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Abstract

The presence of combustible objects within escap

regul ations, as such objects may <contribute to
evacuation safety. However, in resiadffiméenmn adorctaaien
items of furniture that i mprove the quality of |
of billiard tables within atria. This research i
within a residenftfieaclt se secvaapceu artd wotne saf ety and un
presence can be justified as providing an equi va

safety principles.

The study was conducted using a combination of f

and evacuation analysi s. Two billiard tables wi
controlled ignition experiments teadetrerl miarse trile
(HRR), thermal behavior and smoke production. T

for a series of CFAST fire simulations represent
Pathfinder evacuati on modealrien gt hvea sAvpad rl fadorl e dS atf e
(ASET) with the Required Safe Egress mpiameed RS
occupants. A parametric analysis was conducted t
fire safety performance.

The experiments showed that neither billiard ta
speci mens stayed in a |localized smoldering stat
temperature increases, and heat rred seualstes rsaht cevee b e
t her mal tenability | imits were never reached an:
safety threshol ds, even under conservative assu
result, the calculated ARSETwdsormuadh oraesaetser t ha
The research concludes that a traditional billia
assumed. Wivtohiumel aregé denti al atri acarhebe rjewssetnicfei

as prov
tenabil

[ ing an equivalent -basell ahafysessahewy:

ity conditions and sufficiemur woadret yt mar g
findings indi-iclRlt ac e hatr at &dymwymay be a safer and
than full e v ac uteotfi olno chailliltilealrl devwi &tarier esi dent i al |
environment .

d
t

Keywor Hisr e Safety Engi neBearsiendg, DePseirgfno,r mBnt ki ar d
Smol dering Combustion, CFAST,-i Whabéj n®enj o ASHDMU
Equivalent Fire Safety.
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Li st of Abbreviati on

Abbreviati Definition

ACM As besCoonst ai ni ng Material s

ASET Avail able Safe Egress Ti me

Bbl Besluit Bouwwerken Leefomgevi ng

BBRAD Brandskydd TAIlIblygagmmaa erad ( Swedi
safety regulations/ benchmar ks)

BPS Building Physics and Services

CFAST Consolidated Model of Fire Grov

CFD Computational Fl uid Dynamics

coO Carbon Monoxi de

cQ Carbon Dioxide

FDS Fire Dynamics Simulator

FED Fractional Ef fective Dose

FEDt her mal Fractional Effective Dose for
He at Exposur e

FEDt oxi ¢ Fractional Ef fective Dose for 1

FSE Fire Safety Engineering

HCN Hydrogen Cyani de

HRR Heat Rel ease Rate

| SO I nternational Organi zation for

MD F Medi-Demnsity Fiberboard

ML R Mass Loss Rate

NI ST Nati onal Il nstitute of Standard:

02 Oxygen

RSET Required Safe Egress Ti me

RWA/ SHEYV R o o&kn Wav eatoes r / Smok e and He a
(System)

SFPE Society of Fire Protection Engi
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Equi val ent Safety (AGerleigjuklwaataorrdyi gneecihdaynii sm under
all owing deviations from strict prescriptive req
the alternative solution guarantees an equal | ev

Per f or ABaansceed DA gm:gi neering design methodol ogy
with quantitative analyses of safety outcomes,
safe escape window exceeds the required time (AS

St awPl ace St rAatfeigrye safety respons-eselwther el ivad tn,e
i mmovakbkeée dcdamatasf el vy wi trhatned hceamp dritrmrment s rat her t

evacuations across active | ocalized fire zones.
Tenabilitthreismiot d: criteria (such as minimum vi si
heat fl uxes, and maxi mum accumulsptaehse,ltoon i veh i gcahs
conditions remas.n safe for human

Smol dering CoMmb sd toivy @ mMpew at ur e, fl amel ess fornmn
character i-ban si toyf nmaitgehr i al s, it causes mini mal €
produces persistent, uniformly distributed smoke

Ext-Pmaot ect ed EscXlpaer eRbudceersr:i dors and -cgpersde mptat h
residenti al functions that prescriptively ban c
suffer from compromi sedaipadbepeéenderst evacuati on

Thermal Aneompaund physical property of heavier
hardwood t-fi mbme) stulbat dictates their resistance
preventing fi rsugtraiwtihn @ nidg rsietl ifon.

he massive sl at
y conducting an
cal ignition |in

Heat SAinn kel e ment (specifically t
assembly) capable of continuous|l
surface temperatures below criti
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TU/e st
1l ntroducti on

1 . Plrobl em Statement

I n t he Net her | ands, fire safety i n t he built

bouwwe rle&keefnromgeving (Bbl). A fundament al princiopl e
is the I'imitation of fire | oads to make sure th
an evacuation. Speci ficailnlcyl, cdiroeg ¢cemp adreeant al | if ku
housi ng, prescriptive regulations completely prc
rout es. This measure is applied to prevent s mo

bl ocking the only avawhfohehe haaye -feldiuvpredepkel f

However, this prescriptive no tolerance approach
requirements of elderly ho(use em gA pBdesaddidxy orlpdrages
secti eamseewnifor )feceei MpPfeadi pi ctureaofd Tthbheratdoram
regularly designed as bsthaulrini cdanmter, als ucdchidasle bhidb g
soci alplsapyotasn i mportant role in the rbesifidgdrst sbé ¢
creates a tension between the soci al necessity

requirements ofcomlresscriptive fire

Currently, fire safety speciali9td aarkd aSaftatnyd aRe
scientifically supported methodol ogy to allow s
Safety (Gelijkwaardigheid).

While the andreking Brandveilig Gebruik van VI L
fireloads, it relies mostly on fire | oad esti ma
accounetx amlge er i al compositiasi et i bhgd rloduvao oddf t farbd neess
vul canized rubber -sywndhiedn s, bd redtdaskoeo In acirt ¢ chaaecs oiumn
speci f-i®l 8ceyversus Evacuation strategies requir

there is a signi fciocnacnetnt nienagavd tedagle Kapt Rel ease R
smoke pr acdycatbiidfi ttireesse obj ectisr,r evghpilpchh o©lde atohnet o
regul amido kuenlnyecessary rest fireteidmms on resident

FigareOf fice of the VRZHZGoongbDer Maesht n. deg¢rpark

13
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1. Research Objective

The main objective of this master project is to
|l ocated in a residential escape route and to det
at 1 tos intemdeodiewhivangea | ewnhti Iseaf et y

I'n this project, a justified presence isidefinec
RSET) stays positive and tenability | imit-s are
case conditions. To ensure the sfeisnGhimsemar bi gha
atrium in a building as a baseline, a typology f
I n order to achieve this in the research the f ol

1.Characterizing the object specific fire beh

traditional billiard table through experi ment
2.Devel op a pkradeod mamamewor k that combines the
(BBRAD) benchmar ks for impaired mobility int

3. Take inta haeccanpnatct yopfe diffdredbelmets er iopé t he
Avail able Safe Egress Time (ASET) and Requir
simul ations.

1 Besearch Questions

The main research question i s:
To what extbhnt Itidabréede @1 aced in a residenti al
evacuati on safety, and under whi ch conditio

providing equivalent fire safety according t ¢
To answer this,qgudetifohnd ocawvi mgaddmbessed:

Wh a't fire safety performance <criteria (e.g.
visibility) are relevant for assessing evacu:

What are the fire characteristics (HRR)] I imads
table, and how do material variations (e.g. 1

tadbnee fofre affect the ASET in

How does thebpt
to the RSET of vulnerable occupants"

compared

Can a-i®tlaayce strategy provide a higher | evel
the event of a |l ocalized furniture fire in ai

1. Research Rel evance

This research is relevant as it moves away from
(MJP)ans sumptions towards a more object specific f
Model of Fire and ASSWo kaen dT roacncsuppoarntt (nFy e ment mod e |
i tuppotrhes field of Performance Based Design.

Both socially and |l egally, t he ©pr ojHocltl ainsgd rZeuli edv
(VRZHZ) and to other Veiligheidsregios in the Ne

14
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I't gitewedinacal ground based on which informed dec
saf ety Iwiivédloifrhessesni or @arde rfead idleinttijiFaudr t hemmloe e s b
comparing the Dutch safety | evels against the S
approach on safety factors for impaired mobility

1l . Besearch Methodol ogy
LiteratuSettSitmglyt he safety thresholds (ASET/ RSE

properties of billiard table components (Har dwoo
Experi mentQdndPuhcatsienng | aboratory experiments (in
detertmienei gni tion probability and initial fire g
Numerical Bumolmpariamahal gsiASTion mbFkdel s mo&kre spr ecé

atrium and using Pathfinder to simulate evacuat.
staffing scenari os.

Synthesi s andComphrdagi osni:mul ati on results wi t h
reqguirements of the Bbl and the tenability | i mi
recommendati on.

1. Besearch Limitations

The research takes i nto account traditional har c
for | ightweight MDF o¢fc othppwrsnamentabdressde pl astic
The human behavior i n Pathfinder is based on t he
(2/3 reduction), psychological factors Ilike fire

addressed througimoovemeantyv dtiimee deprneays.

1. Structure of Report

Chaptdray2: the theoretical background, focusing
BBRAD benchmar ks.

Chaptedret2ai |l s the materiabilclhimasbibhdeeler pamidehsee o f t

hi storical signibiilclainared otf altlae a mbroltehe Dutch cul
Chaptedes&ri bes the experimental setup and mas
Further more it deals with the methodol ogy, det ai

fire simulations and Pathfinder evacuation model

ChaptpepreSents bDheplhesiutalst hat eat esactomal uRe tdz b . v
Laboratory in Haps

Chapteet &hlesr esunlutnse reifcnaiulh egteinema CEASHByand Pat hfin

Chapterovides a critical di scussion and compar a
Ssimulation results.

Chapt sumdari zes the main conclusions of the r1e:
strategy recommendations alongside possibilities

15
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2Regul atory and Safety

The following chapter wil/l deal wi t h tthhee fliergea |

ri sk of a billiard table is assessed. To bridge
and the functional reqguirements of senior hous
considered, which means wusing nadnalnabendumarhk s .s

2.1 The Dutch Buil ding Code (Bbl)

I'n the Netherl boodwwe rtklednoBgehiing ( Bbl) serves a:
document foFofibeibkdifiegy.that hiavel adiregvitidhat o aé
a car e cowmppoomfemnnct(i e met reorsg)r,i ctth e eRBhalr diisngq weis c a

With the prescriptiesvse apel & D gitreostf efaettxetdr sehsaa aepde r o u
be virtually free of any kind of combustible mat
available path for Howeovtelpe i Dng e v (eBEg wiwed lse. n t Saf
Gelijkwaprallghhws df or deviations from these presc
introduction, the goal of the researdhtihe tho I USe
table by proving that the | evel of safety will s
2.1.1 ThekWagdrerent T ko/mglHaan dr e

The HainkkBngndveilig Gebruik van VIiuchtroutes ( Ma

Routle@&)i ves a framework for theseaexeptpaf ofnist g | t
|l oads does depend on:

Spati al GCeametsr with greater vollmershaseékienat:r
in this study)

Venti ITétei @qmesence of natur al or mechanical S
( S&HE)

Obj ect CharHRRt ernids tsimosk:e yi el d.

Whil e thiekiglagreése a good idea for the methodol ogy
furniture HRR curves. This report moves beyond t
specific data for tthe dndlIbywrdonabdtei ng Eh@peit ieme
HRR curves.

2.2 Performance Based Design: The
Concept
I n order to quantify Equivalent Safety, the rela

(ASET) and the Required 8ateukEBgdeas Tihme maRE Tp
indicator s.

Safety Requirement
Qg 0 YO'YWYO'Y

ASEThe ti me between ignition and the moment envi
becomet hiriefaet eni ng.

16
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RSEThe time required for-mbeteenetniton ., anmottirfaivedt itor

2.3 Safety Criteria for Vulnerabl

To define the ASET, specific thresholds must be de
gui dance on quantitative tenability Ilimits for pe
cri tferoima | SO 13571 and (B¢ wAwedi sar eBBRARTrnati onal
assessing |ife safety.

2.3.1 Smoke Layer Height and Visibilit
Visibility is the first criteria that is to be c
not have a perfect vision or mobility, maintaini

purposes.

Tabl:moke Layer Height and Visibility Tenabilit

Dut ch

Bbl

>10 m >5 m Swedi sh B

The formula from the Swedish [BBIRABPspecb6albl ¥ xect
t he0. m&t er atrium baseline in this study, as it
significantly above the heads of residents even

2.3.2 Ther mal Radiation and Temperatur
For ol der resident s, skin sensitivity and the ir
make radiation | imits more severe than in standa
Radiation Limit: I'n tRis asitmag, far lamitl odr <L &KW
residents can pass a burning billiard table with

NotWhitlee Society of Fir@FPddtteeent icon éEo @i.be ekr\
short exposures, the |l ower | imit is used here

Convective Temperature: Ai iC tagmp erea thueeed tirhuéntgn)rzetm
avoid respiratory tract damage.

23.3 Toxicity (Fractional Effective Do

Toxicity is measured by using the Fractional Ef f
the cumul ative effect of Carbon Moamdkildew)(  @Oyqge It

Limit: FED<O0.3 (for sensitive populations)

Whil e 1IE®BP<t he standard for healthy adults, a
to use for the elderlyexisestpngviréesparhbudfegrof
conditions.

17
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2.4 Benchmarks for | mpaired Mobi l
BBRAD)

There is a signific,andndaipt iins tthtee Dluack ®@fblspec.i
wal king speeds of the elderly. This resg[e3@s ch use

a reference.
Wal king speed assumptions:

Standar d 1S{2e &d :m/ s

Senior/ I mpaAr &d 3Spead:cti on factor is applie;q
reduced mobility speed of the elderly, resul
for independent seniors and significantly | o\v

2.5 Summary

Tab2e Summary of the tenability |Iimits for the Dutch

Make sur

Ml_nlmu > 10m BBRADreSI.dent.S

Di st an exi ts i1

atrium v

Prevent

: pain/ bur

Radi ant <1 kW' nn SFPE sl eanvo vi n
FIl ux

el derly

fire.

Protec

Air Temp < 8iT | SO 13resdp”.at‘

uring

evacuat

Clear L Keeps sn

Dept h >1. 6+0. 1BBRAD/ above hea

Account i

Fra i q 4 pr-exi st

Effectiy FED<O. 'S0 13 condi ti ¢

seni or 9

Prevent s

Ma x i mum i 4 layer frr

Temper a <2 00 S0 13 buoyancy

Adroppi

*H = interaalahgéghnhol ofme (e. g. atrium)
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BEBRAD

| Tenability Limits

Visibility: 10 m

:\ Temperature: 80C E

L 4

ASET

<,

Available Safe Egress Time

Impaired mokbility:
2/3 speed

RSET

&

Required Safe Egress Time

Yes

EQUIVAL

ENT SAFETY

9,

Justified under Art, 4.7 Bbl

19

No

h

MITIGATION
REQUIRED

®

Sprinler or Removal

A

Evacuation Dynamics

BBRAD
Speed Factors

%

Horizontal: 1.0 mJs
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This <chapter deal s with tcreeameldt it ot ieevrad duammet hd
connected with introducing |l ocalized combusti bl e
go from generalized fire densities towards an
engineering desi gn, itnheiss efxrpaeme wroernkt alc ombabor at o
deterministic and stochastic numerical simulatioc
The methodology is made in a way to structur al
prescriptive mandatneds tofe tfhuen cDu tacdha IBddeq i meme rdte
and senior housing spaces. By calculating the
experiments and inputting them into a multi zon
Equi valent Safety, so ehptovhe.safety margin can
Pool Table in Atrium
RESEARCH START
REGULATORY CONFLICT
Dutch Bbl: No fire load
allowed in escape route
Peutz Lab ( HRR Curve & CFAST Swedish Pathfinder
Experiments Smoke Yield Simulation BBRAD Factor Simulation
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3.1 Experi menOhj et aB8peci fic Fire
Characterizati on

3.1.1 Objectives and Performance | ndic
Fustale fire testing was executed at the accredi
|l ocated in Haps, the Netherlands. The | aborator
fire performance and testing metrics, using s
instruments and data | ogging environments.

Using this testing space wil/| all ow for an anal
fl ame and smokecpo®padgatei onomposiese aaldl eveas s ¢
temperature profiless.under controlled setting

With the experi memdwi deée er ggaolail stiisc tdbat a f or subse
The following parameters are taken into account:

Heat Rel ease IRadli n(gHR&Rt) : t he peak energy out
coefficient.

Smoke and SdcetntYifeylid:gv a&loness rfvart isvmoke and s oc
Mass Loss R@darer IMLtR)ng fuel consumption with

Ti me to FiDestterSmionkienng t he detection window fo

Not e: For more information on the construction
review more information can be found in Appendi X
3. 1. 2. Billiard damadl| e lReqtuiiore ment s

To make sure that findings are conservative and
carambola (pocketless) Dbilliard -ftradbmeess wmearneu f saeclt eu
as the main test specimens. Toetmeley thlealttédstaindg s
all tables were verified-1%9 5h.avTeh ibse epna rmeameutf earc tsutrr
the risk of encoun€Cemt aignitrnogk i Ma tAesrbiesltos( ACM) ,
integrated into ohdsrvebattrameucbueal oadas i nsu

The structure and mass composition properties o
This required specific adaptations in the physic

Tabl e 1: constructed with a dense hardwood fr ame
t weot ep weighing procedure to precisely mpeagdster
at 1MHB4kg (consisting of twa9dikgcragdhddekigildmponent s

Fig@8Pectures of Table specimen 1 (left picture) an:i

20
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Tabl:e tzhis table has a smaller spati al geometry
tot al mass of this object fell within the opt
continuous weighing setup (maxi mum pr efca asteurreange
all owed for the continuous |l ogging of real ti me
Before the ignition tests, al | tabl es were stor
environment al conditions, mai nt ai ned atana st abl e
relative humidity threshold of 50%. These condit
home or residenti al gat hering place, but stildl |
su-br ames, felt, and vul caamzequiulbiberi cmsdti dahes. we

3.1.3 Laboratory Measurement Setup

The testing room was made to capture both surf ac
test the calorimetric extraction hood could not
positioned beneat h.

To map the wvertical t her mal profile and conve
combustion of the multi materi al tables (wool / s
dense har dwoao ds pfartaineels )t,her mocoupl e grid was wused
center of the tablebs playing surface.

Smoke Detectors

i /
——
: F o)
5.0m : L
Room ;
Height o
Upper plane
1.50m above e g o e cmca el — - - R — 4smmamas :
table surface 3.0m
0.50m : Smoke Detector
Lower plang : Height
: 1.00m above="="=""=="AG&F—=="-= - T 1-== .
=5 : table surface Radiant flux metef:

at 1.35m height |:

: I = !
: TS, =T :
H Load cell/ Weighing e ————————_ H
platform (continous (= LT N
| mass measurement) I = f*“*\ E ! § —_—
[ 1

Fi gdreSchematics of the Experimental Testing Configur

The vert

i cal t hermocouple array was made -in two
field -&andl

thi duoyant plume temperatures:

Upper measur ement pl ane: Therploxzdengprlizsontialkl vy aas
suspended at a fixed height of 1.5 m above the u

Lower measunmeemd@mtermoa ouples 4,5, and 6 were posi
setupspended daitstaa fifciégx.eOd m above the table

The setup reopnvdedi eomeof-sbtorca¢i tedeaire@bo a con
col umn, Monitoring the gas temperature profil e e
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t he tabtlieme Reatta | ogging for all thermocoupl e de

was synchronized and |l ogged continuously at a st
1. G@conds.

3.1.4 Data Acquisition and Calcul ati on

For the specimens the continuous Mass Loss Rat
derivative trend calcul ated over successive | ogog
, a a v .
Q a —— Q'
% Yo n
To be able to use AdhTei melsatt itens nt tehebrCiFdge bet
experiments and the simul at AGmemadela harvea mad al

create a demedmlni sfThe instantaneous Heat Rel ea:
coupling the mass | oss metrics with the effectiwv
fuel component s:

Q0 a4 YOr Qo
Wher e:

0: represents the tdemer g¢gystountapgwetd QlWer at e

DHeetr s the effecti der hferacdm otfh ec onmebtuesrtiiaoln f r ac
incorporating the values of the hardwood fr:
MJ/ kg), and composite wool/nylon textile bl et

3. Mul Zione Modeling Framework (CFA

To translate the object specif-scalferkbaltarataer y e

(Secth2dand 5. 2n2o0o actual hazard profiles, a numer
Whil e Computational Fluid Dynamics (CFD) <codes
Dynamics Simulator (FDS) track several dimension
Their execution demands differ a |l ot in the re

mul tiple scenario sensitivity analyses.

For greater volumes such saesnitolre tmanpii mal | -ampiedm

par amet gro,net wleterministic fire model can be ef
Consolidated Model of Fir e, andadr Simork e7 . TT ah)spoev el
Nati onal I nstitute of Standards and Technol ogy (

The CFAST simul ati onsasy®t ena sefd wormdisnoarvyi adyi f f er «
based on the conservation of mass and energy wi
|l ayer s: The upper zone containing accumelrat ed t
zone containing uncontaminated ambient air. This
becondufcoedt he Avail abl e Safeael £@realsliso wWii mg f( AISEST¢ v
where the geometric conditions differ.
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T 4 Mechanical SHEV Exhaust
/- (Smoke Extraction)

k\ £
i

Leakage/
“I1 " Opening

|

g
[— .
a
I3

Interface Heig 1 = FA\

“(Smoke Layer Inte R : l 7
I J

Lower Zone
Clean Air Layer hy
_ Leakage/
v ~ Opening
Fi gbr eCFASTZohwo Smoke Model
3. 2Gdometri cal Simplification and Comp
The |l ayout of t hel aemlty dSheceadApipgerm diix B f or FI o
Sect)y omas an open communal environment which is
on multiple floor Ilzord ssi Mmool pteirdm,r mt i snusgpati al
simplified into defined rectangul ar hadedescont
unnecessary geometric det ail s wh-d ¥ Bankiece pv ab u niel
relationships that | ead smoke | ayer descent.
The basalkienestudy geometry is created based on t

floorplan documents received from the VRZHZ.

The total:sétoprwat bdaeapabinls.ell5 neeetde as wi2d.tlh5 o f

meters

Clear el evidamipanpasampdter that i s 10.79 meter s
The physical connections to adjacent spaces, suc
model ed using defined flow boundaries. This reas
drive realistic mass and heat transfer across th
For the parametric analysis the following par ame

The total floor area: Var?ainng 99°r @ment er bet we

Clear elevation height: Variable parameter bc¢
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3. 2B»undary Material s

The upper smoke | ayer cooling and the transiti
conductive heat | osses through the boundaries. C
and ther mal properties of all boundeargrl agerdactd
equation across the internal wall, floor and cei
The structural eketiementahtoodimmdee divided into tF
categori eso,wnwitthhe rtnhoepihry si c al pregerties describe

Tab3Broperties of Separation Construction EIl em

Struc
Concr
Reinfd 54 1.20| 2 30 880| 0.94
Concr
Samdin o, 0.70 | 1 60 840 0.90
Bric
3.2.3 Smoke Infiltration, Mechani cal R
The movement of smoke and the place of the | ayer

the expansion of the gases by t@gkenaftiumreal ampenha
Leakage paths are present because of constructic
are taken into account by inserting equivalent |

Tab4:¥ent Pl acements Across the Simulation Mode

Atrium Fi xed of
. 4. 20 0. @20 10| simul at
Out sid
scenar
Closed
é;lrllg:n 2.50 3. 5050 baselinge
|l eakage
Extract
Roof PI N/ A 7.20/ 12 Possi(pNd
Acti ve
Ground 6. 40 0. 4000 -
The mechanical Smoke and Heat Extraction Syste

specificati omnesniodr tithreutaachhlgadwewver this system i s

35 .

As mentiobed!l dnnghehysircespocrotn,s url etcaenncty 6rsenovat i on
aut omated thermal act i3vpatAsona Irienskulfto,r tthhei sa cstyiswvtaet

24



EINDHOVEN

I U e UNIVERSITY OF

TECHNOLOGY
using two different met hods: a manual i ntervent
These scenari os make sure that the cas.es are sin

3.2.4 Transl ation of Experi ment al He a't
The fire source in CFtAIBgd dadatna sbeet sd egfatnheedr eldy f r o1
experiments at the Peutz | aboratory (Section 4.1
source uses real time seri esnhiManspsutl oosfs tRhaet eHeat F

To be able to see thebriddli aridsk adfl et he hearcaoamibals |
to take inhe secewuval materials included in the t

The gas production rates for toxic species were

conservative values wil/ be used for these paran
Soot Yi elad chascttowvati ve value is set to refle
tabl e
Carbon Mo n o:xfi idxe dYiied dt he beginning, i ncreas

concentration drops

Hydr ogen Cyaandcdoeu nMtiienlgd f or the polyurethane
within the table assembly

Not e: Data from the Carbon Monoxide meters of t
however as they moved across the space during t|
use(dsee AypKendi

3.2.5 Parametric Analysis Matri x

To transf or m stehrei ara sheo wdii nitgoeca mpd reexr al f r amewor k

for use by regional safety &wtiHbolrliatnide sZuliidk e( VFRhzZer
parametric analysis matrix was developed. This
reliability are varied across 49 distinct si mul
l ayout .

The geometric variants change the base ratio of
di fferent volumes affect smoke storage capacity

Tab®% e Parametric Analysis Matrix Simulation Number
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36 37 38 39 40 41 42

43 44 45 46 a7 48 49

This simulation matrix evaluates geometric boun
di fferent atrium heights. The resulting data gi
conditions under which a billicea di nt adl| eommann breo c
escape rout e.

3.3 Evacuati onrFrMankeMoirrkg wi t h Pat hf
(RSET)

To determine the Required Safe Egress Time (RSET
208 1) an ageaevaduaasteidon simul ator develop2y. by Th

Pathfinder simulates the movement of individuals
spati al shortcomings are taken into account, S
occupant behaviors. As a result a mametdatdail oad

movement cal cul ati ons.

3.3.1 Pathfinder Setup

The Pathfinder model i's built using the floorpl
space recreates the ground floor atrium, the fir
that overl ook. the main space
The residents number of the building is set to
within the atrium zone and i mmediate corridor s
units. The tot al popul ation ofprd4o0f ipleeosp | bea siesd coant e
mobitla tryeal i stically represent the demographics
Tot al Population (Il ncluding care workers): 42
Tab6:e Di stamduWalokhi nogt (epeeaed 2 Sé mirHorm 61 ng
36 % Ué’laS‘SISt 15 Max Vel oci {
eni or g
12% Rol |l-raé¢ loir ¢ 5 Max Vel oci't
Controll ed
48 % St ébfefpend 20 Personnel
2)
4 % Care Wor 2 -
The spatial |l ayout assumes that the primary exi
Secondary emergency exits are initially Il ocked

building such as Gebouw A or C), tfhoatcimas st hree are
| ocation of the fire source.
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3. 3KRnematic Settings and Wal king Spee

Pathfinder calculates the movement of peopl e u:
Reynol dbés behav3bdralThiasgmet hbthsr ppeatedly adj usH

vectors to avoid collisions with wall, obstacl es
To allow a more p cise modeling of the elderly
set to standard a

re
bll msh ®ecided tdaedyl tuswalthhes.reduct i
0]

in Section 3.2.4 f the Swé&Pdish Building Code (E

TabT:Br-Mlovement Ti me Depending on Occupant Group

Preferel
mai n e

Wi de pat
0.5 m/ 65. 0 240 s |needed,
avoid s

Wai ts f

0.2 m/ 50. 0 wor ker Sutnatyisl S;
mov ed

Assi st

1.5 m/ 45.9 60 s resi den

need su

*Not e onhepSenadfefint RPatshfdiemdesr does not take
the depémndent residents have to be assi

transported in a wheelchair. (By defaul't
and they proceed right away without stop
this difference was taken into acecount

dependent people and further reduced to
accurate.

The simulation takes into account the del ay v
processing of an emergency, physical prepar
facility.

For independent residents, the parameters a\
ti me60fsecbodsroll attott i nhabitant s, the par

average d40d ayye.dmnds

The staff dependent users remain stationary
their |l ocation, simulating the time that s
night or day shift with | ow3%taffing | evels
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3.4. 3 Pathfinder Scenar.i
Tab8 e Pathfinder (RSET)
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o Anal ysi s

Scenario Analysis

Simulaiton_1 Evacua;ion_ with normal able 299 n/a n/a
odied people
Evacuation with actual number of closest
Simulaiton_2 people with 1 evacuating 69 (47) night exit
personeel, everyone in building
Evacuation with actual number of | i
Simulaiton_2.2 people with 2 evacuating 47 night ¢ OS.E;S
personeel, everyone in building ex
Evacuation with actual number of less
Simulaiton 2.3 people with 1 evapuati_ng_ 45 night kr_lown
- personeel, everyone in building, exits not
less known exits are not used used
Evacuation with actual number of less
Simulaiton_2.4 people with 2 evapuati_ng_ 46 night kr_lown
personeel, everyone in building, exits not
less known exits are not used used
Evacuation with actual number of only main
people with 1 evacuating exits are
Simulaiton_2.5 personeel, everyone in building, 45 night used on
only main exits are used on ground
ground floor floor
Evacuation with actual number of only main
people with 2 evacuating exits are
Simulaiton_2.6 personeel, everyone in building, 46 night used on
only main exits are used on ground
ground floor floor
Evacuation with actual number of closest
Simulaiton_3 people with 1 evacuating 69 day exit
personeel, everyone in building
Evacuation with actual number of closest
Simulaiton_3.2 people with 2 evacuating 70 day exit
personeel, everyone in building
Evacuation with actual number of less
Simulaiton_3.3 people with 1 eva_cuating_ 69 day kr_lown
personeel, everyone in building, exits not
less known exits are not used used
Evacuation with actual number of less
Simulaiton_3.4 people with 2 eva_cuating_ 70 day kr_lown
personeel, everyone in building, exits not
less known exits are not used used
Evacuation with actual number of only main
people with 1 evacuating exits are
Simulaiton_3.5 personeel, everyone in building, 69 day used on
only main exits are used on ground
ground floor floor
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Evacuation with actual number of only main
people with 2 evacuating exits are
Simulaiton_3.6 personeel, everyone in building, 70 day used on
only main exits are used on ground
ground floor floor
People who are in their room stay all exits
Simulaiton_4 there, only atrium people are 49 day ossible
evacuated, 1 evacuator P
People who are in their room stay all exits
Simulaiton_4.2 there, only atrium people are 50 day ossible
evacuated, 2 evacuator P
34Tenability Criteria for ASET (A
Ti me)
To determine the exact second the Available Safe

out put values are analyzed and processd@®@504di ng c
[Qand the performanc|@2lbhs eflbdahbimeiwvtoyr kI i mi t i's co
mo me nt any of the three following environment al
meters above the uppermost | evel of the atrium o

341 Optical Density

Smoke distur banctehe somtviad allat cean iyty extracted fr
I n order to get ,th8&8 Yrepbebenysdbshakhcemoke in c

divided by the optical density as foll ows:
pY ,
01 o @ata Do o
Tenability Limit: The ASET endpoint is strictly
vol ume of the atrium. I f the visibility of a sp:
scenario, full evacuationpilaracconceptescamar peamwant
342 Fractional Ef fective Dose for Toxi

The cumulative risnobtioi vyl mecalplhaet sl ow cal cul at
Effective Dose (FED) defined in |1 SO 13571. Thi ¢
carbon monoxide (CO) and hydrogen cyanide (HCN)

00 06068 .
CUTITIPR P TT

Qg 000
Where [ CO] and [HEN]olara tclhhectktinme ati ons (ppmn

the | ower breathing zone or descending smoke

Tenabi | iWwthy | lei mihte: standard fire design permits al
this research uses a st0ct0. 8$8f ¢toy priotesholed defr
have preexisting cardiovasculPalr} and respiratory
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343 Ther mal Radiation and CoRa)eaati ve H
The |l ocalized nARaddminttt ehde alty ftlhuex descending smoke
billiard table flame is tracked gdsondésiedeéeimbet oo

pain or second degree burns from convective heat
t her mal dose model

. P... p i~

Q (0]0X0) —Q Q

P 5 ° v8tp Y 8 ©
Tenabi |l iTthye Uihmirtmal threshold is compromised if
excefgds p8iQafd , or if the cumulative ©hemNedc.t3iOve d

(correspondtienrgm teox pschsourte t o air tef@P@dr9dgt ures exc

3.5St aiyAPl ace Concept

The quantitative data collected from the CFAST
evaluation of the evacuation strategy from a pe
prescriptive fire safety frameworks Bematheatrapi

and total evacuation of the fire compartment nec
a technical basis for consi deriiflga ®d heoncd ptat eqgi
To eval uoapttei otnktihsa eswol d criteria system wil| be

duration of the occupant s:

Short Term EvacA aviisoinbiClriittyertilorneshol d of 10 m
evacuation scenarios where occupants are exp
(around 5 minutes).

Parti al Evaculatviiosni bArliitteyr itohnr:eshol d of 30 met
to be evacuated. This ensures safe condition
to evacuate the fire compartment itself.

Unl imited ExpAswriesiOGriilteryi amhreshold of 100 m

remain within the space without a time | imit,
carbon monoxide (CO) and soot accumulation a
Vi ew.
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4EXperi ment al Results a
This chapter presents the findings from the
t he Pfeauctizl ity in Haps. The main goal of thes
real world fire bghLWI)gr ,anma scsorireesssp ornadtieng He
(HRR) of a standard billiard table under <cor
give a basestenathe smumtiati ons executed in

4. Experi ment aBosmrdampy Conditions

The | aboratory tests were designed to evaluate t
focusing on their ignition pmihotcalpiyzedysine!l édeadi
scal e f 1l ami ng tcvoonbrueset ieacxrp.erTihmneent s were defined as
to ensure that the data retrieved from the exper

Due to asbestos contaminats, on tofhaanda oofbet lreex chhiuld
experiment. Therefore, the experiment al phase <co

Fi gér ewWooden Cribs and Startings Block used for St

4. 1.1 Ambi ent conditions

The experiments were conductes bDhéssdreobfthhee
did not all ow for being placed under the hood.
stable throughout both tests:

Ambient temPpebBaAqre:
Rel ati ve 4u(nme sdtiitngat i on)
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4. 1. 2 Toxicological Li mitations

The main instrumentation consisted of electronic
the mass | oss, along with several thermocoupl es
form the fuel core to chart the ther mal profile
I't is important to emphasize the boundary condi t
sampling for CO and HCN was not wused in the exp:¢
monitors were carried by the testseendWwhi dbesthe
devices recorded |l ocalized, transient spi kes in
26ppm as detailed in the event |l ogs), this data
changes of the operator.bAstaneated!|l as ahbsidat af
spatially fixed metric Tdheetad guats tyhel dOcrad¢tcal atd am
AppenKlax an obsaddafhaenatal toxic source terms (
are instead addsedriWhtemghure values with[ilZh the

(See Ap@endi x

4. 2 Mass Loss Rate (MLR) Analysis

The mass | oss rate serves as the final di nhatcator
from the |l oad cells was Dweggta talhe 1ls esresciotnidv iitnyt e
scal e, even smallonsthectumblerchiamgnes triggered a
raw data showed a | ot of measurement noi se.

To separate the macro pyrolysis trend from this
applied across a rolling window of 60 seconds. T
foll owing mass <calculations r efrl etchtanactthueal s nmaaltle
vi brations

4. 2.1 Table Configuration 1 (Test 1)

Testusled a traditional har dwaate/ NBdeteupd mPle sidti & <
According to the ignition method and external en
starting block) were used to start the fire duri

I nitialloWelikglot :
Posltest Fi ndl05W8eg7ght :
Gross Consluni@ icomer an active observation win

The mass tracking data shows that despite the re

materials in the tabdwestfaainiendg tfoi rreeaccohnda t $ ®Inf
| ocalized, I imited to the closkeeakaronmgnof of h ¢
frame happened at an incredibly slow pace. This
inertia of the hardwood timber components and ¢t}
|l ayout of theTheaebdleatsd rplcays ea vital t wo way r o
si nk, constantly conducting ther mal energy awa)

| owering the surface temperature below the crit.i
forclqupyrolysis.
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Measured Weight of Table 1 During Experiment

541.38 .
M
541.18 [YS LA °
—_ [ ]
2
= 540.98 ®
S
D
= 54078 °
540.58
[ )
540.38 P
0 100 200 300 400 500 600 700 800 900 1000

Time [s]

Fi gd:oreMeasured Weight of Table 1 During Experi

4. 2. 2 Table Configuration 2 (Test 2)

Test 2 evaluated a somewhat different type of Db
geometry, with I(essese cAp®&reanldli xwei ght .

I niti alé6Weiddhtk:g
Posltest Fi n&l68Wei d&kigt :
Gross Cond®8rkpg icomer an active observation win

The similar ma ds K §aonsds Or.b8elekwgodn t he di fferent (

emphasizes an important principle: the combustic
geometric changes under similar ignition scena
suppressed by the imomposite construct

Sever al tests were carried out to see whether t
condiTthieo vmanoydlon felt covering the playing surface
forming a protective char | dyem tamatacicred wlr att ed ff

The timber frame showed some charring and smol c
transition to a flaming fire.
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Measured Weight of Table 2 During Experiment

669.4 e
-
o o -
669.35 [ ) @ o @
o Q& =——coc— T oocnea P
Y
® 0 ® ® o 0
669.3 @ °
g e ° °
= ° ° e
5 669.25 °
s
669.2 e
° °
669.15  J
°
. °
669.1
0 100 200 300 400 500 600 700 800 900 1000
Time [s]

Fi g8r eMeasured Weight of Table 2 During Experi

4. 3 Heat Release Rate (HRR) Deri v

Normally, the experimental HRR of a f-amrd| paacadkadg:
environment is calculated Wi(®&etche dmdss | oss usin

Q0 & YO Qo

For the main cfombuest i( hlae dwadd and fiberboard),
combusbDHiwvam®m ased on the baseline fl-epmakBdr waedé&950
kJ/ kg. This property is just as of timber, which

4. 3.2 Analysis of HRR Curves

The derived HRR curves for Dboth experiments con
intensity smoldering heatprsodiucieng rfaaédlerhdhamd .an

Peak HRR (TesThe maxXiemtim2¢al cul ated energy ou
bel ow the 4. 0kW threshold during the weight
of 0.05 kW to 0.20 kW

Fire GrowtThhePeofairlee:no characf ériestgircowe hp crue

observed. I nstead, the HRR profile is assumec¢
steady smol dering and | ocal charring.
To put these numbers into context, a wastepaper
bet ween 50kW and 100kW, while the burn of a mod
500kW. The maxi mum output of the billeéeatkhetmadl e

pl ume i s Thlkeglegebyy.content of the ignition sour
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contribution of the table framework, providing
devel opment rather than promotes fl ame spread.

HRR Plotted per Second

13

1 100 200 300 400 500 600 700 800 900
Time [s]

Fi g9r eHRR Pl otted per Second

HRR with Moving Average of 60 seconds

0 100 200 300 400 500 600 700 800 900
Time [s]

FigadOe HRR with Moving Average of 60 seconds
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4. 4 Ther mal Profile and Ambi ent T
Vari ati ons

The ther mafilt haf ffecrte oon the surrounding environ
t hermocouples from TK1 to TK6. The resulting ten
was un abhlaentghdee mp e raaft utrtree | abor atory space.

Baseline Airlg8empACatur e:

Maxi mum Recorded LGa8aM®BTemperatur e:

This shows a maximum | oDdabi@¢e@@temper,atrue 2t rrii stee
the air | ayer inside the ther mal pl ume. Ther moco
the baseline | aboratory temperature.

4. 4.1 Significance of the Ther mal Logs

From a fire dynamics perspective, this lack of
i nsights:

Absence of FI| asThhoev ebri IHoitaerndt itaalb:l e cannot gene
form a hot smoke | ayer, which is capable of
transition to flashover within the escape r ol

Negligible BuoyaRltune i vioayganFcoyr cies directly |
t emperditfufreer ence between the plumfF.gdB8ceeauasrd
DT is less than 3.5AC the smoke |l acks the buct

pressurized | ateral spread along a corridor ¢
No Structural Tteraoanv elTdhtrievad :and radi ant hea
buil ding meicnpaevarcusatedoundi ng structur al e
zerfoal I ing well bel ow the dspecifiappdndi by I
J.
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Temperatures for Different Thermocouple Positions for Table 1
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g
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Figaddemperatures for the Different Thermocouple Positions:t
Temperatures for Different Thermocouple Positions for
Table 2
185
18.4
18.3
o
2. ® TK1
o 182
2 o TK2
T 18.1
@ ® TK3
£ 18
s TK4
|_
17.9 ® TK5
17.8 ® TK6
17.7
0 100 200 300 400 500 600 700 800 900
Time [s]

FigdaRk2e Temperatures for the Different Thermocouple Positior

37



TU/e isne
4. 5 ObservatSnoonkse aPnrdoducti on

Whil e the ther mal danger of the Dbilliard tabl e |
smoke transporrst bimpagt and tenability criteria ir

4. 5. 1 Observations and Time to First S
The visual timeline across both test foll owed a
t =0Stsarting the ignition source in the table

t=12s t&itsfi5S59bservable gassing and wispy sI
generation is caused by the pyrolysis of the

t=60Bhe smoke producti eweliosc ictoyntgirnauyo upsl,u nteow s
smoke was driven by the thermal wupdraft of th
t he

flaming from table itself.
t=120s tadhe=&889Yksem settled into a steady sm
frame charred sl owloy,umer sdnokien p ud pluaw The f|I
spread across the table geometry, therefore
the ignition place.
4. 5. 2 Smoke Characteristics
The smoke produced in the smoldering phase was ¢
i ncompl et e c onmxuwsgteino nc otnldantmiihsatdedntdy | ow t emper a:
of prodBetause the rubber cushions and syntheti
higemperature flaming, the dense, bl ack soot th
fires were not observed.
However, because smol der i-ynigelfdi reecce fhfavce eat hidgle
combustion, this steady generation must be treat
production rate is | ow due to thensowhmbsshetosmo

' ight conmrropreirsti es must be evaluated.

t=0s t=12-15s t=60s t=120-891s t=891s
Ignition source First visible Stable smoke Steady smoldering End of observatoin
applied smoke plume

. P &
SV (' . A . "

FigdBe Smoke ProdutViowmallTi eséeneati on
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5S1 mul ®&e s oahntds Anal ysi s

This part presents the numerical results of the
two main sections: the fire and smoke simul ati on
ti melines generated with PathfinderinTéhechi amuWway

they refleotenéiety osvmol dering characteristics,
|l aboratory testing.

51CFAST Baseline Fire and Smoke S

The baseline simulationtddhlows nti loEB auwwdsy enllgn che m i u
t he mat eri al dermtnidfiited nsguri ng t he experiment al

experimental findings,-inthensitwmimguemohddr aagaf
t han an i degradwizreg ffiarse.

To achieve a fully mi xed, uni form distributi on
compartment zones within CFAST are configured a:

have been adjust ed etragymaodyerlo Ityhsel slnosw t tahréd bfeMiDoFg) m
su-br ame:

Ef fective HeatlH9Se€Combusaticonsf{ant 19 000 kJ/

Radi ati ve(c BarAadg tuisared to 0. 0. This modificati
released by the smoldering is transferred o
reflects the | ack ot eampeopenrl amei antahlkiagh

Gas Species YieNlod nPaatrcahmetttee sparti al combust.i
smol dering i mber, ty) dh als a deleinn ed osudd te dy ireell dat

t
furniture values, and t h ¢ ygchaarsb obne emmo nionxci rdeea sneac
factor of 10.

5L 1 Ther mal and Layer Height Devel opm

The thermal output of the smoldering carambol e |
out put and mini mal temperature development . Ov e
maxi mum computed gas temperature has amrdbsol u
operating condi tli8AMG 1t8madb cahbi snoyl uthee boundari es me
| abortah ermrmo c osuepel eFsil.tpufrde FL @ur e

This small temperature difference relative to tt
a very |l ow buoyant pl ume force. The convective
pressurized smoke |l ogging of the upper ceiling |
Il nstead, the ther mal escemgVyetsel yreenshest e abmg
This behavior results in a delayed and uniform f
stratification, whi-grhowisngnofrleamiympd cfailr d or f ast
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Baseline Temperature Profile
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5L 2 Vi si Hialziaryoasd Substance Accumul at

The main hazard that is generated by the smol dei
of path visibilitytempheratiuwr eduseootto ptrhoed ulcaw on . [
fraction is set to zero and thdecompbpkset ipam tiic | \we
have the ther mal buoyancy to form a concentrated
evenly throughout the vol ume.

The baseline visibility trends are evalwuated un
mechani cal smoke and heat exhaust ventilation (¢

without the SHEV system.

Tab%e Results of the Baseline Scenario with SHEV a

080. 0AC
(Convect

20. 13AC 20. 13AC

<10moDf ul I
evacuat.
<30. Qamr i
evacuat.

409. 22m 409. 22m

52CFAST Parametric Geometric Anal

To generalize these r dswel ted deeyaynpactrdaese tl raiym ua n alf
was condwhétsednal ysis varies the physical compar:t
findings support a broader safety framework for

Main Atrium

Corridor to
Adjacent
Building

Senior Housing
Units

Figdbe Schematic 3D Model of Geometry Used for CFAST
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52. 1 Ther mal Parametric Grid

Tabl®hows the maxi mum gas temperatures across th
floor areas?tfor ®@@ag@.mar5Sm heights from 2.75m up t ¢

Tabl®@arametric Analysis Temperature Results

21.1 20. 7, 20.5 20. 4 20.2¢20.2 20.1

20. 5| 20.3|] 20.2| 20. 2 20.1¢20.1 20.0

20. 3| 20.2| 20.2| 20.1 20.1720.q 20.0

20.1| 20.1), 20.1, 20.1 20.0420.0 20.0

20.1} 20.1} 20.0| 20.0 20.0420.0 20.0

20. 0, 20. 0, 20.0f 20.0 20.0420.0 20.0

20. 0 20.0f, 20.0, 20.0 20.0720.Q¢ 20.0

Thelata shows that t her mal tenability is kept a
geometri Eveat upsthe smallest and=b6w&S§tH=Q2anmpanr)t, m
where convective energy i s $§prtenaed pevakr tae mpcelrwmedr
just 21.10AC. Thiesmpehawsirehat sehelsasceolndi 1iDbD®AC
which poses zero thermal risk. Thereforehethere
As the volume increases upwarde=906m H=aMdg® mat ritd
t her mal energy from the smoldering source dissi

temperature change to 20.01AC.

52. 2 Visibility Parametric Analysis
While the temperature changes remain negligible
di fferent bui IThibrdldgs hgoewosmett meé evi si bi |l i eyeisThehe v
number means how far a healthy individual woul d
density conditions in an unobstructed field.
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Visibility

79.77 120.85 181.92 243.04 | 487.59

58.06 118.42 157.92 239.16 359.93 480.7 963.9

77.17 157.39 209.86 317.77 478.17 638.55 | 1280.23

115.37 235.26 313.71 474.91 714.62 954.19 | 1912.78

172.76 352.28 469.75 711.6 1079.62 | 1429.65 | 2865.65

230.33 469.51 626.04 947.8 1426.01 | 1904.17 | 3816.44

453.13 922.74 1249.77 | 1862.78 | 2802.61 | 3742.33 | 7500.53
The data shows a |linear relationship between
the small to medium compartment ?r aRg2sdSh)bidceéerty.
Ilmlts are comprdami sed tahte ZImMoXEm accumul ati on [
spac
On the other hand, enlarging the setup paramet et
the volume. I n the ba&327 mHh@ HaB Bti huem ssicneunlaartiioo n Ac a |
the minimum visibility to be 469. 75m, awhsiecnhi ors
housdage study, where this number is 409.22m.
When the floor Zoeratheacéiebi B00mei ght goes
7500. 53m, basically infinite. This shows that
di stribute the smoke over 1800 seconds, keeping
need fmechanical extraction.
53Pat hfinder Evacuation Results
Occupant evacuation was simulated across multipl
Egress Time (RSET). These simulations take i
staffing |l evels, and exit availabilities.

Tabl2 Pat hfinder

Si mul ati on

Resul t s

Simulaiton_
1

Evacuation with normal able

bodied people

299

n/a

n/a

1.52
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Evacuation with actual number

Simulaiton . . 69 . closest | 20.05
- of people with 1 evacuating night .
2 . - 47 exit 83
personeel, everyone in building
: . Evacuation with actual number
Simulaiton_ of people with 2 evacuating 47 night clos_est 10.91
2.2 . o exit 33
personeel, everyone in building
Evacuation with actual number less
Simulaiton_ of people with 1 evacuating 45 niaht known 19.84
2.3 personeel, everyone in building, 9 exits not 17
less known exits are not used used
Evacuation with actual number less
Simulaiton_ of people with 2 evacuating 46 niaht known 11.11
2.4 personeel, everyone in building, g exits not 67
less known exits are not used used
Evacuation with actual number onI_y
. . of people with 1 evacuating main
Simulaiton_ . - . exits are | 48.03
25 personeel, everyone in building, 45 night used on 33
' only main exits are used on
ground floor ground
floor
Evacuation with actual number onl_y
: . of people with 2 evacuating main
Simulaiton_ ersoneel, everyone in buildin 46 night exits are | 25.20
2.6 P ! y 9 9 used on 83
only main exits are used on
ground
ground floor
floor
. . Evacuation with actual number
Simulaiton_ of people with 1 evacuating 69 day clos_est 14.48
3 . - exit 33
personeel, everyone in building
Simulaiton_ Evacuation W_|th actual nur_nber closest | 8.183
3.9 of people with 2 evacuating 70 day exit 33
' personeel, everyone in building
Evacuation with actual number less
Simulaiton_ of people with 1 evacuating 69 da known 17.47
3.3 personeel, everyone in building, y exits not 17
less known exits are not used used
Evacuation with actual number less
Simulaiton_ of people with 2 evacuating 70 da known 9.963
3.4 personeel, everyone in building, y exits not 33
less known exits are not used used
Evacuation with actual number onl_y
. . of people with 1 evacuating main
Simulaiton . _— exits are | 32.20
- personeel, everyone in building, 69 day
3.5 . . used on 5
only main exits are used on
ground
ground floor fl
oor
Evacuation with actual number onI_y
. . of people with 2 evacuating main
Simulaiton . . exits are | 16.22
— | personeel, everyone in building, 70 day
3.6 ! . used on 17
only main exits are used on
ground
ground floor floor
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Simulaiton People who are in their room all exits
- stay there, only atrium people 49 day : 3.875
4 possible
are evacuated, 1 evacuator
Simulaiton People who are in their room all exits
- stay there, only atrium people 50 day : 2.155
4.2 possible
are evacuated, 2 evacuator

53. 1 | mpSatcatf faofng Level s

The evacuation time dependduan.dtiftepe sgiarhd li antgi o @ vie
the data for night configurations (low staffing)

The baseline simulation (Simulation 1), whi ch

unassirsetseud,t s in a fast evacuation time of 91. 2
properties, such as the width of the corridors ¢
|l oads, who do not have any physical ' i mitations.

wever, when t he occupant parameters ar e c ha
mogr apédixeniodr housiursg ngompl2d X3 wal king speed r
the Swedish Bu) Blffihreg eCacta a(tBBRAD i mes i ncreas:

w00 —aT
- < ® 35 ®O

s e of t he ni ght shift, when one st aff me mber
acuation time is 1203. 5hsescdmndayg, dAd.a@6 omi MU tme:
at sever al residents require assistance, whi ch
ationary wuntil the only working staff member a
Doubling the active night staff to two members (
time to 654.6 seconds, 10.91 minutes. This cl ea
vul nerable people is mostly |iami tde tcorrheost afaf
53. 2 I nfluence of Exit Restrictions
The simulation matrix also evaluates how route
evacuation time. When residents are restricted f
doors, forcing them to rely ongbhhesmhaih exbtsafil
with two staff members goes up slightly to 667. 2
The most critical strategic shortcoming happens
ar e |l ead only t hrough t he mai n groundfl oor a
Si mul atilofn _o3nl6y) .one staff member is available to
main exit pat h, the evacuation time increases t
del ay is because | ocalainded a&ki ogdirergidamtecowt o
extra time that is needed for the evacuati on.
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54ASET/ RSET Comparison and Tenabi
Assessment

To create a strong equivalent safety justificat
trends derived from the fire models must be com
(RSET) distributions calculated across the occup

The smoldering fire established during the | abo

safety margin acros sBe@lalisEajtdiet sioaiti ageoenrsat i on
temperature stays close to ambient |eeak®ed?0. 13
thesimilratitbhst emsespan that the safety margin

0 "YO'Y 'Y'YO'Yn

This condition is true even when the extended
seconds, in case of one staff member being avail
However, when the volume of the spaces decrease.
but still this does ndturchagndgdet dayASEHT f¥al ueh.e
(Simulation_3.2), the RSET value is 490.8 secon
this results in a safe condition.

Yo b T offi H

The result shows that even for gr.eater RSET, the

During the night shift with nfiinsi mad 0 3s.t6a f g e c(oSn dnst

resulting in safe conditions:
Yo b pcmpo H
In this second example again, the safe evacuat.i

safety without any probl ems.

55St aiyAPl ace Concept
When comparing the baseline CFAST resulftgiiha&gain

mini mum visibility was mee asr dled . &2t2 m. h € hb rse asrtaHl iureg
the 100 meter unlimited exposure threshol d. The
that for the baseldnNE72a5mM+ErTmM3gmpmeviryi PIAl ity sta
even after 1800 seconds of continuous smol der i n¢
density remains below dangerous | evels, and the
pose a thernneaat otro ttohxei cr etshirdent s .

This data has an i mpact on the evacuation ti meld]
show that a full evacuation of the seniolrn popul
case of night staffing (Simulation_2), one care
t o evacuate the resident s, a durati on t hat ext
movement is |imited to the main groundfloor exit
Forcing a full evacuation of mobility hindered
introduces strategical ri sks and |l ogistical stra
the air guality satisfies the 100sOurme¢tmeaes i at ar i
evacuation is physinodégyi oédtoxicologically
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Therefore, from a resgsdwwlltacepesrntsmdetgiyvd,s a Stiaypwl!l e
fire scenari o. With this concept, residents wou
adj acent protected compapamenpb$ whil atrhemi nsi d

approach solves thehkooagf Irieqqtui bedweernf e egress t
prescriptive evacuation demands.
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6DiIi scusSsSi on

6.1 I nterpretation of the Experim
The experiment al testing showed that the tested
fire scenarios that are assumed within prescrinpt
had a great amount of combustibheimassednent besu
flaming combustion duri.ngl ndatee aadhs ebrotalt i bab lpes i
smol dering state, which had a characteristic of
t her mal pl ume devel opment.

This finding is important because the Dutch Bui
assessments assume that combustible objects pl ac
growth and smoke production. The expeti méwhyssbhe
valid when considering | arge composite objects
combustible material s, the combination of dense
surface, and | imited fuel aallae ctrlreartmasl ai rsgrstt iean.
The behavior suggest that the ignition source it
the billiard tabl e. Both test speci mens showed
while the remaining tabl e str utchautr et hset atyaebdl eu niast f
a passive heat sink rather than an active fuel o
From a fire dynamics perspective, the presence ¢
slate constantly absorbs heat from the ignition
keeping the surface temperatures |whwy asidstlaimed
fl ame spread across the table surface was not ¢
ignition source.

These observations <challenge the assumption t he
i ndicator o0n ftihree ohtahzearr dhand, the arrangement of
and geometry of the object tsHemmalt d uked rmraed iwhfeln
the ignition and growth potenti al of | arge furni

6. 2 Fire Devel opmehrtoduwundt iSonmo k e

Al t hough the ther mal hazard was fountdat osimek eni n
production stays the major fire safety concern |

The ther mal measurements showed maximum temper a
above ambient conditions. Such temperature incr.
with flashover development, occupant idituirgnalor
t her mal t en.absiulailtly cursietderiina perf ormance based de
during either experimental testing or numerical
However, the absence of heat rel ease does not ¢
Smol dering combustion can produce unusually hi
efficiency staybuat axidwtliewmel sanncomplete. The
grey smoke are consistent with this behavior.

The difference between ther mal hazard and smoke
el deralrye environment s. I n such f adeialdi nioéshpyevaceec
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but by the mobility | imitations of residents. T

problematic if smoke production compromises Vi s
evacuation process can be completed.

The current study shows that the main risk assoc
t her mal extphoeegradadt on of enviduvesmeké adccomual &t i

6. 3 I mplicationsSomutaei €CRAST

The simulation results support the conclusions
geometries in the parametric analysis, gas tempe
reinforcing thatsotuhlcaearkesa stumederdnemr gy needed to ¢
t her mal environment .

This behavior can be explained through smoke di |

stays constant for a given fire source. |l ncreasi
the available smoke storage capacitygy andedectte
visibility becomes |inked to geometric volume r &
The parametric analysis in the research shows ¢t
compartment size is especially important when ev
may be considered problematic in a smal.l corrido
atrium with substantial smoke storage capacity.
For etlhdeerly caméercamplsepx@&s fically, the simulatio
is kept we l | above the tenability thresholds t
conservative assumptions in soot production and

saf edrygimns remained substanti al

This gives the idea that the building geometry p
acts as a passive smoke reservoir, reducing smok
intervention from smoke extraction systems.

6. 4 Evaluati oni wPfl atclee CHthaye pt

One of the main objectives of this research was

compromi ses the apip®liaadidt n aetledeyr dwiStchaiyne f aci | it
The resdhwiwhat tdleen (deireaet ed by t he bil |l isaurpdtoreabl e i
practifaweé |l ofbui l ding evacuat isoinmulBachtabho pesx e rsihnnemn tta
visibility, temperatur e, and toxic exposure ren
analyzed period.

This finding is relevant because evacuation it seé
emergency evacuation means physical and amdychol o
medi cal complications. As a result, a fire safet
evacuation is always the safest response.
Neverthel ess, this conclusion should noa&allbe in
combustible furniture in escape routes. The fi n
conditions, buil ding geometry, and occupant c ha
packages, or ventilation condent omwst comdsd. | ead t
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Li mitations ard Uncertaint

Sever al l' i mitations must be considered when inte
the experiment al test was | imited to two
produced similar results, the sample size remai:
exi st between manufacturer snaimdtesmrainale commpma 4
ond, direct measurements of toxic gas produc:
hydrogen cyanide yields where therefore esti
roach is appropriate from a fidwcesaflernge retnagiir

the toxic exposure calcul ations.
the CFAST model represents the fire envi
model s assume that gas conditions within ea
concentrations, temperatur esut aadl a&rogxe ca tgra
esul t, | ocalized effects cannot be captur:
Computational Fl uid Dynamics (CFD) tool s s
her | imitation concerns the fire scenario
or rather than flaming combustion. Whi | e
ative ignition mechani smsegmeinnht eonft i addi t if
tible materials could generate | arger heat

ch.

ybeflmawamr remains one of the | argest uncer

nder provides a representation of occupan
ffer considerably during a real aiidnaibddntt.y,
ress induced behavioral changes are diffic
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7.1 Concl usi on

This research |l ooked into the extemésdapevhr ¢t e
affects evacuation safety and under which condi f
an equivalent | evel of fire safety.

To answer t his guestion, a combinati o:nmodkfe | abo
simulations using CFAST, and evacreptpil omdmoddélel ish
focusedesmdenti al care facility, where a billia
al so functions as part of the evacuation rout e.
The findings show that the tested billiard tabl
I nstead of transitioning into sustained fl aming,

smol dering state throughout t he exepeyr ilmemittad d,pe
release rates stayed below 4kW, and the measur ec

environment was negligible. The fire therefore
associated with evacuation beazmapger fhdbshbDtvehedt
Experi ment al observations indicated as wel |, t ha
t her mal mass of the construction act as a heat s

The Pathfinder analysis showed that the Require
than the Available Safe Egress Time (ASET) for
i mporgiamen the vulnerability of t he resident p
occupants often needs staff assistance and can h
As a reesauwluta,ti on does not mean the safest strate
residents can stay within protected zones, whil e
fireiarmpacessary. This provides a safer response

SufQuestion 1:

What fire safety performance <criteria are relev
senior housing?

From the research it can be concluded that Vi s
exposure are the most relevant performance indic
senior housing. Due to the reduced emdlyi Irietsyi demd
conservative tenability JlamdtsheremalOadaogit etdihcEmrm.e
criteria, visibility proved to be the most i mpor
throughout aAd simadaltti onwi si bility reduction du
that needs evaluation for this type of fire scer

SufQuestion 2:

Wh at ar e the fire characteristics of a traditi

variations influence these?

The experi ments showed that traditional billiard
tested ignition conditions. B o trhe niaei snteedd itna bslneosl df
stat e, and generated heali frfeelreeanscee sr aitne sf rbaenheo wc o4
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geometry showed only small variations in mass |
i mply tolvaetr athe construction, especially the comb
slate playing surface, has a greater influence o
design.

SufQuestion 3:

How does the presence of a billiard table fire a
compared to the RSET of vulnerable occupants?

The i mpact of a billiard table fire on ASET i s
devel opment of hazardous t her mal conditions, w h
reduce visibility below acceptedumhgeosmeltds ewi t
ASET is much | onger than tdherevhAeuatbsodent mes Tboa
was maintained throughout both the baseline scer
inm grsedtmaygin between availabl e . Hinslithielgitily ecan e v
exiplosiueiemaitn Wittt hifn he accepted tenability |

SufQuestion 4:

Can a-iSRlazyce strategy provide a higher | evel of
event of a localized furniture fire in an escape

The investigated scenafiacesumggshbe @mhateaSpapbl «
localized shouldering biiollluimer dcotmeptalret mént ed car

Because the fire stays |l ocalized and does not
conditions within the wider buil ding, the risks
exceed the risks posed by the fire ciuasteilofn. oUn dteh
affected area combined with sheltering of resid:
justified safety strategy.

Main Research Question

To what extent does a billiard table placed i
evacuati on safety, and under whi ch conditions
providing equivalent fire safety according to Du
It can be concluded that a traditional billiard
when | ocat ed -vwiltuhrien rae sliaregea i al atrium. The test
sustained flaming combustion, agqan erreatdeudc erde g Inisquif
smoke to compromise tenabilseéetyupi tAsS nathes ainta,| yt

of a billiard table can be justified as provi
performance based assessment shows that:

The fire stayssmblgslcemar i o
Visibility, toxic exposure and thermal expos.!
ASET remains greater than RSET with sufficierl

Compartmentation and operati-iofladceorotcratue @y,
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The specific building geometry provides suffi
Smoke alarms should be present at every f 1l oc
smoke
Under these conditions, the presence of a billia
result in an increase in fire risk and may ther
Prescriptive Regulations based on the equivalent

7. 2 Recommendati ons

Based on the findings of this research, severa
policy and future research.

7. 2.1 Recommendations for Practi ce

When assessing combustible objects in residenti:
consul tants shoul d evaluate the fire behavior
combust i bLlaer gmea scsomposite objects with substanti al

fire hazards than wusually assumed.

For healthcare and el derly home facilities, eva
associated with moving vul ndraslkelde ascselsparetns.s B
compare evacuation risks against real i gthiada f i r
i mmedi ate total evacuation is always the safest
Where billiard tables or similar furniture are
performance based assessment should be conducted
that visibility stays above the required threshec

7. 2. 2 Recommendations for Future Resea
Mul ti ple opportunities eXxobshmntiohiss reagéhreaht he e

Future research should investigate a |l arger rancg
types commonly found wi t hin commun al car e fac
devel opment of a broader classificatiape foamewor
Addi tional experi ment al wor k should focus on di
monoxide producti on, and hydrogen cyanide gener
uncertainty in tenability assebBBamedat snodaldl inmagk er
reliabl e.

From another perspective, CFD simulations wusing
conducted to see smoke stratification and | ocal
the present study demonstrates nalays € €CFASCFDsmaede
could provide additional confidence in the findi
Finally, future studies should further examine t
resi dent vulnerability. I n healthcare environme
sheltering is influenced as much elvyelhbuwmanng freec thoor
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for bal ancing these riskdoawed!| dirmprsadenyerdfesri
facilities.
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Appendi x

Appendi-ki Aer ature Revi ew

In this |literature review the scientific princip
|l oads in escape spaces. |t wi || begin with he
understand how complicated olbhageechayeswmaohtiagl|l it
behave during ignition. After this the review w
smoke transport in | arge volumes, such as atrium
of materials ofbidrkeaddfeé st.he tested

A.1 Fundamentals of Fire Dynamics

Fire dynamics is the study of how chemistry, fl
influehekaVvi der tlhle] . context of this research, it
principles to see bdaydred atnhcee parpepsrcoraicpht iofe trhee Du't
the physical processes of a billiard tabtei®ire

posed to residentesin[2fcape

A. 1IThe Combustion Process

Combustion is an exothermic reaction that requi
usually represented by tlfe fFiomre tthrei abndlle a(r de & ak
becomes more complex because of its materi al co
occur in the synt hlef,d9]Jovhwadl hfaesl ta ddadwer isug f ace t
fire continues, the heat release can be continu
high density hardwood frame | ater. Whether the t
fire occuhgadepgnds the released energy. This h:
t her mal inertia of .tHell]heavier components

FIRE TRIANGLE

Figame Fire Triangl e
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Transfer Mechani sms

and its impacts on occupants can occ
n is significant for the internal heat
sl ate absorbs a | ot of heat, t he wood

—
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in an atrium setting is the main tra

rocess is directly | inkET).0 [tthlJe Avail ab

or an escape route is the most critioc
makes radiant heat? fadusjigeivencant |
Radi ation also carries the probabil
making a single objjddt fire into a |
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A furniture fire wusually follows four stages: [
decay [ 4].

The ignition and growth phases are-sgqharipadst{ter it
growth model is often used to characterize how
Heat Release Rate (HRR).

FIl ashover i s common in small rooms and is | ess |
the |l arge volume and cooling effects. Il nstead o
the descent of the smoke | ayer i sbbial ihteyi gdannd wihre
(tenabi)ifty] | i mits

Decay happens when all fuel is consumed, t hough
continue to produce toxic gases |l ong after the f

A. 4Key Fire Dynamics Parameters

To assess Equivalent Safety, mul tiple measurabl e
The Heat Release Rate (HRR) is considered the or
engi nege[ditlm.s main function is to defineetdheffire

smoke production.

Smoke and toxic yield quantifies the production
ff

CO, which impacts the Fractional E ective Dose
The Mass Loss Rate (MLR) indicates the rate at
converted to gaseous fuel, proviRdiinMg .further c¢cro

A. 3Fundamentals of Fire Safety Enginee

Fire safety engineering shifts the focus from w

duri regneamgenTlyi $ 8 erf ormance based way is used he
soci al requirements (the presence of the billiar
A.2 The Billiard Tabl e

Billiards, especially the carambole variant, has
the | ate 19th century, the billiard table went f
of thecd&f®O culture and communa.l [d$41pla]ld he icront et
senior housing and residenti al buil dings with an
represent the social aspect t hat makes cogni ti
possi bl e.

A.2.1 Evolution in the Dutch Context
The devel opment of the modern billiard table wa
by manufacturers |like Wi |l helmina Biljarts (est.
simple wooden planks and evolved Bnhidmporpthd rstt i c
turning point was the introduct 1080 Oosf, twhheidclht arleipal
the wooden beds that. clolulcd alig ee a Niclr yva@aweldp @ thieb Ine® n
mass of the tabl es, but at the same time made t h
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Fig2e Wil hel mina Biljarts t@Pérf pctoad uBitli joar it 1, AINGB2 £
Nowadays in senior care facilities and resident.i
be connected to the |l egacy of the club culture.
remains constant, the materiali hanged habobeowume
This change involves synthetic bl ends, el ectric
ear veesi2oprs. |
A. 3 Classification: The Carambol e
The specific daypewidfh tiaabltehicde redbedt clhrdstabbeC:
nor noaill Itiadd ks, vwhiix hp daket s, the carambole table
only on the rebound physics of the balls against
A.3.1 Technical Speci fications
Carambole tables in the Netherlands wuswually fal/
biljart) and the Club table (Klein biljart).

The match table has a playing surface of 2.84 X
more commonly found i n rseusrifdaecnet ioafl 2s.eltOt ixn gls.,0 5h am
1. neters [14].

Ani mportant technical part of Dutch carambol e t
system. The el ectricaat €ellOeO¢ ot S| tuataldl el atwe d h e
purpose is to support maintaining the surface t
This minimizes the moisture in2tthe adclf@atmhe tsoafen
perspective, this system poses a permanent el ect

combustible ti mbwehatmarke sf d@lhte. bTHild aird tabl e diff
wardrobes and chairs.
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Figadnéei ne Drawing of Carambole Billiard Tabl

A. 4 Characteristics of Materi al s

To quantify the fire risk, the b
component contributes differentl
fire.

il liard tabl e he
y to the igniti.

Fig2Rre SectaBohl ofard Table shown as a Composite Fuel

A.4. 1 The -Firmber a®uwb Legs

The main fuel |l oad is the timber frame, wusually
Mahogany, or Mapl er.¢ hTehremeael Imatterii@al ssal i ds. Accor
1909152) , hardwoods have a standard c[hlabr]r6i Tnpge Ireat e
|l eg configuration | supqguiotre saunc hi nat etraebsltei,n ga ss eitt |
vol ume rati o, because of the individual | egs, c
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[

for faster absorption and earlier ignition of t|

sust afilnaende . [ 16]

HIGH DENSITY
HARDWOOD (DAK
MAHOGANY, MAPLE)

IMDIVIDLA L LEGS INCREASE
SURFACE-TO-VOLUME
RATIOH

HARDWOODS (THERMALLY
THICK S0LIDS] HAVE A
STANDARD CHARRIMG RATE
OF 0.5 - 0.7 MM/MIM

(EM 1596-1-2}

e ADJUSTABLE
- LEVELING FOOT

Fig2Be Drawing of -FrhaemdiamerlL Sgd

A.4. 2 Sl ate, the Playing Surface

The playingslaharé aca@ metamor phic rock tolmat.tio®iemos
The s| atceombsusntdml e, it has an i mportant role in
heat sink. During the growth phase, the sl ate ab
convective and radiant heat, swhiedhd magr ass ftihestt
tabl e. However, as ssaomudd itchendll gt digdadleaenper at
the oven effect, prolonging the decay phase and
t hebetri M hat is around, even .af[te®)r the flames hav

SLATE METAMORPHIC
ROCK COMPOSED MAINLY
OF QUARTZ AND CALCITE
(NON-COMBUSTIBLE)

MASSIVE HEAT SINK:

ABSORES AND ACCUMULATES
COMVECTIVE AND RADIANT
HEAT DURING FIRE GROWTH
FHASE

OHCE HEATED, COMTRIBUTES
T THE OVEM EFFECT,
PROLOMGIMNG DECAY PHASE
AND MAINTAINIMG HIGHT
TEMPERATURES

Figeade Drawing of the Sl ate
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A. 4. 3 Vul cani zed Rubber Cushi ons

The cushions are made from vul ceahatedmsaldpthas, a
This part is the main contributor to smoke toxi
combusti3®dn MJ2%g) and can produce thickjshbatkty
[ 18]an lat rium setting, the soot yield from these
the highest I|ikeliness of blocking the 10 meter

VULCANIZED RUBBER
(THERMOSET POLYMER
CROS5-LIMKED WITH SULFUR].

HIGH HEAT OF COMBUSTION
(25-30 MJ/KG)

MAIN CONTRIEUTOR TO
SMOKE TOXICITY AND
SOOT YIELD.

PRODUCES THICK, BLACK SMOKE
THAT QUICELY REDUCES WISIBILITY

Fig2abe Drawing of the Vulcanized Rubber Cushio

A. 4.4 Fel't

The Simonis cloth, is usually 90% wool paanrd s10%
of the bil IWoarld itsabfllcanecaesé soaanits high nitro
content, t he synt heftiibcr emsy |wint hp aar t qarladnadtw t shuerr f aac ef |

sprgad] .f | Tadsibsr t he surface can in short time inyv
to the release of toxic gases |ike Hydrogen Cyar

SIMONIS CLOTH:
TRADITIOMAL WOO L-NYLOM MIX
(=200 WOOL / 10% NYLOM)

WOOL: NATURALLY FLAME
RESISTANT (LOI =25%) DUE
T HIGH NITROGEN AMD
MOISTURE CONTENT.

"= THIM FIBERS AND NYLOM

COMPONENT ALLOW QUICK
SURFACE FLASHOVER CAM QGUICKLY INVOLVE
RUBBER CUSHIOMS, RELEASING TOXIC
GASES [HCM, CO).

SURFACE FLAME SPREAD UNDER
INTEMSE IGHITION.
Fig2be Drawing of the Fel't
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A.5 The El ectrical Subsystem

Whi he majority of furniture is considered
el ectronic device. To achieve the quality

closely controlled within the cloth fibres.

COMTROLS AND MAINTAIMS MOISTURE LEVEL

WITHIN THE £LOTH (HURIDITY REG ULATION]

ELEC TRICAL COMPONENTS
~ INTRODUCE AN IGNITION
| SEMSORS MONITOR TEMPERATURE AND . I-'Iannr CRcu
RELATIVE HUMIDITY OVERHEATING) AMD MUST BE
— CONSIDERED IN THE FIRE
SAFETY ASSESSMENT

POWERED BY ELECTRICITY
(TYPICALLY 230V AC)

Figa@ame Drawing of the Electric Heating Compone
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o CLOTH (FELT)

9 CUSHION RUBBER

9 RAILS (CUSHION FRAME)

(I} SLATE PLAYING SURFACE
(£} LEVELING SHIMS/PADS

() MAIN FRAME (TABLE BOX)
(£} HARDWARE & FASTENERS

(2} SUBFRAME/CROSS BEAMS

©) Lees

{10 LEVELING FEET

Fig2aBe Expl oded View of a Typical Carambol e Bill
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BILLIARD TABLE DIMENSIONS (TYPICAL)

:'{ 0 N v . N N ‘J'_r_h T

. 1420 MM

o e s s a'Ll

Py
' 4 h'
RAIL& CUSHIOMN DETAIL SLATE JOINT DETAIL
—~ CLOTH
CUSHION - JOINT
RUBBER
__DOWEL
RAIL PIN
(HARDWOOD)
A LN v
i N 7 R

FRAME

—— ADJUSTABLE
SCREW

LEVELING
FOOT

Fi g2®e Di mensions and Details of a Typical Car ambo
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5.1 Heating and Ther mal Conditioning

der n c atrabribeod euse a sandwi ch dreiaghthngbeloanw ttrhue t
is typically consists of:

e base | ayer, a moisture resistant hMDR o1 ployWw
cked (around 25 mm) to reflect heat upwards.

otected resistance wires ( usually2@. 46 Ohm/ me
e system usudbOWw lkgepiange st ma table 3AC to 5AC
mperatur e. From a fire safety perspective thi
ntact Wietatt ea puel bed. I f the component- fail s,
ame caons egiet@scli gniti @MA@,0i st gni2f5i0dA&Cnt |y reduc
eded for a secondary source (e.g., a dropped ¢
f22 e |

6 Materi al Aging

e fire hazard of a billiard t-abol ey @@sr snolti fceocnysct
is aging effect is quite relevant in senior ho
e decades ol d.

6.1 Rubber Vulcanization and Har deni
e vulcanized rubber cushions contain chemical
er time, and further accelerated by the tabl ebd
bber becomes more brittlet@antd2iyedroseisf i 0ot en
at2@®@. | h such a state, the rubber starts to cr
r ignition. Furthermore, the soot yield and th
the polymer chains break down. I't can possi bl
bl e compared t&@3a brand new one. |

6.2 Maintenance and Fl ammabil ity

e maintenance of the timber frame and the Si ma
xes and cleaning sprays. Traditional -bDaustecdh t ab
rnishes or waxes to protect tlhye ihfarjduwsoto da.p pTl hiees
accelerator s, which help with a faster sur f e
ermally thick hardwood 2c40re would be involved
7 Sustainability and the Fire L
oking at t hbea sterde ncdosn sitnr ubcitd o n , the billiard ir
stainable materi al usage, which changes the fi

7.1 Solid Wood and Engineered Compos

storically, producers such as Wil helmina Bilja
wever, ther e has sthegrh adesbify fbobwaeboards (|
creational tables to reduce costs and environm

n be predicted, MDF hfaosr maal rdgeeh yadneo urnetssi nosf. uDruer a
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these resins can | et out bigger concentrations
the Fractional Effective Dose (FED)[ 253l cul ati ons

A. 8 Pl ume Dynamics and Atrium Eff

The fire risk of a billiard table can only be :
vol ume of the space. I n a high atrium, the inter
surrounding air follows specific fluid dynamic p

A. 8. 1 Point Source and Area Source Pl u

In the initial growth phase, a billiard table i
As the fire spreads across the 2 tr@dl 3 uddpear e i me
expected to transition into an area source. Acco
flow rate of smoke is heavily dependent on the
2T Because the billiard table is elevated on | e
from underneath the fuel bed as well as from th
cause more effective combusti on, bdt tal §ore bar g

fl oor. [ 28]

POINT SOURCE - INITIAL GROWTH AREA SOURCE - FULLY DEVELOPED

SMOKE PLUME

ENTRAINED COLD IR
FAOM SIDES %\

. \

ENTARAMED COLD AR UNAESTARIC TED ENTRAINMENT
FRDK WNDEAMNE ATH FROM &LL SIDES AMND BELOW

Fi g@8Oe Point Source and Area Source Pl umes

A. 8.2 Smoke Layer Buoyancy and Cooling

I n Il arge vol umes, the smoke plume | oses tempera
ambient air. I f the Heat Release Rate (HRR) of

buoyancy before reaching the highdgtatpdiirctatdofont
where smoke hhaeniggshtat trhied breat hing gahkeonifes.es]|
This detail can be important for the CFAST si mi
Equi valent Safety is compromised by the descendi

6 8
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SUFFICIENT HRR-SMOKE REACHES CEILING LOW HRR-SMOKE STALLS AT MID-HEIGHT

EMDKELAY‘EH_‘
AT CEILING
{HOT GASES
ACCUMULATE} ﬁ
I\ (I i STausaT
MID-HEIGHT
4
g / ' E A
BREATHING
3o L |~ ZONE AFFECTEL
B | wsiaL Y,
BUDYANT & TOKIC GASES)
M PLUME e —T
FigBdlie Smoke Layer Buoyancy and Cooling
A.9 The Vulnerability Perception
Whil e the BBRAD gives certain horizontal walking
human factor, barriers specific to senior housin

A. 9. 1-i Ptlaaxce and Complete Evacuation St

At the moment the Dutcht smttegnpi gt ngtephestolt alvl g
not al ways be necadsgksarcye, cbountc etphte cStnayal so be use

residenti al functions. The readings suggest t h:
i mpairments, the esanebs atbhrreevabtcetnatnigoint BaehA t hp 2 9]
billiard table in an escape route poses a diffi

move more than 20 seniors past the fire (riskincg
fi-maeted ?r d B8mMg

STAY-IN-PLACE (SHELTER IN ROOMS) COMPLETE EVACUATION
A Ak _adll
. 1 :

Al leslp _al]
e [ oll [anll e T asf

FigB8Re St#®Vace and Compl ete Evacuation Strategy
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Figd®e Table 1 of the Experimental Testing

FLGly =t

FigdOelgnition start of Wooden Crib (left) and Smoke Be

Al " %
'r@‘——f-.'_

Figdle Smoke Beginning to Form (right) and Fire | n:
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FigdRe Final State of Smoke and Visibility in the¢

Fi gdBe Materi al Loss of Table (left) and Charring of

Figdde Charring of Table Components
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