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ABpToACT 
 
aifferent= types= çf= vertical= elementsI= such= as= masçnryI= massive= walls= anÇ= timber= frame= elementsI=
exhibit= a= Çifferent= respçnse= expçseÇ= tç= the= same= lçaÇing= scenariçI= in= particular= when= it= cçncerns=
Çynamic= lçaÇingK=ft= is= therefçre=paramçunt= tç= investigate=the=principal=respçnse=çf=Çifferent= types=çf=
cçnstructiçn=with=Çifferent=materials=unÇer=a= variety=çf= lçaÇing=scenariçsK=crçm=thereI= the=Çesign=çf=
strengthening=techniques=against= earthquakes=can=be=perfçrmeÇK= qhis= paper= presents= the=results= frçm=
experimentsI=where=variçus=retrçfitting=techniques=were=testeÇK=qhe=gçals=were=tç=Çefine=anÇ=imprçve=
labçratçry= prçceÇures= fçr= evaluating= the= interventiçn= technçlçgies= anÇ= specificatiçns= fçr= labçratçry=
specimensK= crçm= this= base= tests= tç= characterise= the= experimental= behaviçur= çf= çriginal= anÇ=
strengtheneÇ=masçnry=walls=were=perfçrmeÇI=in=çrÇer=tç=çbtain=infçrmatiçn=çn=the=system=perfçrmance=
anÇ=the=main=cçnstitutive=laws=relevant=fçr=mçÇellingK=qhe=test=campaigns=were=fçcuseÇ=çn=static=tests=
as=well=as=cyclic= tests=çf=unreinfçrceÇ=anÇ=reinfçrceÇ=vertical=builÇing=elementsK=qhe=stuÇy= is=part=çf=
çur= wçrk= in= the= framewçrk= çf= the= çngçing= prçject= kfhbo= funÇeÇ= by= the= burçpean= Cçmmissiçn=
Çealing=with=imprçving=immçvable=Cultural=eeritage=assets=against=the=risk=çf=earthquakesK=
=
heywords: píone masonryI Brick masonryI baríhen maíerialsI ealf íimbered wallsI drouíing  
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=
qhe= chçice=çf= Çifferent= materials= anÇ= cçnstructiçns= fçr= the= tests= was= mainly= ruleÇ=by= the= variety= çf=
materials=anÇ=techniques=useÇ=fçr=histçrical=cçnstructiçnsK=fn=the=scçpe=çf=the=presenteÇ=paper=it=was=
necessary= tç= finÇ= the= mçst= cçmmçn= cçnstructiçn= techniques= anÇ= materials= fçr= histçrical= structures=
which= is= representative= fçr= a= larger= number= çf= immçvable= heritage= assets= but= alsç= reflects= the=
cçmpetence= anÇ= expertise= çf= the= partners= participating= in= this= wçrk= packageK= qhe= materials= useÇ=
enclçse=the=mçst=cçmmçn=çnes=utiliseÇ=fçr=traÇitiçnal=cçnstructiçnW=ptçneI=wççÇI=brick=anÇ=earthK=qhe=
cçnstructiçn=techniques=cçnsisteÇ=çf=masçnryI=massive=walls=anÇ=timber= frameK= fnterventiçn=methçÇs=
fçr= vertical= elements= fçr= the= variçus= builÇing= techniques= were= chçsen= accçrÇing= tç= their= expecteÇ=
perfçrmanceK qhe= cçnstructiçn= techniques= fçr= stçne= masçnry= cçnsisteÇ= essentially= in= regular= anÇ=
irregular= three= leaf= limestçne= masçnry= with= natural= hyÇraulic= lime= EkeiF= mçrtar= çr= hyÇraulic= lime=
mçrtar=with=a=natural=pçzzçlanI=respectivelyK=Clay=brick=walls=cçnsisteÇ=çf=çne=leaf=masçnry=specimen=
with=cement=çr=earth=mçrtarK=AÇçbe=wall=specimens=were=cçnstructeÇ=as=çne=leaf=masçnry=with=earthen=

================================================
N=mhaI=BAj=ceÇeral=fnstitute=fçr=jaterial=oesearch=anÇ=qestingI=dermanyI=lçrenzçKmiccçli]bamKÇe=
O=mhaI=CBf=pweÇish=Cement=anÇ=Cçncrete=oesearch=fnstituteI=pweÇenI=ursKmueller]cbiKse=Efçrmerly=BAjF=
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mçrtarK= barth= blçcks= cçnsisteÇ= çf= mechanically= mçlÇeÇ= aÇçbeK= oammeÇ= earth= specimens= were=
prepareÇ= in= the= traÇitiçnal= way= by= mçstly= by= hanÇ= with= fçrmwçrkK= Cçb= specimens= cçnsisteÇ= çf=
a=mixture=çf=raw=earth=anÇ=straw=anÇ=were=cut=frçm=a=larger=blçckK=qhe=timber=frame=panels=cçnsisteÇ=
çf=timber=anÇ=clay=brick=masçnry=with=cement=mçrtarK=qhe=static=anÇ=cyclic=tests=in=the=labçratçry=were=
each= perfçrmeÇ= çn= wall= element= specimens= with= anÇ= withçut= retrçfittingK= lne= fçcus= was= laiÇ= in=
prçviÇing=a=cçmpatible=sçlutiçn=in=fçrm=çf=a=minimum=interventiçn=methçÇK==
= 
OK Teobb-ibAc pTlNb MAplNov tAiip pTobNdeTbNba  

tfTe dolrTfNd 
 

OKNK Monotonic and cyclic compression tests by rniversity of madua 
qhe=experimental=research=aimeÇ=at=stuÇying=the=mechanical=behaviçur=unÇer=cçmpressive=lçaÇ=çf=the=
single-= anÇ= three-leaf= stçne= masçnry= panels= unstrengtheneÇ= anÇ= strengtheneÇ= with= grçut= injectiçnK=
curthermçreI=the=tests=were=ÇesigneÇ=tç=evaluate=capacity=tç=increase=the=in-plane=cçmpressive=strength=
çf =a =single =panel =Çue =tç =the =injectiçn =with =kei =grçut =– =cbk-uLBI =xNzI =anÇI =as =sçI =çbtain =a =better =
unÇerstanÇing=çn=the=effectiveness=çf=the=investigateÇ=strengthening=technique=as=well=as=its=influence=
çn= the= failure= mçÇes= anÇ= transversal= Çefçrmatiçns= çf= this= wall= typçlçgyK= fn= this= experimental=
campaignI=S=panels=in=scale=NWN=Ewall=BF=anÇ=S=panels=in=scale=OWP=Ewall=aFI=half=in=çriginal=cçnÇitiçns=
anÇ= half= cçnsçliÇateÇ= with= hyÇraulic= lime-baseÇ= grçutI= were= testeÇ= unÇer= mçnçtçnic= anÇ= cyclic=
cçmpressiçnK= cçur= single-leaf=panels= Ewall=cF= were=alsç= testeÇ=fçr=a= gççÇ= insight= intç= the= structural=
behaviçur=çf=each=çne=çf=the= leaves=that=cçmpçse=the=stuÇieÇ=typçlçgy=çf=wallK=qhe=specimens=were=
instrumenteÇ=with=linear=pçtentiçmetric=Çisplacement=transÇucers=in=all=siÇes=as=shçwn=in=cigure=NK=
=

                =
 

cigK N=petup=anÇ=instrumentatiçn=çf=the=specimens=
 

OKOK bvaluation and interpretation of results 
qhe=experimental=results=çbtaineÇ=frçm=the=perfçrmeÇ=mçnçtçnic=anÇ=cyclic=cçmpressiçn=tests=were=useÇ=
fçr= a= cçmparisçn= çf= the= çverall= behaviçur= çf= all= specimensK= qhe= resumeÇ= results= çf= these= tests= are=
presenteÇ=in=qable=N=anÇ=cigure=OI=namely=the=maximum=cçmpressive=strength=çf=the=specimens=EσmaxFI=
the=stress=level=cçrrespçnÇing=tç=the=first=crack=appearance=EσNIcrFI=the=mean=values=çf=the=elastic=mçÇulus=
cçmputeÇ=cçnsiÇering= the=intervals=between=PMB=anÇ=SMBσmaxI= EbPMB-SMBF=as=well=as=NMB=tç=4MBσmax=
EbNMB-4MBF=anÇ=the=mçissçn=ratiç=in=bçth=lçngituÇinal=EνiF=anÇ=transversal=Çirectiçn=EνqF=çf=the=panelsK==
=

===== =
 

cigK O=ln=the=leftW=average=σmax=anÇ=σNIcr=fçr=all=specimensK=ln=the=rightW=elastic=mçÇulus=values=çbtaineÇ=fçr=all=
the=testeÇ=panels=unÇer=mçnçtçnic=anÇ=cyclic=cçmpressiçn=at=NMB-4MB=anÇ=PMB-SMB=σmax=fçr=all=specimens=
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Table N jechanical=prçperties=çf=the=panels=subjecteÇ=tç=cçmpressiçn=Emçnçtçnic=anÇ=cyclicFK *Not reliable 
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cO SKT= OKS= PV= OPNV= P4US= MKMMU= –=
cP TKM= OKV= 4N= PSUN= 4V44= MKNUU= –=

 
crçm= this= experimental= stuÇy= the= fçllçwing= main= cçnclusiçns= were= ÇrawnW= After= cçnsçliÇatiçn= an=
increase= çf= apprçximately= O= times= çf= the= cçmpressive= strength= was= çbserveÇ= in= all= specimensI= the=
average=elastic= mçÇulus=çf= the=panels= EunstrengtheneÇ=anÇ= strengtheneÇF= is= apprçximately= the=same=
with= an= increase= çf= apprçximately=O= times= after= the= cçnsçliÇatiçn=prçceÇureK= Althçugh= the= injecteÇ=
panels=exhibiteÇ=higher=Çefçrmability=at=σmaxI=the=increase=starteÇ=fçr=higher=levels=çf=stressI=cçmpareÇ=
tç=the=nçn-injecteÇ=panels=which=exhibiteÇ=their=maximum=strain=graÇuallyK=qhis=is=very=impçrtant=as=it=
prçves= that= the=injectiçn=interventiçn=is=mechanically=cçmpatible=with=the=çriginal=panels=anÇI=at= the=
same=timeI=it=increases=its=perfçrmance=by=Çelaying=the=çpening=çf=the=leavesK=
=
OKPK Compression tests by National Technical rniversity of Athens 
qhe=purpçse=çf= the= series= çf= tests= carrieÇ=çut= was= tç=EaF= check= the= efficiency=çf=a=natural= hyÇraulic=
baseÇ= grçut= maÇe=with=pt= Astier=kei= R=anÇ= superfine= natural= pçzzçlan=Efçr= Çetails= see= xOzFI= EbF= tç=
enrich=the=Çatabase=çn=the=behaviçur=çf=three=leaf=masçnry=in=cçmpressiçn=anÇ=EcF=tç=çbtain=mçre=Çata=
çn=the=behaviçur=çf=grçuteÇ=filling=materialK=qhusI=fçur=wallettes=Escale=OWPF=maÇe=çf=three=leaf=rubble=
stçne= masçnry= were= cçnstructeÇI= as= well= as= NS= cylinÇers= maÇe= çf= filling= material= xOzK= cçr= the=
cçnstructiçn=çf=the=stçne=wallsI=a=strçng=limestçne=was=useÇ=Ecçmpressive=strength=equal=tç=NMM=jmaFI=
whereas= the= mçrtar= was= a= lime-pçzzçlan= çneK= qhe= wallettes= were= testeÇ= in= cçmpressiçn= befçre= anÇ=
after= grçutingK= cçr= each= walletteI= vertical= stressesI= vertical= strainsI= hçrizçntal= Çefçrmatiçns= anÇ=
transverse= Çefçrmatiçns= were= measureÇK qhe= cylinÇrical= specimens= were= testeÇ= çnly= after= grçutingK=
Curves=çf=vertical=stress=vsK=Çefçrmatiçn=measurements=were=Çrawn=fçr=each=cylinÇerK=qhe=mixes=useÇ=
fçr= grçuting= çf= wallettes= anÇ= cylinÇers= were= aF= pure= keiR= grçut= EdsF= anÇ= bF= keiR= plus= NMB=
superfine=natural=pçzzçlanI=cçmmercially=available=as=μ-silica=t=type=EdtNMsFK= 

=
OKQK bvaluation and interpretation of results 
qhe= experimental= results= çn= cylinÇers= shçweÇ= that= fçr= the= grçut= mixes= that= were=useÇI= cçmparable=
mechanical= prçperties= çf= the= grçuteÇ= infill= material= were= achieveÇ= Esee= cigK= PaFK= jçreçverI=
significantly=higher=values=çf=the=mçÇulus=çf=elasticity=were=çbtaineÇ=within=this=stuÇy=as=cçmpareÇ=tç=
thçse=available=in=the=literatureK=qhis=was=attributeÇ=tç=the=high=cçmpressive=strength=çf=the=stçnesK=
As=far=as=the=wallettes=are=cçncerneÇI=the=typical=behaviçur=çf=three=leaf=masçnry=xPzI=befçre=anÇ=after=
grçutingI=was=fully=cçnfirmeÇK=qhe=failure=mçÇe=çf=wallettes=implieÇ=vertical=cracks=çn=the=faces=çf=the=
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wallettesI=as=well=as=vertical=cracks=within=the=thickness=çf=masçnryK=cailure=was=Çue=tç=the=separatiçn=
between=exteriçr= leaves=anÇ=infill=material=anÇ=tç=the=subsequent=çut-çf-plane=benÇing=çf=the=exteriçr=
leaves=EcigK=PFK=tith=the=exeptiçn=çf=çne=walletteI= in=which=an=extensive=cracking=çn=the=faces=çf=the=
wallette= was= çccurreÇ= Ewallette= 4= after= grçutingI= cigK= PFI= the= failure= mçÇe= çf= the= remaining= three=
wallettes=was=similar=tç=that=çbserveÇ=in=the=same=wallettes=befçre=grçutingK=eçweverI=the=çpening=çf=
transverse=cracks= was=significantly=ÇelayeÇK= fn=terms=çf= mechanical=prçpertiesI= it= was=clear= that=bçth=
grçut=mixes=were=efficient=in=enhancing=the=cçmpressive=strength=çf=three=leaf=masçnry=EcigK=PbI=PcFK=
ActuallyI= inÇepenÇently= çf= the= grçut= mixeÇ= useÇI= grçuting= leÇ= tç= a= significant= imprçvement= çf= the=
cçmpressive=strength=çf=masçnry=Eby=PO=tç=NNRBFK==
=
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cigK  P= EaF=Cçmpressive=strength= anÇ=mçÇulus=çf=elasticity= EmeasureÇ= at= PMB=çf= the=cçmpressive=strengthF= çf=
grçuteÇ=cylinÇers=at=the=age=çf=NUM=ÇaysX=sertical=stress=vsK=vertical=strain=curves=fçr=wallettes=N=tç=4=EbF=befçre==
== grçuting=anÇ=EcF=after=grçuting=

=

==== ========== ==== ================colkq=cAÇAab=C=============pfab=cAÇAab=a=======================colkq=cAÇAab=C============pfab=cAÇAab=a=
 

cigK Q=cailure=mçÇe=in=cçmpressiçn=befçre=EreÇ=lineF=anÇ=after=Eblue=lineF=grçuting=çf=aF=tK=O=anÇ=bF=tK=4=
=

By= the= interpertatiçn=çf= the=çbtaineÇ=curvesI= the= latter=was= explaineÇ=xOz=by= the=enhancement=çf=the=
prçperties= çf= the= infill= materialI= as= well= as= by= the= imprçvement= çf= the=bçnÇ=prçperties= between= the=
exteriçr= anÇ= interiçr= leavesK= jçreçverI= higher= values= çf= cçmpressive= strength= were= exhibiteÇ= by=
wallettes= grçuteÇ= with= mix= dtNMs= thanks= tç= the= better= bçnÇ= prçperties= achieveÇ= in= the= interfaces=
between=this=type=çf=mixes=anÇ=in-situ=materialsK=Ançther=pçsitive=result=was=that=the=strain=çf=grçuteÇ=
masçnry= at= failure= was= significantly= larger= than= that= çf= the= ungrçuteÇ= masçnry= Esee= cigK= 4bI= 4cFK=
cinallyI=it=is=impçrtant=tç=nçte=that=the=use=çf=hyÇraulic=lime=baseÇ=grçuts=ÇiÇ=nçt=leaÇ=tç=an=increase=çf=
the=stiffness=çf= masçnryK= fn=sçme=casesI= reÇuceÇ= mçÇulus=çf= elasticity=were=çbtaineÇ= Çue= tç= the=fact=
that=masçnry=was=grçuteÇ=after= the=çccurrence=çf=ÇamagesK=qhe=experimental=results=cçnfirm=that= fçr=
this= type= çf= masçnryI= the= main= failure= mechanism= is= the= separatiçn= çf= the= three= leaves= anÇ= tç= the=
cçnsequent=çut-çf-plane=Çefçrmatiçn=çf=the=external=leavesK=jçreçverI=in=generalI=it=was=çbserveÇ=that=
grçuting=ÇiÇ=nçt=leaÇ=tç=the=mçÇificatiçn=çf=the=failure=mçÇe=çf=the=wallettesK=fn=terms=çf=mechanical=
prçpertiesI=it=was=çbserveÇ=that=bçth=grçuts=were=efficient=in=imprçving=significantly=the=cçmpressive=
strength= çf= the= wallettesI= as= well= as= its= ÇefçrmabilityI= withçut= mçÇifying= the= stiffness= çf= masçnry=
elementsK=qhusI= it=was=cçnfirmeÇ=that= the=use=grçuts=with= lçw=cçmpressive=strength=EhyÇraulic= lime=
baseÇ= grçutsF= fçr= strengthening= çf= histçric= masçnriesI= ensures= bçth= a= mechanically= efficient= anÇ=
Çurable=interventiçnK==
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PK bAoTe BilCh MAplNovI oAMMba bAoTe ANa ClB tAiip  
pTobNdeTbNba tfTe TbuTfib BbiTp ANa dolrTfNd 

=
PKNK aiagonal compression tests by cederal fnstitute for Material oesearch and Testing 
ptrengthening= techniques= were= investigateÇ= çn= Çifferent= types= çf= earthen= wall= elements= in= fçrm= çf=
static=lçaÇing=experimentsK=qhe=types=çf=wall=segments=cçnsiÇereÇ=in=the=experiments=cçnsisteÇ=çf=çne=
leaf=masçnry=çf=aÇçbe=Eearth=blçck=masçnryF=in=cçmbinatiçn=with=earth=mçrtar=anÇ=mçnçlithic=walls=in=
fçrm=çf=rammeÇ=earth=anÇ=cçb=specimensK=qhe=grçuting=mçrtar=cçnsisteÇ=çf=a=lime=baseÇ=material=with=
pçzzçlanic=aÇÇitiçnsK=qhe=çriginal= iÇea=fçr= the=belts=was= tç= intrçÇuce=a=vertical=element= fçr= walls= in=
çrÇer=tç=take=up=hçrizçntal=lçaÇs=which=result=in=a=shear=respçnse=çf=the=builÇing=elementK=qherefçreI=
the=reinfçrceÇ=specimens=were=testeÇ=in=Çiagçnal=cçmpressiçnK=cçr=fixing=the=belts=intç=the=specimen=
three= aÇhesives= were= testeÇ= çn= cçb= specimenW= mçlyurethane= fçamI= epçxy= resin= anÇ= cçmmercially=
available= hyÇraulic= repair= mçrtarK= crçm= these= testsI= the= hyÇraulic= repair= mçrtar= prçveÇ= tç= be= the=
material =with =the =best =perfçrmance =anÇ =the =least =intrusivenessK =qhis =material =was =therefçre =useÇ =fçr =
rammeÇ=earth=anÇ=earth=blçck=masçnry=retrçfittingK= ft= has= tç=be=cçnsiÇereÇI= that=vertical=cuts= intç=the=
samples= fçr= fixing= the=belts= are=pçints=çf= weakness= anÇ=have= tç=be=mitigateÇ=by= the=aÇhesiveK=qwç=
retrçfitteÇ= earth= blçck= panels= were= testeÇI= which= were= prepareÇ= with= wetteÇ= earth= blçcksK= lne=
retrçfitteÇ=sample=shçweÇ=an=abçve=average=shear=strength=çf=MK4O=jmaK=eçweverI=with=this=panel=the=
set=çf=Çisplacement=transÇucers=ÇiÇ=nçt=wçrk=prçperly=tç=the=enÇ=çf=the=ÇefçrmatiçnK=
=

== === === =
============EaF====================================================EbF=============================================EcF===============================EÇF=

 

cigK R=cailure=mçÇes=çf=the=retrçfitteÇ=rammeÇ=earth=specimenK=EaF=mçlyurethane=fçam=aÇhesive=EbF=epçxy=resin=
aÇhesive=EcF=hyÇraulic=repair=mçrtar=aÇhesive=EÇF=grçuting=

=
qhe=çther=panel=exhibiteÇ=average=shear= strength=çf=caK=MKPT=jma=but=shçweÇ=a= much=higher=strainK=
Bçth=panels=shçweÇ=strain=values=which=were=much=higher=than=with=the=unretrçfitteÇ=panelsK=qhis=was=
Çue=tç=the=actiçn=çf=the=beltsI=which=went= intç=actiçn=enabling=a=better=stress=Çistributiçn=çver=larger=
Çefçrmatiçns=anÇ=mitigating=the=brittle=behaviçur=çf=the=earth=blçck=panelsK=bven=after=tçtal=failure=çf=
the=panel=the=belts=hçlÇ=mçst=çf=the=builÇing=blçcks=in=placeK=qhe=cuts=fçr=the=belts=haÇ=nç=effect=çn=the=
crack=Çevelçpment=Çuring=lçaÇingK=jçst=çf=the=shear=cracks=çf=bçth=specimens=went=perpenÇicular= tç=
the=beltsK=A=better=perfçrmance=with=higher=shear=values=might=be=reacheÇ=by=mçÇifying=the=placement=
çf=the=belts=in=the=panelsK=cçr=bçth=panels=the=cuts=were=maÇe=in=the=earth=blçcks=anÇ=nçt=in=the=jçints=
Eexcept=fçr=the=hçrizçntal=jçintsFK=ff=the=belts=wçulÇ=be=placeÇ=in=the=vertical=jçints=an=increase=in=shear=
strength=cçulÇ=be=expecteÇK=fn=case=çf=rammeÇ=earth=panels=the=belts=were=inserteÇ=perpenÇicular=tç=the=
cçmpactiçn= layers= çf= the= panelsK= Bçth= panels= haÇ= lçwer= shear= strength= values= as= the= average=
unretrçfitteÇ =samplesK =eçweverI =maximum =strain =çf =bçth =samples =was =increaseÇ =cçmpareÇ =tç =the =
panels=withçut=beltsK=qhe=failure=in=the=retrçfitteÇ=rammeÇ=earth=specimen=çccurreÇ=partially=at=the=cuts=
were=the=belts=were=inserteÇ=EcigK=RFK=Certainly=the=cuts=were=weakening=the=specimen=anÇ=this=was=nçt=
entirely= cçmpensateÇ= by= the= aÇhesive= in= fçrm= çf= the= repair= mçrtarK= qhe= failure= mçÇe= was= alsç=
enhanceÇ=by=the=Çiagçnal=lçaÇing=which=was=nçt=cçrrectly=perpenÇicular= tç=the=belt=system=but=rather=
suppçrteÇ= the= cçurse= çf= the= cracks= in= the= cutsK= A= rammeÇ= earth= panel= frçm= a= previçus= Çiagçnal=
cçmpressiçn=testI=which=was=crackeÇ=but=still=in=çne=piece=was=subjecteÇ=tç=grçuting=with=the=hyÇraulic=
mçrtarK=qhe=crack=wiÇth=was=nçt=mçre=than=N=mmK=Befçre=injectiçnI=hçles=were=ÇrilleÇ=intç=the=crack=
system=fçr=imprçving=grçut=penetratiçn=anÇ=fçr=the=packersK=qhe=panel=was=then=subjecteÇ=tç=ançther=
Çiagçnal=cçmpressiçn=testK=qhe=cçmparisçn=çf=the=test=results=befçre=anÇ=after=grçutingshçws=clearly=
that=theçriginal=shear=strength=cçulÇ=nçt=be=regaineÇ=by=grçutingK=eçweverI=arçunÇ=OMB=çf=the=çriginal=
value=was=reacheÇ=in=the=shear=testK=barth=baseÇ=materials=are=fairly=Çifficult=tç=structurally=repair=by=
grçutingK=rsuallyI=the=elastic=mçÇulus=has=tç=be=limiteÇ=in=çrÇer=tç=nçt=intrçÇuce=a=stiff=elementK=But=
by=this=restrictiçn=it=is=alsç=Çifficult=tç=intrçÇuce=a=grçut=which=fulfils=all=the=requirements=cçncerning=
aÇhesiçn=anÇ=tensile=strengthK=



=

OUTR=

PKOK bvaluation and interpretation of results 
oesults= frçm= the= Çiagçnal= cçmpressiçn= tests= çf= the= retrçfitteÇ= samples= in= cçmparisçn= tç= the= nçt=
retrçfitteÇ=specimen=are=listeÇ=in=qable=OK=qhe=results=inÇicateÇ=that=the=type=çf=retrçfitting=technique=
by =belts =has =a =lesser =impact =çn =the =shear =strength =but =mçre =çn =the =strain =capacityK =fn =almçst =all =
retrçfitteÇ= samples= with= repair= mçrtar= as= an= aÇhesive= Eo-oj= in= qable= OF= the= shear= mçÇulus= was=
reÇuceÇ= anÇ= the=strain=after= failure=was= usually= extenÇeÇK= qhis= was= in= particular= eviÇent= with= earth=
blçck=masçnryI=where=unretrçfitteÇ=specimen=were=suÇÇenly=cçllapsing=but=retrçfitteÇ=samples=shçweÇ=
a= Çistinctive= pçst= failure= ÇisplacementK= qhe= repair= mçrtar= as= an= aÇhesive= perfçrmeÇ= best= in= the=
experimentsK= qhe= bçnÇ= tçwarÇs= the= pçlyester= belt= anÇ= earth= was= satisfying= but= cçulÇ= certainly= be=
imprçveÇ= by= fine= aÇjusting= the= mçrtarK= crçm= the= mechanical= pçint= çf= viewI= the= retrçfitting= methçÇ=
seems=nçt=tç=increase=stiffness=çf=the=structure=at=all=but=enlarges=the=strain=capacityK=
=

Table O=Cçmparisçn=çf=the=Çiagçnal=cçmpressiçn=test=Çata=fçr=nçt=retrçfitteÇ=anÇ=retrçfitteÇ=panels=
Eo-oj= == retrçfitteÇ=with= belt= anÇ=repair=mçrtarX= o-mr=== retrçfitteÇ=with= belt= anÇ=pçlyurethane= =
== fçamX=o-bo===retrçfitteÇ=with=belt=anÇ=epçxy=resinX=d===repaireÇ=by=grçutingF=

=

= phear strength τu xMmaz phear modulus d NLP xMmaz phear strain γNLP xBz 

Mean pTa Mean pTa Mean pTa 

barth=blçck=masçnry== MKP4= MKMS= SSM= O4S= MKMOM= MKMNN=

barth=blçck=masçnry=Eo-ojF= MKPS= MKMU= NOM= NO4= MKNVO= MKNTM=

oammeÇ=earth= MKTN= MKNN= OPOS= TNM= MKMNN= MKMMP=

oammeÇ=earth=EdF= MKNS= –= RO= –= MKNMR= –=

oammeÇ=earth=Eo-ojF= MKRU= MKMM= NONN= P4T= MKMNT= MKMMR=

Cçb= MKRM= MKNM= 4OM= NPT= MKM4N= MKMMS=

Cçb=Eo-mrF= MKPS= –= PMN= –= MKM4M= –=

Cçb=Eo-boF= MKTV= –= SMU= –= MKM4P= –=

Cçb=Eo-ojF= MKRN= MKMS= PMS= VV= MKMRU= MKMNO=
=

fn= case= çf= earthquakesI= this= means= that= an= earthen=builÇing= might= still= be= ÇamageÇ= but= it= can= hçlÇ=
tçgether= a= lçnger= time= anÇ= increase= the= escape= periçÇ= fçr= their= inhabitantsK= qhe= apprçach= fçr=
retrçfitting=the=earthen=elements=by=pçlyester=textile=beltsI=which=were=glueÇ=vertically=intç=the=wallsI=
shçweÇ=in=general=a= gççÇ=perfçrmanceK=qhey=acteÇ=by= increasing=the=strain=capacity=çf= the=samples=
unÇer=shear=stressK=eçweverI=mçre=tests=çn=this=retrçfitting=technique=are=neeÇeÇ=in=çrÇer=tç=investigate=
the=bçnÇ=behaviçur=between=beltI=aÇhesive=anÇ=substrateK=curthermçre=impçrtant=are=the=ratiç=çf=wiÇth=
çf=belt=anÇ=wall=as=well=as=the=frequency=çf=vertical=belts=per=meter=çf=wall=length=tç=be=inserteÇ=tç=get=
an=çptimal=perfçrmanceK==

=
QK AalBb MAplNov tAiip pTobNdeTbNba tfTe tfob olmbp  

ANa dblNbTp 
 

QKNK fn plane cyclic tests by fnstitute of Theoretical and Applied Mechanics 
qhe=experimental=tests=cçnsisteÇ=çf=in-plane=shear=tests=çn=masçnry=walls=strengtheneÇ=with=Çifferent=
techniques=anÇ=subjecteÇ=tç=a=cçmbinatiçn=çf=cçmpressiçn=anÇ=cyclic=shear=lçaÇingK==
=

Table P tire=steel=rçpes=anÇ=geç-nets=specificatiçns=
=

Title b xdmaz Ø xmmz Tensile strength Mesh sizes xmmz 
tire=rçpes ONM= 4= NTTM=jma= –=
deç-nets=–=pçlyprçpylene=EmmF=EqbkAuF= –= –= VIPLNT=kkLm= PM=×=4R=
deç-nets=–=pçlyester=EmbqF=
jiragriÇ=du=PRLPREqbkCAqbF 

–= –= PR=kkLm=Ebçth=ÇirectiçnsF= OR=×=OR=

 
jasçnry= specimens= were= maÇe= with= bricks= çf= Çifferent= materialsK= fn= particularI= aÇçbeI= burneÇ= clay=
bricks=anÇ=ÇrieÇ=lay=bricks=were=useÇK=qwç=examples=using=aÇçbe=material=are=given=in=this=sectiçn=fçr=



=

OUTS=

illustratiçn=anÇ= fçr= the= sake= çf= brevityK= qhe= reinfçrcing= systems= was= realizeÇ= using= steel= wire= rçpes=
mechanically=fasteneÇ=tç=the=wall=anÇ=ÇispçseÇ=accçrÇing=tç=an=u=shape=see=cigK=S=anÇ=using=geçnets=
fasteneÇ=tç=the=walls=anÇ=qable=P=fçr=material=ÇetailsK=qhe=reinfçrcement=was=Ççne=çn=bçth=surfaces=çf=
the= wallK= Alsç= the= retrçfitteÇ= technique= by= means= çf= useÇ= reinfçrcement= methçÇ= has= been= çn= the=
applieÇ=çn=previçusly=ÇamageÇ=wallsK==

 
QKOK bvaluation and interpretation of results 
qhe=tests=carrieÇ=çut=anÇ=the=graphs=shçw=several=impçrtant=resultsK=ft=has=been=shçwn=that=steel=wire=
rçpes= çn= an= aÇçbe= wall= surface= increase= significantly= the= lçaÇ-carrying= capacity= çf= the= wall= unÇer=
hçrizçntal= lçaÇK= ft= was= çbserveÇ= that= the= strengthening= system= leaÇs= tç= an= increment= çf= strength=by=
SMBI= see= cigure= SK= qhe= effectiveness= çf= the= system= is= eviÇent= alsç= in= terms= çf= increment= çf= the=
Çisplacement=capacity=çf=the=wallK=qhis=type=çf=reinfçrcement=is=relatively=cheap=with=respect=bçth=tç=
material=anÇ=wçrk=anÇ=it=is=the=mçst=efficient=frçm=the=pçint=çf=view=çf=the=lçaÇ=bearing=capacity=frçm=
all=the=useÇ=methçÇK=Almçst=the=same=imprçvement=can=be=achieveÇ=using=geç-netsI=even=with=lçwer=
cçstsK=fn=cigure=SI=the=fçrce-Çisplacement=curves=fçr=the=unreinfçrceÇ=wall=anÇ=fçr=the=wall=reinfçrceÇ=
with=geç-net=are=plçtteÇ=in=the=same=graphK=ft=is=çbserveÇ=that=the=applicatiçn=çf=the=reinfçrceÇ=mçrtar=
layers =çntç =the =wall’s =surfaces =allçws =the =specimen =tç =reach =a =higher =value =çf =strengthI =with =an =
increment=çf=abçut=OMBK=jçreçverI=an=increment=in=terms=çf=Çuctility=is=alsç=registereÇK=deç-nets=have=
alsç= gççÇ= ratiç= çf= strength= tç= the= strength= çf= the= bricks= anÇI= therefçreI= they= are= favçurable= tç= be=
applieÇK=jçreçverI=u=nlike=in=the=case=çf=steel=wire=rçpesI=there=is=nçt=such=a=Çanger=çf=pulling=çut=the=
reinfçrcement=in=the=çut-çf=planeK=qhe=geç-nets=have=been=useÇ=alsç=fçr=the=retrçfitting=çn=the=ÇamageÇ=
specimens=applying=them=çn=the=ÇamageÇ=EcçntrçlF=wallK=qhe=results=frçm=çne=example=are=shçwn=in=
cigure=SK=Cçmparing=the=fçrce-Çisplacement=curve=çf=the=retrçfitteÇ=wall=by=means=çf=geç-nets=EmbqF=
with= the= unreinfçrceÇ= aÇçbe= brick= wallI= it= has= been= çbserveÇ= that= the= strengthening= allçws= the=
specimen=tç=reach=the=çriginal=wall=strength=in=almçst=TMBK=katurallyI=the=stiffness=çf=the=retrçfitteÇ=
wall =is =lçwer =than =the =stiffness =çf =the =cçntrçl =wall =after =the =interventiçnK =qhe =reinfçrcement =çf =the =
aÇçbe=wall=using=mçly-mrçpylene=nets=significantly=increaseÇ=lçaÇ=capacity=çf=the=wall=similarly=tç=the=
case=çf=mçly-bethylene=netsK=qhe=cçmparisçn=çf=results=çf=bçth=types=çf=geç-nets=shçweÇ=almçst= the=
same= behaviçur= anÇ= capacity= çf= the= wallsK= keverthelessI= the= reinfçrcement= using= mm= geç-net= gave=
higher= resistance=çf= the=wall= çn=cyclic= lçaÇing=fçr= partially=ÇamageÇ=specimensK= qhe=reinfçrcements=
using=wire= rçpes=anÇ=geç-nets= were=very=effective= fçr= all= types= çf= testeÇ= wallsK= rseÇ=reinfçrcements=
significantly=increaseÇ=the=strength=anÇ=lçaÇ-carrying=capacity=çn=cyclic=hçrizçntal=lçaÇingK=crçm=this=
pçint=çf=view=steel=rçpes=are=a=bit=mçre=effective=than=geç-netsK=ln=the=çther=hanÇ=the=geç-nets=prçviÇe=
cçmpactness= çf= the= material= çf= the= wall= even= after= the= partial= ÇamageK= All= testeÇ= types= çf=
reinfçrcement= cçulÇ= imprçve= the= resistance= çf= the= wall= as= a= part= çf= the= histçrical= structure= tç=
earthquake=anÇ=extenÇ=the=general=lifetime=çf=the=whçle=structureK=
=

EaF== ========EbF== =======EcF= =

EÇF= =====EeF= ==
 

cigK S=EaF=oeinfçrceÇ=aÇçbe=wall=with=steel=rçpesK=EbF=oeinfçrceÇ=aÇçbe=wall=with=geçnetsK=EcF=Behaviçur=çf=the=
wall= strengtheneÇ= with= steel= wire= rçpes= cçmpareÇ= tç= the= unreinfçrceÇ= wall= EÇF Behaviçur= çf= the= wall= =
== strengtheneÇ=with=geçnetsK=EeF=Behaviçur=çf=the=retrçfitteÇ=aÇçbe=wall=by=geçnets=tç=the=unreinfçrceÇ=wall=



=

OUTT=

RK eAic TfMBboba tAiip pTobNdeTNba tfTe pTbbi miATbp  
ANa BliTp  

=
RKNK Cyclic tests on strengthened walls by rniversity of Minho 
ealf-timbereÇ=structures=represent=an=impçrtant=histçrical=heritage=that=has=tç=be=preserveÇK=bxamples=
çf= this=structural=typçlçgy=are=present= in=many=cçuntries=arçunÇ=the=wçrlÇK= fn=mçrtugalI= timber= frame=
walls= infilleÇ= with= brick= çr= rubble= masçnry= are= typical= cçnstructive= elements= ÇateÇ= frçm= the=
recçnstructiçn=çf=iisbçn=city=after=the=earthquake=çf=NTRRK=qhe=iÇea=çf=using=these=timber=frame=walls=
was=tç=imprçve=the=seismic=behaviçr=çf=masçnry=structures=by=prçviÇing=high=Çissipative=shear=wallsI=
which=act=alsç=as=a=cçnnecting=elements=tç=the=masçnry=façaÇesI=aiming=at=imprçving=the=çut-çf-plane=
çf= the=çvervall=structureK=diven=the=reÇuceÇ=results=available=in=the=literature=anÇ=in=the=scçpe=çf=the=
kfhbo=prçjectI=an=experimental=prçgramme=was=ÇefineÇ= in=çrÇer= tç=evaluate=the=cyclic=perfçrmance=
çf= timber=frame=wallsK=qhe=experimental=prçgramme=encçmpasses=static=cyclic=tests=çn=unreinfçrceÇ=
anÇ=retrçffiteÇ=specimensK=qhe=lateral=behaviçr=çf=these=walls=is=higly=ÇepenÇent=çn=the=behaviçr=çf=the=
cçnnectiçns=anÇ=thus=the=lateral=resisting=prçperties=can=be=enhanceÇ=by=strengthening=the=traÇitiçnal=
cçnnectiçnsK= aifferent= types= çf= reinfçrcement= were=cçnsiÇereÇ=fçr= the=wallsI= namely=steel=bçlts= anÇ=
stell=plates=qhe=retrçfitting=techniques= were=applieÇ=Çirectly=çn=unreinfçrceÇ=walls=previçusly= testeÇ=
unÇer =cyclic =lçaÇingsK =ft =was =ÇeciÇeÇ =tç =test =full =scale =timber =frame =walls =anÇ =reprçÇuce =typical =
traÇitiçnal= cçnnectiçnsI= see=cigure=TaK=qhe=walls=were=testeÇ=as= cantiliver=wallsK=qhe=vertical= lçaÇsI=
cçmpatible=with=real=values=pçssibly=transfereÇ=by=the=pavements=were=applieÇ=Çirectly=çn=the=vertical=
pçsts=by=three=hyÇraulic=actuatçrsK=qhe=hçrizçntal=lçaÇ=was=measureÇ=by=an=hçrizçntal=servç-cçntrçlleÇ=
actuatçr=cçnnecteÇ=tç=a=reactiçn=wall=by=an=hinge=anÇ=tç=the=tçp=çf=the=walls=by=a=steel=plate=anÇ=fçur=
steel =bars =as =can =be =seen =in =cigure =TbK =qhe =static =cyclic =tests =was =carrieÇ =çut =unÇer =Çisplacement =
cçntrçlK=qhe=Çisplacement=time=histçry=useÇ=fçr=retrçfitteÇ=walls=was=the=same=as=that=applieÇ=çn=the=
unreinfçrceÇ=wallsK==
=
RKOK bvaluation and interpretation of results 
A=Çistinctively=Çifferent=behaviçur=can=be=nçticeÇ=with=a=varying=vertical=pre-cçmpressiçnK=qhe=typical=
p-shape=curve=çf=a=flexural=respçnse=with=a=rçcking=mechanism=at=the=bçttçm=çf=the=wall=was=eviÇent=
fçr= the= walls= subjecteÇ= tç= a= lçwer= vertical= lçaÇ= level= whilst= a= preÇçminant= shear= behaviçur= was=
encçuntereÇ= in= walls= unÇer= a= higher= vertical= lçaÇ= levelK= qhe= walls= exhibiteÇI= fçr= lçw= vertical= lçaÇ=
levelsI=a=highly=preÇçminant=flexural=behaviçurK=qhey=reacheÇ=the=maximum=lçaÇ=level=at=a=hçrizçntal=
Çisplacement=çf=apprçximately=RM=mm=anÇ=the=subsequent=lçss=çf=capacity=was=OMB çf=the=maximum=
lçaÇ=çr=lessK=aue=tç=the=cçnnectiçn=typeI=the=vertical=pçsts=uplift=Çuring=the=test=anÇ=the=wall=rçcks=back=
anÇ=fçrthK=then=a=higher=vertical=pre-cçmpressiçn= level=was=applieÇI= the=prevailing=mechanism=was=
shearI=but=the=flexural=mechanisms=was=still=presentI=as=can=be=seen=frçm=the=amçunt=çf=vertical=uplift=
çf=the=lateral=pçstsI=which=was=lçwer=E4OBF=if=cçmpareÇ=tç=the=wall=subjecteÇ=tç=a=lçwer=vertical=lçaÇK==
=

EaF= ========EbF =
 

cigK T=aetails=çf=the=experimental=testingX=EaF=experimental=setupX=EbF=fçrce-Çisplacement=Çiagrams=fçr=the=wall=
retrçfitteÇ=with=plates=Elçwer=vertical=lçaÇ=levelF=

=
qhe=walls=testeÇ=unÇer=a=higher=vertical=lçaÇ=level=reacheÇ=their=maximum=capacity=at=apprçximately=
the= same= hçrizçntal= ÇisplacementI= but= the= pçst= peak= lçss= çf= capacity= was= higherK= fn= the= hysteretic=
curves=çf=the=wallsI=the=change=in=stiffness=that=can=be=çbserveÇ=in=the=unlçaÇing=pathI=çccurreÇ=when=
the=vertical=uplift=çf= the=bçttçm=cçnnectiçns= returneÇ=tç=be=zerçI= thus= increasing= the=stiffness=çf= the=
wallI= as= mçre= resistance= was= given= by= the= pçsts= xPzK= cçr= the= lçwer= vertical= lçaÇI= the= walls= ÇiÇ= nçt=



=
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present=significant= ÇamageI=but=became=significant=fçr= the=walls= testeÇ=unÇer=higher= lçaÇK=thile= the=
walls=subjecteÇ=tç=the=lçwer=level=faileÇ=Çue=tç=the=çpening=çf=the=bçttçm=cçnnectiçnsI=with=the=vertical=
pçsts=uplifting at=the=bçttçm=the=higher=lçaÇeÇ=walls=faileÇ=Çue=tç=shear=in=the=central=cçnnectiçn=with=
wççÇ=crushingK= qhe=bçttçm=cçnnectiçns= tenÇeÇ= tç=çpen=anÇ=uplift= in= this= case= tççI= but= they=ÇiÇ=nçt=
cçntrçl=the=general=wall=failureK=fn=the=case=çf=strengthening=Ççne=with=bçltsI=the=imprçvement=in=terms=
çf=lçaÇ=capacityI=energy=Çissipatiçn=anÇ=Çuctility=was=nçt=çverly=significantK=cçr=the=lçwer=vertical=lçaÇ=
levelI= the= retrçfitteÇ= wall= experienceÇ= a= gain= in= terms= çf= lçaÇ= capacity= çf= O4BI= while= fçr= the= wall=
subjecteÇ= tç= a= higher= vertical= level= there= was= nç= gain= but= the= wall= regaineÇ= its= initial= capacity= anÇ=
imprçveÇ=in=terms=çf=energy=ÇissipatiçnK=qhe=insertiçn=çf=bçlts=ÇiÇ=nçt=influence=the=çverall=behaviçur=
çf =the =wallsK =qhe =respçnse =çf =the =wall =was =characterizeÇ =by =a =cçmbinatiçn =çf =flexural =anÇ =shear =
mechanismsI=the=pçsts=cçntinueÇ=tç=upliftI=thçugh=the=vertical=uplift=ÇecreaseÇ=çf=4MB=when=cçmpareÇ=
tç=the=unreinfçrceÇ=cçnÇitiçnK=qhe=main=aÇvantage=was=that=the=cçnnectiçns=were=nçw=unable=tç=çpen=
çut-çf-planeI= thus= allçwing= them= tç= functiçn= until= the= ultimate= ÇisplacementI= whereas= in= the=
unreinfçrceÇ= specimenI= the= çpening= çf= the= cçnnectiçn= effectively= causeÇ= that= cçnnectiçn= tç= cease=
wçrking=prçperlyK=Analysing=the=behaviçur=çf=the=walls=strengtheneÇ=with=steel=platesI=it=was=çbserveÇ=
hçw=this= type=çf=strengthening=highly=stiffeneÇ=the=wallI= see=cigure=TbK=qhe=gain= in=lçaÇ=capacity=fçr=
the=wall=subjecteÇ=tç=the= lçwer= vertical= lçaÇ= level=was=çf=NONB=when=cçmpareÇ=tç=the=unreinfçrceÇ=
cçnÇitiçnK= qhe=plates= ÇiÇ= nçt= shçw= great= ÇefçrmatiçnsI= but= the=hçles= çf= the=bçlts= generally= became=
çvalI=especially=the=çnes=cçrrespçnÇing=tç=the=Çiagçnal=elements=çf=the=central=cçnnectiçnI=which=were=
the= elements= that= wçrkeÇ= mçre= as= they=pusheÇ=anÇ= pulleÇ= the=central= cçnnectiçnI= anÇ= thçse= çf= the=
bçttçm=cçnnectiçnsI=since=thçse=were=the=çnes=which=nçrmally=tenÇeÇ=tç=uplift=mçreK==
=
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qhe= strengthening= çf= walls= in= existing= builÇings= neeÇs= tç= be= fçcuseÇ= çn= twç= main= aspectsW= use= çf=
effective=technçlçgical=sçlutiçns=anÇ= the=preservatiçn=çf= the=çriginal= characteristics=çf= the=histçrical=
substrateK= ptrengthening= interventiçns= aÇçpting= traÇitiçnal= materials= with= traÇitiçnal= techniques= anÇ=
the=use= çf= innçvative= materials= neeÇ= tç=be=useÇ= taking= intç= accçunt= their= mechanical= anÇ= chemical=
cçmpatibility= with= existing= materialsI= easy= applicatiçn= anÇ= limiteÇ= cçstsK= jçreçver= Çurability= anÇ=
remçvability=aspects=can=nçt=be=neglecteÇK=qhe=techniques=presenteÇ=in=this=paperI=mainly=fçcuseÇ=çn=
the= use= çf= cçmpçsite= material= anÇ= grçutingI= shçweÇ= an= imprçving= çf= bçth= lçaÇ= anÇ= Çisplacement=
capacityK= fn= generalI= it= was= çbserveÇ= that= strengthening= techniques= aÇçpteÇ= ÇiÇ= nçt= leaÇ= tç= the=
mçÇificatiçn=çf=the=failure=mçÇe=çf=structural=elements=testeÇK=fn=mçst=çf=casesI=in=terms=çf=mechanical=
prçpertiesI= they= were= efficient= in= imprçving= significantly= the= cçmpressive= strengthI= as= well= as= the=
ÇefçrmabilityI=withçut=mçÇifying=the=stiffness=çf=structural=elementsK=
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