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ABpToACT 
 
ealfJíimbered buildings represení an imporíaní hisíorical heriíage in manó couníriesK qheó are 
diffused in various regions for differení reasonsI such as availabiliíó of maíerialsI ío lighíen a sírucíureI 
íheir low cosíI íhe sírengíh íheó offer and as a consírucíion elemení able ío resisí seismic acíionsK qhis 
laííer issue is íhe research íopic analósed hereI as halfJíimbered buildings have been specificalló used 
in reconsírucíion plans as earíhquakeJresisíaní buildings in manó couníriesI such as moríugalI fíalóI and 
dreeceK All íhese buildings were characíerized bó an iníernal íimber skeleíon consíiíuíed of veríical 
and horizoníal elemenís and braced wiíh diagonal elemenís EpíK Andrew’s crossesFK qhis sírucíure 
aimed aí improving íhe global síabiliíó of masonró buildingsI enhancing íheir capaciíó ío dissipaíe 
energó during earíhquakesK  
qhe aim of íhis paper is ío síudó íhe behaviour under cóclic loading of such halfJíimbered wallsI wiíh 
íópical connecíionsI maíerials and geomeíries encouníered in exisíing buildingsK fn generalI halfJ
íimbered walls ací as shear walls and confer ío íhe masonró sírucíure a beííer seismic resisíance íhan 
íhaí provided bó a íradiíional masonró wallK Cóclic íesís were performed on íradiíional walls and íheir 
behaviour was síudied in íerms of ulíimaíe capaciíóI deformabiliíóI energó dissipaíion and síiffnessK 
pubsequenílóI íhe íesíed walls were reírofiííed wiíh íradiíional íechniques in order ío undersíand íhe 
influence of íhe reinforcemení and ío esíimaíe iís effecíivenessI or lack íhereofK 
 
heywçrds: ealfJíiãberI Cyclic íesíI qradiíiçnal reinfçrceãeníI aissipaíiçn çf energyI aucíiliíy 
 
 
NK fNTolarCTflN 
 
ealfJíimbered buildings have been a popular consírucíive sósíem in manó couníries over íhe ceníuriesK 
jasonró  and  íimber  are  íwo  of  íhe  mosí  anciení  maíerials  used  in  consírucíion  and  are  easiló  
availableK qhe diffusion of íhese buildings makes íheir preservaíion of esseníial imporíanceK qhe aim 
of íhis paper is ío síudó íhe performance of halfJíimbered walls in íheir original condiíion and propose 
sírengíhening íechniquesK  
 
NKNK bxtension of half-timbered construction and historical importance 
qhe origin of halfJíimbered sírucíures probabló goes back ío íhe ooman bmpireI as in archaeological 
siíes halfJíimber houses were found and were referred ío as lpus Craíicium bó siíruvius xNzK _uí 
íimber was used in masonró walls even in previous culíures Ejócean culíureI _ronze AgeF xOzK  
qradiíionallóI íhis íópe of sírucíures was iníroduced as a seismicJresisíaní buildingK Afíer severe 
earíhquakes paríialló desíroóed ciíies in íhe jediíerranean area EiefkadaI oeggio CalabriaI iisbonI 
fsíanbulFI new regulaíions xPJRz were iníroducedI which dicíaíed how íhe new buildings should be 
builíI iníroducing a bracing íimber sírucíureK _uí such buildings can be also found in nonJseismic 
zones ErhI pcandinaviaI dermanóFI due ío íhe easiló available maíerials íhaí íheó adopíK eere íoo íhe 
buildings exhibií a íimber frameI íhough íhe bracing members are less regularK  
qhe example íhaí is of mosí iníeresí in íhis síudó is íhaí of íhe reconsírucíion of iisbon aowníown afíer 
íhe NTRR earíhquake which desíroóed íhaí parí of íhe ciíóK qhe new regulaíions for íhe reconsírucíion of 
                                                   
N mha CandidaíeI fpfpbI rniversiíó of jinhoI moríugalI elisapoleííi]civilKuminhoKpí 
O Assisíaní mrofessorI mhaI fpfpbI rniversiíó of jinhoI moríugalI graca]civilKuminhoKpí 
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íhe ciíó iníroduced bó jarques de mombal included a building of usualló five síoreós wiíh a síone 
masonró ground floor and an iníernal íimber frame sírucíure Enamed gaiola in moríugueseI which means 
cageF for íhe upper floors EcigK NaFK qhe gaiola was linked ío íhe exíernal masonró walls íhrough íhe 
íimber floor beamsI ío which ií was connecíedK A minimal íimber skeleíon was presení also in íhe 
exíernal masonró wallsK qhe framing of íhe gaiola was characíerized bó íhe íópical píK Andrew’s crosses 
EcigK NbFI which provided a bracing effecí ío íhe sírucíureK qhe walls were filled wiíh rubble or brick 
masonróK qhe iníernal halfJíimbered walls originalló did noí paríicipaíe in íhe bearing of íhe veríical 
loads of íhe sírucíureI íhe load bearing walls were íhe exíernal masonró onesI buí subsequení alíeraíions 
or changes in use of íhe sírucíure could have alíered íhis condiíionK  
 

  
EaF EbF 

cigK N bxamples of gaiola pombalinaW EaF general floor plan xRz; EbF deíail of halfJíimbered wall xSz 
 
qhe íópes of connecíions and íhe dimensions of íhe cross secíions of íhe elemenís variedI depending 
on íhe period in which íheó were builí and íhe pracíice of íhe carpeníerK fn generalI overlappedI 
doveíailI or simple coníací connecíions were used beíween íwo elemenísI wiíh íhe addiíion of nails ío 
secure  íhem  in  place  xTzK  Cross  secíions  varied  beíween  U  ×  NM  cmI  NM  ×  NO  cm  and  NR  ×  NO  cmK  
Approximaíeló a hundred óears afíer íheir iníroducíionI mombalino buildings evolved ío daioleiro 
onesI which losí íhe iníernal íimber skeleíonK  
 
OK TbpTp 
 
OKNK tall specimens and types of strengthening  
ealfJíimbered wall specimens were prepared according ío dimensions found in exisíing buildings in 
iisbonK All íhe connecíions beíween íhe veríical posís and íhe beams are overlapped onesI as well as 
íhe connecíions beíween íhe íwo diagonals of íhe píK Andrew’s crossesI whilsí íhe connecíions 
beíween íhe diagonal and íhe main frame are simple coníací ones Esee cigK OaFK  
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EaF EbF 

cigK O tall specimensW EaF connecíions used; EbF dimensions of elemenís in cm 
 
qhe walls were builí in real scaleI wiíh realisíic cross secíions for all íhe elemenís Esee cigK ObFK qhe 
walls were firsí íesíed in an unreinforced condiíionI and subsequeníló íheó were reírofiííed and 
sírengíhened wiíh íwo íópes of sírengíheningW NF bolís were inseríed in each of íhe overlapped 
connecíions beíween íhe main veríical posís and beams EcigK PaF and OF síeel plaíes were applied ío all 
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íhe main connecíions beíween íhe main posís and íhe beams on boíh sidesI íaking inío accouní also íhe 
diagonal member aííachedI and íheó were secured wiíh bolís EcigK PbFK  
 

  
EaF EbF 

cigK P pírengíhening adopíedW EaF bolís; EbF síeel plaíes 
 

OKOK Test setup and instrumentation 
Cóclic íesís were performed on halfJíimbered walls using a reacíion wall ío which a hódraulic acíuaíor 
was aííachedI which applied íhe horizoníal displacemení ío íhe walls EcigK 4FK qhe acíuaíor was 
connecíed ío íhe reacíion wall and ío íhe íop beam íhrough íwoJdimensional hinges íhaí allowed 
veríical displacemení and roíaíion of íhe íop border of íhe wallK qhree hódraulic jacks applied íhe 
consíaní veríical preJcompression on íhe posís and could follow íhe horizoníal movemení of íhe walls 
bó  means  of  rods  aííached  ío  íhe  íop  of  íhe  jacks  and  connecíed  ío  hinges  fixed  aí  íhe  boííom síeel  
beamK qhe walls were resírained aí íhe boííom using síeel angles and plaíes íhaí fixed íhe boííom beam 
of íhe walls ío a síeel beam which was connecíed ío íhe reacíion floorK 
luíJofJplane movemenís were preveníed bó means of síeel rollers aííached ío an exíernal frame 
securing íhe íop beam of íhe wallsK  
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cigK 4 qesí seíup used in íhe experimeníal campaign 
 

qwo differení veríical loads were applied ío íhe wallI nameló OR and RM kk on each posíK qhe 
applicaíion of differení veríical load levels is significaníI since íhe íimber frame originalló was noí 
couníed for íhe bearing of íhe veríical loads of íhe buildingsI being íheir main funcíion íhaí of 
absorbing shear loadsK _uí wiíh modificaíions done ío íhe sírucíuresI load redisíribuíions could have 
occurred and addiíional loads could be preseníI which could be íaken bó íhe halfJíimbered wallsK 
 
OKPK Test procedure 
A cóclic íesí procedure was adopíed following síandard fpl afp ONRUN xUzI adding more síeps in íhe 
procedure in order ío beííer capíure íhe highló nonJlinear behaviour of íhe wallsK aue ío limiíaíions of 
íhe íesí equipmeníI íhe cócles were iníroduced wiíh a sinusoidal law EcigK RFI buí no significaní 
alíeraíions were found in íhe íesís when compared ío oíhers performed previousló wiíh linear cóclesK 
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cigK R Cóclic procedure adopíed for íhe íesís 
 
qwo differení íesí speeds were adopíedW for displacemenís up ío NMB of íhe maximum one an average 
speed of MIMRmmLs was used; for higher displacemenísI a speed of MIPR mmLs was adopíedK qhe cóclic 
íesís did noí reach íhe ulíimaíe displacemení aííained during íhe monoíonic íesí ENMNIP4 mmFI buí onló 
VMB of íhis displacemeníI buí ií proved ío be sufficiení for íhe wall ío fail under cóclic loadingK 
 
PK CYCifC TbpTp 
 
píaíic cóclic íesís can simulaíe in a simple waó íhe seismic loading and provide imporíaní informaíion 
on íhe overall mechanical behaviour and shear resisíance of walls subjecíed ío seismic acíionsK Cóclic 
íesí resulís performed on boíh unreinforced and sírengíhened walls are here preseníed and a discussion 
of íheir general behaviour is reporíedK 
 
PKNK oesults on unreinforced walls 
ealfJíimbered walls were firsí íesíed in íhe unreinforced condiíionI subjecíing íhem ío an horizoníal 
displacemení proporíional ío íhe maximum horizoníal displacemení capaciíó of íhe wall achieved in 
a monoíonic íesíI which resulíed comparable ío oíher resulís obíained performing similar íesís xVzK  
A disíincíiveló differení behaviour can be noíiced wiíh a varóing veríical preJcompressionK qhe íópical 
pJshape curve of a flexural response wiíh a rocking mechanism aí íhe boííom of íhe wall is evidení for 
íhe  walls  subjecíed  ío  a  lower  veríical  load  level  EcigK  SaFI  whilsí  a  predominaní  shear  behaviour  is  
encouníered in walls under a higher veríical load level EcigK SbFK 
 

  
EaF EbF 

 

cigK S eósíereíic curves for unreinforced wallsW EaF lower veríical load levelW EbF higher veríical load level 
 
qhe walls exhibiíedI for low veríical load levelsI a highló predominaní flexural behaviourK qheó reach 
íhe maximum load level aí a horizoníal displacemení of approximaíeló RMmm and íhe subsequení loss 
of capaciíó is OMB of íhe maximum load or lessK aue ío íhe connecíion íópeI íhe veríical posís uplifí 
during íhe íesí and íhe wall rocks back and foríhK qhe laíeral posís uplifí as much as RM mm EcigK TaFK  
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EaF EbF 

 

cigK T seríical uplifí of posís for righíI lefí and middle connecíion in unreinforced wall specimensW  
EaF lower veríical load level; EbF higher veríical load level 

 
then a higher veríical preJcompression level is appliedI íhe domineering mechanism is shearI buí íhe 
flexural mechanism is síill preseníI as ií can be seen from íhe amouní of veríical uplifí of íhe laíeral 
posísI which is lower E4OBF if compared ío íhe wall subjecíed ío a lower veríical loadI buí ií síill 
characíerizes íhe response of íhe wallK qhe walls íesíed under a higher veríical load level reach íheir 
maximum capaciíó aí approximaíeló íhe same horizoníal displacemeníI buí íhe posí peak loss of 
capaciíó is higher EPPB for rft4 and OOB for rftRFK then observing íhe hósíereíic curves of íhe 
walls EcigK SFI íhe change in síiffness íhaí can be observed in íhe unloading paíh occurs when íhe 
veríical uplifí of íhe boííom connecíions reíurns ío be zeroI íhus increasing íhe síiffness of íhe wallI as 
more resisíance is given bó íhe posísK 
cor íhe lower veríical loadI íhe walls do noí presení significaní damageI while ií is presení for íhe 
walls íesíed under íhe higher loadK fn facíI while íhe walls subjecíed ío íhe lower level fail due ío íhe 
opening of íhe boííom connecíionsI wiíh íhe veríical posís uplifíing aí íhe boííom EcigK UaFI íhe higher 
loaded walls fail due ío shear in íhe ceníral connecíion EcigK UbF wiíh wood crushingK qhe boííom 
connecíions íend ío open and uplifí in íhis case íooI buí íheó don’í conírol íhe general wall failureK 
 

 
 

 
EaF rftP EbF rftR 

 

cigK U rplifíing of posís and opening of connecíions 
 
Concerning íhe infill behaviourI masonró behaved like a blockK cew fissures could be observedI 
mainló moríar falling ouí aí corners and corner bricks falling ouí due ío nails íearingJoffK A few 
compression cracks were visibleK qhe blocks of masonró íended ío move ouíJofJplaneI as íhe adhesion 
of masonró ío íimber is veró low and when íhe elemenís uplifíed íhe masonró would deíach and move 
ouíK Afíer íhe íesíI ií was almosí alwaós possible ío push íhe masonró blocks back inío placeI so íhaí 
masonró degradaíion did noí influence íhe performance of íhe sírengíhened wallsK  
 
PKOK oesults on strengthened walls 
qhe íesíed walls were reírofiííedI sírengíhened and íesíed againK As síaíed previouslóI íhe damage ío 
masonró was recovered compleíelóK qhe same cannoí be said for íhe damage ío íhe íimber ío íimber 
connecíionsK qhe nails íore íhe wood andI in íhe case of íhe walls subjecíed ío íhe higher loadI íhe 
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veríical elemení of íhe ceníral connecíion had ío be subsíiíuíedI iníroducing a new elemení ío íhe posí 
which was glued wiíh a sírucíural glue in order ío guaraníee íhe coníinuiíó of íhe elemeníK 
fn íhe case of sírengíhening done wiíh bolísI íhe improvemení in íerms of load capaciíóI energó 
dissipaíion and ducíiliíó is noí overló significaníK cor íhe lower veríical load levelI íhe reírofiííed wall 
experienced a gain in íerms of load capaciíó of O4BI while for íhe wall subjecíed ío a higher veríical 
level íhere was no gain EcigK VaFI buí íhe wall regained iís iniíial capaciíó and improved in íerms of 
energó dissipaíionK qhe inseríion of bolís did noí influence íhe overall behaviour of íhe wallsK qhe 
response of íhe wall is characíerized bó a combinaíion of flexural and shear mechanismsI íhe posís 
coníinue ío uplifíI íhough íhe veríical uplifí decreased of 4MB when compared ío íhe unreinforced 
condiíion EcigK NMaFK qhe main advaníage is íhaí íhe connecíions were now unable ío open 
ouíJofJplaneI íhus allowing íhem ío funcíion uníil íhe ulíimaíe displacemeníI whereas in íhe 
unreinforced specimenI íhe opening of íhe connecíion effecíiveló caused íhaí connecíion ío cease 
working properlóK cor wall oft4__I íhe reducíion of íhe veríical uplifí EcigK NMbF was less EPMB 
when compared ío rft4FK 
qhanks ío íhe bolísI íhe connecíions worked properló and a shear failure was obíained even for íhe 
specimen subjecíed ío a lower veríical load levelI wiíh íhe ceníral beam íearing due ío íhe shear caused 
bó íhe diagonal elemenísK 

  
EaF  EbF  

 

cigK V eósíeresis curves of sírengíhened wallsW EaF sírengíhening wiíh bolís Ehigher veríical load levelF;  
EbF sírengíhening wiíh plaíes Elower veríical load levelF 

 
cor íhe wall specimen subjecíed ío a higher veríical load level Eoft4__FI íhe failure occurred due ío 
íhe crushing of íhe ceníral connecíion caused bó shear as well as íhe íearing off of íhe laíeral ceníral 
connecíion EcigK NNaF which caused íhe wall ío open in plane and reduced íhe síiffness of íhe wall in 
íhe unloading branchI since íhe lefí posí was noí paríicipaíing fulló ío íhe reacíion of íhe wall when íhe 
íop beam was being pulledK 

  
EaF EbF 

 

cigK NM seríical uplifí of righíI middle and lefí posís for walls sírengíhened wiíh bolísW  
EaF lower veríical load level; EbF higher veríical load level 

 
Analósing íhe behaviour of íhe walls sírengíhened wiíh síeel plaíesI ií can be observed how íhis íópe 
of sírengíhening highló síiffens íhe wall EcigK VbFK qhe gain in load capaciíó for íhe wall subjecíed ío 
íhe lower veríical load level was of NONB when compared ío íhe unreinforced condiíionK oftO_m 
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failed due ío failure of íhe boííom corner connecíion because íhe plaíe did noí allow íhe posí ío uplifí 
and íhe posí íore in correspondence of íhe bolíK  
qhe plaíes did noí show greaí deformaíionsI buí íhe holes of íhe bolís generalló deformed becoming 
ovalI especialló íhe ones corresponding ío íhe diagonal elemenís of íhe ceníral connecíion EcigK NNbFI 
which are íhe elemenís íhaí work more as íheó push and pull íhe ceníral connecíionI and íhose of íhe 
boííom connecíionsI since íhose were íhe ones which normalló íended ío uplifí moreK 
tall oftR_m showed a gain in íerms of load capaciíó of PSB afíer an applied displacemení of RMmmK 
qhe  íesí  was  noí  compleíed  due  ío  problems  in  íhe  equipmeníI  buí  ií  was  noíiced  íhaíI  even  for  íhe  
higher veríical load levelI íhe sírengíhening wiíh plaíes is highló efficiení in íerms of load capaciíóK  
 

  
EaF  EbF  

 

cigK NN qópical damages in sírengíhened wallsW EaF shear failure in oft4__; EbF holes in oftO_m deformed 
becoming oval 

 
4K pbfpMfC mAoAMbTbop 
 
qhe síudó of íhe seismic behaviour of a sírucíure is esseníial when designing a new one or 
rehabiliíaíing an exisíing oneK sarious parameíersI such as ducíiliíóI energó dissipaíionI cóclic 
síiffnessI equivalení viscous dampingI characíerize íhe behaviour of íimber shear walls and can help in 
evaluaíing íhe performance of a sírucíure under cóclic loadingK eereI a few parameíers are preseníedK 
qhe envelope curves of íhe firsí cócle repeíiíion of íhe hósíereíic diagrams were obíained joining íhe 
poinís corresponding ío íhe maximum load reached during each cócle aí iís respecíive displacemení 
xUzK cigK NOa shows íhe curves obíained in such a mannerK crom íhe envelope curvesI íhe iniíial 
síiffness of íhe walls was obíainedI considering íhe poríion of íhe curve up ío 4MB of íhe maximum 
load ío calculaíe íhe secaní síiffnessI as síaíed in xUzK Among íhe unreinforced wallsI íhe veríical 
preJcompression level did noí influence significaníló íhe iniíial síiffnessK All walls exhibiíed a similar 
síiffnessI values varied beíween 4 and 4KR kkmmI excepí for wall rftRI which had an iniíial síiffness 
of PkkmmI lower íhan íhe oíhers because ií experienced pinching from íhe earló síagesI due ío 
imporíaní clearances in íhe connecíionsK cor íhe sírengíhened wallsI sírengíhening done wiíh bolís did 
noí increase íhe iniíial síiffnessI íhe walls were reírofiííed buí íhe connecíions had alreadó suffered 
some damage from íhe íearingJoff of íhe nails and íhe bolís could noí recover íhe iniíial performance 
of  íhe  wallK  fn  facíI  for  boíh  veríical  load  levelsI  íhe  iniíial  síiffness  decreased  of  almosí  4MB  Eíhe  
síiffness values were NKUV and OKRV kkmm for íhe lower and higher load levelFK cor íhe plaíes 
sírengíheningI íhe walls showed an increase in iniíial síiffness of RMB Einiíial síiffness reached 
Skkmm for boíh wallsFI poiníing ouí how íhis meíhod highló síiffens íhe wallI íhus íhe significaní gain 
in ulíimaíe loadI buí reduces ducíiliíóI which from a seismic poiní of view is ofíen more imporíaní 
íhan síiffnessK joreoverI íhe iniíial síiffness of íhe íwo walls is veró similarI possibló poiníing ouí íhaí 
for íhis íópe of sírengíheningI íhe veríical preJcompression level is noí as significaní as for íhe 
sírengíhening wiíh bolísK 
crom an envelope curve ií is possible ío obíain a bilinear idealizaíion of íhe same EcigK NObFK aifferení 
meíhods can be used ío obíain íhis idealizaíionI for example íhe ones suggesíed in xNMz or xNNz; in íhis 
síudó íhe approach proposed bó qomazevic was used xNNzI iKeK íhe failure load was considered as UMB 
or more of íhe maximum one and íhe óield displacemení and load were calculaíed from íhe 
equivalence of íhe areas underneaíh íhe curves considering íhe iniíial síiffness obíained from íhe 
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envelope curvesK crom here íhe values of ducíiliíó were derived for íhe various walls íesíedK fn 
generalI íhe unreinforced walls preseníed a higher ducíiliíó and among íheseI íhe walls wiíh a lower 
veríical preJcompression level had íhe highesí ducíiliíó Ean average ducíiliíó of SKR versus a ducíiliíó of 
PKR for íhe walls wiíh higher loadFK Among íhe sírengíhened wallsI íhe sírengíhening carried ouí wiíh 
bolís did noí improve íhe iniíial síiffness of íhe walls or íheir ducíiliíóK koneíhelessI íhe walls were 
able ío perform well and reached íhe same load capaciíó of íhe original wallsK qhe bolís sírengíhening 
appears ío give a beííer performance in íhe posíJpeakI since ií keeps íhe connecíions closed so íhaí 
íheó can coníinue ío workI which did noí occur in íhe unreinforced siíuaíionK qhe plaíes sírengíhening 
gave similar resulís ío íhe bolís one in íerms of ducíiliíó; all sírengíhened walls had a ducíiliíó of PKMK  

  
EaF EbF 

 

cigK NO EaF bnvelope curves of íesíed walls; EbF example of bilinear idealizaíion of envelope curve 
 
qhe energó dissipaíed bó íhe walls is compuíed aí each load cócle bó calculaíing íhe area enclosed bó 
íhe loop in íhe loadJdisplacemení diagramK fí represenís íhe amouní of energó dissipaíed during íhe 
cóclic loading which occurs íhrough fricíion beíween joinísI óielding of nails and nonJrecoverable 
deformaíion Eresidual deformaíionF in íhe wall panelK 
qhe low values of dissipaíed energó EcigK NPF for low levels of veríical preJcompression are associaíed 
ío íhe predominaní flexural rocking mechanism prevailing for íhis load levelK talls subjecíed ío 
a higher veríical preJcompression Erft4 and rftRF presení higher dissipaíed energóK 

 
cigK NP bnergó dissipaíed during each cócle vsK laíeral drifí of íhe walls 

 
qhere isn’í a significaní improvemení in íerms of energó dissipaíion beíween íhe unreinforced and íhe 
wall sírengíhened wiíh bolísK koneíhelessI since íhe walls were alreadó íesíed and íhe sírengíhening 
soluíion considered was exíremeló simple and did noí change much íhe original behaviour of íhe wallI 
ií can be poiníed ouí how wiíh íhese few devices íhe walls were resíored ío íheir original condiíions 
and improved íheir performance for higher values of drifíK fn íhe case of íhe walls sírengíhened wiíh 
plaíesI for íhe lower veríical load levelI which is íhe onló case íhaí has compleíe daíaI íhe gain in íerms 
of dissipaíed energó is evidení from low values of laíeral drifíI poiníing ouí how íhe síeel plaíes 
represení a more efficiení sírengíhening even in íerms of dissipaíed energóK  



 

OMRV 

RK ClNCirpflNp 
 
píaíic cóclic íesís were performed on íradiíional halfJíimbered wallsK qhe behaviour of unreinforced 
walls and reírofiííed and sírengíhened walls was compared in order ío undersíand íheir behaviour in 
seismic siíuaíionsK fn íhe unreinforced condiíionI a higher veríical load level led ío a higher load 
capaciíó and energó dissipaíionK aamages ío íhe íimber frame were more imporíaní for higher veríical 
loadsI whilsí for íhe lower ones íhe damages concerned mainló some nails íearJoffK  
cor íhe sírengíhened wallsI bolís sírengíhening onló managed ío reinsíaíe íhe walls ío íheir iniíial 
condiíionI wiíh some advaníages in íhe posíJpeak behaviour in íerms of resisíance and energó 
dissipaíionK qhe plaíes sírengíhening proved ío greaíló síiffen íhe wall and increase considerabló iís 
load capaciíóI buí ducíiliíó was compromisedK  
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