
DOI: 10.4018/IJDIBE.294444

International Journal of Digital Innovation in the Built Environment
Volume 11 • Issue 1 


Copyright©2022,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



*Corresponding Author

1

Optimum Design of Timber Roof 
Structural Members in the Case of Fire
Serdar Ulusoy, Turkish-German University, Turkey*

Gebrail Bekdaş, Istanbul University-Cerrahpaşa, Turkey

Sinan Melih Nigdeli, Istanbul University-Cerrahpaşa, Turkey

ABSTRACT

Oneofthemostimportanttasksofstructuralengineersisthedesignofstructuralelementswith
appropriatecross-sectionstoensurethebalanceofeconomyandsafetyinstructuraldesign.In
thiscontext,differentnumericalalgorithmsaredevelopedfortheoptimumdesignofstructural
systems.Inthisstudy,theoptimumdesignoftheroofstructuralmodelmadeofwoodisdoneusing
teaching-learningbasedoptimization(TLBO)incaseoffire-freeandfireaccordingtoEurocode
5.Thesectionsoftheexistingtimberroofstructureintheliteraturearecalculatedincaseoffire-
freeandfire(30and60minutesoffire).Thenecessityoftheproposedmethodisemphasizedby
comparingtheobtainedoptimumcross-sectionsinthecaseoffire-freewiththevaluesavailable
intheliterature.Asaresult,theoptimumcross-sectionoftimberroofstructuralelementsandthe
woodtypeisdeterminedinashorttimeforthedifferentfiresituationswherethecross-section
andcharacteristicfeatureschangewithtime.
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INTRODUCTION

Forsimplestructuralproblems,traditionalmathematicalmethodsareusuallyenoughtokeepbalance
betweenbuildingsafetyandcostbutforsolvingcomplexproblems,thesemethodshavebeenreplaced
withsomeapplicationsandsimplificationstoachievetheoptimumresults.Oneoftheimportant
representativeoftheseapplicationsandsimplificationsismetaheuristicalgorithmswhichexpress
real-lifeapproacheswithmatematicalequationstoobtaintheminimumormaximumvalueofthe
objective function effectively in short time using computer science. Although the mathematical
equationsthatmakeupthestructureofeachmetaheuristicalgorithmdiffer,thefeatureofchoosing
themostsuccessfulresultasasolutionispresentinthestructureofallalgorithms.

Countlessmetaheuristicalgorithmsareavailableinlitarature.However,theyaremainlysepareted
intothreegroups:evolutionaryalgorithms,swarmintelligence,andothermetaheuristicalgorithms.
Antycolonyoptimization(ACO)inspiredbythebehaviorofantswasproposedbyDorigo(1996).
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Particleswarmoptimization(PSO)formulated thebehaviorofswarmwas initialymentionedby
KennedyandEberhart(1995).FlowerPollinationalgortihm(FPA),Batalgorithm(BA)andFirefly
algorithm(FA)inspriedbythepolinationprocessofflowers,echolocationbehaviourofmicrobatsand
theflashingbehavioroffireflieswereevolved(Yang,2012;Yang,2010;Yang,2010).ArtificialBee
Colony(ABC)AlgorithminspriedbythebehaviorofhoneybeeswasdefinedbyKaraboga(2008).
GeneticAlgoritm(GA)basedonthefeaturesofbiologicalevolutionwasdevelopbyHolland(1975).
Harmonysearchalgortihm(HSA)wasformulatedbyGee,KimandLoganathan(2001)byobserving
musicperformances.Teaching-LearnigbasedOptimization(TLBO)andJayaAlgorithm(JA)were
proposedformulatingteaching–learningeventofaclass(Raoetal.2010;Rao,2016).

Metaheuristic algorithms or newly developed metaheuristic algorithms or modified existing
metaheuristicalgorithmsareusedtosolveengineeringproblems.Forinstance,carbondioxideand
constructioncostsareminimizedwithharmonysearchalgorithmwhendesigningreinforcedconcrete
retainingwallsandreinforcedconcretepiles(Kayabekiretal.2020;Aramaetal.2020).Jaya,flower
pollinationandlearningteaching-basedalgorithmareusedtodeterminethePIDcontrollerparameters
oftheactivetendoncontrolledstructuresincludingsoilstructureinteraction(Ulusoyetal.2020).
ThePIDcontrollerparametersofstructureswiththesamealgorithmsaredeterminedconsidering
differenttimedelaysandcontrollimits(Ulusoyet.al2020).PIDcontrollerparametersofstructures
withactivemassdamperarecalculatedusingmodifiedharmonysearchalgorithm(Kayabekiretal
2020).Passivemassdamperparametersareoptimizedviabatalgorithm(Bekdasetal.2018)and
flower pollination algorithm (Yucel et al. 2019). The post-tensioned axial cylindrical wall with
differentwallheightsareoptimallydesignedunderdifferentloadswiththehelpofharmonysearch
andhybridmetaheuristicalgorithms(Bekdas,2015;Bekdas,2019).OptimumsteelIprofilecross-
sections(Cakırogluetal.2020)andoptimumlaminatedcompositeplates(Cakırogluetal.2020)
arecomputedtakingintoaccountthelocalbucklingandthemaximumbucklingloadwithharmony
searchalgorithm.Reinforcedconcretestructuralmembers(Nigdelietal.2018;Nigdelietal.2015;
NigdeliandBekdas,2017;Ulusoyet.al2018;Ulusoyet.al2020)andsteelstructuralmembers(Artar
andDaloglu,2018;Campetal.2005;Bekdasetal.2019)aredimensionedwithdifferentalgorithms.

Inthisstudy,theoptimumdesignofthetimberroofstructuralmembers,whicharegenarally
usedonthetopfloorofthestructurestoprotectfromsnowandrain,isdoneaccordingtoEurocode
5—Designoftimberstructures,Part1–2:General—Structuralfiredesign(CEN,2004).Asaresult,
the use of metaheuristic algorithms is an appropriate method to determine safe and economical
structuralsectionsinfireandnon-fireconditions.

GENERAL FIRE DESIGN OF TIMBER STRUCTURES

Although there are flammable materials in timber structural members, they have very high fire
resistanceiftheircrosssectionsaresufficient.Themostimportantreasonforthispositivebehavior
istheformationofaprotectivecoallayerwithverylowthermalconductivityontheoutersurfaceof
thewood(Werneretal.2008).Thelowthermalconductivitycoallayerformedontheoutersurface
ofthewoodsectionexposedtofireisshowninFigure1.Intheeventofafire,structuralmembers
areclassifiedaccordingtotheirfireresistancetimessuchasF30-B(fireresistancetimemorethan
30minutes),F60-B(fireresistancetimemorethan60minutes)andF90-B(fireresistancetimemore
than90minutes)(NebgenandPeterson,2015).Inaddition,theloadcombinationspecifiedinEN
1990:2002(Eurocode–Basisofstructuraldesign)(BSEN,2002)andEurocode5:(Eurocode5—
Designoftimberstructures,Part1–2:General—Structuralfiredesign)areusedforsafedesignin
caseoffire.ThisloadcombinationisgiveninEquation1.Ed,fiisthedesignloadincaseoffire,γGA
isthepermanentloadcoefficientincaseoffire(equalto1.0),Gkisthepermanentload,ψ1,1andψ2,i
arethecombinationfactor,Qk,1andQk,iareliveloadsandAd(t)isthedesignvalueoftheindirect
loads.Ifindirectloadshaveaminorinfluenceontheload-bearingbehavior,theycanbeneglected
(Dietmer,2012):
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