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ABpToACT 
fn tÜis stuÇyI some lttoman batÜs in qurâey are examineÇ wÜere tÜe suééort of timber tie beam in 
masonry construction Üas been ÇetecteÇI in élaces wÜere a moÇerate anÇ ÜiÖÜ seismic activity is 
éresentK qÜe aim is to verify tÜe contribution of tÜese Çevices to tÜe structural beÜavior of tÜe 
builÇinÖs unÇer seismic actionsK qÜe two case stuÇiesW dazi jiÜal BatÜ anÇ İsmail Bey BatÜI wÜicÜ 
are tÜe lttoman batÜ builÇinÖsI constructeÇ in NRtÜ centuryI abanÇoneÇ anÇ éartially ruineÇ were 
examineÇK qÜe case stuÇy batÜ structures anÇ tÜe metÜoÇoloÖical aééroacÜ were taâen from tÜe mÜa 
tÜesis xNz in “molitecnico Çi jilano”K qÜe metÜoÇoloÖy for tÜose stuÇy builÇinÖs was aÇaéteÇ to static 
collaése analysis of tÜe timber tie reinforceÇ masonryK qÜe éaéer concluÇes witÜ tÜe interéretation of 
tÜe beÜavior of tÜe two masonry builÇinÖs accorÇinÖ to tÜe éresence of timber tie beamsK 
 
heywords: Timber tiesI Masonry bathsI Collapse analysis  
 

N. fkTolarCTflk 
qÜe obàective of tÜis éaéer was to unÇerstanÇ tÜe beÜavior of tÜe timber tieJbeam inserteÇ in some 
Üistorical masonry wall structures observeÇ in areas of moÇerately ÜiÖÜ seismicityK ptatic collaése 
analysis of some case stuÇy structures were ÇetermineÇ for realizinÖ tÜeir beÜavior unÇer tÜe effect of 
tÜe seismicityK   
qÜe researcÜ éaéer is ÇiviÇeÇ into tÜree main sectionsK fn tÜe introÇuctory éartI classification of timber 
tie  beams  anÇ  tÜeir  Çeterioration  éroblems  are  introÇuceÇK  fn  tÜe  seconÇ  éartI  tÜe  “rule  of  art”  is  
recalleÇ anÇ ÇescribeÇ witÜ tÜe introÇuction of tÜe metÜoÇ of âinematic analysis of tÜe mecÜanism of 
collaéseK  fn tÜe last  éartI  tÜe case stuÇiesI  İsmail  Bey batÜ anÇ dazi  jiÜal  Bey batÜ were examineÇ 
accorÇinÖ to tÜe “rule of art” wÜicÜ ÖuiÇeÇ to analyze tÜe collaése effects unÇer éossible seismic 
actions anÇ tÜe effects of timber tie reinforcements on tÜe structuresK fn tÜis sectionI tÜe eartÜquaâe 
beÜavior of timber tieJbeam reinforceÇ masonry construction is briefly ÇiscusseÇ witÜ reséect to tÜe 
metÜoÇoloÖy of collaése analysisK qÜeir collaése mecÜanisms anÇ tÜe effect of tÜe timber tie beams 
are examineÇ from minor to maàor ÇetailsK  
 
N.N. Classification of timber tie beams and their deterioration problems 
qraÇitional masonry walls were built ué of Çifferent tyées of stones sucÜ as tuffI sanÇJstonesI tracÜyteI 
ÖraniteI basaltI wÜicÜ are in tÜe classification of seÇimentaryI metamoréÜic anÇ maÖmatic stonesK  
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qÜe tyée of stoneI wÜicÜ was useÇ for tÜe construction  was ÇeciÇeÇ accorÇinÖ to tÜe stone mines 
tÜat were close to tÜe settlementsK As wellI tÜe worâmansÜié for constructinÖ tÜe masonry anÇ tÜe 
cultural stylistic bacâÖrounÇ were tÜe Çeterministic factors for tÜe builÇinÖ ÇesiÖn of tÜe masonry 
walls xVzK 
cor builÇinÖ tÜe traÇitional lttoman masonry walls tÜere were some rules for constructinÖ tÜemK qÜe 
minimum tÜicâness of tÜe wall were not less tÜan MIRM cmK aiatonic stones were useÇ across tÜe 
masonry anÇ on tÜe corners biÖ stones ÜaÇ to be élaceÇK qÜe tie beamsI wÜicÜ were maÇe ué of timber 
or bricâ materialsI were useÇ in certain lenÖtÜs in tÜe masonry xTzK 
qimber tie beams were anotÜer aséect for constructinÖ traÇitional lttoman masonry wallsK fn eacÜ 
NIR  m  lenÖtÜ  of  tÜe  wallI  timber  ties  ÜaÇ  to  be  élaceÇK  mine  anÇ  ceÇar  trees  were  useÇ  to  éroÇuce  
timber tie beams for tÜe masonry walls for extra Çurability for tÜe external atmoséÜeric conÇitionsK 
qÜe crossJsection Çimensions of tÜose timber ties were from U cm × U cm to NM cm × NM cmK xVzK 
cor some of tÜe masonry walls wÜicÜ ÜaÇ nonJuniform stone worâmansÜiéI timber tie beams were 
essential for âeeéinÖ tÜe wall structure stableK qÜere are biÖ Çifferences in Çimensions of tÜe timber tie 
beams anÇ tÜe tÜicâness of tÜe wallK qÜerefore âeeéinÖ tÜe masonry wall structure stableI timber tie 
beams were useÇ insiÇe anÇ outsiÇe of tÜe masonry wall anÇ attacÜeÇ toÖetÜer witÜ éeréenÇicular 
timber connections wÜicÜ were élaceÇ in a certain Çistances xSzK 
qÜe usaÖe of tÜe timber tie beam construction tecÜnique insiÇe of tÜe masonry walls baseÇ on ORMM 
years of timeK qÜe main iÇea of tÜis construction is âeeéinÖ tÜe stone materials stable anÇ uniform 
unÇer tÜe vertical anÇ Üorizontal forcesK titÜ tÜe assistance of tÜe timber tie beamsI tÜe slenÇerness 
anÇ tÜe ÜeiÖÜt éroéortion of tÜe masonry ÇecreaseÇ as well tÜe Çurability of tÜe masonry were 
increaseÇK qÜe cracâs on tÜe masonry coulÇ not Öo furtÜer on tÜe surfaces because of tÜe effect of tÜe 
tie beamsK qÜe main éroblems tÜat faceÇ for timber tie beams were tÜe Çecay in tÜe course of timeK 
qÜe Çecay effect of water on tÜe timber materials continues witÜ swellinÖ anÇ ÇryinÖ out tÜe masonry 
material anÇ causeÇ saÖÖinÖ on tÜe walls xOzK 
fn ciÖsK NI OI P belowI some traÇitional construction examéles of timber tie beams anÇ tÜeir 
connections tecÜniques were sÜown xVzK 
 
 
 

   
cig. N ealf tonÖue timber tie beam 

connection 
cig. O `orbel timber tie beam 

connection 
cig. 3 oounÇ sectional timber tie 

beam connection 
 
 

O. Teb “orib lc AoT” 
qÜe “rule of art” referreÇ to masonry walls means also “art of builÇinÖ” wÜicÜ contains anÇ brinÖs 
toÖetÜer all tÜe exéeriences tÜat cÜaracterizeÇ tÜe Üistory of tÜe builÇinÖK qÜe iÇea of tÜis is; ensurinÖ 
tÜe builÇinÖ aééears at tÜe same time robust anÇ secures tÜe structure xPzK 



 

NSV 

qÜe mecÜanical qualities of tÜe Üistorical walls wÜicÜ forms tÜe rule of art incluÇesW  
– éresence or absence of elements sucÜ as cross connections of Çiatones;  
– ÖeometryI sÜaéeI tyée anÇ size of tÜe elements; 
– Üorizontality of beÇ àoints anÇ offset of vertical àoints;  
– tÜe quality anÇ consistency of tÜe mortar anÇ tÜe éresence of weÇÖes anÇ cÜiés; 
– tÜe cÜaracteristics of éossible inner core anÇ tÜe ÜomoÖeneity of materialsK 
qimber tie beams are tÜe bases of tÜe coméarison anÇ orÖanization of tÜe wall structures xPzK 
katurallyI stone masonry anÇ tÜeir tecÜnical quality was érimarily affecteÇ by stone base material tÜat 
was locally availableK qÜis situation Çetermines also Çeeé Çifferences in mecÜanical éroéertiesK “qÜe 
rule of art” Çiffers from tyée to tyée of stones ÇeéenÇinÖ on availability of square blocâs of Üewn 
stones in masonry wallsK fn more iméortant builÇinÖsI tÜe masonry walls are maÇe ué of éerfectly 
squareÇ stonesI wÜicÜ are very close to tÜe iÇeal of tÜe éerfectnessK jortar only éerforms tÜe function 
of reÖularizinÖ tÜe contacts between tÜe stonesK tÜen tÜe mortar becomes éowÇeryI it is not tÜe 
funÇamental beÜavior of tÜe masonry xPzK 
qÜe rule of art in stone masonry lasteÇ more or less until tÜe beÖinninÖ of last centuryK AccorÇinÖ to 
tÜis rule tÜe stone rows must be ÜorizontalK qÜe toé anÇ tÜe bottom of tÜe walls must be sufficiently 
flatK fn tÜe beÇ àoints of tÜe stones tÜey use lime mortarI in larÖer cavities tÜey use cÜiés of stone or 
bricâK marticularly Çecisive for tÜe resistance to outsiÇe élane action is tÜe éresence of Çiatones anÇ 
timber tie beams wÜicÜ connecteÇ tÜe two leaves of tÜe masonryK qÜe vertical àoints are staÖÖereÇ 
aééroériately xPzK 
qÜe effectiveness aÖainst tÜe actions of stone masonry structures is reflecteÇ botÜ in static anÇ 
Çynamic conÇitionsK fn tÜe first caseI tÜe effect of tÜe aéélieÇ loaÇs is stabilizinÖ masonry wall ; in tÜe 
seconÇ caseI tÜe masonry wall rotates accorÇinÖ to tÜe Üorizontal axes of tÜe aéélieÇ loaÇsK qÜe 
intensity of tÜe seismic activity anÇ constraints of tÜe structure érevents tiééinÖ of tÜe walls anÇ allow 
returninÖ to tÜe initial conÇitions of tÜe structureK fn absence of Üorizontal layersI it is iméossible to 
form tÜe axes of rotationI anÇ tÜe recurrence of oscillations ÇisinteÖrate tÜe masonry wall in cÜaotic 
manner xPzK 
Also masonry stone walls constructeÇ witÜ small elements  ÇemonstrateÇ excellent mecÜanical 
cÜaracteristicsK qÜe tensile strenÖtÜ of tÜe mortar allows certain limitsK qÜe mortar is ÖooÇ for 
ÇistributinÖ tÜe loaÇs in a continuous elastic formK But if tÜe masonry construction is mostly stanÇinÖ 
witÜ tÜe suééort of éÜysicalI cÜemical anÇ mecÜanical éroéerties of tÜe mortarI tÜe beÜavior of 
masonry wall cannot attain tÜe reliability of tÜe masonry wall structureK fn tÜis tyée of masonry 
structureI tÜe inner leaf insiÇe of tÜe wall is filleÇ witÜ ÇisorÇerly éebbles witÜout followinÖ tÜe rules 
of masonry constructionK ff tÜe mortar is not effective tÜis tyée of masonry structure can collaése 
unÇer tÜe seismic activity xPzK 
sarious masonry structures were ÇetecteÇ in jarmara pea reÖion anÇ tÜeir collaése analysis were 
Çone witÜ reference to tÜe “rule of art” unÇer tÜe tÜree main actionsK 
 
O.N. nualitative response of masonry under external actions 
A brief cÜaracterization of tÜe beÜavior of tÜe masonry walls is ÇeéenÇent on tÜree main actions xPzI 
tÜat can be summarizeÇ asW 
aF sertical loaÇsI 
bF eorizontal loaÇsI out of élane actionI 
cF eorizontal loaÇsI in élane actionK 
 
OK1K1K sertical loads 
A wall submitteÇ to vertical loaÇs coulÇ Üave breaâ ué for two main reasonsW lateral instability or 
coméression failureK Breaâué Üaééens by coméressionI if tÜe resistant element is weaâI at least 
for tÜe orÇinary loaÇs of tÜe traÇitional builÇinÖsI or tÜe masonry is stronÖly ÇeÖraÇeÇI for 
instance because masonry was subàecteÇ to weatÜerinÖ or to moisture conÇitionsK ff one of tÜese 
two conÇitions is verifieÇI tÜen tÜe quality éarameter of tÜe masonry is set  to “not reséecteÇ”K ft 
comes Çirectly to a lowest cateÖory witÜout éerforminÖ furtÜer evaluationsK qÜe éossibility of 
breaâinÖ tÜe masonry by coméression anÇ instability facts is facilitateÇ by tÜe éresence of ÜiÖÜ 
vertical stresses witÜin tÜe masonry wallK qÜe scÜematic Çescriétion of tÜis action sÜown in 
ciÖures 4 anÇ R xPzI x4zK 
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cig. Q qension failure witÜ vertical action xPz cig. R fnstability failure unÇer vertical 

action; section of tÜe masonry wall xPz 
 
 

OK1KOK eorizontal loads; out of plane action 
A wall subàecteÇ to Üorizontal actions tÜat tenÇ to Çeform out of its élane Üas tÜe resistance limit of tÜe 
masonry are subàecteÇ to stronÖ coméressive stressesK kamelyI consiÇer tÜe internal siÇe of a wallI 
wÜicÜ is overturninÖI anÇ tÜe tensions tÜat tenÇ to crusÜ tÜe stones éositioneÇ close to tÜe Üorizontal 
ÜinÖeK cor tÜis reasonI Çescriétion of tÜe lowest masonry quality can beW “ÇeÖraÇeÇ resistant elements 
or weaâly resistant to coméression” xPzI x4zK 
`onverselyI tÜe aséect consiÇereÇ essential for tÜe reséonse of tÜe walls to out of élane actionsI is 
tÜeir monolitÜic beÜavior Çue to tÜe éresence of ÇiatonesK As well as otÜer éarametersI wÜicÜ Üave 
been assiÖneÇ a ÜiÖÜer weiÖÜtK qÜe éresence of Üorizontal rowsI wÜicÜ allow tÜe oscillation of tÜe 
wall arounÇ Üorizontal ÜinÖesI anÇ tÜe sÜaée of resistant elementsK qÜe scÜematic Çescriétion of tÜis 
action is sÜown in ciÖK S xPzK 
 

  
cig. S lut élane action xPz cig. T fn élane action xPz 

 
OK1KPK  eorizontal loads in plane action 
bven in tÜe case of stress sÜearinÖ in Üorizontal élane actinÖ on tÜe wallI wÜicÜ is nonJresistant to 
coméressionI or ÜiÖÜly ÇeÖraÇeÇI leaÇinÖ Çirectly to tÜe lowest quality of tÜe masonryK qÜe scÜematic 
Çescriétion of tÜis action is sÜown in ciÖK T xPzI x4zK 
qÜe resistance of a wall to Üorizontal inJélane actions is mainly Çue toW 
– `oÜesionI ÇeéenÇent from tÜe mortar qualityK 
– crictionI tÜat is carrieÇ on Üorizontal surfaces EÇue to tÜe verticality of tÜe ÇeaÇ loaÇF of beÇ àoints 

anÇ resistant elements in contact witÜ eacÜ otÜerI Üence tÜe iméortance is Öiven to tÜe éarameterW 
“form of tÜe resistant elements”K But also tÜe staÖÖerinÖ of vertical àoints anÇ tÜe friction between 
tÜem are iméortant éarametersK  

– jesÜinÖ anÇ interlocâinÖ of tÜe blocâsI anÇ tÜis aséect can even Çefine tÜe sloée of tÜe lesion tÜat 
will form in case of an eartÜquaâeK qÜe àoint between tÜe blocâs is essential for tÜis aséect if square 
blocâs are éresent anÇ vertical àoints are staÖÖereÇ xPzK 
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pquareÇ blocâsI staÖÖereÇ vertical àoints anÇ quality of tÜe mortar are tÜe tÜree iméortant éarameters 
consiÇereÇ essential in tÜe metÜoÇoloÖy to éroviÇe to tÜe wall a ÖooÇ resistance aÖainst tÜe actionsK 
dreat iméortance is Öiven to tÜe éresence of ÇiatonesI wÜicÜ ensure tÜat tÜe masonry wall  can react to 
Üorizontal actions witÜ tÜe entire tÜicâness of tÜe wall xPzI x4zK 
 
O.O. Method of the kinematic mechanism of collapse 
qÜe obàective of tÜe metÜoÇ of tÜe âinematic analysis of mecÜanism of collaése is first to iÇentify tÜe 
éossible mecÜanisms of collaése of tÜe masonry builÇinÖsK curtÜermoreI to assess tÜe minimum 
multiélier  of  tÜe loaÇsI  if  tÜey are aéélieÇ in a  static  manner  to  tÜe structureI  tÜat  causes tÜe loss  of  
balance anÇ coulÇ start tÜe âinematic cÜainK qÜe structural analysis in orÇer to iÇentify tÜe structural 
Çeficiencies of tÜe builÇinÖ are essential for Çeterminate its consequent collaése mecÜanisms xPzK 
cor analysis of tÜe âinematic mecÜanism of collaéseI tÜe beÜavior of macro structural elements were 
very essential to criticizeK jacro éortions in wÜicÜ are ÇiviÇeÇ into masonry wall sections Çue to 
seismic actionsK qÜese éortions Üave a certain internal monolitÜic beÜavior wÜicÜ is éroÇuceÇ by static 
anÇ seismic loaÇs as well as tÜe Çisconnections inÜerent of tÜe builÇinÖ Çue to tÜe tyée anÇ 
construction metÜoÇsK As wellI tÜe âinematic mecÜanism of collaése is effective by tÜe âinematic 
cÜain tÜat maÇe it éossible by tÜe mutual movement of one or more macro elementsK qÜe startinÖ 
movement for tÜe âinematic cÜain of tÜe masonry structure occurreÇ by seismic action xPzK 
qÜe macro elements of tÜe masonry structure will tenÇ to beÜave monolitÜically if tÜe wall is 
constructeÇ in ÖooÇ quality of materials anÇ construction tecÜniquesK titÜout internally Çisconnection 
of materialsI tÜe masonry beÜaves liâe a riÖiÇ boÇyK ff tÜe masonry wall Çoes not éresent exceétional 
quality anÇ ÖooÇ imélementationI tÜe beÜavior of tÜe masonry wall is not monolitÜicK qÜerefore tÜe 
wall beÜavior is liâe a “Çouble seéarate leaves”K pucÜ beÜavior is tÜe tenÇency of tÜe masonry wall to 
be ÇiviÇeÇ into two monolitÜic leavesI wÜicÜ Üas to be taâen into tÜe consiÇeration in collaése 
mecÜanism of tÜe structure xPzK 
ff tÜe masonry wall was in tÜe lowest quality wÜicÜ cateÖorizeÇ as tÜe weaâest tyée wall unÇer tÜe 
seismic actionsK tÜen tÜis wall faceÇ witÜ tÜe seismic actionI tÜere is a Çisconnection between tÜe 
materials internal of tÜe wall anÇ tÜere is no forminÖ of seéaration of monolitÜic leavesK qÜe wall 
crumbles to tÜe éieces of stones witÜout formation of macro elements unÇer tÜe seismic action xPzK 
aeéenÇinÖ on tÜe Çirection of tÜe seismic action witÜ reséect to tÜe élane of tÜe wallI iÇentify ÇamaÖe 
mecÜanisms of first anÇ seconÇ tyéeK 
– ff tÜe mecÜanism of tÜe ÇamaÖe ÜaééeneÇ in tÜe first tyéeW wÜicÜ tenÇ to Çisélace tÜe masonry wall 
in a Çirection éeréenÇicular to its élane of resistanceK qÜese mecÜanisms must be absolutely avoiÇeÇ; 
tÜese mecÜanisms are often éroÇuce Çisastrous actionsI even if tÜey are not carrieÇ to tÜe extreme 
forceK AnÇ also tÜe causes of instability are Çifficult to ÜealK qo avoiÇ sucÜ of tÜese mecÜanismsI 
monolitÜic masonry wall structure anÇ its well mesÜeÇ tÜicâness are éroviÇeÇK eowever masonry 
walls infillinÖ witÜ Çouble leaves are éarticularly susceétible beÜavior towarÇs tÜe mecÜanism of tÜe 
first tyéeK cor tÜis reason enormous iméortance are Öiven to tÜe effectiveness of tÜe connections 
between tÜe floorsI Çomes etcK anÇ masonry walls wÜicÜ are éeréenÇicular to tÜem xPzK qÜerefore 
timber tie beams anÇ tÜeir connections are very iméortant for tÜe beÜavior of tÜe structures unÇer tÜe 
seismic actionsK  
– qÜe mecÜanism of ÇamaÖe ÜaééeneÇ in tÜe seconÇ orÇer; masonry walls are affecteÇ from tÜe 
seismic action éarallel to tÜe lonÖituÇinal ÇirectionI wÜicÜ is tÜe Öreatest strenÖtÜ of tÜe wallK ff tÜe 
fabric is in ÖooÇ qualityI tÜe ÇamaÖes may occur also in certain extent witÜout tÜe wall loses to its 
loaÇJbearinÖ caéacityK qÜe funÇamental aséect of tÜis beÜavior is unÇer tÜe fact tÜatI tÜe masonry 
walls wÜicÜ are able to witÜstanÇ witÜ ÜiÖÜer loaÇs in tÜat Çirection tÜan tÜe first orÇerK As wellI 
timber tie beams were very effective for ÖivinÖ extra resistance to tÜe masonry wall in seconÇ orÇerK   
qÜe ÇamaÖe mecÜanism of first or seconÇ wayI in most real cases tÜese mecÜanisms are combineÇ 
mannerK ft is often éossible to observe tÜat tÜe cracâs are formeÇ on tÜe elevations of tÜe builÇinÖs on 
tÜe basis of seconÇ orÇerK qÜis is clear tÜat wÜen tÜe actions tÜat are tÜe aééeareÇ form eartÜquaâeI it 
cannot seéarateÇ into coméonentsI wÜicÜ are ortÜoÖonal or coélanarK eoweverI tÜey involves tÜe 
builÇinÖ entirelyI tÜat tÜey may be resulteÇ ÇamaÖes on first or seconÇ orÇer xPzK 
qÜe iÇentification of tÜe failure mecÜanisms in an existinÖ masonry builÇinÖ is tÜe most Çifficult 
éart of tÜe analysis metÜoÇ in macroK ft can only be acÜieveÇ by a tÜorouÖÜ structural survey of tÜe 
builÇinÖK keeÇ of iÇentification is facilitateÇ for carry out stuÇies on builÇinÖs tÜat are alreaÇy 
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ÇamaÖeÇ by an eartÜquaâe in macro éortions of tÜe structure because tÜey bounÇeÇ tÜe ÇamaÖes 
éroÇuceÇ by seismic actionsK qÜrouÖÜ tÜe cracâ tyées tÜat are Üaééen in masonry structuresI tÜeir 
motion ÖraéÜics witÜ various macro elements in tÜe builÇinÖs unÇer tÜe seismic activity are 
iÇentifieÇ xPzK 
qÜe ériority of tÜe iÇentification of tÜe failure mecÜanisms as a result of survey ÇrawinÖsI tÜe 
cÜaracteristics structure anÇ tÜey executeÇ baseÇ on assumétionsK qÜey are ÇeveloéeÇ séecifically for 
tÜe case stuÇyI wÜicÜ iÇentifieÇ of mecÜanisms of collaéseK qÜe failure mecÜanisms are iÇentifieÇ 
accorÇinÖ to tÜe ÜierarcÜy of ÇanÖerousness amonÖ tÜe éossible mecÜanisms xPzK 
qÜe first is to iÇentify masonry walls accorÇinÖ to tÜeir collaése mecÜanismsK AccorÇinÖ to tÜe 
éraÖmatic éoint of viewI it is acceétable to extenÇ tÜe analysis of tÜe ÇamaÖe mecÜanisms only 
external walls of tÜe structure xPzK  
qÜe masonry walls tÜat are locateÇ on tÜe éerimeter of tÜe builÇinÖI tÜeir connection between 
Üorizontal elements liâe floorsI external anÇ internal walls anÇ éossible éresence of antiJseismic 
érinciéals are Çetermines tÜe funÇamental conÇitions of collaése analysisK A masonry wall stresseÇ by 
an action éeréenÇicular to its miÇÇle élaneI tenÇ to seéarate into érotruÇinÖ by tÜe means of 
a âinematic cÜain xPzK 
qÜe sequence of tÜe action ÜaééeneÇ accorÇinÖ to tÜe steés on tÜe belowW 
– `onsistency of coméressive strenÖtÜ of masonry wallK      
– qensile strenÖtÜ of tÜe masonry wallK 
– qÜe constraints of tÜe Üorizontal movementsK qÜe macro element is move only tÜe rotation of tÜe 

Üorizontal ÜinÖe axisK 
– qÜe constraints of tÜe vertical movementsK qwo masonry walls neitÜer are seéarateÇ nor rotate 

arounÇ tÜe vertical axis éassinÖ tÜrouÖÜ tÜe claméinÖK  
– qÜe constraints of internal movementsK lnly tÜe walls ÇevoiÇ of Çiatones anÇ timber tie cross 

beams can be seéarateÇ into two leaves of masonry unÇer tÜe movement of out of élane actionK 
`laméinÖ of tÜe masonry walls were constructeÇ witÜ iron barsI Çiatone stones anÇ tÜe timber tieJ
beamsK AccorÇinÖ to qable NI tÜe mecÜanism of collaése of tÜe masonry walls in function of tÜe 
bounÇary conÇitions are summarizeÇ xPzK 

 
Table N jecÜanism of collaése of tÜe masonry walls in function of tÜe bounÇary conÇitions xPz 

 

 
As it mentioneÇ before tÜe tyéical failure mecÜanisms of tÜe stone masonry walls subàecteÇ to tÜree 
Çifferent actionsK qÜose actions effecteÇ anÇ causeÇ; cracâs on tÜe masonry wallsI saÖÖinÖ or breaâinÖ 
of timber tie beams xRzK 
fn ciÖK RI scÜematization of tÜe timber tie beams insiÇe of tÜe masonry wall is sÜownK fn ciÖsK SI TI tÜe 
éossible saÖÖinÖ scÜematization of tÜe timber tie beams unÇer tÜe loaÇs tÜat tÜe masonry wall are 
sÜownK 
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cig. U pcÜematization of timber 

tie beams insiÇe masonry 
cig. 9 mossible Üorizontal saÖÖinÖ 

of tÜe timber tie beams 
cig. NM mossible vertical saÖÖinÖ 

of tÜe timber tie beams 
 
ln qables OI PI 4 tÜe collaése analysis of tÜe masonry walls strenÖtÜeneÇ witÜ timber tie beams were 
examineÇK fn tÜose tablesI tÜe scÜematic static collaése analysis of structural units were éreéareÇ 
accorÇinÖ to tÜree Çifferent actions witÜ tÜe classification of various structural elements from tÜe basic 
sinÖle units to tÜe anÖularI cellular anÇ closure unitsK 
 
 
Table O cailure mecÜanisms founÇ in builÇinÖs tÜat are subàecteÇ to Çifferent seismic actionsI Üorizontal loaÇsW 

inJélane action anÇ outJofJélane action; sinÖle wall anÇ anÖleÇ wall xPzI xUz 

 

MaVonry crackV anT poVVible of Vector of
rotationV cauVeT by actionV coplanar witU
tUe wall. Timber tie beamV are occurreT
extra VtrengtU for tUiV Uorizontal rotation.

Sector of rotationV; part A. NmpUaVizing
tUe main effect of tUe kinamatic
mecUaniVm wUicU eVVentially conViVt of
rigiT rotation of tUe broken part.

Sector of rotationV; part B. TUe kinematic
Uorizontal mecUaniVm in Vector B iV
occureT in UigUer valueV of tUe VeiVmic
effectV on tUe Vtructure.

Sector of rotationV; part C. It iV a critical
lineH VeiVmic actionV TiverteT Vtatic
compreVVion anT tUey can be tranVfereT to
tUe founTation.

Overturning a monolitUic wall unTer tUe
VeiVmic actionV. 

Over turning a two leaveV wall unTer
VeiVmic actionV. TUe perpenTicular
connectionV of tUe timber tie beamV are
occurreT extra VtrengtU for tUiV action.

Horizontal forceV applieT to tUe well
arrangeT maVonry wall witU VtraigUt
Uorizontal jointV.

Horizontal forceV applieT to tUe cUaotic
maVonry wall witUout VtraigUt Uorizontal
jointV. In tUiV type of collapVe beUavior of
maVonry wallH tUere are no timber tie beam 
connectionV.

Overturning a monolitUic wall. In tUiV type
of collapVe beUavior of maVonry wallH
tUere are no timber tie beam connectionV.

MecUaniVm of Tiagonal Tamage. Timber tie 
beam connectionV are occurreT extra
VtrengtU for tUiV action.

MecUaniVm witU formation of an
intermeTiate Tiagonal Uinge. TUe
perpenTicular wallV anT timber tie beam
connectionV are occurreT extra VtrengtU
for tUiV action.

MecUaniVm of Tamage anT crack Vtart
from Tiagonal of tUe wall. TUe
perpenTicular wallV anT timber tie beam
connectionV are occurreT extra VtrengtU
for tUiV action.

HORIRONTAL LOAMS IN PLANN ACTION; MaVonry crackV anT poVVible of Vector of rotationV 

MaVonry Vingle wall failure mecUaniVmV 

Failure mecUaniVmV tUat are VubjecteT to Tifferent VeiVmic actionV founT in builTingV 

MaVonry angleT wall failure mecUaniVmV 

HORIRINTAL LOAMS OUT OF PLANN ACTION; MaVonry crackV anT poVVible of Vector of rotationV

MaVonry Vingle wall failure mecUaniVmV 
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TUe mecUaniVm of Tamage on a maVonry
cell wall Vtructure unTer tUe Uorizontal
forceV. Timber tie beamV are beUaveT like
arcU againVt for tUiV action.

ReverVal of tUe external leaveV.
PerpenTicular timber connectionV occurreT
extra VtrengtU for tUiV action.

BenTing Teflection outwarT of tUe
maVonry. TUe crack lineV are tUe partV tUat
are tUe voiT VpaceV for timber tie beamV.

Half part of tUe cell tenT to move outwarT.
TUe timber tie beamV are unTer tUe effect
of VUear force. HoweverH tUey are occurreT 
VtrengtU againVt tUiV action.

MonolitUic vertical Teflection. Angular
maVonry wallV anT timber tie beamV are
occurreT extra VtrengtU for tUiV action.

Tilt mecUaniVm compoVeT of Touble
corner crackV. Angular maVonry wallV anT
timber tie beamV are occurreT extra
VtrengtU for tUiV action.

Tipping maVonry piece witU an Vingle
corner anT witU Vimple Tiagonal crack.
Angular maVonry wallV anT timber tie
beamV are occurreT extra VtrengtU for tUiV
action.

Tipping maVonry piece witU Touble corner
anT Touble Tiagonal crack. Angular
maVonry wallV anT timber tie beamV are
occurreT extra VtrengtU for tUiV action.

MonolitUic maVonry wall iV attacUeT from
tUe top witU timber tieV. BenTing VtreVV
applieT to tUe wall. 

Mouble leaf maVonry wall attacUeT from
tUe top witU timber tieV. BenTing VtreVV
applieT to tUe wall.

FolTing mecUaniVm amplifieT by tUe tUruVt
TiVtribution of tUe barrel vault. Angular
maVonry wallV anT timber tie beamV are
occurreT extra VtrengtU for tUiV action.

FolTing mecUaniVm of rupture in benTing
out of planeH amplifieT by tUe central
tUruVt of tUe Vegment. Timber tie beamV
beUaveT like arcU againVt for tUiV action. AV 
wellH tUey are occurreT extra VtrengtU for
keeping unity of tUe wall anT reViVt tUe
extra loaTVH wUicU are proTuceT by Tome.

MaVonry cell failure mecUaniVmV 

MaVonry cell cloVure failure mecUaniVmV 

Failure mecUaniVmV tUat are VubjecteT to Tifferent VeiVmic actionV founT in builTingV 

HORIRINTAL LOAMS OUT OF PLANN ACTION; MaVonry crackV anT poVVible of Vector of rotationV

Table 3 cailure mecÜanisms founÇ in builÇinÖs tÜat are subàecteÇ to Çifferent seismic actionsW vertical loaÇs xPzI xUz 

 
 

Table Q cailure mecÜanism founÇ in builÇinÖs subàecteÇ to Çifferent seismic actionsI Üorizontal loaÇsI out of 
élane action xPzI xUz 

 
 
 
 
 
 
 
 
 
 

TUe compreVVive force puVUeT away two-
maVonry leaf from eacU otUer. TUe
maVonry wall getV into tUe formation of
Vymmetric bulging. Timber tie beamV are
occurreT VtrengtU againVt Uorizontal
Vymmetric bulging.

Vertical crackV on tUe maVonry wall tUat
tenTV to collapVe of tUe Vtructure. Timber
tie beamV are keeping tUe unity of tUe
maVonry againVt tUe vertical crackV wUicU
cauVeT by vertical loaTV.

Outer vertical Teflection. InViTe leaf of tUe
maVonry wall unTer preVVure. TUerefore
outViTe of tUe leaf puVUeT away from tUe
wall. Timber tie beamV are occureT
VtrengtU againVt Uorizontal bulging.

Bottom part of tUe maVonry wall tenT to
Veparate from tUe cell. Horizontal timber
tie beamV are Vagging in tUiV action anT
occurV vertical VtrengtU againVt tUe
Veparation.

Half part of tUe cell tenT to move
TownwarT. Horizontal timber tie beamV
are unTer tUe effect of VUear force.
HoweverH tUey are occurreT vertical
VtrengtU againVt tUe VUear force.

Failure mecUaniVmV tUat are VubjecteT to Tifferent VeiVmic actionV founT in builTingV 

VNRTICAL LOAMS; MaVonry crackV anT poVVible of Vector of rotationV 

MaVonry Vingle wall failure mecUaniVmV 

MaVonry cell failure mecUaniVmV 
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3. buAMfkfkd Ttl CApb pTrafbp ACCloafkd Tl Teb MbTelalildv 
 
3.N. İsmail Bey Bath – NRth cent EBursa-İznikF 
 

Table R `ritical ÇamaÖeÇ éarts of “İsmail Bey” batÜ xNz 

 
 

Table S `ollaése analysis of critical ÇamaÖeÇ éarts of 
“İsmail Bey” batÜI pecW AJA xNz 

Table T `ollaése analysis of critical ÇamaÖeÇ éarts 
of “İsmail Bey” batÜI pecW BJB xNz 

  
 
 
aescriétion of collaése mecÜanismW 
aetail NW Çome Üas a ÇamaÖe on its toé anÇ critical line between tension anÇ coméressionK qÜe 
éerimeter walls of tÜe Çome are tÜicâK eoweverI tÜe éerimeter walls Üave biÖ ÇamaÖes on tÜeir outer 
layerK pome éarts of tÜe outer layers were collaéseÇK AnÇ tÜere is a biÖ cracâ on tÜe Çome anÇ 
continue tÜrouÖÜ tÜe masonry walls anÇ tÜe next cellK aecayeÇ timber tie beamsI wÜicÜ left Üoles 
insiÇe of tÜe masonry wallsI weaâen tÜe bearinÖ anÇ strenÖtÜ caéacity of tÜe wall structureK colÇinÖ 
mecÜanism of Çome was formeÇ by benÇinÖ tÜe outer walls tÜrouÖÜ tÜe out of élane action anÇ in 
élane actionK 
aetail OW qÜe Çome is collaéseÇK qÜe bearinÖ walls suééortinÖ tÜe Çome ÇeteriorateÇK fn tÜe area of 
transitional elementsI inner leaf of tÜe masonry is collaéseÇ anÇ tÜe masonry wall became tÜinK fn 
aÇÇitionI tÜe eméty timber tie beam socâets weaâen coméletely tÜe masonry wallK  qÜereforeI inner 
leaf of tÜe wall structure or tÜe total wall coulÇ collaése in tÜree Çifferent tyéesK 
aetail PW qÜe éart of tÜe masonry wall was maintaineÇ in tÜe érevious consoliÇation éroàectsK eowever 
some éarts of tÜe wall left in its oriÖinal statusK qÜe éart of tÜe wall was ÇeteriorateÇ anÇ insiÇe anÇ 
outsiÇe leaves was broâen ÇownK qÜe wall is very weaâ for vertical anÇ out of élane actionsK  fn 
aÇÇitionI eméty timber tie beam socâets weaâen tÜe insiÇe of tÜe cell masonry leafK 

Plan anT VectionV

CollapVe AnalyViV of Critical MamageT PartV of "İVmail Bey" batU

C
- C

Symbolic 
MeVcription of
Action AnalyViV

Symbolic CollapVe
MecUaniVm

Very UigU riVk of
collapVe if tUiV
element unTer in
plane anT out of
plane actionV.

Metail 1 

Section A-A

- -

Symbolic 
MeVcription of
Action AnalyViV

Symbolic CollapVe
MecUaniVm

Very UigU riVk of
collapVe if tUiV
element iV unTer
vertical anT out of
plane actonV.

Section B-B

Metail 2

- -
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Table U `ollaése analysis of critical ÇamaÖeÇ éarts of “İsmail Bey” batÜI pecW BJB xNz 

 
 
3.O. dazi Mihal Bey Bath – NQON A.a. EbdirneF 

 
Table 9 `ritical ÇamaÖeÇ éarts of “dazi jiÜal Bey” batÜ xNz 

 
 

Table NM `ollaése analysis of critical ÇamaÖeÇ éarts of 
“dazi jiÜal Bey” batÜI pecW AJA xNz 

Table NN `ollaése analysis of critical ÇamaÖeÇ éarts 
of “dazi jiÜal Bey” batÜI pecW `J` xNz 

  

Symbolic 
MeVcription of
Action AnalyViV

Symbolic CollapVe
MecUaniVm

Very UigU riVk of
collapVe if tUiV
element unTer
vertical anT out of
plane actonV.

Section M-M

Metail 3

Plan anT VectionV

CollapVe AnalyViV of Critical MamageT PartV of "Gazi MiUal Bey" batU
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-

-

-

--

Symbolic 
MeVcription of
Action AnalyViV

Symbolic CollapVe
MecUaniVm

Very UigU riVk of
collapVe if tUiV
element iV unTer
vertical anT in
plane actionV.

Section A-A

Metail 1 

- - -

Symbolic 
MeVcription of
Action AnalyViV

Symbolic CollapVe
MecUaniVm

Very UigU riVk of
collapVe if tUiV
element iV unTer
out of plane
actionV. AnT for
Tetail 1H in plane
actonV.

Metail 2 

Section C-C

- -
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aescriétion of collaése mecÜanismW  
aetail  NW  fn  tÜis  ÇetailI  ÇamaÖe  is  a  biÖ  cracâ  wÜicÜ  is  startinÖ  from  tÜe  Çoor  oéeninÖ  arcÜ  anÇ  
continue to two aÇàacent ÇomesK qÜis cracâ is seéaratinÖ two wall masses eacÜ from tÜe otÜerK qÜe 
collaése mecÜanism of tÜe arcÜ is similar to tÜe tyéical collaése mecÜanism of tÜis structural éartK qÜe 
cracâs on tÜe Çomes tenÇ to oéen tÜe éerimeter of tÜe base of tÜe ÇomeK eoweverI tÜe neiÖÜbors of tÜe 
Çome suééort masses are âeeéinÖ tÜe structures stableK kevertÜelessI in seismic actions tÜese masses 
are seéarateÇ to eacÜ otÜerK fn tÜis Çetail vertical anÇ in élane actions are consiÇereÇ for collaése risâK 
aetail OW qÜe critical biÖ cracâ in “Çetail N” affecteÇ tÜe “Çetail O” unÇer tÜe out of élane actionsK 
aetail O was become weaâ because of tÜe Çeterioration of tÜe masonryI aÇÜesion between tÜe mortar 
anÇ tÜe stones anÇ tÜe eméty timber tie beam socâetsK qÜis wall was iméortant for suééortinÖ tÜe Üalf 
Çome anÇ tÜe Çome massesK As seen on tÜe section `J`I tÜe wall became weaâ anÇ narrow because of 
tÜe voiÇs anÇ ÇeteriorationsK qÜe assumétion of tÜe éossible collaése coulÇ be activateÇ by tÜe failure 
of outer masonry wall anÇ âinematic cÜain of collaése continues witÜ aÇÇition of Çome massesK 
 

Q. ClkCirpflkp 
qÜe Çiscussion of tÜe aéélication of tÜe “rule of art” Öive tÜe information obtaineÇ aboveI accorÇinÖ to 
tÜe metÜoÇoloÖical analysis of tÜe case stuÇies; tÜis is summarizeÇ belowK 
fn İsmail Bey BatÜI six mecÜanism of collaése analysis were analyzeÇK fn tÜose stuÇiesI tÜe batÜ 
structure is ÜiÖÜly sensitive to tÜe vertical anÇ out of élane actions; Üowever tÜe builÇinÖ is more 
resistant to tÜe in élane actions coméareÇ to tÜe otÜer actionsK  
fn dazi jiÜal Bey BatÜI tÜree mecÜanism of collaése were stuÇieÇK fn tÜose analyses tÜe batÜ 
structure is ÜiÖÜly sensitive to out of élane actionsK eoweverI in élane action coulÇ Üave causeÇ a risâ 
of collaése cÜainK qÜe structure coulÇ be seen to sÜow more resistance to vertical actionsK 
fn tÜe two case stuÇiesI tÜe timber tie beams were useÇ as reinforceÇ elements for seismic érecautionsK 
joreover tÜe masonry walls are claméeÇ on two siÇes to otÜer aÇàacent éeréenÇicular wallsK 
eoweverI tÜere were no Çiatones in tÜe cross sections of tÜe masonriesK fn tÜe course of timeI tÜe 
Çecay anÇ tÜe ÇisaééearinÖ tÜe timber tie beams insiÇe tÜe masonry causeÇ élucâeÇ cross sections of 
tÜe wallsK  ft  resulteÇ to weaâen wall  structure towarÇs tÜe loaÇs tÜat  can be aéélieÇ from vertical  to  
Üorizontal ÇirectionK qÜe extra strenÖtÜ of timber tie beam reinforcement in tÜe éast vice versa 
cÜanÖeÇ to extra weaâen tÜe masonry wall structures in éresent timesK 
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