0.9). On the other hand, it can
“Indoor conditions: Temperature, Relative Humidity ) { . be observed that the global index decreases, when considering thermal
' Outdoor condition: Temperature o o comfort with a greater weight (a=0.1). The flow rate is identify here as
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' conflicting
Methodology | .
Conclusion

______________________________________________________________________________________________________________

Parameters boundaries description

This study presented a combined study methodology in order to assess
[X1minsX1max] : [X2min-X2max] : [X3min:X3max] :---

both thermal comfort and Ffire safety in buildings, using sensitivity
analysis and probability density function analysis. The results obtained
demonstrated the importance of considering both comfort and fire
safety targets together, knowing that these two considerations have

Parameters distribution and sampling

parameters
on model output I

v
Sensitivity Analysis of input

Zﬁggﬁg%ﬁﬁ common inputs parameters. The use of probability density function
- indices allowed to identify the flow rate as a contentious parameter.
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