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pçusa eKpKNI Brancç gKMKOI içurençç mKBKP 
 
 
ABpqoACq=
=
qhe=ãechanical=éêçéeêties=çf=tiãbeê=eleãents=vaêy=significantly=alçng=its=extent=due=tç=natuêal=vaêiability=çf=
wççd=cellules=and=éêesence=çf=defectsK=fn=this=wçêkI=the=vaêiability=çf=stiffness=and=stêength=éêçéeêties=çf=çld=
chestnut=ECastanea sativa=jillKF=flççê=beaãs=with=ãçêe=than=NMM=yeaêsI=was=exéeêiãentally=assessed=and=
ãechanical=éêçéeêties= weêe=cçêêelatedK= sisual= inséectiçnI=nçnJdestêuctive=and=destêuctive= tests= EbendingI=
cçãéêessiçn= and= tensiçn= éaêallel= tç= gêainF= weêe= cçnsideêed= in= diffeêent= scales= aiãing= tç= çbtain= êeliable=
infçêãatiçn=fçê=éêedicting=the=ãechanical=éêçéeêties=çf=çld=tiãbeê=eleãents=by=use=çf=sãall=cleaê=saãéles=
and=defect=cçncentêatiçnK=cçê=that=éuêéçseI=the=tiãbeê=eleãents=weêe=systeãatically=cut=tç=sãalleê=saãélesI=
tç=ãiniãize=the=éêesence=çf=defectsI=and=tested=in=each=éhaseK=sisual=inséectiçn=evidenced=laêge=vaêiability=
in= çld= tiãbeê= eleãentsD= éêçéeêties= and= éêçved= tç= be= qualitatively= useful= in= éêedicting= its= éeêfçêãanceI=
althçugh=cçnseêvative=fçê=higheê=visual=stêength=classesK=ptêçng=cçêêelatiçns=between=ãçduli=çf=elasticity=in=
bending=weêe=fçund=in=sawn=beaãs=and=bçaêds=ErO===MKUOJMKUVFI=hçweveê= with=weak=cçêêelatiçns=tç=nçnJ
destêuctive=tests=exceét=fçê=ultêaJsçund=tests=ErO===MKRNJMKUTFK=qhe=bending=êesults=in=sawn=bçaêds=êevealed=
that=stiffness=éêçéeêties=vaêy=bçth=in=height=and=length=çf=each=beaã=in=diffeêent=éêçéçêtiçnsK=Alsç=vaêiatiçn=
within=an=eleãent=was=lçweê=cçãéaêed=tç=the=vaêiatiçn=within=the=full=saãéleK=aensity=was=fçund=tç=be=an=
iãéçêtant=éaêaãeteê=fçê=éêçéeêties=cçêêelatiçns=deteêãinatiçnK=cinallyI=knçt=aêea=êatiç=was=used=tç=cçêêelate=
the=influence=çf=defects=with=stiffness=éêçéeêties=çf=the=existing=tiãbeê=eleãentsK=

=
heywçrdsW Timber structuresI bxperimental evaluatiçnI ptiffness variatiçnI mrçperties 

cçrrelatiçnsI aefect influence 
 
 
NK fNqolarCqflN=
=
Alçng=a=tiãbeê=eleãent=it=is=exéected=tç=find=diffeêent=natuêal=defects=which=influence=its=ãechanical=
éêçéeêtiesK= pizeI= length= and= alsç= the= distance= between= diffeêent= defects= aêe= éaêaãeteês= that= will=
cçnditiçn=the=ãechanical=behaviçuê=çf=the=affected=cêçssJsectiçns=and=neaêby=sectiçnsK=qhe=éêçéeêties=
çf=wççd=lçcated=between=defects=Ecleaê=wççdF=aêe=exéected=tç=cçêêeséçnd=tç=bçth=higheê=stêength=and=
ãçdulus=çf=elasticity=EjçbF=and=tç=éêesent= less=vaêiability=cçãéaêed=tç=sectiçns=çf=tiãbeê= influenced=
by =defectsK =qhusI =it =is =nçt =éêudent =tç =cçnsideê =çnly =the =êesults =çf =ãechanical =tests =çf =sãall =saãéles =
withçut= defects= since= its= éêesence= ãay= laêgely= influence= the= eleãentDs= stêuctuêal= behaviçuêK= fn= this=
wçêkI=OM=chestnut=beaãs=weêe=studied=with=êesçuêce=tç=diffeêent=tyées=çf=tests=and=size=scalesI=aiãing=
in=analysing=the=influence=çf=defects= in= tiãbeê= eleãents= êegaêding=diffeêent=scales=and=assessing= the=
cçêêelatiçns= between= nçnJdestêuctive= tests= EkaqF= with= destêuctive= tests= EaqFK= cçê= that= éuêéçseI= the=
tiãbeê= eleãents= weêe=systeãatically=cut= in=çêdeê= tç= ãiniãize= the=éêesence= çf= defects= and= tested= in=
each=éhaseK=maêticulaê=attentiçn=was=given=tç=the=jçb=in=bending=and=its=vaêiatiçnK=
=
OK bumbofMbNqAi=CAMmAfdN=

=
OKNK qest=samples=and=testing=sequence=
qhe= tested= eleãents= cçêêeséçnd= tç= OM= çld= chestnut= ECastanea sativa= jillKF= beaãs= çbtained= fêçã=
a=cçnstêuctiçn=site=lçcated=in=kçêth=mçêtugalK=qhey=seêved=as=stêuctuêal=flççê=beaãs=suééçêtedI=in=bçth=
================================================
N=mha=studentI=fpfpbI=aeétK=Civil=bngineeêingI=rniveêsity=çf=jinhçI=hssçusa]civilKuãinhçKét=
O=Assistant=mêçfessçêI=fpfpbI=aeétK=Civil=bngineeêingI=rniveêsity=çf=jinhçI=jbêancç]civilKuãinhçKét=
P=mêçfessçêI=fpfpbI=aeétK=Civil=bngineeêingI=rniveêsity=çf=jinhçI=ébl]civilKuãinhçKét=



=

OMUM=

endingsI=by=gêanite=ãasçnêy=wallsK=qhe=eleãents=aêe=çveê=a=centuêy=çld=Ebeginning=çf=the=uu=centuêyF=
and=weêe=êeélaced=due=tç=êeãçdelling=çf=the=buildingK=qhe=length=çf=the=eleãents=vaêied=between=Q=tç=
S=ã= with= ãean= value= çf= RKP=ã= and= cçefficient= çf= vaêiatiçn= ECçsF= çf= NNKUBK= qhe= flççê= cçnsisted= in=
a=têaditiçnal=stêuctuêal=sçlutiçn=with=wççden=bçaêds=cçnnected=tç=the=tçé=suêface=çf=the=beaãs=by=iêçn=
nailsI= which= due= tç= its= age= weêe= cçêêçded= and= staêted= tç= affect= the= neaêby= wççdK= qhe= exéeêiãental=
caãéaign=was=cçãéçsed=by=fçuê=ãain=éhasesI=êegaêding=the=size=scale=çf=the=eleãents=EcigK=NFK=
=

=

aF=
bF=

cF=

dF=
eF=
fF=

=
cigK=N=paãéles=used=fçê=each=testW=aF=çêiginal=beaãsX=bF=sawn=beaãsX=cF=sawn=bçaêdsX=dF=cçãéêessiçn=testsX=

eF=tensiçn=testsX=fF=density=and=ãçistuêe=cçntent=ãeasuêeãents=
=

mhase=N=dealt= with=visual= inséectiçn=and=gêading=çf= the=çld= beaãs= xNJPz= cçãéleãented=with=kaq=
Eéenetêatiçn= iãéact= and= dêilling= êesistanceFK= fn= éhase= OI= the= beaãs= weêe= cut= tç=T= ˜= NR= ˜= PMM=cãP=
saãéles=withçut=suéeêficial=decayI=and=defects=weêe=accçunted=in=T=cçnsecutive=segãents=çf=QM=cãK=
qhenI=Q=éçint=bending=tests=xQz=weêe=ãade=tç=each=beaã=çbtaining=lçcal=EbãIlF=and=glçbal=EbãIgF=jçb=
in=bending=whçse=diffeêences=aêe=descêibed=in=xRzK=qhe=tiãbeê=beaãs=weêe=assessedI=befçêe=and=afteê=
the=bending=testsI= by=ultêaJsçund=éulse=velçcity= tests= ErmsF= in= indiêect= ãethçd=çn=each= segãentDs=
bçttçã= and= lateêal= facesK= fn= éhase= PI= the= undaãaged= beaãs= weêe= sawn= intç= P= bçaêds= with=
T=˜=Q=˜=PMM=cãP= EQU= bçaêdsFI= visually= inséected= and= assessed= by= kaqK= qç= each= segãent= çf= each=
bçaêd= a= Q= éçint= bending= test=was= ãade= tç= assess= the= vaêiatiçn= çf=jçb=alçng= the= eleãentDs= length=
EPPS= testsF= EcigK= OFK= fn= éhase= QI= cleaê= wççd= saãéles= weêe= cçnsideêed= fçê= cçãéêessiçnI= tensiçn=
éaêallel= tç= gêain= tests= and= tç= density= and= ãçistuêe= cçntent= EjCF= ãeasuêeãentK= cçê= each= beaãI= P=
cçãéêessiçnI=S=tensiçn=and=P=density=saãéles=weêe=taken=and=rms=tests=weêe=ãadeK=aq=weêe=ãade=
with= disélaceãent= cçntêçlI= çbtaining=jçb=and= ultiãate=stêengthK=qç=calibêate= the= kaqI= êefeêence=
tests= weêe= ãade= in= aêeas= withçut= visual= indicatiçn= çf= suéeêficial= decayK= cçê= kaq= the= cçnsideêed=
éaêaãeteês= weêe= the=êesistçgêaéhic= ãeasuêeI= oMI= fçê= dêilling= êesistance= Eêatiç=between=aêea= çf= the=
êesistçgêaéhic= diagêaã= and= height= çf= saãéleFI= éenetêatiçn= deéthI= déilI= fçê= iãéact= éenetêatiçn= and=
éêçéagatiçn= velçcityI= véI= fçê= rmsK= qhe= vé= çf= a= ãateêial= ãay= be= êelated= tç= the= static= bsta= and =the =
dynaãic= bdyn= jçbI= thêçugh= bquatiçn= ENF= xSzK= qhe= êelatiçn= between= bsta= and= bdyn= Ebdyn ≥=MKVM=bstaF=
ãay=be=exélained=by=wççd’s=viscçusJelastic=behaviçuê=xTzK=
=

= ∙ = ∙ ∙ = ENF
=
wheêeW=r ==densityI=h===éêçéçêtiçnality=cçnstant=deéendant=çf=the=tiãbeê=séecieK=aensity=and=jC=tests=
tç=the=saãéles=afteê=stabilized=Ein=cliãatic=chaãbeê=undeê=cçnditiçns=çf=OM°C=and=RVKSB=oeF=xUJVzK==
=

=

aF=

bF=

cF=

=
cigK=O=içcatiçn=çf=the=sequential=bending=tests=éeê=bçaêdW=aF=visual=inséectiçn=segãentsX=bF=gauge=length=fçê=bãIl=

Ein=shadeFX=cF=gauge=length=fçê=bãIg=Ein=shadeF=
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OKOK aAqA=ANAiYpfp=ANa=obpriqp=
OKOKNK mhase NW çld beams 
Afteê= êeãçved=fêçã=the=buildingI= the= tiãbeê=beaãs=weêe=ãaêked=A=tç=qI=visually= inséectedI= gêaded=
xNJPz=and=assessed=by=kaqK=cçê=each=QM=cã=segãent=the=beaãs=weêe=gêaded=in=çêdeê=tç=define=cêitical=
sectiçns= and= tç= evaluate= the= vaêiability= çf= visually= assessable= éêçéeêties= alçng= theiê= lengthK= sisual=
inséectiçn=is=çne=çf=the=fiêst=and=ãçst=iãéçêtant=steé=in=a=stêuctuêal=diagnçsis=and=shçuld=be=caêêied=çut=
with= aiã= tç= study= bçth= causes= and= futuêe= cçnsequences= çf= the= éêçbleãK= qhe= ftalian= nçêã= xPz=
ãethçdçlçgical= aééêçach= cçnsists= in= visual= inséectiçn= cçãbined= with= kaq= fçê= diagnçsis= çf= the=
cçnseêvatiçn=state=and=estiãatiçn=çf=the=ãechanical=éêçéeêties=çf=stêuctuêal=wççd=in=cultuêal=heêitage=
buildingsK= cçê= stêength= gêadingI= this= nçêã= cçnsideês= thêee= classes= EfI= ff= and= fffF= êegaêding= çnsite=
diagnçsisK= aata= is= gatheêed= tç= define= the= geneêal= state= çf= the= stêuctuêe= andI= diffeêent= evidences= çf=
stêuctuêal=éathçlçgies=aêe=dçcuãented=and=classified=accçêding=tç=its=extent=and=seveêityK==fn=this=studyI=
the=ãçst=cçããçnly=fçund=defects=weêe=knçts=and=ãisalignãent=çf=gêainK=qhe=ends=çf=the=beaãs=weêe=
quite=decayedI=wheêeas=a=ãçêe=suéeêficial=daãage=was=fçund=alçng=theiê=length=EcigK=PFK==
=

aF = bF = cF = dF =
=

cigK=P=aefects=and=ançãalies=fçund=in=the=tiãbeê=eleãentsW=aF=deteêiçêatiçn=çf=inteênal=fibbeês=by=xylçéhagçus=
insectsX=bF=decay=by=fungiX=cF=suéeêficial=attack=çf=xylçéhagçus=insectsX=dF=knçts=and=gêain=ãisalignãent=
=

Alsç=chaãfeêing=çf=the=eleãents=was=fçundI=ãçêe=due=tç=the=initial=sawing=éêçcess=êatheê=than=tç=lçss=
çf=cêçssJsectiçn=integêityK=fn=éhase=NI= the=segãents=weêe=visually=stêength=gêaded=cçnsideêing=as=ãain=
featuêes= the= knçt= incidence= and= slçée= çf= gêainI= and= çãitting= the= éaêaãeteês= çêiginated= by= exteênal=
daãage=Estêuctuêal=çê=enviêçnãentalFK=qhis=éêçcess=intends=tç=çbtain=the=ãechanical=éêçéeêties=êelated=
tç=the=ãateêial=itself=and=its=defects=êatheê=than=tç=the=state=çf=cçnseêvatiçnI=which=ãay=be=assuãed=by=
the=êeductiçn=çf=the=effective=cêçss=sectiçn=xNMzK=fn=xNNz=the=knçt=incidence=and=slçée=çf=gêain=weêe=alsç=
cçnsideêed=as=the=ãçst= iãéçêtant=influencing=éaêaãeteês=and=thçse=that=lead=tç=ãçêe=significant=jçb=
êeductiçnK=Alsç=in=xNOz=it=is=stated=that=knçts=aêe=by=faê=the=ãçst=iãéçêtant=defects=in=the=êeductiçn=çf=
visual= gêadingI= being= quite= significant= in= the= case= çf= thick= eleãentsI= like= beaãsK= Aiãing= fçê=
a=cçnsistent=and=cçãéaêable=indicatçê=between=éhasesI=visual=inséectiçn=was=êedçne=tç=the=beaãs=afteê=
being=sawn=intç=êegulaê=stêaight=eleãents=and=tç=each=set=çf=thêee=sawn=bçaêdsI=being=the=êesults=çf=the=
visual=inséectiçn=fçê=all=éhases=éêesentedI=fçê=betteê=cçãéaêisçnI=in=cigK=QK=
=

=
cigK=4=meêcentage=distêibutiçn=çf=segãents=included=in=each=class=çf=the=visual=inséectiçn=xPzI=fçê=éhases=N=tç=P=

=
Cçãéleãenting=the=visual=inséectiçn=with=kaq=êesults=éeêãitted=tç=veêify=that=the=decay=fçund=alçng=
the= séan= çf= the= tiãbeê= beaãs= was= ãainly= suéeêficialI= since= the= déil= between= visible= decayed= and=
undecayed=segãents= had= çnly= an= aveêage= incêease= çf= NKN=ããK= aêilling= êesistance= tests= ãade= tç= the=
segãents=neaê= the=endings=çf= the=beaãs=dençted=that= even= if= the=çutside= layeê=éêesented=éççê=visual=
cçnditiçn=the=cçêe=çf=the=eleãent=was=still=in=gççd=cçnditiçns=and=withçut=significant=vçidsK==

=
OKOKOK mhase OW sawn beams 
Afteê=visual=inséectiçnI=rms=in=indiêect=ãethçd=was=ãade=çn=each=segãentK=qhe=ãean=value=çf=vé=fçê=
all=beaãs=was=QUQSKR=ãLs= in=bçttçã=face=and=QUONKS=ãLs= in= lateêal=face=with=Cçs=çf=UKS=and=SKSBI=
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êeséectivelyK= qhe= aveêage= çf= the= Cçs= fçê= the= ãeasuêeãents= in= each= beaã= was= SKP= and= QKVBI=
êeséectively=fçê=bçttçã=and= lateêal=facesK=qhe=decêease=çf= the=vaêiatiçn=between=the=ãeasuêeãents=çf=
all=beaãs=and=ãeasuêeãents=within=a=saãe=beaãI=êeéêesent=an=incêease=çf=vaêiatiçn=when=assessing=
diffeêent= tiãbeê= eleãentsI= even= fêçã= the= saãe= stêuctuêe= and= tiãbeê= séecieK= qhe= aveêage= diffeêence=
between=vé= in =bçttçã=çê =lateêal =faces=was=less =than=NMBK=All =beaãs=weêe=then=subãitted=tç=bending=
tests=in=elastic=êegiãe=tç=çbtain=bãIl=and=bãIgK=cçuê=beaãs=weêe=tested=until=failuêe=Ebeaãs=eI=iI=mIqFK=
A=ãean=value=çf=NMUQN=kLããO=was=fçund=fçê=bãIl=and=NMVQM=kLããO=fçê=bãIg=ECçs===ORKPB=and=OOBI=
êeséectivelyFK= piãilaê= Cçs= fçê= jçb= is= suggested= in= xNPz= althçugh= fçê= sçftwççdsI= wheêeas= in= xNQz=
a=Cçs=between=V=tç=OPB=ãay=be=fçund=fçê=jçb=in=bending=çf=sãall=cleaê=wççd=séeciãensK=eçweveêI=
it=ãust=be=nçted=that=vaêiatiçn=is=lçweê=fçê=sãall=cleaê=séeciãens=and=highly=deéends=çn=the=sçuêce=çf=
infçêãatiçn=êeliabilityK=Alsç=the=cçêêelatiçns=between=éêçéeêties=aêe=higheê=fçê=sãall=cleaê=séeciãens=
and= lçweê= fçê= laêge= ãeãbeês= xNRzK= A=stêçng=cçêêelatiçn= is= fçund= between= bãIl= and= bãIg= ErO===MKUOFK=
AlsçI=it=is=visible=that=ãçêe=than=RMB=çf=the=values=çf=bçth=jçb=aêe=distêibuted=within=xVXNPz=kkLããOK=
A= ãean= bending= stêengthI= fãI= çf= OPKNN=kLããO= ECçs===NMKRBF= was= fçund= Efã|beaãe===OPKSS=kLããOX=
fã|beaãi===NVKRP=kLããOX fã|beaãm===OQKRU=kLããOX=fã|beaãq===OQKSV=kLããOFK=sisual= inséectiçn=éêçved=tç=
be=cçêêect= in=assessing=qualitatively=the=fçuê=beaãsK=_eaã=q=éêesented=higheê= fã= than=the=êeãaining=
thêee=beaãsI=cçnsistent=with=the=éêeviçus=visual=inséectiçn=wheêe=beaã=q=had=higheê=éeêcentages=çf=
visual=classes=f=and=ffK=ln=the=çtheê=handI=the=beaã=with=lçweê=fã=Ebeaã=iF=had=the=higheê=éeêcentage=
çf=kC=sectiçnsK=fn=all=casesI=the=beaã=failuêe=initiated=in=a=segãent=with=higheê=éeêcentage=çf=defectsK=
Afteê=the=testsI=rms=was=êedçne=in=the=beaãs=that=weêe=nçt=taken=tç=failuêeI=çbtaining=nç=significant=
diffeêences=with=the=éêiçê=rms=EYNMB=ãean=diffeêenceFI=thus=cçnfiêãing=that= the=tests=weêe=ãade=in=
the= elastic= êegiãe= withçut= inducing= daãage= tç= the= eleãentsK= qhenI= bdyn= Ecçnsideêing= rãeanF= was=
cçãéaêed=tç=bãIl=êegaêding=the=segãents=within=the=êeséective=gauge=lengthK=qhêçugh=the=analysis=çf=
the=êesults= it=was= fçund=that=diffeêent=êatiçs=h===bdyn=L=bãIl= weêe=fçund=fçê= twç=gêçuésK= A=gêçué= with=
TRB=çf=the=beaãs=EdNF=evidenced=a=ãean=h===MKUSI=wheêeas=a=secçnd=gêçué=with=ORB=çf=the=beaãs=
EdOF= evidenced= a= ãean= h===MKRSK=Cçnsideêing= seéaêate= gêçués= in= the=cçãéaêisçn=between= bdyn= and=
bãIlI=stêçng=cçêêelatiçns=weêe=fçund=and=alsç=it= is=evidenced=that=the=lineaê=êegêessiçn=lines=çf=the=twç=
gêçués=have=siãilaê=inclinatiçnsI=dençting=twç=êesults=clusteês=EcigK=RFK=Althçugh=fêçã=the=saãe=wççd=
séecieI= its= çêigin= and= cçnditiçns= çf= gêçwth= weêe= unknçwnI= which= ãay= accçunt= tç= the= fçund=
diffeêencesK=oegaêding=these=êesultsI=the=cçêêelatiçns=between=diffeêent=scales=aêe=alsç=êefeêêed=tç=each=
gêçué=seéaêatelyK=
=
=

=
=

cigK=R=Cçêêelatiçn=between=bãIl=and=bdyn=in=éhase=O=
=

OKOKPK mhase PW sawn bçards 
Afteê=visual=inséectiçnI=rms=tests=in=indiêect=ãethçd=weêe=ãade=çn=each=segãentK=qhe=ãean=value=çf=
vé=fçê=all=bçaêds=was=QUSNKR=ãLsK=A=decêease=çf=vaêiability=was=fçund=when=assessing=sãalleê=size=scale=
eleãentsI= such= that= the= Cçs= between= the= ãeasuêeãents= çf= all= bçaêds= equals= UKQBI= the= Cçs= çf=
ãeasuêeãents=within=a=saãe=set=çf=thêee=bçaêds=Ea=beaãF=equals=SKVB=and=the=Cçs=çf=ãeasuêeãents=
within =a =saãe =bçaêd =equals =SKPBK =qhenI =all =sawn =bçaêds =weêe =subãitted =tç =bending =tests =in =elastic =
êegiãe= in= çêdeê= tç=çbtain= bãIl= and=bãIgK= qhe= êesults= aêe= given= in= fçêã=çf= histçgêaãs= and=cuãulative=
distêibutiçn=functiçns=in=cigK=SK=A=ãean=value=çf=NONVM=kLããO=was=fçund=fçê=bãIl=and=NNSSN=kLããO=
fçê=bãIg= with=Cçs=aééêçxiãately=çf=PMB=and=OPBI= êeséectivelyK=qhe=values= given=by=segãents= fçê=
a=given=beaã=weêe=aveêaged=and=a= stêçng=cçêêelatiçn=is= fçund=between=bãIl=and=bãIg= ErO===MKUVFK=qhis=
cçêêelatiçn= is= stêçngeê= than= the= cçêêelatiçn= when= analyzed= the= values= given= in= the= full= size= beaã=
bending=testsK=AlsçI=it=is=visible=that=ãçêe=than=RMB=çf=the=values=çf=bçth=jçb=aêe=distêibuted=within=
the=êange=xNMXNSz=kkLããOK=qhe=ãeasuêeãents=alsç=êevealed=that=stiffness=éêçéeêties=vaêy=in=height=and=
length=çf=each=beaã=in=diffeêent=éêçéçêtiçnsI=being=the=vaêiatiçn=higheê=when=higheê=cçncentêatiçn=çf=
knçts= weêe= fçundI= such= is= shçwn= in= cigK= T= wheêe= fçê= segãent= Q= çf= the= bçttçã= bçaêd= çf= beaã= gI=
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=

OMUP=

a=significant=knçt=lead=tç=a=decêease=in=vé=and=jçbK=qhe=ãean=Cçs=çf=ãeasuêeãents=ãade=tç=the=saãe=
segãent=çf=each=set=çf=bçaêds=Evaêiatiçn=in=heightF=is=equal=tç=OMKNB=and=NRKTBI=êeséectively=bãIl=and=
bãIgI= wheêeas= the= ãean= Cçs=çf= ãeasuêeãents= ãade= tç= all= segãents= çf= a= given=bçaêd= Evaêiatiçn= in=
lengthF=is=slightly=higheê=being=equal=tç=ORKUB=and=NTKVBI=êeséectively=bãIl=and=bãIgK=
=

=

= =
bãIg===MKSRRUR=×=bmIl=H=POMUKS=ErO===MKUVF=

aF= bF=
=

cigK=S=eistçgêaãs=and=cuãulative=distêibutiçn=functiçns=in=éhase=P=fçêW=aF=bãIlX=bF=bãIg=
=

=
cigK=T=saêiatiçn=by=segãents=and=bçaêdsI=in=beaã=gI=çfW=aF=véX=bF=bãIlX=cF=bãIg=Esectiçns=séacing===QM=cãF=
=

Aãçng=natuêal=defects=çf=tiãbeêI=knçts=aêe=cçnsideêed=as=the=ãçst=cçnditiçning=éaêaãeteê=fçê=gêadingK=
qhe=dçwngêading=is=ãçst=likely=caused=by=the=cçãbinatiçn=çf=lçcal=gêain=deviatiçn=Eãçst=significantF=
and=êeductiçn=çf=cleaê=wççd=aêea=xNSzK=fts=influence=is=assessed=by=seveêal=cêiteêiçns=such=as=the=knçt=
aêea=êatiç=EhAoFI=which=cçnsideês=the=knçt=incidence=within=the=cêçssJsectiçn=aêeaK=qhe=geçãetêy=çf=
a=knçt=is=aééêçxiãated=tç=a=cçne=êadiating=fêçã=the=éithI=thus=hAo=can=be=cçãéuted=cçnsideêing=the=
éêçjectiçn=çf=the=cçne=çn=the=cçêêeséçndent=cêçssJsectiçnK=qhis=is=geneêally=éçssible=in=êelatively=thin=
bçaêdsI=in=the=case=the=knçt=is=visible=çn=twç=faces=çf=the=eleãentI=çê=cçnveêsely=in=unJsawn=tiãbeês=çê=
laêge= scantlings= including= the= éith= xNOzK= fn= this= wçêkI= segãents= withçut= knçts= çê= with= ãinçê= knçts=
Eãinçê= diaãeteê=Y= R=ããF=weêe=nçt= cçnsideêedI= alsç= within=a= segãent= the=hAo= çf= the=ãçst= cêitical=
isçlated= andLçê= clusteê= çf= knçts= was= cçnsideêed= tç= a= ãaxiãuã= çf= NMMBK= ciguêe= Ua= éêesents= the=
cçêêelatiçn= between= hAo= and= bãIg= fçê= each= segãent= çf= sawn= bçaêdsK= A= ãedian= cçêêelatiçn= was=
çbtained= ErO== =MKQOFI =but =it =is =visible =that =when =hAo =incêeases bãIg= tends= tç= decêease= Einveêse=
éêçéçêtiçnalityFK= ciguêe= Ub= éêesents= the= diffeêence= aêçund= the= aveêage= çf= hAo= and= bãIgI= such=that=
cççêdinates= EMIMF= cçêêeséçnd= tç= ãean= hAo= and= ãean= bãIgI= and= éçsitive= values= cçêêeséçnd= tç= an=
êelative= incêease= çf= that= éaêaãeteê= while= negative= values= tç= a= êelative= decêeaseK= qheêefçêeI= in= the=
secçnd=quadêant=EOnF=a=decêease=çf=the=hAo=leads=tç=a=incêease=çf=the=bãIg=aêçund=the=ãeans=and=viceJ
veêsa= fçê= the=fçuêth=quadêant= EQnFK= fn= this= analysis= the=fiêst= and= thiêd=quadêants= ENn=and=PnF= wçuld=
cçêêeséçnd=tç=a=diêect=éêçéçêtiçnality=between=éaêaãeteês=and=thus=weêe=nçt=cçnsideêedK=keveêthelessI=
since=the=exclusiçn=çf=Pn=êeéêesents=a=éçtential=unsafe=caseI=the=éêçbabilities=that=define=saãéle=x=in=
that= quadêant= aêe= calculated= EcigK= UbFK= kçtice= that= the= êesults= éêçduce=a= stêçng=cçêêelatiçn=between=
hAo=and=bãIg=and=that=the=êegêessiçn=line=includes=the=cççêdinates=çf=the=ãean=values=EMIMFK=
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=

OMUQ=

= =
bãIg===JRRNVKN=×=hAo=H=NPOMQ=ErO===MK4OF= DbãIg===JMKOOOO=×=DhAo=ErO===MKTOF=

aF= bF=
=

cigK=U=Cçêêelatiçn=çf=bãIg=and=hAo=in=éhase=OW=aF=all=ãeasuêeãentsX=bF=values=çf=O=and=Qn=aêçund=the=ãean=
=

kaq=ãade=tç=the=segãents =çf =sawn=bçaêds=lead=tç=weak=cçêêelatiçns=ErO=Y=MKMTFK=Althçugh=still=lçwI=
cçêêelatiçns= weêe= fçund= stêçngeê= when= cçnsideêing= the= ãean= values= éeê= bçaêd= and= tests= ãade=
éeêéendiculaêly=tç=the=lateêal=face=Eqable=NFK=cçê=all=ãeasuêeãents=ãean=déil===UKP=ãã=ECçs===NQKSBF=
and=oM===PMOKQ=bit=ECçs===NMKQBF=weêe=fçundK=qhe=aveêage=values=çf=déil=between=lateêal=and=bçttçã=
faces=weêe=siãilaê=with=a=ãinçê=incêease=çf=MKP=ãã=fçê=the=bçttçã=facesK=
=

qable=N=Cçêêelatiçn=between=kaqI=déil=EããF=and=oM EbitFI=and=jçb=EkLããOF=in=éhase=P=
=

correlation= penetration=impact=tests= drilling=resistance=tests=

Naq=

EmIl=

EmIg 

déil|lat===MKSRMM=×=déil|bçt=H=OKSSOR==

bãIl===JNRTNKV=×=déil|lat=H=ORSURKP= 

bãIg===JNQNVKQ=×=déil|lat=H=OPMVRKU==

Er2===MKRSF=

Er2===MKORF=

Er2===MKPMF=

oMlat===MKTNUP=× oMbçt=H=TRKPUM= 

bãIl===SVKVST=×=oMlat=–=TVPMKV= 

bãIg===SMKPPT=×=oMlat=–=SQNRKU=

Er2===MKTMF=

Er2===MKPUF=

Er2===MK4NF=
=

OKOK4K mhase 4W small clear specimens 
Cçãéêessiçn =and =tensiçn =éaêallel =tç =gêain =tests =weêe =ãade =and =the =êesults =aêe =éêesented =in =qable =OK =
Alsç=density=and=ãçistuêe=jC=weêe=deteêãinedK=qhe=êesults=shçw=a=sãalleê=vaêiatiçn=within=the=saãe=
beaã= cçãéaêed= tç= the= vaêiatiçn= çf= all= saãélesI= as= alêeady= evidenced= in= the= éêeviçus= test= éhasesK=
aiffeêent= tyées= çf= failuêe= ãçdes= weêe= çbseêved= fçê= the= éaêallel= tç= gêain= tests= and= êegaêding= thçse=
failuêes= an= analysis= çf= vaêiance= EAklsAF= was= ãadeK= cçê= chaêacteêizatiçn= çf= failuêe= in= the=
cçãéêessiçn= tests= the= fçllçwing= failuêe= tyées= weêe= cçnsideêedW= cêushingI= wedge= sélittingI= sheaêingI=
sélittingI= cêushing= and= sélitting= and= bêççãingK= fn= tensiçn= tests= the= fçllçwing= weêe= cçnsideêedW=
sélinteêing=tensiçnI=cçãbined=tensiçn=and=sheaêI=sheaê=and=bêittle=tensiçn=xNTz=cçnsideêing=alsç=failuêe=
in=the=gêiééing=aêea= çê=due= tç= defectsK=oegaêding=a= singleJfactçê=AklsA=and=a= cçnfidence= level=çf=
VRB= a= nçnJsignificant= vaêiance= in= bcIM= çê= fcIM= was= fçundI= hçweveê= btIM= and= ftIM= êevealed= a= significant=
vaêiance= between= the= diffeêent= failuêe= ãçdes= Ec= [= ccêit= and= pJvalue=Y=R= ´= NMJOFK= qhe= cçêêelatiçns=
between=éêçéeêties=tested=in=éhase=Q=aêe=éêesented=in=qable=P=cçnsideêing=the=saãéles=lçcatiçn=in=the=
beaãI=wheêeas=in=qable=Q=the=cçêêelatiçns=aêe=given=fçê=the=ãean=value=çf=a=éêçéeêty=within=a=beaãK=
qhe=çveêall=cçêêelatiçns= aêe=weak=tç=ãçdeêateI=hçweveê= it= is= fçund=that= stiffness=éêçéeêties=aêe=betteê=
cçêêelated=than=stêength=éêçéeêtiesK=aensity=cçêêelatiçns=aêe=çnly=éêesented=in=qable=Q=since=significant=
cçêêelatiçns=weêe=çnly=fçund=fçê=ãean=value=éeê=beaãI=ãainly=in=dNK=
=

qable=O=oesults=çf=ãechanical=tests=in=éhase=Q=
=

mroperty= mean=
Cos=EBF= = =

mroperty= mean=
Cos=EBF=

all= beam= = = all= beam=

Cçãéêessiçn=LL=tç=
gêain=EkLããOF=

véIind=

véIdiê=

bcIM=

fcIM=

QUUTKQ=

RONUKS=

NOSON=

QOKVV=

VKT=

PKV=

NRKT=

NTKO=

TKV=

OKS=

NNKS=

NRKO=

= = qensiçn=LL=tç=
gêain=EkLããOF=

véIind=

btIM=

ftIM=

QNVOKU=

NOTUP=

TPKQU=

PKT=

NOKV=

OSKT=

OKS=

UKM=

OQKT=

aensity=EkgLãPF= rNO= RTNKNS= TKV= RKR= = = jC=EBF= jC= NOKON= UKN= PKU=
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=

OMUR=

qable=P=Cçêêelatiçn=éeê=sectiçns=between=stiffness=and=stêength=EkLããOF=tested=in=éhase=Q=
=

mroperties=
Esame=testF=

qotal=
sample= dN= dO= = = mroperties=

Edistinct=testsF=
qotal=

sample= dN= dO=

fcIM===bcIM×aHb 
a ==MKMMOP=
b ==NPKUR=
rO===MKPU 

a ==MKMMOS 
b ==UKNO 
rO===MK4V 

a ==MKMMOP 
b ==NPKRU 
rO===MKNN 

  
btIM===bcIM×aHb 

a ==MKSMPQ 
b ==QVSRKT 
rO===MKOP 

a ==MKQVRQ 
b ==SQTOKU 
rO===MKNU 

a ==MKRVUO 
b ==RMRUKR 
rO===MKSN 

ftIM== btIM×aHb 
a ==MKMMSU 
b ==JNPKSR 
rO===MKPM 

a ==MKMMUT 
b ==JPTKQQ 
rO===MKOR 

a ==MKMMSM 
b ==JPKRN 
rO===MKPS 

  
ftIM== fcIM×aHb 

a ==MKTQMU 
b ==PVKVS 
rO===MKMU 

a ==NKSRTN 
b ==OKSV 
rO===MKMP 

a ==MKQMQO 
b ==RRKQU 
rO===MKP4 

=
qable=4=Cçêêelatiçn=éeê=beaãs=between=stiffnessI=stêength=EkLããOF=and=density=EkgLãPF=tested=in=éhase=Q=

=

ptrength=L=
ptiffness=

qotal=
sample= dN= dO= = = with=aensity= qotal=

sample= dN= dO=

fcIM===bcIM×aHb 
a ==MKMMNS 
b ==OPKQS 
rO===MKOO 

a ==MKMMPO 
b =NKOU 
rO===MKMV 

a ==MKMMNR 
b ==OPKVR 
rO===MKPO 

  
bcIM== rNO×aHb 

a ==NNKQMT 
b ==SNMRKR 
rO===MKNM 

a ==VKOQP 
b ==TNUSKO 
rO===MKOV 

a ==NNKUON 
b ==SMQQKV 
rO===MKMV 

ftIM== btIM×aHb 
a ==MKMMTU 
b ==JOSKRN 
rO===MKRP 

a ==MKMNNS 
b ==JTPKRO 
rO===MKUT 

a ==MKMMSM 
b ==JQION 
rO===MKPS 

  
fcIM===rNO×aHb 

a ==MKMQP 
b ==NUKSPN 
rO===MKNP 

a ==MKNSU 
b ==JRTKUVM 
rO===MKVM 

a ==MKMPM 
b ==OSKUOQ 
rO===MKMU 

btIM===bcIM×aHb 
a ==MKRSTQ 
b ==RQRVKR 
rO===MKPT 

a ==MKPORO 
b ==UTMPKR 
rO===MKUR 

a ==MKSNQU 
b ==QUQQKV 
rO===MKPP 

  
btIM===rNO×aHb 

a ==NSKOT 
b ==PPOTKP 
rO===MKNT 

a ==PRKVN 
b ==JVMVNKR 
rO===MKR4 

a ==NRKTU 
b ==PVMPKR 
rO===MKNV 

ftIM== fcIM×aHb 
a ==NKURUQ 
b ==JUKSR 
rO===MKOV 

a ==OKRUNT 
b ==JPUKRP 
rO===MKRS 

a ==NKORRR 
b ==NUKPR 
rO===MKNP 

  
ftIM===rNO×aHb 

a ==MKNQS 
b ==JNNKUU 
rO===MKNO 

a ==MKQSU 
b ==JOMVKMO 
rO===MKRV 

a ==MKNMP 
b ==NQKST 
rO===MKMU 

=
OKOKRK Cçrrelatiçn between phases 
tith= êeséect= tç= visual= stêength= gêading= çf= the= çêiginal= beaãsI= çveê= cçnseêvative= values= weêe= fçund=
cçãéaêed=tç=the=êesults=çbtained=in=the=aq=çf=éhases=O=and=QK=fn=éhase=PI=it=was=fçund=that=the=saãéles=
çf=segãents=classified=with=diffeêent=visual=classes=éêesented=a=significant=vaêiance=in=a=singleJfactçê=
AklsAK= Alsç= the=ãean= value=çf=jçb= in=a= given=saãéle= tended= tç= decêease= in=cçêêeséçndence= tç=
a=decêease=in=visual=gêading=classK=fn=the=case=çf=bãIlI=decêeases=between=the=ãean=value=fçê=classes=f=çf=
SI=ON=and=OTB=weêe=fçund=êeséectively=tç=classes= ffI= fff=and=kCI= siãilaê= tç=the=values= given= in=xPzI=
wheêeas= tç= bãIgI= decêeases= between= the= ãean= value= fçê= class= f= çf= VI= NS= and= PSB= weêe= fçund=
êeséectively =fçê =classes =ffI =fff =and =kCK =oegaêding =density =vaêiatiçn =it =was =fçund =that =the =nuãbeê =çf =
saãéles=is=êelevantI=since=the=cçnsideêatiçn=çf=rãean=éeê=glçbal=set=çf=the=OM=beaãs=éêçduced=diffeêent=
values=çf=cçêêelatiçn=when=cçnsideêing=the=rãean=éeê=beaã=çê=éeê=êegiçnK=cçê=full=size=beaãs=çê=bçaêds=
the=rãean= êegaêding =all =OM =beaãs =éêçduced =betteê =cçêêelatiçnsI =wheêeas =the =rãean= éeê= beaã=éêçduced=
betteê=cçêêelatiçns=fçê=the=tested=cleaê=saãélesK=keveêthelessI=it=was=fçund=that=it=is=advisable=tç=use=the=
rãean=çf=thêee=ãeasuêeãents=çf=density=éeê=beaã=even= êegaêding=the=cleaê= saãélesK= fn=teêãs=çf=nçnJ
destêuctive= testing= and= cçnsideêing=bsta= and= bdyn= fçê= each= test= éhaseI= saãéle=dN= evidenced= stêçngeê=
cçêêelatiçns=than=the=çtheê=saãéles=Eqable=RFK=
=

qable=R=Cçêêelatiçn=between=bsta=and=bdyn=fçê=éhases=O=tç=Q=
=

mhase= Esta=correlated=with=Edyn=

O=
P=
Q 

bãIl===NKMRP=×=bdyn=–=OQOTKN=
bãIl===NKRTV=×=bdyn=–=URRVKO=
bcIM===MKVPV=×=bdyn=–=NVNSKV=

Er2===MKTMF=
Er2===MKUOF=
Er2===MKRNF=

bãIg===NKNUV=×=bdyn=–=QRNMKQ=
bãIg===NKNQT=×=bdyn=–=PVUMKO=
btIM===NKPUQ=×=bdyn=–=NMNTKR=

Er2===MKTSF=
Er2===MKUTF=
Er2===MKSTF=

=
fn= bending= testsI= the= ãean= values= çf= all= sawn= bçaêds= ãeasuêeãents= aêe= higheê= than= the= equivalent=
values=çbtained=fçê=sawn=beaãsK=qhe=biggest=diffeêence=is=çbseêved=between=bãIlI=with=laêgeê=Cçs=in=



=

OMUS=

the=case=çf=sawn=bçaêdsK=qhis= is=an=exéectable=êesult=since=the=gauge=length=fçê=the=deteêãinatiçn=çf=
bãIg= fçê= the= sawn=beaãs= included= all= the= gauge= length= çf= the= bãIg= fçê =the =sawn =bçaêdsI =wheêeas =the =
gauge=length=fçê=the=bãIl=çf=the=sawn=beaãs=çnly=cçnsideês=segãents=PI=Q=and=R=çf=the=sawn=bçaêdsK=
Cçnsideêing=the=ãean=value=fçê= that= segãentsI= a= bãIl=çf=NOTON=kLããO= is=çbtained=which= is=clçseê= tç=
the= value= çf= the= bãIl= fçê= the=sawn=beaãsK= keveêthelessI= even=cçãéaêing= the= equivalent= segãents= in=
teêãs =çf =gauge =length =ãeasuêeãentI =the =values =çf =stiffness =fçê =the =sawn =bçaêds =aêe =NUB =and =TB =
higheêI=êeséectivelyI=bãIl=and=bãIgI=cçãéaêed=tç=the=sawn=beaãsK=qhis=incêease=çf=stiffness=ãay=alsç=be=
exélained=due= tç=the= lçweê= influence=çf=defects= in=the=glçbal=behaviçuê=when= the=beaã=was=divided=
intç=bçaêdsI= êesulting=alsç= in=a= higheê= Cçs=due= tç= the= higheê= diffeêence=çbtained= between=segãents=
with=and=withçut= defectsK=jçdeêately=stêçng=cçêêelatiçns=weêe=fçund=between= the=êesults=çf=éhase=O=
and=P=êegaêding=jçbI=being=the=cçêêelatiçn=between=bãIg=higheê=than=between=bãIl=EMKTN=[=MKSSFI=even=
if=çnly=cçnsideêing=segãents=P=tç=R=in=the=analysis=çf=bãIl=éeê=ãean=gêçué=çf=bçaêds=EcigK=VFK=
=

=

aF = bF =
bãIl=beaãs===NKMMTS=×=bãIl=bçaêds=–=NSMNKO=ErO===MKSSF= bãIg=beaãs===NKQRUQ=×=bãIg=bçaêds=–=RTPOKN=ErO===MKTNF=

=

cigK=V=Cçêêelatiçn=çf=bending=tests=in=éhase=O=and=PW=aF=between=bãIlX=bF=between=bãIg=

=
PK ClNCirpflNp=
=
Aiãing=tç=analyse=the=stiffness=and=stêength=vaêiatiçn=in=OM=chestnut=tiãbeê=beaãsI=cçêêelatiçns=within=
and= between= diffeêent= size= scale= saãéles= weêe= establishedK= qhese= cçêêelatiçns= weêe= cçãéleãented=
with= infçêãatiçn=çf= visual=stêength=gêadingK= A=cçnsideêable= test= caãéaign=Edivided= in=Q=éhasesF= was=
ãade= in=çêdeê= tç=assess= the=ãechanical=éêçéeêties=çf= the=eleãents=and=tç=éêçvide=a=suitable=stêength=
gêadingK= cçê= that= éuêéçseI= diffeêent= tests= in= diffeêent= scales= weêe= ãade= tç= analyse= the= influence= çf=
defects= in= lçcal= and= glçbal= behaviçuê= çf= the= tiãbeê= eleãentsK= fn= the= exéeêiãental= caãéaignI= it= was=
cçncluded=that=visual=inséectiçn=by=segãents=ãay=êeveal=laêge=vaêiability=in=the=éêçéeêties=çf=existing=
tiãbeê=eleãents=alçng=its=lengthK=Alsç=the=cçnsideêatiçn=çf=knçt=incidence=and=slçée=çf=gêainI=as=ãain=
featuêesI=lead=tç=cçãéaêable=êesults=between=exéeêiãental=éhases=Ein=teêãs=çf=éeêcentage=çf=segãents=
in =a =given =classFK =sisual =inséectiçn =was =alsç =useful =fçê =qualitatively =éêedict =the =éeêfçêãance =çf =the =
tiãbeê=eleãentsI=since=eleãents=with=higheê=kC=éeêcentage=had=lçweê=values=çf=jçb=deséite=it=éêçved=
tç=be=cçnseêvative=fçê=the=eleãents=with=higheê=class=f=and=ff=éeêcentages=and=lçw=kC=éeêcentageK=
fn= éhases= O= and= PI= stêçng= cçêêelatiçns= between= bãIl= and= bãIg= weêe =fçund =ErO===MKUO= in= beaãs= and=
rO===MKUV=in=bçaêdsFK=eçweveêI= the=jçb=ãean=values=çf=all=sawn=bçaêds=bending=tests=ãeasuêeãents=
weêe= higheê= than= the= equivalent= values= çbtained= fçê= the= sawn=beaãsI= likely= due= tç= the= isçlatiçn= çf=
defects=in=sãalleê=segãents=çf=tiãbeêK=qhe=bending=êesults=in=sawn=bçaêdsI=besides=éeêãitting=a=betteê=
definitiçn=çf=defect=influence=in=stiffness=and=stêength=by=kaq=and=aqI=alsç=êevealed=that=the=stiffness=
éêçéeêties= vaêy=bçth= in=height= and= length= çf= each=beaã= in= diffeêent= éêçéçêtiçnsI= being= the=vaêiatiçn=
higheê= when=a= laêgeê= cçncentêatiçn=çf=knçts=was= fçund= in=çne=çf= the=bçaêdsK= qhe=vaêiatiçn= in= length=
was=fçund=tç=be=slightly=higheê=than=the=vaêiatiçn=in=heightK=Alsç=the=vaêiatiçn=within=a=saãe=eleãent=
was=fçund=tç=be=lçweê=cçãéaêed=tç=the=vaêiatiçn=within=the=full=saãéleK=
hAo= was= used= tç= assess= the= influence= çf= defectsI= çbtaining= a= ãçdeêate= cçêêelatiçn= with= bãIg=
ErO===MKTOFI=êegaêding=an=inveêse=éêçéçêtiçnality=between=thçse=éaêaãeteês=aêçund=theiê=ãean=valuesK=
Cçêêelatiçns= between= kaq= and= ãechanical= éêçéeêties= weêe= fçund= tç= be= weakI= exceét= fçê= the= ultêaJ
sçund=testsK=aiffeêent=saãéle=gêçués=weêe=cçnsideêed=êegaêding=cçêêelatiçns=with=bdyn=tç=éêçvide=betteê=
cçêêelatiçns= evidencing= thatI= even= within= the= saãe= tiãbeê= séeciesI= kaq= ãust= be= calibêated= tç= the=
ãeãbeês= in= studyK=qheêefçêeI= the=êesults= çbtained= in= this= wçêk=aêe=aéélied= tç= the=ãateêial= in=studyI=
ãçêeçveêI =can =be =used =as =êefeêence =fçê =histçêical =stêuctuêes =with =chestnut =beaãs =wheêe =nç =éêiçê =
infçêãatiçn=is=availableK=bdyn=was=cçêêelated=tç=the=stiffness=éêçéeêties=fçund=in=éhases=OI=P=and=Q=with=
ãçdeêate= tç=stêçng=cçêêelatiçns=ErO===MKRN=–=MKUTFK=qhe=êesults= evidenced=that=kaq=êesults=aêe=betteê=
used= fçê= deteêãinatiçn= çf= stiffness= êatheê= than= stêengthI= and= that= the= cçnsideêatiçn= çf= sãall= cleaê=
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=
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séeciãens=can=çnly=be=used=tç=assess=the=ãechanical=éêçéeêties=çf=fullJscale=beaãs=when=cçnsideêed=
tçgetheê=with=analysis=çf=a=visual=inséectiçn=wheêe=defects=and=deteêiçêatiçn=aêe=accçunted=fçêK=
aue=tç=density=vaêiatiçn=it=was=fçund=that=the=nuãbeê=çf=saãéles=tç=be=taken=is=êelevantK=cçê=full=size=
beaãs= çê= bçaêds= the= ãean=density= êegaêding=all=OM= beaãs= éêçduced= betteê= cçêêelatiçnsI= wheêeas= the=
ãean=density=éeê=beaã=éêçduced=betteê=cçêêelatiçns=fçê=the=tested=cleaê=saãélesK=
qhe= cçêêelatiçns= and= findings= gatheêed= in= this= wçêk= éêesent= a= fiêst= steé= intç= the= cçnstêuctiçn= çf=
a=hieêaêchical= ãçdel= based= çn= the= vaêiatiçn= çf= ãechanical= éêçéeêties= within= diffeêent= scales= çf= an=
existing=tiãbeê=eleãentK=
=
AChNltibadbMbNqp=
=
qhe=fiêst=authçê=gêatefully=acknçwledges=the=financial= suééçêt=çf= the=mçêtuguese=pcience=cçundatiçn=
Ecundaçãç=de=Ciência=e=qecnçlçgiaI=cCqFI=thêçugh=gêant=pcoeL_aLSOPOSLOMMVK=
=
=
obcbobNCbp=
=
xNz rkf=NNMPRJN=EOMMPF=ptructural timber – sisual strength gradingW terminçlçgy and measurement 

çf featuresI=bkfrK=
xOz rkf=NNMPRJO=EOMMPF=sisual strength grading rules and characteristic values fçr ftalian structural 

timber pçpulatiçnI=bkfrK=
xPz rkf=NNNNV=EOMMQF=ln site inspectiçns fçr the diagnçsis çf timber membersI=bkfrK=
xQz bk=QMU=EOMMPF=ptructural Timber and dlued iaminated TimberK aeterminatiçn çf pçme mhysical 

and Mechanical mrçpertiesI=CbkK=
xRz pçlli=hK=eK=EOMMMF=jçdulus=çf=elasticity=–=lçcal=çê=glçbal=valuesK=fnW=mrçcK tçrld Cçnference çn 

Timber bngineering sancçuveêI=CanadaK=
xSz rp=cçêest=mêçducts=iabçêatçêy=ENVVVF=tççd eandbççk – tççd as an bngineering MaterialK=rp=

aeéaêtãent=çf=AgêicultuêeI=cçêest=peêviceI=cçêest=mêçducts=iabçêatçêyI=jadisçnK=
xTz _çnaãini= dKI= kçfeêi= jKI= qçgni= jK= and= rzielli= iKEOMMNF= fl Manuale del iegnç ptrutturaleI 

sçlume fI fspeziçne e diagnçsi in çperaK=jancçsu=bditçêeI=oçãaK=
xUz fpl=PNPN=ENVTRF=tççdJaeterminatiçn çf density fçr physical and mechanical testsI=fplK=
xVz fpl=PNPM=ENVTRF=tççdJaeterminatiçn çf mçisture cçntent fçr physical and mechanical testsI=fplK=
xNMz pçusa=eK=pKI=içuêençç=mK=_K=and=keves=iKCK=EOMNMF=pafety=evaluatiçn=çf=tiãbeê=stêuctuêes=thêçugh=

éêçbabilistic=analysisK=Advanced Materials oesearchI=NPPJNPQWPPTJPQOK=
xNNz Cavalli=AKI=qçgni=jK=EOMNNF=Cçãbining=kaq=and=visual=stêength=gêading=tç=assess=ancient=tiãbeê=

beaãs= stiffness= tç= evaluate= stêengthening= inteêventiçns= suitabilityK= fnW= NTth fnternatiçnal 
kçndestructive testing and evaluatiçn çf wççd sympçsiumI=EOF=RVPJSMNK=

xNOz miazza=jKI=oiggiç=jK=EOMMUF=sisual=stêength=gêading=and=kaq=çf=tiãbeê=in=têaditiçnal=stêuctuêesK=
gçurnal çf Building Appraisal=PWOSTJOVSK=

xNPz gçint=Cçããittee=çn=ptêuctuêal=pafety=EOMMSF=gCpp mrçbabilistic Mçdel CçdeI mart PW oesistance 
Mçdels – PKR mrçperties çf TimberI=gCppK=

xNQz _uêley=gKI=bvans=gK=and=vçunquist=gK=EedF=EOMMQF=Mechanical prçperties çf wççdK bncyclçpedia çf 
cçrest pcienceK=blsevieê=mublishing=CçKI=lxfçêdI=bnglandK=

xNRz hasal=_K=EedF=EOMNMF=ptateJçfJtheJart in inJsitu assessment çf timberK=ofibj=CApq=ONR=péecial=
mublicatiçnK=péêingeê=seêlagLofibj=maêisK=

xNSz hçllãann=cK=cK=mKI=Côté=tK=AK=ENVUQF=mrinciple çf tççd pcience and TechnçlçgyK sçlK fW pçlid 
tççdK=péêingeêJseêlag=_eêlinK=

xNTz _çdig=gKI=gayne=_K=AK=ENVVPF=Mechanics çf tççd and tççd CçmpçsitesI=hêiegeê=mublishingK=


