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Abstract  

Historical traditional masonry is a form of architecture built by using local resources. It 

includes materials, techniques and skills of its constructors, and it is the fundamental 

expression of the culture of the different communities and their relation with nature 

and the landscape. Historic traditional masonry structures are the cultural reflections of 

a society; they create a strong link between the past and the present by presenting the 

economic, social and technical situation of the ancestors of a society. 

Historic traditional masonry structures are also works of art and no matter 

whether they are famous monuments or so called minor or even vernacular 

architectures represent an important part of our cultural heritage. This patrimony which 

is the living memory of a country‘s history and development deemed to be a historic 

document of our past.  

Traditional buildings present several structural deficiencies, such as fragility of 

the main walls and foundations under tensile forces, in addition to the total absence of 

seismic design, besides its poor capacity. It is also important to point out the 

contribution of the almost lake of maintenance and some poor interventions that lead to 

reduce building structural resistance. 

From the structural risk point of view, the structural safety of historic 

traditional masonry seems to be very low and they may collapse under slight 

earthquakes without any apparent warning sign. Therefore, an appropriate use of the 

structural analysis could be employed in defining the eventual state of danger and in 

forecasting the future behavior of the structure.  

The work that forms the subject (damage assessment and rehabilitation of 

historic traditional structures) lies on many scientific fields (civil engineering, 
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architecture engineering, restoration and conservation science and materials science) 

cooperate to identify damage cases and damage assessment to historic traditional 

buildings and proposed adequate intervention methods to strengthening and 

rehabilitation of traditional buildings to re-use it in cultural job .  

The research tried to employment previous experiences and works in building 

restoration and conservation of historic buildings in addition to in situ survey to 

historic traditional masonry buildings in Athens and Cairo used all of these studies to 

damage assessment of historic traditional masonry houses in Athens-Greece and Cairo-

Egypt which date back to 18
th

 and 19
th

 century. The methodology of the research has 

been discussed in five chapters, as follows:   

1
st
 chapter: Historic traditional masonry structures; history, development and 

structural elements. In this chapter we study the historical and architectural development 

of historic traditional masonry buildings and the development of traditional masonry 

residential buildings in Athens-Greece and Cairo-Egypt; attention is focused on a 

comparative study of the architectural components which governed the design concept 

of Athens and Cairo traditional house and highlighted its distinctive characteristics, 

building materials used for structural elements, and deterioration phenomena. 

Moreover, the study included the comparison of structural element joints and 

connection techniques. 

2
nd

 Chapter: Factors and aspects damage of historic traditional masonry. This 

chapter is concerned with a study of the deterioration factors and phenomena which 

may affect the integrity of historic traditional buildings. Such factors include 

earthquakes, change in uses and past conversion(s), structural (construction) defects, 

cracking, wall delamination, and the absence of conservation and restoration. On the 
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other hand the chapter discussed the deterioration mechanism to historic traditional 

buildings. 

3
rd

 Chapter: Structural appraisal; Registration, Documentation, and Testing 

methods. As for the structural appraisal of historic traditional masonry, the chapter 

discusses and explains the procedures adopted for structural appraisal. These 

procedures include registration and documentation, monitoring, testing methods and 

laboratory work. 

4
th

 Chapter: Rehabilitation Methods for Historic Traditional Masonry Building. 

In this part the work focused on studying the methods which used to improve structural 

behaviour of the historic traditional masonry buildings. These methods involve the 

strengthening of masonry walls, the improvement of the connections between walls 

and floors, the repair of floors, and removal of existing features from those of other 

historic periods. The study is concluded with a discussion on how to re-use historic 

traditional buildings 

5
th

Chapter: Case study. The building that forms the subject of the case study 

presented herein is located at the intersection of Aktaiou and Lykomidon streets and 

will be referred to as ‗Aktaiou‘ building, thereafter. It was built in the early 19
th

 

century and it is considered to represent the structural and architectural trends 

prevailing in Athens this period, also it represented the structural and architectural 

characteristics  of historic building in Egypt these buildings which located in the 

heart of historic Cairo (El-Kahera El-Khedeoia) and many building in Alexandria 

which date back to 18
th

, 19
th

 and 20
th

 century. 

Aktaiou building has suffered significant deterioration phenomena. The work 

was divided as follows: General description of the building, history of the building, 
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archaeological studies, presents appraisal, deterioration phenomena and factors, present 

condition, damage assessment and identification of damage phenomena. The work was 

based on mechanical and chemical tests such as XRD, XRF, optical microscope, 

compression tests, strain gage measurements, study of the mechanical and physical 

properties and linking these properties with deterioration phenomena. 

Structural analysis of the building in both its initial state and after the 

implementation of the proposed interventions, identification of the causes of damage 

based on visual observation and mapping of the deterioration phenomena., 

identification of the causes of damage based on numerical analysis. The identification 

of the causes of damage is based on the results obtained by finite element stress 

analysis of the building, proposed intervention methods for Aktaiou building 

rehabilitating, and verification of proposed intervention of Aktaiou building to resist 

different deterioration factors in the future  
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Πεξίιεςε 

Η ιςτορικι παραδοςιακι τοιχοποιία είναι μια μορφι αρχιτεκτονικισ που 

αναπτφχκθκε με τθ χριςθ τοπικϊν πόρων (που περιλαμβάνουνυλικά, τεχνικζσ και 

δεξιότθτεσ των καταςκευαςτϊν) καιαποτελεί βαςικι ζκφραςθ του πολιτιςμοφ 

διαφόρων κοινοτιτωνκαι τθ ςχζςθτουσ με τθ φφςθκαιτοτοπίο. Οι ιςτορικζσ 

παραδοςιακζσ καταςκευζσ από τοιχοποιία είναι οι πολιτιςτικζσ αντανακλάςεισ μιασ 

κοινωνίασ και δθμιουργοφν ζναιςχυρό δεςμό ανάμεςα ςτο παρελκόν και τοπαρόν με 

τθν παρουςίαςθ τθσ οικονομικισ, κοινωνικισ και τεχνικισ κατάςταςθσ των προγόνων 

μιασ κοινωνίασ. 

Οι ιςτορικζσ παραδοςιακζσ καταςκευζσ από τοιχοποιία είναι επίςθσ ζργα 

τζχνθσ και είτε είναι μεγαλοπρεπιείτεελάςςονα μνθμεία παραδοςιακισ 

αρχιτεκτονικισ αποτελοφν ζνα ςθμαντικό μζροσ τθσ πολιτιςτικισ μασ κλθρονομιάσ. 

Αυτι θ κλθρονομιά, που είναι θ ηωντανι μνιμθ τθσ ιςτορίασ και τθσ ανάπτυξθσ μιασ 

χϊρασ, κεωρείται ότι είναι ζνα ιςτορικό ζγγραφο του παρελκόντοσ. 

Τα παραδοςιακά κτίρια χαρακτθρίηονται απόαρκετά ελαττϊματα του 

φζροντοσ οργανιςμοφ τουσ, όπωσ θευκραυςτότθτά του ςε εφελκυςμό καιθπαντελισ 

απουςίααντιςειςμικοφ ςχεδιαςμοφ. Είναι επίςθσ ςθμαντικόναεπιςθμανκείότι 

θαπουςίαςυντιρθςθσκαιθ αναποτελεςματικότθτα των επεμβάςεων οδιγθςαν ςε 

μείωςθ τθσ φζρουςασ ικανότθτασ. 

Όςον αφορά τθ ςτατικι επάρκεια, οι ιςτορικζσ καταςκευζσ από τοιχοποιία 

δεν κα μποροφςαν να χαρακτθριςτοφν ωσ αςφαλείσ, δεδομζνου ότι είναι υψθλόσ ο 

κίνδυνοσ κατάρρευςθσ χωρίσ προειδοποίθςθ ακόμθ και ςτθν περίπτωςθ ελαφρϊν 

ςειςμικϊν δονιςεων. Ενδεχομζνωσ θ χριςθ κατάλλθλων αρικμθτικϊν μεκόδων 

ανάλυςθσ κα μποροφςε να οδθγιςει ςε μια εκτίμθςθ τθσ επικινδυνότθτάσ τουσ και 

πρόβλεψθ τθσ ςυμπεριφοράσ τουσ υπό τθ δράςθ των προβλεπόμενων από τουσ 

κανονιςμοφσ φορτίων.  

Το αντικείμενο τθσ παροφςασ εργαςίασ είναι θ εκτίμθςθ των ηθμιϊν καιθ 

αναπαλαίωςθ μιασ ιςτορικισ παραδοςιακισ καταςκευισ από τοιχοποιία. Είναι ζνα 

αντικείμενο κοινό ςε διάφορεσ γνωςτικζσ περιοχζσ, όπωσ αυτζσ των Πολιτικϊν 

Μθχανικϊν, Αρχιτεκτόνων Μθχανικϊν, Χθμικϊν Μθχανικϊν, Ιςτορικϊν και 
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Συντθρθτϊν. Απαιτεί ςυνεργαςίεσ μεταξφ επιςτθμόνων των παραπάνω ειδικοτιτων 

για τθ μελζτθ των ηθμιϊν καιτθν υιοκζτθςθ κατάλλθλωνμεκόδωνπαρζμβαςθσγια 

τθνενίςχυςθ καιαποκατάςταςι τουσ ϊςτε να είναι κατάλλθλεσ για τθ χριςθ για τθν 

οποία προορίηονται. 

Η παροφςα εργαςίαβαςίςτθκε ςτθν εμπειρία του ΥΔ ςε κζματα ςυντιρθςθσ 

και αποκατάςταςθσ ιςτορικϊν κτιρίων και ςυμμετοχι ςε επιτόπιεσ ζρευνεσ 

παραδοςιακϊν λικόκτιςτων κτιρίωνςτθν Ακινακαι το Κάιρο,θ καταςκευι των 

οποίων χρονολογείται από το18ο μζχρι τον 19οαιϊνα. Το εκπονθκζν ζργο 

περιγράφεται εισ τα ακόλουκα πζντε κεφάλαια: 

Κεφάλαιο 1: Ιςτορικζσ παραδοςιακζσ καταςκευζσ τοιχοποιίασ:Ιςτορία, Ανάπτυξη 

και δομικά ςτοιχεία 

Σε αυτό το κεφάλαιο γίνεται μια αναςκόπθςθ τθσ ιςτορικισ και αρχιτεκτονικισ 

εξζλιξθσ των ιςτορικϊν παραδοςιακϊν κτιρίων από φζρουςα τοιχοποιία που 

καταλιγει ςε μια ςυγκριτικι μελζτθ των αρχιτεκτονικϊν ςτοιχείων, των 

καταςκευαςτικϊν υλικϊν και τεχνικϊν δόμθςθσ και τθσ λογικισ ςχεδιαςμοφπου 

χαρακτθρίηουν τισ παραδοςιακζσ κατοικίεσ τθσ Ακινασ και του Καίρουτθσ περιόδου 

18ου και 19ου αιϊνα.  

Κεφάλαιο 2: Βλάβεσ και αίτια βλαβών ιςτορικών παραδοςιακών καταςκευών από 

τοιχοποιία 

Αυτό τοκεφάλαιο ζχει ωσ αντικείμενο τθ μελζτθ των αιτίων των ηθμιϊν και 

φαινομζνων που ενδζχεται να επθρεάηουν τθ φζρουςα ικανότθτα των ιςτορικϊν 

παραδοςιακϊν κτιρίων. Οι παράγοντεσ αυτοί περιλαμβάνου νςειςμικζσ δονιςεισ, 

αλλαγζσ χριςθσ και μετατροπζσ, καταςκευαςτκά ελαττϊματα, εμφάνιςθ ρωγμϊν και 

αποκολλιςεισ τοίχων, κακϊσ καιτθν ζλλειψθ ςυντιρθςθσ και αποκατάςταςθσ 

ηθμιϊν.  

Κεφάλαιο 3: Αποτίμηςη κτιρίων 

Αντικείμενο του κεφαλαίου αυτοφ είναι θ παρουςιάςθ των διαδικαςιϊν 

αξιολόγθςθσ τθσ ςτατικισ επάρκειασ παραδοςιακϊν καταςκευϊν από τοιχοποιία. Η 

διαδικαςίεσ αυτζσ περιλαμβάνουντθν καταγραφι τθσ φκοράσ και των ηθμιϊν, τθ 
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διερεφνθςθ των αιτίων τουσ και τθν περιγραφι των εργαςτθριακϊν μεκόδων των 

οποίων γίνει χριςθ για το ςκοπό αυτό.  

Κεφάλαιο 4:Μζθοδοι αποκατάςταςησ 

Το κεφάλαιο αυτό επικεντρϊνεται ςτθν μελζτθ των μεκόδων που χρθςιμοποιοφνται 

για τθ βελτίωςθ τθσ δομικισ ςυμπεριφοράσ των ιςτορικϊν παραδοςιακϊν κτιρίων 

από φζρουςα τοιχοποιία. Αυτζσ οι μζκοδοι περιλαμβάνουν τθν ενίςχυςθ τθσ 

τοιχοποιίασ, τθ βελτίωςθ των ςυνδζςεων ανάμεςα ςτουσ φζροντεσ τοίχουσ και τα 

δάπεδα, τθν επιςκευι των δαπζδων και τθν άρςθ ςφγχρονων χαρακτθριςτικϊν από 

εκείνα άλλων ιςτορικϊν περιόδων. Η μελζτθ ολοκλθρϊνεται με μια ςυηιτθςθ 

ςχετικά με το πϊσ να χρθςιμοποιιςετε ξανά τθν ιςτορικι παραδοςιακά κτίρια 

Κεφάλαιο 5: Μελζτη αποκατάςταςησ κτρίου 

Το κεφάλαιο αυτό ζχει ωσ αντικείμενο τθν παρουςίαςθ τθσ μελζτθσ αποκατάςταςθσ 

ενόσ τυπικοφ παραδοςιακοφ κτιρίου τθσ Ακινασ που βρίςκεται ςτθ διαςταφρωςθ 

των οδϊν Ακταίου και Λυκομιδϊν και κα αναφζρεται ωσ κτίριο «Ακταίου» ςτθ 

ςυνζχεια. Κτίςτθκε ςτισ αρχζσ του 19ου αιϊνα και κεωρείται ότι αντιπροςωπεφειόχι 

μόνο τισ δομικζσ και αρχιτεκτονικζσ τάςεισ που επικρατοφςαν ςτθν Ακινα αυτι τθν 

περίοδο, αλλά, επίςθσ, ζχει δομικά και αρχιτεκτονικά χαρακτθριςτικά ιςτορικϊν 

κτιρίωντθσ Αιγφπτου που βρίςκονται ςτθν καρδιά του ιςτορικοφ Καΐρου (Ελ -Kahera 

El-Khedeoia) και πολλζσ περιοχζσ τθσ Αλεξάνδρειασκαι θ καταςκευισ τουσ  

χρονολογείται από το 18ο ζωσ τθσ αρχζσ του 20ουαιϊνα. 

Με τθν πάροδο των ετϊν, το κτίριο Ακταίου ζχει υποςτεί ςθμαντικζσ ηθμιζσ 

που οφείλονται ςε διάφορεσ αιτίεσ, όπωσ θ ςειςμικι διζγερςθ, ζλλειψθ ςυντιρθςθσ, 

ελαττϊματα καταςκευισ, κ.λπ. Η μελζτθ τθσ αποκατάςταςθσ περιλαμβάνει τα 

ακόλουκα:Γενικι περιγραφι του κτιρίου και του φζροντοσ οργανιςμοφ του, τθν 

καταγραφι των ηθμιϊν και τθ διερεφνθςθ των αιτίων τουσ, τθν περιγραφι των 

μεκόδων διερεφνθςθσ των ηθμιϊν (που περιλαμβάνουν εργαςτθριακζσ μεκόδουσ 

προςδιοριςμοφ των φυςικϊν, χθμικϊν και μθχανικϊν ιδιοτιτων των υλικϊν 

καταςκευισ και αρικμθτικζσ μεκόδουσ ανάλυςθσ του κτιρίου τόςο ςτθν αρχικι του 

κατάςταςθ, όςο και μετά τθν εφαρμογι των προτεινόμενων μζτρων 

αποκατάςταςθσ).  
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Ο προςδιοριςμόσ των αιτίων βλάβθσ βαςίςτθκε ςε οπτικζσ παρατθριςεισ και 

εργαςτθριακζσ μεκόδουσ, ενϊ για τθν επαλικευςι τουσ ζχει χριςθ των αρικμθτικϊν 

μεκόδων, μζςω των οποίων διερευνικθκε και θ αποτελεςματικότθτα των 

προτεινόμενων μεκόδων αποκατάςταςθσ. 
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 ملخص الرسالة 

رؼزجط اٌّجبٔٝ األصطيٗ اٌزمٍيسيخ األٔؼىبغ اٌضمبفٝ ٚاٌّؼّبضٜ ٚاٌحؼبضٜ ألٜ ِغزّغ ِٓ اٌّغزّؼبد فٝ فزطح 

ربضيريخ ِؼيٕخ فٙٝ ررٍك ضاثؾ لٜٛ ِب ثيٓ اٌّبػٝ ٚاٌحبػط ِٓ ذالي ػطع ٌٍٛػغ األعزّبػٝ ٚاأللزظبزٜ 

ٚرؼزجط اٌّجبٔٝ اٌزبضيريخ اٌزمٍيسيخ ٘ٝ ػًّ فٕٝ ؼٛاء وبٔذ . ٌٙصٖ اٌّغزّؼبد زاذً ػٕبطط٘ب اٌّؼّبضيخ اٌّرزٍفخ

٘صٖ اٌّجبٔٝ شب٘مخ شاد ِؽبحخ وجيطح اٚ ِغطز ِجٕٝ طغيط اٌحغُ فىٍٙب ِزؽبٚيخ ِٓ إٌبحيخ اٚ اٌٛعٙخ اٌزبضيريخ 

ٚرؼزجط اٌّجبٔٝ األصطيخ اٌزمٍيسيخ ِجبٔٝ فطيسح ِٓ . ٚاٌّؼّبضيخ  الٔٙب رّضً ععء ِٓ اٌّٛضٚس اٌّؼّبضٜ ٚ اٌضمبفٝ

ٔٛػٙب ٚال رمسض ثضّٓ ٚشٌه ٌىٛٔٙب رؼزجط اٌصاوطح اٌحيٗ ٚاٌّطئيخ ٌزبضيد ثٍس ِب فٝ فزطح ِب وّب أٔٙب رؼىػ ِسٜ اٌزمسَ 

. اٌحؼبضٜ ٌٙصا اٌجٍس ٚاٌصٜ يٕؼىػ ػٍٝ ِسٜ اٌزمسَ اٌّؼّبضٜ فٝ ٘صٖ إٌّشأد

رزؼطع اٌّجبٔٝ األصطيخ اٌزمٍيسيخ ٌٍؼسيس ِٓ ِظب٘ط اٌزٍف ٔزيغخ رؼطػٙب ٌؼٛاًِ رٍف ِرزٍفخ ٌصا فٙٝ 

رحزبط إٌٝ رأ٘يً اوضط ِٓ غيط٘ب ِٓ اٌّجبٔٝ األذطٜ ٚشٌه ٔزيغخ أسِبعٙب زاذً إٌؽيظ اٌحؼطٜ ٌٍؼسيس ِٓ اٌّسْ 

فبٌّجبٔٝ األصطيٗ . اٌمسيّخ ٚاٌحسيضٗ فٝ وضيط ِٓ األلطبض شاد اٌزبضيد اٌحؼبضٜ ٚاٌّؼّبضٜ ػٍٝ ِط اٌؼظٛض

اٌزمٍيسيخ رجسٜ اٌؼسيس ِٓ ِظب٘ط اٌزٍف اٌّؼّبضٜ فؼٍٝ ؼجيً اٌّضبي ال اٌحظط ػؼف اٚ ػسَ لسضح اٌغسضاْ 

ػسَ ٚعٛز أٔظّخ ِمبِٚخ اٌحطوبد اٌعٌعاٌيٗ زاذً , ٚاألؼبؼبد ػٍٝ ِمبِٚخ لٜٛ اٌشس اٌٛالؼٗ ػٍٝ ٘صٖ اٌغسضاْ 

٘صا اٌٝ عبٔت ػٛاًِ اٌزٍف اٌّرزٍفٗ ِغ ػسَ لسضح ٘صٖ اٌّجبٔٝ ػٍٝ ِمبِٚزٙب أػف اٌٝ شٌه ػسَ , ٘صٖ اٌّجبٔٝ 

ٚعٛز اٌظيبٔٗ اٌسٚضيٗ ٚاػّبي اٌزطِيُ اٌربؽئٗ اٌزٝ لس رزؼطع ٌٙب ٘صٖ اٌّجبٔٝ ٔزيغخ أعطاء ػٍّيبد اٌزطِيُ اٌزٝ 

. ال رؽزٕس اٌٝ اٌسضاؼبد اٌٛافيٗ حٛي األصط ٚػٛاًِ ِٚظب٘ط اٌزٍف اٌّحيطٗ ثٗ 

إْ ِٕٙغيخ رطِيُ ٚرب٘يً اٌّجبٔٝ األصطيٗ رمَٛ ػٍٝ أرجبع ثؼغ األؼػ ٚاٌمٛاػس ٚإٌظطيبد اٌزٝ رٕظُ 

٘صٖ اٌؼٍّيٗ حزٝ يزُ رب٘يً اٌّجبٔٝ األصطيٗ ثططيمخ ػٍّيخ ِّٕٙغٗ ٚػٍيٗ ٚثٕبء ػٍٝ ٘صٖ األؼػ ٚإٌظطيبد فئْ 

 Damageرمييُ اٌزٍف زاذً اٌّجبٔٝ األصطيخ اٌزمٍيسيخ ٚؽطق اٌزأ٘يً " ِٛػٛع اٌؼًّ اٌصٜ رمَٛ ػٍيٗ اٌطؼبٌٗ 

Assessment and Rehabilitation of Historic Traditional Masonry  " ٚيمغ فٝ ذّؽخ ذطٛاد أ

: فظٛي ضئيؽيٗ ٚ٘ٝ 

 Historic traditional masonry دراسة التطور التاريخي والمعمارى للمباني األثرية التقليذية: الفصل األول

structures: history, development and structural elements :  حيش رُ رٕبٚي زضاؼٗ ربضيريخ

ٌٍزطٛض اٌزبضيرٝ ٚاٌّؼّبضٜ ٌٍّجبٔٝ " Literature and in-situ studyزضاؼخ ٔظطيٗ ِٚٛلؼيٗ " ِٚؼّبضيٗ 

فٝ ِظط " Islamic Cairo- اٌمب٘طٖ األؼالِيٗ" األصطيٗ اٌزمٍيسيخ فٝ ِسيٕخ أصيٕب ثبٌيٛٔبْ ِٚسيٕخ اٌمب٘طٖ اٌزبضيريٗ 

ٚلس رطوعد اٌسضاؼخ فٝ ٘صا اٌفظً ػٍٝ زضاؼخ . ِغ ػًّ زضاؼخ ِمبضٔٗ ثيٓ ٘صٖ اٌّجبٔٝ فٝ اٌؼظٛض اٌّرزٍفخ

اٌزطٛض اٌّؼّبضٜ ٌّٛاز اٌجٕبء اٌّؽزرسِٗ فٝ ٘صٖ اٌّجبٔٝ إٌٝ عبٔت رطٛض اٌشىً ٚاٌّؽبحٗ اٌّؼّبضيخ ٚاٌشىً 

وّب رُ زضاؼخ ؽطق ضثؾ اٌؼٕبطط اٌّؼّبضيٗ ٚاألٔشبئيٗ ٌٙصٖ . اٌساذٍٝ ٚاٌربضعٝ ٌٍّٕعي اٌزمٍيسٜ فٝ اصيٕب ٚاٌمب٘طٖ

.    اٌّجبٔٝ ٚ اٌزٝ أؼزرسِذ ٌطثؾ اٌؼٕبطط اٌّؼّبضيٗ ثؼؼٙب ثجؼغ

 Factors and aspects  damage دراسة عوامل ومظاهر التلف داخل المباني األثرية التقليذية: الفصل الثاني

of historic traditional masonry :  ٚلس رطوعد اٌسضاؼخ فٝ ٘صا اٌفظً ػٍٝ زضاؼخ ػٛاًِ ِٚظب٘ط اٌزٍف
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, اٌّؼّبضٜ اٌزٝ رزؼطع ٌٙب اٌّجبٔٝ األصطيخ اٌزمٍيسيخ ٚاٌزٝ لس رؤصط ػٍٝ اٌضجبد اٌّؼّبضٜ ٚاألٔشبئٝ ٌٙصٖ اٌّجبٔٝ 

رغييط اٌٛظيفٗ ٚإٌظبَ األٔشبئٝ ٌٍّجٕٝ ,  (earthquakes اٌعالظي  )ِضً ٘صٖ اٌؼٛاًِ رشًّ اٌحطوبد األضػيٗ 

change in uses and past conversion(s) ,   اٌؼيٛة األٔشبئيخ ٚاٌّؼّبضيخ Structural 

"Construction" defects ,  اٌشطٚخ ٚاألٔفظبالدCracking ,  ْاٌغسضاْ اٌّعزٚعٗ )رفؽد اٌغسضا

Double walls ) Wall delamination , األّ٘بي ٚغيبة اٌظيبٔخ اٌسٚضيخ ٌٍّجبٔٝ األصطيٗ اٌزمٍيسيخNeglect 

or absence of ―conservation and restoration‖ 

 Structural   "طرق األختبار, التوثيك, التسجيل" الطرق العلمية للتقييم األنشائي والمعمارى : الفصل الثالث

appraisal "Registration, Documentation, and Testing methods". :  ٚرطوعد اٌسضاؼخ فٝ ٘صا

اٌفظً ػٍٝ زضاؼخ اٌططق اٌؼٍّيخ اٌحسيضخ اٌزٝ رؽزرسَ فٝ رمييُ اٌؼٕبطط اٌّؼّبضيٗ ٚاألٔشبئيٗ ٌٍّجبٔٝ األصطيٗ 

اٌزمٍيسيخ ِٚؼطفخ اؼجبة ِٚيىبٔيىيخ اٌزٍف زاذً ٘صٖ اٌؼٕبطط اٌّؼّبضيخ رٍه اٌططق ٚاألعطاءاد اٌزٝ رشزًّ ػٍٝ 

ؽطق األذزجبض ٚاٌزحبٌيً  , Monitoringاٌّطالجٗ  , Documentation اٌزٛصيك, Registration اٌزؽغيً 

. Testing methods and Laboratory workاٌّؼٍّيخ 

 Historic Traditional Masonry Building طرق ترميم وتأهيل المباني األثرية التقليذية: الفصل الرابع

Rehabilitation Methods ٝرُ زضاؼخ ِٕٚبلشخ اٌططق اٌؼٍّيخ اٌزٝ رؽزرسَ ٌزحؽيٓ ٚرمٛيخ اٌزظطف األٔشبئ  

: ٌٍّجبٔٝ األصطيخ اٌزمٍيسيخ حزٝ رزّىٓ ِٓ ِمبِٚخ ػٛاًِ اٌزٍف اٌّؼّبضٜ اٌزٝ لس رزؼطع ٌٙب ٚ٘صٖ اٌططق رشًّ 

     ْؽطق رمٛيخ اٌغسضاThe strengthening of masonry walls methods,  

  ثيٓ اٌغسضاْ ثؼؼٙب اٌجؼغ ٚثيٓ اٌغسضاْ )ؽطق رحؽيٓ اٚ رمٛيخ اٌطثؾ ثيٓ اٌؼٕبطط اٌّؼّبضيخ

 The improvement of the connections between walls (ٚاألضػيبد اٌرشجيٗ ٚاألؼمف

and floors,  

  ؽطق ػالط األضػيبد اٌرشجيخThe repair of wooden floors 

  إظاٌخ اٌزؼسيبد ٚاألػبفبد ِٓ اٌؼظٛض اٌّرزٍفخRemoval of existing features from those 

of other historic periods. 

  زضاؼخ أؼػ ٚلٛاػس أػبزح أؼزرساَ اٌّجبٔٝ األصطيٗ اٌزمٍيسيخDiscussion on how to re-use 

historic traditional buildings. 

 لبِذ اٌسضاؼخ اٌزطجيميخ ٌزمييُ اٌزٍف ٚرأ٘يً اٌّجبٔٝ Case study  الذراسه التطبيقية: الفصل الخامس 

األصطيٗ اٌزمٍيسيخ ػٍٝ أذزيبض ِجٕٝ أصطٜ رمٍيسٜ يشزطن فٝ اٌزفبطيً اٌّؼّبضيٗ ٚاٌرٛاص األٔشبئيٗ ٚيشجٗ فٝ 

رىٛيٕٗ اٌّؼّبضٜ وال ِٓ اٌّجبٔٝ األصطيٗ اٌزمٍيسيخ اٌيٛٔبٔيخ ٚاٌّجبٔٝ األصطيٗ اٌزمٍيسيخ اٌّظطيخ فٝ اٌفزطٖ ِٓ 

ٔٙبيخ اٌمطْ اٌضبِٓ ػشط ٚثسايخ اٌمطْ اٌزبؼغ ػشط اٌّيالزٜ فمس لّٕب وّب ؼجك اٌشطػ فٝ اٌفظً األٚي ثسضاؼخ 

ِمبضٔٗ ثيٓ اٌّجبٔٝ األصطيٗ اٌزمٍيسيخ اٌيٛٔبٔيخ فٝ ِسيٕخ أصيٕب ثبٌيٛٔبْ ِٚسيٕخ اٌمب٘طٖ اٌزبضيريخ ٚوصٌه إٌّبظي 

 اٌزمٍيسيخ ثّسيٕخ األؼىٕسضيخ اٌمسيّٗ  ثغّٙٛضيخ ِظط اٌؼطثيٗ ٚلس ٚلغ األذزيبض ػٍٝ أْ يىْٛ ِجٕٝ أوزيٛ 
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AKTAIOU building  ِٓ ًٌيىْٛ اٌّضبي اٌزطجيمٝ حيش أْ اٌّجٕٝ يشزطن فٝ ذٛاطٗ اٌّؼّبضيخ وال

 .(اٌمطٔيٓ اٌضبِٓ ٚاٌزبؼغ ػشط اٌّيالزٜ)إٌّعي اٌيٛٔبٔٝ ٚاٌمب٘طٜ فٝ ٘صٖ اٌفزطٖ 

 ِٓ اٌؼسيس ِٓ ِظب٘ط اٌزٍف اٌّؼّبضٜ اٌزٝ أصطد ػٍٝ AKTAIOU buildingيؼبٔٝ ِجٕٝ أوزيٛ 

صجبرٗ األٔشبئٝ ِٚٓ ٘صٖ اٌّظب٘ط اٌشطٚخ اٌؼّيمٗ ثغّيغ أٔٛاػٙب ؼٛاء وبٔذ شطٚخ أفميٗ أٚ ضأؼيٗ أٚ ِبئٍٗ 

٘صا اٌٝ عبٔت ٔعيف , وّب يؼبٔٝ اٌّجٕٝ ِٓ أٔٙيبضاد فٝ ثؼغ ػٕبططٖ اٌّؼّبضيخ , ٔزيغخ رأصيط اٌعالظي 

. اٌد ........ Mortar bleedingاٌّٛٔٗ 

ٚلس رطوعد اٌسضاؼخ حٛي رطِيُ ٚرأ٘يً اٌّجٕٝ ػٍٝ ػسح ِحبٚض ضئيؽيٗ رزفطع ِٕٙب ذطٛاد أذطٜ ٘صٖ 

رٛصيك ٚضفغ ِؼّبضٜ – زضاؼٗ ربضيريخ ِٚؼّبضيخ ٌٍّجٕٝ – ٚطف ػبَ ٌٍّجٕٝ :  اٌّحبٚض اٚ األػّبي ٘ٝ

- زضاؼخ اٌحبٌخ اٌطإ٘خ ٌٍّجٕٝ– زضاؼخ ػٛاًِ ِٚظب٘ط ِٚيىبٔيىيخ اٌزٍف ثبٌّجٕٝ – ٌٍحبٌٗ اٌطإ٘ٗ ٌٍّجٕٝ 

زضاؼخ ِظب٘ط اٌزٍف اٌّؼّبضٜ ثبٌّجٕٝ زضاؼٗ ِٛلؼيخ ِٚؼٍّيخ ٚثبألػبفخ إٌٝ – رمييُ اٌزٍف اٌّؼّبضٜ ٌٍّجٕٝ 

صُ ػًّ زضاؼٗ ٌزطِيُ اٌّجٕٝ ٚزضاؼخ اٌزظطف األٔشبئٝ - Finite Element Methodاٌططق اٌطلّيخ 

. ٌٍّجٕٝ ثؼس اٌزطِيُ ٌّؼطفخ ِسٜ لسضح اٌّجٕٝ ػٍٝ ِمبِٚخ ػٛاًِ اٌزٍف ثؼس إعطاء ػٍّيخ اٌزطِيُ ٌٗ

 Mechanical andٚلس اػزّس اٌؼًّ زاذً اٌّجٕٝ ػٍٝ ػًّ أذزجبضاد ِيىبٔيىيٗ ٚويّيبئيٗ 

Chemical tests ٕٝاٌطذبَ) ٌسضاؼخ اٌرٛاص اٌىيّيبئيخ ٚاٌّيىبٔيىيخ ٌّٛاز اٌجٕبء اٌّؽزرسِٗ فٝ رشييس اٌّج -

ٚشٌه ثأؼزرساَ ؽطيمزٝ رفٍٛض األشؼٗ  (اٌحغط اٌجطوبٔٝ ِٚٛٔخ اٌجٛظٚالٔب ِغ اٌغيط ٚاٌطيٓ- اٌحغط اٌغيطٜ

 Optical وصٌه األؼزؼبٔخ ثططيمخ اٌّيىطؼىٛة اٌؼٛئٝ  , XRD, XRFاٌؽيٕيخ ٚرفٍٛض األشؼٗ اٌؽيٕيخ 

Microscope ٕٝوّب رُ ػًّ أذزجبضاد اٌؼغؾ .  ٌٍزؼطف ػٍٝ رطويت ٚذٛاص اٌّٛٔٗ اٌّؽزرسِٗ فٝ اٌّج 

Compression Tests  ٚوصٌه أذزجبض عٙبظ رؼييٓ  (ػيٕبد ِىؼجخ ٚأؼطٛأيخ اٌشىً) ٌؼيٕبد ِٓ ِٛاز اٌجٕبء

 ٌزؼييٓ األعٙبزاد فٝ األرغب٘ييٓ اٌطأؼٝ ٚاألفمٝ ٌألحغبض Strain Gages Measurementsاألعٙبز 

. اٌّؽزرسِٗ فٝ رشييس اٌّجٕٝ

ثؼس شٌه رُ ػًّ رحٍيً أٔشبئٝ ٌٍّجٕٝ ػٍٝ حبٌزٗ اٌطإ٘خ ٚوصٌه ػًّ رحٍيً أٔشبئٝ ٌٍّجٕٝ ثؼس إعطاء ػٍّيبد 

اٌزطِيُ ٚاٌزأ٘يً اٌّرزٍفخ ٌّؼطفخ ِسٜ ٔغبػ ػٍّيبد اٌزطِيُ فٝ رمٛيخ اٌؼٕبطط اٌّؼّبضيٗ ٚاٌضجبد األٔشبئٝ 

وّب رُ زضاؼخ ػٛاًِ ِٚظب٘ط اٌزٍف ’ ٌٍّجٕٝ حزٝ يزُ أػبزح أؼزرساِٗ فٝ ٚظيفخ عسيسح رٕبؼت حبٌخ اٌّجٕٝ

اٌّرزٍفٗ ٌٍّجٕٝ ػٓ ؽطيك اٌسضاؼٗ اٌّٛلؼيٗ ٚرحٍيً ػٛاًِ ِٚظب٘ط اٌزٍف صُ ػًّ ذطيطٗ ِؼّبضيخ ٌزٛليغ 

صُ اٌزؼطف ػٍٝ ػٛاًِ ِٚيىبٔيىيخ اٌزٍف ػٓ ؽطيك , ِظب٘ط اٌزٍف ػٍٝ اٌؼٕبطط اٌّؼّبضيخ اٌّرزٍفخ 

 وّب أؼزرسِذ Finite Element Method (FEM)أؼزرساَ اٌططق اٌطلّيٗ اٌحسيضٗ ٚشٌه ثأؼزرساَ ؽطيمٗ 

اٌططيمٗ ٔفؽٙب وّب ؼجك اٌصوط فٝ رمييُ أػّبي اٌزطِيُ اٌزٝ ألزطحذ ٌزأ٘يً اٌّجٕٝ ِٚسٜ لسضح اٌّجٕٝ ثؼس 

ػٍّيبد اٌزطِيُ ػٍٝ ِمبِٚخ األحّبي ٚػٛاًِ اٌزٍف اٌزٝ لس يزؼطع ٌٙب ؼٛاء ِٓ اٌظطٚف اٌجيئيٗ اٌّحيطخ 

 .اٚ ِٓ اؼزرساَ اٌّجٕٝ فٝ ٚظيفٗ عسيسٖ
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PhD Text Structure 

 

The methodology adopted is comprised of four main phases:  

 Documentation: A detailed documentation of the aspects of the historic 

traditional masonry structures which include the history and the structural 

development of historic traditional masonry houses in Athens-Greece and 

Cairo-Egypt in 18
th

 -20
th

 century , architectural documentation, building 

materials and structural elements. It considers factors and aspects damage 

phenomena of historic traditional masonry such as earthquakes, change in uses 

and past conversion(s), structural "construction" defects, cracking, wall 

delamination, neglect or absence of ―conservation‖. The documentation phase 

is very important to understand the building and its behavior. 

 Diagnoses: by understanding the data collected in the first phase, 

comprehensive diagnoses is obtained to define and stand up in the main 

problems attacking the traditional structures on the level of architecture, 

structure, building materials, and the use of the buildings. 

  Remedy: this phase includes all the treatment and restoration applications that 

are used to; prevent the deterioration phenomena or factors attacking the 

historic traditional structures, guarantee the safety needed to use them, respect 

for authenticity in all genre (design, materials, workmanship, etc.).  Apply the 

principle of minimal intervention, apply the principle of recognizable 

intervention, and ensuring reversibility. The compatibility and retreatability 

should be the main criteria of any intervention applied to the historic buildings 

and finally planning for adaptive re-use.  

 Case study: structure chosen was the Aktaiou building, which is a masonry 

building, located in the historic district of Athens, PLAKA near to Acropolis. It 
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included damage assessment methods, damage identification, structural 

assessment of bearing and architectural elements of Aktaiou building, followed 

by proposed interventions for strengthening and rehabilitation. Exploring recent 

technologies that are applies in the field of historic building rehabilitation in 

order to understand it and adopt them to the case study to have the resistance to 

resist the deteriorations factors and be able to re-use.  
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Importance of Historic Traditional Masonry and Ethics of Rehabilitation 

Imbued with a message from the past, the historic monuments of generations of people 

remain to the present day as living witnesses of their age-old traditions.  It has become 

customary to classify as traditional buildings all buildings constructed without a formal 

design process. Their form, plan and method of construction simply follow a tradition 

developed with time at the place of their construction. Masonry is a non-homogeneous 

material comprising blocks, natural (stones) or manufactured (bricks), and a series of 

mortar joints arranged either irregularly (in stone masonry) or regularly (in brickwork). 

The main distinction between historic and contemporary buildings results from 

the fact that labour was comparatively cheap in the past and the transportation of 

materials difficult and expensive when compared with current costs. Past building 

practices are now regarded as craftsmanship, and this difference between traditional 

and modern construction practice increases the value of our historic buildings, as the 

latter are part of our cultural heritage, and, thus an irreplaceable resource. All historic 

buildings, large or small, complex or simple, make a contribution to the quality of our 

life by informing us of our past, the lives and achievements of our predecessors. 

In Athens-Greece and Cairo-Egypt, the cities‘ historical centers are mainly 

dominated by historic traditional masonry buildings, built with stone masonry walls, 

frequently constituted by multiple leaves having little or no connection between them, 

and built with various materials, and poor mortars. The common typology encountered 

is the double bearing walls or three-leaf masonry walls supporting timber beams and 

trusses. Masonry construction is the typology that presents more problems and is more 

in need of rehabilitation. This kind of construction presents several structural 

deficiencies, such as fragility of the main walls and foundations under tensile forces, in 

addition to the total absence of seismic design, besides its poor capacity. It is also 
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important to point out the contribution of the almost lake of maintenance and some 

interventions of poor quality to the reduction of the building‘s structural resistance 

Most of the historic traditional buildings are works of art and the signs of true 

genius can be found in the innovative designs of historic buildings. For this reason, the 

conservation and restoration (rehabilitation) of historic monuments are different from 

the processes applied on ordinary buildings. Since they are unique and priceless, 

rehabilitation of historic monuments require a good cooperation of engineering, 

architecture and the science of history.  

In the last decade the word (restoration) has more and more been substituted by 

the term (preservation). Also in the case of damage due to earthquake or other 

calamities the expression (adequate) was substituted by the expression (improve) by 

minor repair and strengthening. Rehabilitation of traditional building can be 

successfully accomplished only if a diagnosis of the state of damage of the building 

has been formulated. The history of the structure and its surroundings should be well 

examined. Inspection should be carried out on the construction methods, construction 

materials and the functions of the structure. These all constitute the very important 

step, which could be named ―understanding the Building‖. 

The diagnosis should result from an experimental investigation on site and in 

the laboratory. On the other hand the effectiveness of the repair techniques should also 

be controlled during and after the repair work, as well. The investigation may also 

require long-term monitoring of the structure. 

The main objective of the restoration and conservation of historic buildings is 

to maintain the character of the building as much as possible. Repair is the keyword in 

restoration of historic structures, which principally means that replacement of 
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deteriorated architectural features should be avoided as much as possible. If 

replacement is urgent, similar materials, preferably identical, to the original one should 

be used. Each property should be recognized as a physical record of its time, place and 

use; thus, changes that create a false sense of historical development must be avoided. 

All of these methods should retain and preserve the historical character of the building. 

It is very important to conserve the original concept in order to enlighten the past 

correctly and carry it to the future with its original characteristics 

                                 . 
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1.1- Masonry as a Construction Technique through History 

Masonry is a non-homogeneous material with two constitutive elements: blocks and 

mortar. Thus, we can consider masonry as a combination of two material phases 

comprising blocks in natural or manufactured shape and a series of mortar joints 

arranged irregularly (as in stone masonry) or regularly (as in brickwork) (Lopez et al 

1998). In masonry structures, mortar forms layers between blocks and permits a 

uniform transmission of the internal forces. It is important to know that the 

mechanical properties of masonry do not depend exclusively on the mechanical 

properties of the constitutive materials, or the arrangement of the blocks in masonry 

structures (Pena 2004). 

So, it can be said that masonry is a heterogeneous material that consists of 

units and mortar. Units such as bricks, blocks, ashlars, adobes, irregular stones etc, 

and mortar can be clay, bitumen, chalk, lime/cement based paste. The huge number of 

possible combinations generated by the geometry, nature and arrangement of units, as 

well as the characteristics of mortars raises doubts about the term masonry (Lourenço 

1998). 

Masonry is the oldest building material still found in today's buildings. The 

most important characteristic of masonry construction is its simplicity. Laying pieces 

of stone, bricks or blocks on top of each other, either with or without cohesion via 

mortar, is a simple, though adequate, technique that has been successfully used ever 

since remote ages. Naturally, innumerable variations of masonry materials, techniques 

and applications occurred during the course of time. The influence factors were 

mainly the local culture and wealth, the knowledge of materials and tools, the 

availability of material and architectural reasons (Lourenço 1998). The use of blocks 

and mortar combined a construction technique is called masonry construction 
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technique, while the use of undressed rough stone without a pattern is called rubble 

masonry construction technique and generally used for the construction of walls. 

Smooth square or rectangular stones are used in the ashlar masonry construction 

techniques, coursed ashlar masonry technique requires stones of the same height 

within each course, but each course can vary in height as shown in Fig. 1.1. 

 

 

 

 

 

 

 

 
Figure 1.1: Different kinds of stone masonry: a) Rubble masonry b) Ashlar masonry, 

c) Coursed ashlar masonry (Lourenço 1998) 
 

Most probably, the first masonry material was natural stone, and regular 

shaped stone substituted natural stone as tools and construction techniques developed. 

The first bricks were made from mud or clay dried by the sun; these bricks were then 

laid with mud or lime into walls. In the valleys of the Nile and the Mesopotamia, this 

process has been used to construct dwellings (Ozen 2006). 

As for the evolution of the form, Greek Architecture was based on rules of 

proportion and symmetry. Limestone was used as the construction material. The 

Parthenon (5
th

 Century BC) is one of the most famous examples of this era as shown 

in Fig. 1.2a. The Romans constructed not only temples, but also roads, bridges, 

aqueducts and introduced many innovations related to materials and structural 

concepts, as the quality of the bricks improved and the size of the bricks became more 

standardized. Fig. 1.2b shows some general types of Roman masonry walls. In the 

course of time, the structural shape evolved from linear to curved or arched forms that 

enabled to span larger distances. 
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Figure 1.2: a) view of Parthenon. b) Roman masonry walls. 

1.2- Historic Traditional masonry  

It has become widely accepted to classify any buildings put up without a formal 

design process as traditional masonry. Their form, plan and method of construction 

simply follow tradition and the time and place of their conception. This principle is 

not confined to dwellings; it caters for churches, mills, barns, byres and other building 

uses as well. 

Traditional principles have evolved over a long period of time in virtually all 

countries of the world. People have developed building techniques excellently 

adapted to the building materials available and local conditions such as climate, 

topography, etc. Autochthonous building is a similar principle used by ―simple 

people‖ (without a specific education in building) adapting their houses to the 

immediate natural environment and employing locally available materials in an 

economically sound and resource-efficient manner, vernacular building, can be 

defined as a building culture adapted to the existing environment and available 

resources, producing houses with the help of traditional techniques which have a 

certain purpose and represent values, economic conditions, and the lifestyle of the 

builders. Adapting to local conditions and location requirements as, topography, 

climate, other environmental conditions, and social aspects, traditional building offers 

a number of advantages as well as disadvantages. The advantages include the 
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utilization of natural building materials, relatively low energy content of building 

material, excellent energy-efficiency during the phase of use, natural thermal 

insulation(cold and heat) through appropriate orientation of the building, utilization of 

thermal masses, integration of shading elements, utilization of the cooling effects of 

water expanses, compactness of buildings, bright colors of facades, intelligent inner 

structure, regional building materials, relatively high share of handwork positively 

affecting the local labour market, generally user-friendly and easy-to-use materials, 

avoidance of damage to historic buildings by using existing technologies and 

materials, adaptation to most adverse conditions, and value enhancement of the 

building (Dirlich 2004). 

Traditional ways of building have evolved, one person learning from another. 

Changing circumstances have led to changing solutions and along the influences line 

from other cultures have gradually been blended in. At any given point in time, there 

have been shared values, shared customs, local materials and local ways to use them 

and the learning process has always been to build on the past (Oram and Stelfox 

2004). 

Finally, historic traditional buildings do not just carry their cultural 

significance as relics by image alone. As understanding the architectural style and 

decorative form of historic structures is important, the cultural meaning of many of 

the most significant buildings is resident within the reality of the artefact itself. A 

historic structure is important because it is exactly that – it is old, and thus has been a 

part of human lives. As the English critic John Ruskin (1901) eloquently stated: 

Indeed the greatest glory of a building is not in its stones, or in its gold. Its glory is in 

its Age, and in that deep sense of voicefulness, of stern watching, of mysterious 

sympathy, nay, even of approval or condemnation, which we feel in walls that have 
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long been washed by the passing waves of humanity (Randolph 2004).Buildings and 

structures may be classified as historic for three main reasons: They are associated 

with acts of historical importance, they are old and a long time has passed since their 

construction, and they are monumental and irreplaceable ( Gülkan and Wasti 2009). 

1.3- Historic Traditional Masonry Structures developing through time 

Historic traditional buildings are constructed from old materials that are rarely used in 

the majority of buildings constructed today. The main distinction between historic 

buildings and new-build is stems from the fact that labour was comparatively cheap in 

the past and the transportation of materials difficult and expensive in comparison to 

today. Much of the practice of building in the past is now regarded as craftsmanship; 

this difference between traditional and modern construction practice puts a value on 

all our historic buildings in terms of our cultural heritage, and as an irreplaceable 

resource. All historic buildings, large or small, complex or simple, make a 

contribution to our quality of life by informing us of our past. Also they have historic 

interest because they reflect the lives and achievements of our predecessors (Urquhart 

2007). 

Historical traditional masonry is a form of architecture built by using local 

resources, it covers materials, techniques and the skills of its constructors, and it is the 

fundamental expression of the culture of the different communities and their relation 

with nature and the landscape (Casanovas 2007). 

Stone traditional masonry has been used in building construction since ancient 

times since stone is durable and locally available. There are huge numbers of historic 

stone buildings in any country, ranging from rural houses to royal palaces and 

temples. In a typical rural stone house, there are thick stone masonry walls built using 
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rounded stones with mud/lime mortar. These walls are constructed with stones placed 

in a random manner, and hence do not have the usual layers (or courses) seen in brick 

walls. These un-coursed walls have two exterior vertical layers (called Wythes) of 

large stones, filled in between with loose stone rubble and mud mortar. In many cases, 

these walls support heavy roofs (for example, timber roof with thick Aramid overlay) 

(Lourenço 2002). 

Stone masonry is a traditional form of construction that has been practiced for 

centuries in regions where stone is locally available. Stone masonry has been used for 

the construction of some of the most important monuments and structures around the 

world. Buildings of this type range from cultural and historical landmarks, often built 

by highly skilled stonemasons, to simple dwellings built by their owners. Stone 

masonry buildings can be found in many earthquake-prone regions and countries 

including Mediterranean Europe, North Africa, the Middle East, and Southeast Asia 

(Bothara and Brzev 2011). 

Although in the 20th century masonry was displaced for many applications by 

steel and concrete, it remains of great importance for load bearing walls in low and 

medium rise buildings and for internal walls and cladding of buildings where the 

structural function is met by one of these newer materials. The market for masonry 

construction may be divided into housing and non-housing sectors (Emeritus1996). 

The latter is including industrial, commercial and educational buildings, in addition to 

a wide variety of buildings used for administrative and recreational purposes (Thomas 

1996). 
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1.3.1- Historic Traditional houses" History and Development" 

It is about ten thousand years ago, with the earliest civilization, that the history of 

architecture really begins and simultaneously masonry arises as a building technique. 

The primitive savage efforts of mankind to secure protection against the elements and 

from attack included seeking shelter in rock caves, learning how to build tents of bark, 

skins, brushwood and huts of wattle-and-daub. Some of such types crystallized into 

houses of stone, clay or timber. The first masonry material to be used was probably 

stone. In the ancient Near East, evolution of housing was from huts, to beehive houses 

(as shown in Fig. 1.3a), and finally to rectangular houses (as shown in Fig. 1.3b) 

(Lourenço1998). 

 

 

 

 

 

 

Figure 1.3- a) beehive houses from a village in Cyprus, b) rectangular dwellings from a 

village in Iraq (Lourenço 1998). 

 

Historic traditional masonry houses are found in urban and rural areas around 

the world. There are broad variations in construction materials and technology, shape, 

and the number of stories. Houses in rural areas are generally smaller in size and have 

smaller sized openings, on the contrary, houses in urban areas are often of mixed use - 

with a commercial ground floor and a residential area above. In hilly Mediterranean 

areas the number of stories varies from two (in rural areas) to five (in urban centers). 

These buildings have often experienced several interior and exterior repairs and 
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renovations over the course of their lives. Typically, stone masonry houses are built 

by owners themselves or by local builders without any formal training. The quality of 

construction in urban areas is generally superior to that found in rural areas. In some 

cases, a dual gravity load-bearing system is used (see Fig. 1.4). 

  

 

 

 

 

 

 

Figure 1.4: typical stone masonry building with exterior stone masonry walls and an interior 

timber frame (Bothera and Brzev 2011). 

This system consists of a timber roof structure supported by timber columns 

and beams, and stone masonry walls at the exterior. In this case, the walls may not 

provide support to the floor/roof structure. It performed poorly in past earthquakes 

due to the absence of wall-to-roof connections and walls collapsing outward (Bothara 

and Brzev 2011). 

So it can be said that the architectural typology is based on the repetition of a 

basic rectangular housing unit with flat roofing. As shown in Fig. 1.5, the basic unit 

can be used to form a long single room house (called ‗makrynari‘) or it can be used to 

form a twin room house with a vaulted wall separating the two rooms and 

subsequently supporting the roof. 
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Figure 1.5: Types of traditional houses of Cyprus and Athens. Upper row: Single room 

houses. Lower row: Twin room houses with vaulted partitions (Bothera and Brzev 2011). 

This type of the elongated structures presented in the upper row of Fig. 1.5 is a 

model of a structure in the village, and it is a typical example of a housing unit with a 

vaulted separating wall, like the one presented in the lower row of Fig. 1.5. 

Afterwards, the process of housing was development to the next step in the form of 

simple two stories house, as the building shown in Fig. 1.6, which deemed a typical 

example of a developed single-room house.  

Figure 1.6 typical rural houses (Alexandris et al. 2004). 
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The ground floor consists of two elongated rooms with dimensions 4×10 m, and the 

first floor consists of a single room, which covers only half of the ground floor area. 

The house was built by medium strength stone masonry, with sandstone and lime-

sand mortar. The roof is almost flat and was originally supported by wooden beams, 

spanning the short dimension of the structure, and it was covered by earth to provide 

insulation (Alexandris et al. 2004). 

Then the process of the development began to accelerate, especially in urban 

areas rather than rural areas. There are broad variations in construction materials and 

technology, shape, and the number of stories, as shown in Fig. 1.7. 

Figure 1.7 Historic traditional houses in historic cities "Greece, Italy and Egypt" 

1.4- Historic Traditional Masonry Structures in Athens-Greece   

Traditional Urban Residential Masonry (TURM) buildings in Greece are usually 

made of rubble (cobble) natural stones and a large volume of low strength lime 

mortars, while their floors/roofs are made of timber elements. Their load-bearing 

walls are of the single-leaf type (with various degrees of bonding and block 

interlocking) or of the so-called three-leaf type (with two discrete external leafs and 

an infill ―material‖ of a large voids ratio), with thicknesses less or more than approx. 

700 mm, respectively. Therefore, the basic structural elements are made of a 

particularly ―undisciplined‖ material, to be finally handled or formed as a ―pseudo-

continuum‖ medium (Saatcioglu and Anderson 2004). 
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As general role, when we look to the historic traditional buildings here in Athens, we 

will find that the level of development of the structural system depends on the use of 

each individual building, while the size of buildings varies depending on their use 

(church, palace or residential house). Thus, there are buildings with plan dimensions 

varying from some meters to some tenths of meters. 

The survey of the historic traditional constructions in the different regions of 

the country shows that there are significant variations in construction methods, 

materials and structural elements connections. In general, the historic traditional 

houses in Athens have slightly square or rectangular in-plan geometry, with two or 

three floors at most, as shown in Fig. 1.8 and Fig.1.9. As these buildings are 

traditionally built by local building materials, it is usual that the first floor has high 

elevation; the second floor height is smaller than the first one and the third floor, if 

found, has the smallest height, the high elevation being intended for ventilation 

purposes as shown in Fig. 1.10. 

Figure 1.8 Historic traditional houses: two and three floor house with different 

elevations of first, second and third floor 

The house in 12
th

 century has a large area with an intervening triple arcade, a 

"tribelon" that invested a large living-room with certain grandeur. Another oblong 

room, with an arch springing from columns that supported a wall of the upper storey, 

was found in the 12th-century house (Fig. 1.9). 
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Figure 1.9 Corinth. Schematic plan of a byzantine house in the Agora area 
 

Historic traditional masonry buildings in Athens in the17
th

 century and 18
th

 

century are mainly constructed from rubble and ashlars masonry stones which may 

have polished, droved or broached finish because these ashlars were the cheapest 

local building materials available for building masonry walls, this is in addition to the 

stones having a significant impact on the ability of the wall to react to changes in 

moisture content.  

 

 

 

 

 

 

Figure 1.10 Historic traditional masonry buildings in PLAKA- Athens 

Also, these dwellings have many features relevant to environmental influence: 
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 Wide tiles, being firmed up to a thick layer of clay, sealed the roof from both 

heat and cold. Moreover, thick planking of 0.04 m. prevented heat or cold 

from penetrating the roof. 

 Each floor was particularly high, approximately 3.0 m., whereas the windows 

were of small dimensions. This ratio permitted the cooling of the house: warm 

air rose to the ceiling away from human level, as cooler air kept coming in 

from the windows. 

 The floor was uplifted well enough, in order to create a thermal insulation gap 

between the floor and the ground. 

 The masonry of buildings consists of stone about 0.60 m. thick; the stone, as a 

structural material, has very low heat conductivity and wide thickness also 

plays a fundamental role in the insulation of a building. This principle is 

particularly useful, since there is a wide variation of temperature during the 

day in the hot-dry climate of Athens in summer. 

 Ventilation strategies: the loft or the roof can have small openings (skylights), 

thus the hot air of the interior will go up naturally and will slip from the 

skylights (Charkiolakis et al 2008) in some cases the building depends on the 

courtyard in the ventilation of interior as in Saint Filothei house (see Fig1.12). 

 

 

 

 

Figure 1.11 Ventilation strategies: Small openings at the loft of the buildings (Charkiolakis et 

al. 2008). 
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Figure 1.12 Saint Filothei house in Athens (Charalambos 1983) 

In general historic traditional masonry houses which are found both in urban 

and rural areas have broad variations in their shape and the number of stories. Houses 

in rural areas were generally smaller in size and have smaller openings, since they are 

typically used by a single family. On the other hand, houses in urban areas are often 

of mixed use, that is, with a commercial ground floor and multifamily residential area 

above. Also the houses in the countryside are built as stand-alone structures, while the 

adjacent houses in old town centers often share a common wall (World Housing 

Encyclopedia No 16). 

So one can say that the historic traditional masonry houses in Athens have its 

own architectural and construction characteristics; these buildings are typically found 

in flat (individually), sloped and hilly terrain. They do not share common walls with 

adjacent buildings. The typical separation distance between buildings is 5 meters and 

more as a rule when separated from adjacent buildings, the typical distance from a 

neighboring building is 5 meters. 

Typical shape of a building plan is mainly rectangular. The building has at 

least eleven openings per floor, of an average size of 3.5 m² each. The estimated 

opening area to the total wall surface is 18%. This is relevant to the resistance of this 
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type of building. The main function of this building typology is single-family house. 

It is very common to find these historic buildings used for commercial purposes.  

The vertical load-resisting system is timber frame load-bearing wall system. - 

Load bearing walls - Timber or metal strengthening elements. The lateral load-

resisting system is un-reinforced masonry walls. The main lateral load-resisting 

system consists of unreinforced stone masonry bearing walls. Floors and roof are 

wood structures. The wall layout in plan is critical for the lateral performance of this 

construction type. Also, the wall connections and roof/floor-to-wall connections are 

the critical elements of the lateral load resistance. The materials and type of 

construction are the most important factors affecting the seismic performance of these 

buildings. 

The typical plan dimensions of these buildings are: lengths between 10 and 10 

meters, and widths between 15 and 15 meters. The building has 2 to 3 storey(s). The 

typical span of the roofing/flooring system is 5 meters. The typical storey height in 

such buildings is 3-4 meters. (Tassios, and Syrmakezis  2002) 

1.4.1- Structural element joints and connection techniques 

The connections between structural elements in unreinforced masonry buildings 

(URM) are critical building components that must perform adequately before the 

desirable seismic response of URM buildings may be achieved. These connections 

typically consist of wood ties and steel anchors installed either at, or, after the time of 

construction or post construction. 

Field observations made during the initial reconnaissance and the subsequent 

damage surveys of numerous cases to historic traditional masonry have demonstrated 

the importance of anchor connections joining masonry walls or parapets with roof or 
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floor. It was realized that the techniques used for this purpose provided some seismic 

protection; they were devised by skilled workmen with a deep knowledge of the 

materials and the building systems of that time, which not only was maintained, but 

also kept developing for centuries, pass on from one generation to the next. This 

knowledge was developed by craftsmen with a very good perception of how the 

structure elements behavior as whole and in individual members or elements, the 

skills of which improved through observations of structural behavior during 

earthquakes led to the development of interesting and efficient seismic construction 

systems these observations also used for repairing damages (Tondre1999). 

Joints play a special role during earthquakes and in the seismic response of the 

building. Resistance of joints against jolting and shaking due to earthquakes is beyond 

those usually required for gravity and wind loads and it is believed that fractures 

which occur during an earthquake due to stress concentrations, progressive 

deformations, and loosening of joints are of particular concern. (Ambrose and Vergun 

1999) 

The survey of historic traditional masonry buildings for studying the methods 

and techniques used for connecting structural elements in the building (walls-floors-

roofs) show that there are three types of connection techniques developed by local 

craftsmen for connecting structural elements (wall-to-wall, and roof-to-wall) in order 

to minimize seismic hazards. These techniques involve the use of stone connections, 

wood connections and steel connections. 

1.4.1.1- Stone connections 

In traditional masonry walls, larger limestone's were used at the corners, where larger 

stress concentrations tend to develop, in order to provide an appropriate connection 
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between the wall panels as shown in Fig. 1.13. On the other hand stones of smaller 

dimensions are used in the remaining wall, facilitating their handling during building 

construction process.  

The stiffness and strength of walls, as well as of their connections, depend on 

the quality and size of the stones used their arrangement and method of construction. 

An appropriate arrangement of limestone in the construction of the walls is of extreme 

importance, largely affecting the mechanical properties of the walls and its structural 

performance. Stone connectors can play a fundamental role for the monolithic 

behavior of the masonry walls, especially in multi-leaf walls with multi-building 

materials (more than two different building materials)   

 

 

 

 

 

 

Figure 1.13 Use of limestone as a connection method between walls 

Also masonry corners play an important role in the building structural 

performance, since they ensure the connection between perpendicular walls. 

However, masonry wall corners tend to attract the large forces induced by wind and 

earthquakes, as well as the resulting thrust from the roof structure. 
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The quality of the materials and their arrangement in the corners is even more 

important for buildings with multi-leaf walls, considering that for these cases the 

quality of the masonry is lower in some cases due to the smaller dimensions and poor 

mechanical properties of the stone units. In some cases we find mixed use of lime-

stone and marble in the walls‘ intersections and this is one of construction defects in 

some buildings, as shown in Fig. 1.14, leading to failure in some cases. 

Figure 1.14 Poor and good connections in wall corners 

1.4.1.2- Wood connections 

The traces of the use of timber reinforcement in buildings are found in numerous 

structures (residential houses, churches and towers) of the Byzantine era. It is 

interesting to observe that timber ties are widely known under the term of 

‗imandosis‘, which is a Greek word means tying system; it ties together timber 

elements embedded in buildings. In this period, they always used timber as 

reinforcement in the form of timber ties at many levels within the height of the walls 

(both in longitudinal and transverse directions). 

The investigation of composite or complex buildings has shown that timber 

ties (both visible and invisible) are used in the cells, as well as in the tower of 

monasteries. One may observe that (visible) timber elements are used as ties at the 

origins of arches and vaults, as well as within masonry along the perimeter walls in 

the form of timber ties (imandosis). The fact that the constructors were aware of the 
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importance of timber elements is also demonstrated by their care to protect them from 

humidity. Fig. 1.15 shows a detail of the timber tie located within the masonry of the 

cells (Vintzileou 2011). 

 

 

Figure1.15 Detail of the timber tie within masonry (Vintzileou 2011) 

Below timber elements, a recess was formed using stones. This recess (20 to 

30 mm deep) covered with lime mortar, plays the role of drainage for the timber 

elements, thus keeping their humidity constantly below the biological attack level. A 

system of horizontal timber ties was detected at floor levels, as well as at intermediate 

levels (at the bottom of openings). 

At intermediate levels, the connection among longitudinal timber pieces is 

ensured by means of diagonally placed stiffening elements. At floor levels, timber ties 

(located within the thickness of masonry) are connected to the timber beams of the 

floors. Timber pavements fixed onto the floor beams ensure a diaphragm action of the 

floors, thus forcing the walls to deform jointly in case of an earthquake. The concern 

of the constructors about the seismic behavior of the tower is also demonstrated by the 

fact that floor beams are positioned along the x- or along the y-direction every other 

floor. In this manner, a uniform behavior of the construction is sought, independently 

of the predominant direction of the seismic motion. 
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Figure 1.16 Timber ties technique between floors and at floor levels in some buildings 

(Vintzileou 2011) 

In the next period, 17
th

, 18
th

 and 19
th

 century, the survey of historical 

traditional masonry structural systems has shown that, practically in all these systems, 

timber reinforcement (made of wood from olive or chestnut trees in many cases) is 

used within the thickness of masonry. The typology of timber ties (location, 

dimensions of wood elements, arrangement within masonry thickness and along the 

height of walls, splices in longitudinal timber elements, connections between 

longitudinal and transverse elements are shown in Fig. 1.16 (Vintzileou2011). 

 

 

 

 

 

Figure 1.17 Timber bands used in historic traditional walls (Vintzileou 2011) 
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Also, timber framed construction with a brick filling material were used between the 

15
th

and the 18
th

century. Buildings were constructed using this system, but, after the 

18
th

century, there was a decrease in the quality of work and walls with brick filling 

began to be plastered over as shown in Fig. 1.18. The filling of timber skeletons with 

masonry material continued to the end of 18
th

 Century.  

Figure 1.18 Masonry infill timber-framed system and Bağdadi lath system 

In the construction of these houses, different types of trees had been used, 

depending on their characteristics. Generally trees which could be found easily around 

the region were preferred for construction. To ensure the consistency of main carrier 

system, posts, sole plates, props and joists, oak and yellow pine trees were generally 

used; ceiling and floor coverings were of yellow or red pine, and for parts, as 

sheathing and windows, yellow pine was used. For balustrades and carved ceilings, 

red pine, walnut and linden were the preferred materials. 

When surviving artefacts are investigated, it is obvious that the traditional 

timber skeleton house is generally composed of 2 or 3 storeys, a wooden frame 

structure settled on a masonry foundation, as seen in Fig. 1.19, basement or first floor, 

from 1 to 1.5 meters above the ground. 



Damage assessment and rehabilitation of historic traditional structures                                    

23 
Civil Engineering, EMΠ, NTUA (2015) 

 

 

 

 

 

 

 

 

Figure 1.19 Rubble Stone walls with wooden joists 

The sole plates are half-overlapped at the corners and the posts are mounted 

on these sole plates leaving spaces of 1 or 2 meters. The posts are generally supported 

by the diagonal props in the corners or at the centre. The secondary posts are placed 

between the main ones every 60 to 70 cm. The posts, props and the secondary posts 

are tied together with the lintels. The joists are placed on the soles as their sections 

become upright to the front of the structure (Dişkaya 2007). 

In some cases of brick structures (in churches) with the triple header masonry 

bonding timber element was found inside the triple header masonry lateral walls in 

the anchorage region of the tie rods with the purpose of enhancing their efficiency as 

shown in Figs. 1.120-1.22  

1.4.1.3- Steel connections 

Steel or iron has not been used in building construction process in the main structural 

elements until the Industrial Revolution. Until then, it provided builders with 

solutions for structural details and as a local strengthening measure; it was used in 

masonry for securing portions that were prone for collapse, such as building corners, 
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and to connect roofs with walls (see Fig. 1.23). Moreover, it was mainly used for nails 

and straps in timber roof structures. 

  

 

 

 

Figure 1.20 The triple header masonry bond 

 

 

 

 

Figure 1.21 Timber elements inside the brick walls 

 

 

 

 

 

Figure 1.22 exterior views showing the tie timber element rods 



Damage assessment and rehabilitation of historic traditional structures                                    

25 
Civil Engineering, EMΠ, NTUA (2015) 

 

Steel was also used as a secondary structural element in the monuments of ancient 

Greece and Rome. Iron tensile connections and shear dowels were placed in the 

interfaces between stone blocks to enhance structural performance and prevent small 

relative movement. Having lost the complete understanding of this technique in later 

years, iron tying members were widely used, in faulty applications and often 

unprotected, in restoration works on ancient monuments and other masonry structures. 

This type of technique is divided into three types, all of them using steel bars in order 

to achieve good connection between walls and walls, or walls and floors/ roofs. 

Figure 1.23 Steel connection tie technique in historic traditional masonry 

1.4.1.4- Anchor Steel  bar Tie Technique " T shape" 

In most of the anchor systems that were used, threaded steel rods had the same shape 

and diameter. These rods were embedded in the masonry wall to a depth equal to the 

wall thickness. Although at times hard to identify, there appears to be little evidence 

suggesting the use of bent anchors (having an angle of at least 22.5
o
 to the 

perpendicular projection from the wall surface) and the majority of observed anchors 

were positioned horizontally (Dizhur et al 2011).  
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In historic traditional masonry, steel was used to connect floors with walls in order to 

achieve good structural performance under seismic excitation. The builders, in this 

period used a steel T bar or anchor bars in order to connect the floor with walls (see 

Figs. 1.24 and 1.25). This connection technique was used in different types of historic 

buildings, such as mosques, churches, houses, etc.  

Figure 1.24 Steel anchors tie roof with wall 

As shown in Fig.1.35, it was used in one side of the building, usually in 

parallel to the main floor wood rafters, in order to connect or tie this steel bar with one 

of the floor wood rafters or roof with walls as shown in Fig. 1.26: in some cases 

double steel ties used in the main façade, as shown in Fig. 1.26, in order to connect 

the roof with the main walls which were stronger, and with other walls providing 

resistance to the action of the  loads exerted on the building 

 

 

 

 

Figure 1.25 Connection between beam and masonry with single and double steel element 
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Figure 1.26 Positioning of double steel ties in historic traditional building AKTIOU building 

and tie positioning, plan. 

On the one hand, in buildings where large numbers of people meet, such as religious 

buildings (mosques, churches, and governmental buildings), the builder has been 

found to use more than two or three steel bar ties or steel anchor bars on all sides of 

the building, as shown in Fig.1.27 and Fig. 1.28. On the other hand, in pottery art 

mosque, anchor steel bars were used for connecting the column capital which 

supported arches in order to sustain the thrust of arches as shown in Figs.1.29 and 

1.30. 

 

 

 

 

 

 

 

 

 

Figure1.27 Three steel ties positioning, plan 
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Figure1.28 Positioning of three steel ties in historic traditional building ( Alfatihia Mosque) 
 

Figure 1.29 Positioning of steel ties in connection of arches with columns (pottery art 

Mosque in Monostrakii) 

 

 

Figure1.30 Positions of steel ties in connection of arch with wall 

(Pottery art Mosque in Monostrakii) 
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1.5- Historic Traditional Masonry in Cairo - Egypt  

Historic Cairo is deemed one of the most prominent world heritage cities worldwide. 

Cairo is the city where history comes to life and where splendid architectural wonders 

abound, making it the city with the largest cluster of heritage architecture worldwide. 

It isn't simply the largest in the number of monuments to the glorious era, but also in 

the weight of their architectural, artistic, and historic value. It contains many of 

Pharaonic, Greek Roman, Coptic, and Islamic buildings. (Abdulmunim 2006)  

Cairo is home of a number of historical districts and significant monuments that 

demonstrate the architectural wealth of the city, not only as a capital of the Islamic 

world but as a wonder of the human urban experience. As such, it was inscribed on 

the world heritage list in 1979 under the title of ―Islamic Cairo‖. In the nomination 

file, Cairo‘s historic city was cited as covering an area of around 32 square kilometers 

on the eastern bank of the River Nile and the foot of the Moqattam Hills (see Fig 

1.31). 

Figure 1.31 General views to Historic Cairo and some historic districts 
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It is clear that in the 19
th

 century a process began that heavily transformed the 

structure and image of historic Cairo, particularly its residential urban fabric. 

Although numerous monuments were preserved, palaces and larger houses were often 

abandoned or divided into smaller plots. More than 10 Courtyard houses were re-

placed with rental flats, and changes also occurred in the architectural and typological 

characters of the city.  

Nevertheless, the main components of historic Cairo‘s urban morphology 

show a remarkable continuity throughout the city‘s development stages. In historic 

Cairo there are some historic expressions or idiom such as, Darb (pathway), Hara 

(alley),  Atfa (side alley) and Zuqaq (dead-end alley or cul-de-sac) (see Fig. 1.32).  

 

 

 

 

 

Figure 1.32 Historic streets, alleys in historic Cairo (UNESCO 2012) 

Historic Cairo is an urban ensemble that extends from street to alley to lane 

and covers a large number of historic buildings ranging from religious structures such 

as mosques and churches, to service buildings such as bathes (hammams) and 

structures for the charitable dispensation of water (sabils) to commercial building 

such as shops (khans), caravanserais (wikalas) also residential structures such as 



Damage assessment and rehabilitation of historic traditional structures                                    

31 
Civil Engineering, EMΠ, NTUA (2015) 

 

palaces and houses (manazels). The massive scale and density of listed monuments 

complemented by an even larger number of unregistered historic building dating from 

the 19
th

 century inwards, also of architectural and aesthetic value and in need of 

preservation. The latter is a repository of architectural history of equal importance to 

the registered monuments as they are like the fabric that binds these listed monuments 

together and lends them an urban dimension. 

The medieval core of historic Cairo comprises a group of destinations 

(hawari) — predominantly residential communities forming around narrow, non-

straight alleyways and incorporating a limited amount of commercial activity. Each 

harah is characterized by the spatial order of its shared public space — the alleyway 

— bounded by its entrances/ gates and lined by attached low-rise houses. But it is also 

defined by a distinct social structure, and cultural identity (see Fig. 1.33).  

Figure 1.33 typical distinct defined by the surrounding continuity of houses (UNESCO 2012) 

Yet with the advent of modernity in the nineteenth century the state of the city 

changed, as the aristocracy and the elite deserted it and moved westwards into the 

new extension to the city. Such demographic change adversely affected the social 

structure, as most of the deserted buildings were re-occupied by laborers and minor 

traders and most buildings were transformed into industrial workshops to serve the 
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shops and markets. All that had an adverse effect on the historic fabric and on the 

historic building themselves. Most of the historic building fell into disuse and many 

were deserted. Other historic buildings were used indiscriminately for deferent, 

mostly unsuitable functions. Furthermore, they suffered from a lack of necessary 

maintenance as shown in Fig 1.34 (UNESCO 2012) 

Figure 1.34 Historic Traditional houses and the effect of 20
th
 century modernity 

On the other hand all historic Traditional masonry which lies in these historic 

districts suffers many Deterioration phenomena commonly found through 

Islamic/historic Cairo (and many others historic city centers in developing countries) 

the combined result of a serious of social economic and physical factors:  

 

 Low family incomes and an economic base that often lags behind 

development in newer parts of Cairo 

 A deteriorating housing core resulting from unrealistic planning constraints, 

pending demolition orders, limited access to credit and widespread insecurity 

of tenure 
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 continued deterioration of monuments and historic structures especially houses 

due to the misuse of inhabitants in these historic traditional houses 

  the consequence of 1992 earthquake and a lack of public investment and 

regular upkeep of city infrastructures 

  the absence of essential community facilities and services (Siravo  2002)   

 The hard attack of environmental factors (groundwater, humidity, etc.)  

Figure 1.35 Deterioration phenomena of historic Traditional masonry building in Cairo 

(UNESCO 2012) 

But the district has also significant strengths and opportunities that are the source 

of the area's vibrant character. These strengths are the result of the district's closely 

integrated physical and social fabric, namely: 

 A traditional layout and pedestrian orientation where housing, open spaces, 

commerce, mosques, and places of social gathering are integrated and create a 

high cohesive urban environment. 

 an outstanding collection of mediaeval monuments and historic buildings 

 A dense residential core where neighbors help and depend upon each others 
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 A well-established community with a population largely employed in 

productive activities 

 An important pool of skilled workers and small enterprises.  

1.5.1- Historic traditional masonry houses in Cairo-Egypt 

In many parts of the historic Cairo, one can realize many distinctive examples of 

traditional architecture, mainly houses. Although there were socio-cultural differences 

in each region, the design of houses retained a common architectural language that 

responded to both the common hot arid zones climate and the common religious 

needs. The historic traditional house in Cairo is also one of the best examples that 

express the sakina which comes from the Arabic word sakan, which is the Arabic 

name for a house and relates to dwellings in peace and purity. The heritage of 

traditional houses includes various forms, which were developed in response to 

religious, cultural, and traditional factors along with the specificity of the local built 

environment. The remarkable traditional houses of medieval Cairo are all evidence to 

the rich wealth of Islamic-Arab residential architecture. (Abdelmonem 2012) 

Traditional dwellings were an integral part of the traditional urban fabric of 

Cairo city and it weren't towering individually alone, but the houses of rich and poor 

were adjacent within the neighborhood unit, without caste or social discrimination, 

whether in the form of a housing unit or external processors of these houses (see Fig 

1.36).  The difference lays in the interior thus it achieving the most important features 

of traditional architectures in the singularity of its appearance and difference in 

substance. 
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Figure 1.36 Urban fabric of historic traditional masonry in Cairo 

Distinction between the rich and the poor housing was achieved through 

different housing sizes and the number of spaces and courtyards, thus affecting the 

diversity of the spatial organization, Adding some positives in environmental 

performance within the overall design of the urban fabric through the formation of 

different places in the pressure and dislocations air which helped to move the air 

naturally between different parts of the urban fabric and, within the housing between 

the multiple spaces inside the house. 

1.5.2- Architectural and construction characteristics of traditional houses in 

Cairo 

Every architectural element in the historic traditional house represented a solution or 

an answer to different problems that appeared according to a specific condition. They 

were a sequence of related problems, which were met successfully to achieve a 

unified and a harmonious house. In fact, the beauty of these traditional houses 
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represents an art form that has resulted from an understanding of a unique mode of 

religious and cultural human life. (Abdelmonem 2012) 

The Islamic way of life has its effect on the design of traditional houses in 

Cairo; while the public areas in a house are the domain of men, the private and family 

areas are the domain of women. The privacy of the family was also an essential 

element which affected the shape and the plan form of all traditional houses, to be 

clearly defined as public, semi-public and private spaces. The cultural and religious 

emphasis on visual privacy in Islamic communities has also tended to produce an 

inward-looking plan with plain external walls to discourage strangers from looking 

inside. Climate also played an important role as a moderating factor and 

complemented the cultural and religious need for privacy. The houses of the hot arid 

zones such as Cairo, are introverted, and where family-life looked into a courtyard 

rather than looking out upon the street ( Salama 2006) ( Abdelmegeed 2009).  

The ground floor is usually occupied by kitchens, storages for food or stalls, 

places of service and reception. The upper floor is occupied by bedrooms, living 

rooms or service; it is almost entirely closed to defend against hot and alien invasions, 

moreover it combines two important aspects of everyday life: the public and private 

sphere of family playing an antithetical but, at the same time, symbiotic role.  

On the other hand the rooms in historic traditional masonry houses in Cairo 

enclose themselves the sphere of private: the rooms of the women separated from 

those of the men: beautiful places without large openings; introverted rooms 

reflecting the unique character of the Cairo house and where tranquility and privacy 

are guaranteed by the architectural complex. These concepts are well represented in 

the most characteristic room of the house (the qa'a).  
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The need for a reception and representation room is transformed across the centuries 

acquiring significant specializations; in the fifteenth century it becomes a new 

reception room reserved for men and called maq'ad. It opposes, in its architectural 

design to qa'a that is usually closed and not very bright, almost dark, with a large 

balcony overlooking the courtyard or the garden, across two or more arches to 

ensuring a moment of openness and breathing. As evidence of this constant and 

continuous development, in the seventeenth century, it adds the ancient loggia above 

the maq'ad: a new place of rest and reception, a sort of porch or takhtabush relating 

and organizing within the courtyard or garden ( Ficarelli 2009)  

However, the architectural components which governed the design concept of 

Cairo house and highlighted its distinctive characteristics were the majaz (entrance), 

the courtyard, the The Qa‘ah (sitting hall), the malqaf (sky open), the takhtabush 

(terrace), and the mashrabiyyah (balcony). 

i- The Majaz (Entrance)  

Entrances in most of the Cairo traditional houses were bent. The idea of using bent 

entrances was to provide privacy for the house residents, preventing the street 

pedestrians from seeing the inside of the house.  Another function of the bent entrance 

was to protect the interior of the house from wind, dust and noise. In all houses with 

varied surface areas, entrances were bent to right angles perpendicular on the street 

not leading directly to the courtyard. Attached to the entrance was a doorway that 

confirms the separation of the peaceful interior from the harshness of the 

outside/exterior (see Fig. 1.37).  
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Figure1.37 Bent Entrance idea in historic traditional house in Cairo. 

 Traditional houses in Cairo have two entrances; the majaz (the main entrance of 

a house), which usually opens onto a courtyard and the doorway, which is the main 

external feature at ground floor level (see Fig. 1.38). It was designed to open into a 

blank wall to obstruct views into the inside from outside in order to preserve the 

privacy of the family. On the other hand, the doorway is functional and modest 

because ostentation is discouraged according to the egalitarian basis of Islam. Al-

Sehaimi house is a good example, which expresses the relationship between the main 

entrance and the courtyard (see Fig.1.38).  

Figure 1.38 The main entrance (Majaz) in Al-Sehaimi house. 
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However, they preferred to have the main entrance open into this clean and holy space 

(courtyard), which is on the scale of the house, rather than into the public street, 

which is on the scale of the city (see Fig. 1.39) (Abdelmegeed  2009). 

During the Ismailia period ( Khediawii Ismail 1830-1895), one observes the drift 

towards ignoring traditional behavioral aspects, as in this model, entrances were 

followed by a lobby or a doorway then a hall for the purpose of the partitioning of 

spaces ( as influence of European architecture) .  

Figure 1.39 Al-Sehaimi house: A-the main façade and B-the main entrance and courtyard 

ii- The Courtyard  

Intellect design of the traditional dwelling was based on the use of the inside yard as a 

central point to achieve the principle of inside orientation The inside yard is one of the 

main principles of design in the architecture of various civilizations worldwide, 

despite the contrast in environments of cultural and natural characteristics of these 

civilization, and this stems from the ability of the central yard to adapt to different 

conditions such as privacy And whether protection from the dangers harsh 

environment, especially in warm climate zones (Al-Zubaidi and Shahin  2005).  

The courtyard is a square or rectangular open space, usually located in the heart 

of the house; it performs an important function as a modifier for climate as well as for 

lighting purposes. The various daily activities are practiced and performed in the 
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courtyard especially in small houses. In some cases, the house has more than one 

court, where the major spaces open onto the large court and the service spaces open 

onto the smaller one as in Al-Sehaimi house (see Fig. 1.40). Originally, the courtyard 

surrounded by four unequal iwans with a fountain in the center. The form and 

typology of the courtyard has changed dramatically over the years.  A fountain was 

placed in the middle with the iwan at or living spaces opened onto it as shown in Fig. 

1.40. (Michelle 1995) (Salama 2006). 

The concept of the courtyard is commonly used in traditional architecture, both 

rural and urban, of the hot arid regions; it dates back to the Greek-Roman tradition. 

Egyptian builders adopted the concept of the courtyard because it suited their 

religious and social needs, especially the degree of privacy needed. The arrangements 

of the courtyard also provided a satisfactory solution to their specific environmental 

problems. The size of the courtyard varies, according to the available space and 

resources.  

 

 

 

 

 

 

 

Figure 1.40 plan of the 

courtyard typologies in 

historic traditional houses in 

Cairo where  

A- Gamal Eddin Al Zahabi, 

Ottoman period,  

B-Zeinab Khatoun, Mamluk 

period,  

C-Alkiritlia house Mamluk 

period  

D-AlHarrawi house Mamluk 

period  
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Courtyards in traditional houses in Cairo were typically three types (see Fig. 1.40). 

This prototype evolved from the original traditional Islamic house to the 19
th

 century 

model, and was later influenced by the Turkish and European styles (see Fig. 1.40B). 

This type continued to exist until the transformation of the late 19
th

 / early 20
th

 

century, when it became obsolete and was replaced by the new Western prototypes. 

Houses with side courtyard may be observed to be the same as those of central 

courtyard (see Figs 1.40A &1.40D).  

 However, they differ in terms of the pattern of use of the courtyard as a living 

space. Adding up, the third type (see Fig. 1.41C) involved a court but has practically 

served as light wells or ventilation shafts for the service spaces of the house only, 

while the major spaces were usually opened to streets.  

The courtyard is the most essential element, which represented the core of all 

historic traditional houses in Cairo such as the courtyard of Al-Sehaimi house (see 

Figs. 1.39 and 1.41), Zeinab Khaton house and Al-Sinaary house.  The courtyard is an 

effective device to generate air movement by convection. In hot dry zones the air of 

the courtyard, which was heated by the sun during the day, rises and is replaced by the 

cooled night air coming from above. The accumulated cool air in the courtyard seeps 

into and cools the surrounding rooms. During the day, the courtyard is shaded by its 

four walls and this helps its air to heat slowly and remains cool until late in the day, 

moreover in some houses the courtyard contains fountain to help to accommodate the 

surrounding as in Al-Sennary house (see Fig. 1.41B). 
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Figure1.41. courtyard in historic traditional houses in Cairo, courtyard at Al-Sehaimy house: 

A-the main façade B- courtyard at Al-Sennary house, and C- plan of Al-Sehaimy house 

shows the two courtyards. 

During the Mamluk and Ottoman periods, the courtyard was a common 

feature in all traditional houses in Cairo. The existence of the courtyard is also 

observed in the examples of the early nineteenth century. In El-Leithy house, it has 

been used as an open space for climatic and lighting purposes, the courtyard type 

continued along during the transitional period of the late 19
th

/early 20
th

 centuries, and 

was witnessed in the early apartment buildings in the traditional districts of Cairo, 

Shubra, A‘bdin, Helmia and others. It has played the role of directing circulation 

space leading to staircases of different wings of the buildings. 

Regarding the example of the Ismailian (Khedawii Ismail) period, that 

emphasizes the openness to Europe, one observes the transformation of the traditional 

courtyard into a hall for the purpose of receiving short-visit guests. At the same time, 

this hall stood in the crossroads, playing the role of a distributing point to the interior 

spaces of the house. Eventually, the courtyard lost its environmental role, due to the 
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raise in number of floors to four and more, an aspect that led to its complete 

disappearance shortly afterwards (Salama 2006). 

iii- The Qa'a (sitting hall) 

It is a reception space overlooking the courtyard and composed of three or more open 

spaces. The qa‘a includes a durqa‘a, which –typically- is surrounded by two iwans 

(iwan is a space between columns raw) facing each other with a central fountain in the 

middle of this durqa‘a. The floor level of the two iwans is higher than that of the 

durqa‘a. In some cases, the durqa‘a is surrounded by three iwans, forming a T-shape. 

Some courtyard houses included more than one qa'a and extra reception spaces for 

women. Generally, the durqa'a has a square or rectangular shape with double-height; 

it is slightly lowered compared with iwan on the sides (see Fig.1. 42).  

On the top stands a lantern, in the purpose of the ventilation and the lighting of 

qa'a. Often, in the centre of the durqa'a, there is a fountain that has an aesthetic role 

and above all it contributes to cool the air of the room mixing air and water to 

increase the humidity. 

Figure 1.42: Drawing sections of Qa‘a and of Malqaf (left) and Maq‘ad (right); (Ficarelli 

2008) 
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On the other hand durqa‗ah (a central part of the qa'a with a high ceiling covered by 

the shukhshakhah (wooden lantern on the top), and two ’iwans (sitting areas) at a 

higher level on both the north and south sides (see Fig. 1.43). The lantern is provided 

with openings to allow the hot air to escape. Its shape could be square, octagonal, or 

hexagonal. It was also flat on the top, in order to help the upper layer of air to be 

heated up through exposure to the sun.  

Tracing the examples of the early nineteenth century, the luxurious divided qa‘a 

shrank into a prestigious hall for guests designated for living and dining activities. 

Starting from the Ismailian period and onwards, the qa‘a no longer existed, but 

transformed into several divided spaces accommodating activities of receiving guests 

(salon), dining and living, until the introduction of the open plan by the modern 

movement where one large space is left free to accommodate those activities. This 

clearly explains the impact of Westernization from the Ismailian period by openness 

to Europe up to the mid-20th century through importing modern movement trends by 

the Egyptian scholars who studied architecture in Europe. (Michelle 1995) 

Figure1.43: The plan of qa'a, durqa‘ah, and Ruaq or ’iwans (Al-Sehaimi house 18
th
 century) 



Damage assessment and rehabilitation of historic traditional structures                                    

45 
Civil Engineering, EMΠ, NTUA (2015) 

 

iv- The Takhtabush 

In the early Egyptian houses the courtyard also represented an intermediary space 

between the entrance and the guest area. Meeting casual male visitors, who are not 

relatives, always took place in the takhtabush, the Arabic word of the room with a 

side open to the courtyard. On the other hand, important male visitors would enter 

indirectly from the courtyard to another large reception hall with a lofty central space, 

which was flanked by two spaces at a slightly higher level.  

Takhtabush is a type of loggia – a covered outdoor sitting area - at the ground 

floor level, located between the courtyard and the back garden, opening completely 

onto the courtyard with a mashrabiya onto the back garden as shown in Fig. 1.44A. 

The takhtabush is generally rectangular or square in shape acting as a waiting area. It 

played another role in dealing with climatic factors since it allowed for air circulation 

via its mashrabiya from the courtyard (Salama  2006) 

 

Figure.1.44 The qa'a and takhtabosh in traditional houses: A- takhtabosh in Al-Sehaimi house 

B- the qa‗ah in Al-Sennary house and C- plan of Al-Sehaimi house (the takhtabosh place). 
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The takhtabush appears between the sixteenth and seventeenth century: it is a sort of 

porch with stone columns covered with wooden ceiling. It is usually placed near the 

entrance of the houses and it is used to welcome the guests. Its dimensions are 

variable; the orientation in the south ensures interior ventilation through the presence 

of windows (Ficarelli 2009)   

Originally the takhtabush has one side opening completely onto the paved-

courtyard and through mashrabiya onto the back garden. Air heats up more readily in 

the courtyard than in the back garden creating an area of low air pressure. However, 

the heated air rising in the courtyard draws cool air from the back garden of the 

takhtabush, creating a cool draft. The takhtabush can be found in the medieval Cairo 

houses, such as Al-Sehaimi house and Al-Sinnari house (see Fig. 1.41). Reviewing 

the examples of the traditional courtyard houses together with those of the early 

nineteenth century, one observes the location of the takhtabush open to the courtyard 

and directly accessible from the main entrance in a location that doesn‘t allow the 

exposure of the private spaces to the guests. From the Ismailian period and 

afterwards, the name of the takhtabush changed into entree. (Salama 2006). 

v- The Malqaf (Sky open) 

With the covered courtyard, malqaf is a new system of ventilation invented to achieve 

thermal comfort inside the qa'a. The malqaf is a shaft rising high above the building 

with an opening facing the prevailing wind and constructed on the north to traps the 

cool air ―like sails capturing the wind‖ and channels it down into the interior of the 

building as shown in Fig. 1.45.  
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The northern malqaf channeled the north cool breeze and brings it in the qa'a to 

increase pressure to air caused by the wind at the entrance (see Figs. 1.45-1.48). The 

lantern is provided with malqaf to allow the hot air to escape. Its shape could be 

square, octagonal, or hexagonal. It was also flat on the top, in order to help the upper 

layer of air to be heated up through exposure to the sun. 

Figure 1.45: Diagram of operation of Malqaf; (Ficarelli 2008) 

 

 

 

 

 

Figure1.46 The malqaf idea in historic traditional houses 

The idea of the malqaf dates back to the early Pharaonic periods. Examples can 

be found in the Eighteenth Dynasty houses of Tal Al-Amarna, such as house of Neb-

Amun, which was depicted on his tomb of the Nineteenth Dynasty (1300 BC.). It 

shows a malqaf with two openings, one facing windward to capture the cool air and 

the other facing leeward in order to evacuate the hot air by suction.  
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Figure1.47 The malqaf in historic traditional houses 

To increase the humidity of the air coming from the malqaf, the salsabil was 

also introduced. Salsabil is a marble plate, decorated with wavy patterns and provided 

with a source of water. The salsabil was put against the wall of the opposite side of 

the ’iwan and placed at an angle to allow the water to trickle over the surface. 

However, this new system of ventilation combined the malqaf, the salsabil and the 

lantern in one design to assure a good circulation of cool air in the qa'a. The salsabil 

and the lantern in one design to assure a good circulation of cool air in the qa'a (El-

Shorbagy 2010)  

For the correct functioning of this component it is necessary to have a system to 

close and to filter. The malqaf channels inside the prevailing current of air from the 

north to adjust the flow and the admission in qa'a through a series of different 

openings. The air directed to the central part of qa'a is further cooled by a fountain on 

the floor of durqa'a; when the air becomes warmer it tends to rise upward, coming out 
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through the high central tower of the room, the shukhsheikha. On the top of this one 

there is a lantern hexagonal, octagonal or circular with openings on the sides: this 

device expedites the flow of air upward and facilitates the expulsion of the hot air 

from the tower toward the outside (Ficarelli  2009). 

Figure 1.48 Show Malqaf from outside and inside (Ficarelli 2008) 

vi- The Mashrabiya ( arabesque wooden window)  

The mashrabiya is another important character element in Cairo historic traditional 

houses which was used to cover openings (windows) as well as to achieve thermal 

comfort and privacy in a house. Its name is originally derived from the Arabic word 

sharab "drink" and referred to "a drinking place".  

The term ―mashrabiya‖ literally means "place reserved for drinks" and 

corresponded to the small objects in half-light used as basis of support for the small 

jars: they needed to stay cool. This kind of balcony was composed of small wooden 

elements assembled to create a grid. Across the centuries the term has been extended 

for the large wooden panels made with this technique: the mashrabiya. This was a 

cantilevered space covered with a lattice opening, where water jars were placed to be 

cooled by the evaporation effect as air moved through the opening. The form and 

function of the mashrabiya has changed to become a wooden lattice screen.  
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It is composed of small wooden circular balusters, arranged at specific regular 

intervals, in a decorative and intricate geometric pattern. The mashrabiya has five 

functions and its design may fulfill some or all of these functions. These are: 

controlling the passage of light, controlling the air flow, reducing the temperature of 

the air current, increasing the humidity of the air current and ensuring privacy. To 

control the amount of light and air and to graduate the contrast between shade and 

light, the size of the interstices and the diameter of the balusters are adjusted. 

Mashrabiya is found in most of the historic traditional masonry houses in Cairo, such 

as Gamal Al-Din Al-Dahabi House, and Zeinab Khatoun House as shown in Figs.1.49 

&1.48 (Abdelmegeed  2009)  

Figure 1.49 Mashrabiya in Zeinab Khatoun House 

The mashrabiya is a window element that automatically activates a convective 

cycle moving air masses from the zone of high to that of low pressure. This 

phenomenon naturally ventilates small streets and makes incredibly fresh the 

courtyards of the houses. In the afternoon, when the courtyard begins to warm up, the 
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system works contrarily: the air comes back in courtyard from the secondary roads 

creating a perfect balance between the two areas, in the evening. In the seventeenth 

century the opening becomes the window in the wall screened by a grate in carved 

wood, flat or rounded, which will be called ―mashrabiya‖ (Ficarelli  2009).  

Figure 1.50 Mashrabiya from outside and inside view 

The traditional masonry house in Cairo has its own architectural structural 

characteristics; it revealed an understanding of the laws of composition, which created 

a conscious arrangement of elements of a building in a functionally and visually 

satisfying whole. Hierarchies were an essential factor in the design process of the 

Cairo house, which highlighted the importance of the interior and exterior of a 

building. Scale, proportion, contrast and balance were also tools, which enhanced the 

character of buildings.  

All the spaces in traditional houses were covered with variations of vaults, 

shukhshakhah and flat roofs, which achieved pleasant spatial and visual 

characteristics. The design of the Cairo traditional house also respected human 

reference and human scale and this had enabled people to articulate and comprehend 

the elements of their buildings. Harmony with the surrounding landscape was another 

important factor in the design process, where these houses were carefully integrated to 

the environment which has existed in equilibrium for a very long time.  
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The environmental and morphological characteristics of the site determine the shape 

and orientation of buildings, the characteristic of the structure, of the wrapper, of the 

distribution as in the case of the openings covered with panels made of wooden grids 

to protection of the privacy of the house from the outside world. The shield of the 

window is necessary to reduce the dazzle and it is used to control the humidity of the 

breeze passing through it 

Applied colour seldom appears in Cairo traditional house, but the natural 

colours of materials, which identified both the origins of this architecture and its close 

link to the landscape. The visual impact of the homogeneous single colour 

emphasized the basic form of the building without the distraction of various colours, 

textures or materials.  

Cairo traditional houses were also largely, determined by a unique vision of 

light and its influence on materials. The dynamic contrast of light and shade, and the 

dramatic use of space were also features, which can be sensed in the architecture of 

Cairo traditional house. The real power of light is not derived completely from its 

inherent character, but requires some sort of darkness to assert itself. For example, 

light entering through a window or mashrabiya evokes an expressive shadow, which 

accentuates the shape of the interior 

The ground floor is usually occupied by kitchens, storages for food or stalls, 

places of service and reception. This is the most private part of the house and the 

organizing and administrative heart. The upper floor is occupied by bedrooms, living 

rooms or service. It is almost entirely closed to defend against hot and alien invasions. 

This part of the house combines two important aspects of everyday life: the public and 

private sphere of family playing an antithetical but, at the same time, symbiotic role.  
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The rooms enclose themselves the sphere of private: the rooms of the women 

separated from those of the men: beautiful places without large openings; introverted 

rooms reflecting the unique character of the Cairo house and where tranquility and 

privacy are guaranteed by the architectural complex. These concepts are well 

represented in the most characteristic room of the house: the qa'a. Depending on the 

circumstances, this space can be used for family meetings, receptions.  

1.6- Structural Elements 

Traditional materials and methods of construction in historic traditional 

buildings cover a vast range, but many materials and methods can be confined to 

specific geographical areas because they were sourced from their immediate locality. 

Distinctive buildings resulted from this diversity of methods. However, a common 

feature of most historic traditional buildings is that they contain soft, weak or 

permeable materials, such as lime mortars, plasters, renders and paints. There is a 

considerable diversity of materials and methods found in historic buildings. In 

addition to the most common forms of structures, stone walls built in lime mortar with 

slate covered pitched roofs are seen as the principal building method (Urquhart 2007). 

The structural performance of a masonry wall structure can be understood 

provided the following factors are known: 

 geometry; 

 characteristics of its masonry texture, single or multiple-leaf walls, connection 

between the leaves, joints empty or filled with mortar, physical, chemical and 

mechanical characteristics of the components bricks, stones and mortar. 

 Characteristics of masonry as a composite material (Chronopoulos et al. 

2012). 
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1.6.1- Walls  

Walls in historic traditional masonry can be classified to one of three types: one leaf 

solid wall, two leaf solid wall, and three leafs solid wall (Vasconcelos et al. 2006). 

Although traditional masonry walls can be viewed as unsuitable structures to undergo 

seismic actions, they, in fact, exist and frequently represent the most important 

structural elements of ancient buildings. In fact, unreinforced stone masonry walls 

were, in the past, widely used in the construction of monumental and traditional 

buildings (Binda et al. 2000). 

Walls in historic traditional masonry are generally uniformly distributed in 

both orthogonal directions with a wall thickness ranging from 400 mm to 700 mm. A 

lot of walls in historic traditional masonry are made of rubble stone in mud/lime 

mortar; these walls are built by local builders or by owners themselves, most of them 

not having any formal training. The quality of construction in urban areas is generally 

superior to that found in rural areas (World Housing Encyclopedia No 16). 

The building materials used in the construction of the walls depend on what is 

locally available. The most common walling material is undressed rubble stone and 

the second most common is semi fired and fired brick. The stonework is occasionally 

exposed, but more often it is protected, at least by layers of lime wash but, usually 

there is also one coat of plaster or more, as shown in Fig. 1.51. Semi fired and fired 

bricks were always available but, until they could be mass produced, they were not 

commonly used, either because they were very expensive or due to the nature of 

Athens land which has many mountains. Early bricks were made with local clay and 

usually fired on site in a purpose built clamp. These bricks were thin, very much like 

the bricks made by the Romans, often as little as 60 mm in depth. 
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Stone masonry walls can be classified into three types: un-coursed random 

rubble stone, un-coursed semi-dressed stone, and dressed stone as shown in Fig. 1.46. 

This classification is based on the type of stone, extent of shaping, and the layout, 

where these walls are constructed from stone boulders bonded together with mortar; 

and the differences in stone masonry wall construction also depend on economic 

factors, the availability of quality construction materials, and artisan skills and 

experience (Bothara and Brzev 2011). 

 

 

 

 

 

 

 

 

Figure 1.51 Traditional masonry wall construction details: wall un-coursed "random rubble 

stone masonry"; semi-dressed stone wall; wall with an exterior Wythe built using wedge-

shaped dressed stone (Bothara and Brzev 2011) 

In many instances, the exterior walls of the building are constructed first and 

the interior walls are constructed later without any connection. Rooms in these 

buildings are generally small and there are few small wall openings. From the 

architectural point of view, masonry offers advantages in terms of great flexibility of 

plan form, spatial composition and appearance of external walls for which materials 

are available in a wide variety of colours and textures. Complex wall arrangements, 
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including curved walls, are readily built without the need for expensive and wasteful 

formwork (Emeritus 2001). 

Stone masonry walls are constructed with the use of a variety of mortars, such 

as mud, lime, or cement/sand mortar. Mud and lime mortars are considered to have 

low strength. When cement mortar is used, the cement-to-sand ratio is 1:6 or leaner. 

In some areas, cement mortar has replaced other types because of its increased 

affordability and availability. The use of cement mortar does not necessarily imply an 

increase in wall strength, so it often creates a false sense of security in terms of 

expected superior building performance. 

i) Un-coursed Random Rubble Stone Masonry wall 

Stone boulders from various sources, including river stones, field stones, and quarried 

stones, are used for stone masonry construction, where river stones or field stones are 

often used in their natural round or irregular forms as shown in Fig. 1.50; this is 

especially the case when the materials, expertise, or labour required to shape these 

stones is difficult to find or excessively expensive. Alternatively, an artisan stone-

cutter can shape stones to produce semi-dressed stones, which have at least one 

exterior flat surface (wedged stone), as shown in Fig. 1.52. In some cases, stones can 

be fully dressed into regular shapes to better suit construction (Bothara and Brzev 

2011). 

Stones used for this type of construction are irregular shape, including small or 

medium-size river stones, smooth stone boulders with rounded edges, or stones from 

quarries. Sometimes, these round stones are usually laid in mud or lime mortar. The 

walls consist of two Wythes and the space between the Wythes is filled with mud, 

small stones and pieces of rubble. Wall thickness is usually of the order of 600 mm, 
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but it can be excessively large up to 2 m. In many instances, the exterior walls in the 

building are constructed first and the interior walls are constructed later without any 

connection. Rooms in these buildings are generally small and there are few small wall 

openings (if any) (World Housing Encyclopedia No 16|). 

 

 

 

 

 

 

 

Figure 1.52 Round stone boulders used for traditional stone masonry and semi-dressed stones 

ready for wall construction (Bothara and Brzev 2011) 

ii) Un-coursed Semi-Dressed Stone Masonry wall 

This construction type is similar to random rubble stone masonry in that there are two 

external wall Wythes and an interior filled with rubble. However, in the case of semi-

dressed stone masonry, the exterior Wythes are dressed. As a result, the construction 

has a better appearance, although its seismic performance may not be significantly 

improved.   

Figure 1.53 Un-coursed semi-dressed stone masonry walls (Bothara and Brzev 2011) 
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Fig. 1.53 show examples of un-coursed semi-dressed stone masonry, in some regions 

of the world, timber or brick bands are used to enhance the wall stability in both un-

coursed random rubble and semi-dressed masonry. 

iii) Dressed Stone Masonry wall (Ashlars Masonry) 

Dressed stone masonry is constructed during the use of stones of regular shape that 

look like solid blocks, as shown in Fig. 1.54. Stones with a rectangular or square face 

are also called ashlars. Dressed stone masonry can be found in Europe. It should be 

noted that some types of stone are easier to shape than others. For example, the 

widespread use of dressed stone masonry in Also; in this type of walls, they used tuffs 

(rocks formed from volcanic ash), which are relatively easy to shape. Mortar in 

dressed stone masonry walls is usually of poor quality. The thickness of dressed stone 

masonry walls is less than other types of stone walls, in the range of 300 to 600 mm. 

 

 

 

 

Figure 1.54 Dressed stone masonry: an isometric view of a typical wall, and an exterior of a 

wall 

Multiple-leaf walls are frequently found in historic traditional masonry walls. 

They usually consist of two or three leaves made up of different materials such as 

limestone, brick or rubble masonry in Cairo (see Fig. 1.53) in historic traditional 

houses in Athens the three leaves walls were built with ruble marble, limestone, 

bricks, and Volcanic stone (if any), using mortar  with lime, mud, and pozzolans. 



Damage assessment and rehabilitation of historic traditional structures                                    

59 
Civil Engineering, EMΠ, NTUA (2015) 

 

Figure 1.55 The three leaves walls in historic traditional masonry buildings 

1.6.2- Floor and Roof Structures 

Floor and roof structures in historic traditional masonry construction utilize a variety 

of construction systems and materials. The choice is often governed by the regional 

availability and cost of materials, and local artisan skills and experience. Floor and 

roof systems include masonry vaults and timber joists or trusses. Floor structures in 

towns and historic centers have timber joists at the upper floor levels. Timber joists 

are usually placed on walls without any physical connection (World Housing 

Encyclopedia No 16). 

 Timber floor construction may be in the form of wooden beams covered with 

wooden planks, ballast fill, and tile flooring, as shown in Fig. 1.56. A timber floor 

structure overlaid by planks and bamboo strips is also common, in hot climate 

regions, a thick mud overlay is provided on top of the roof for thermal comfort. In 

most cases, timber joists are placed on top of walls without any positive connection; 

this has a negative effect on seismic performance (Bothara and Brzev 2011). 
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Figure 1.56 Typical floor constructions with wooden beams and planks, ballast fill, and tile 

flooring (Bothara and Brzev 2011) 

However, in some instances, particularly in earlier roofs, timber roofs were 

framed, that is to say, their members were joined together and braced so as to form a 

rigid structure very much like a boat turned upside-down that only needed vertical 

support, all other forces being sustained by the frame; but some original roof members 

were seriously undersized, especially in the periods when timber was in particularly 

short supply. Framed roofs generally had numbered joints. If the numbers don't 

coincide, then the timber is probably re-used from an older roof. In early roofs, the 

timber was split, and axed with a minimum of sawing. The faces left by machine 

sawing are quite different in appearance from hand sawn surfaces. Early roof timber 

pegged together; only later roofs have nails and screw fixings. In early roofs the lower 

rafter ends are held in place by being built into the head of the wall, whereas in later 

roofs there is a timber wall plate 

The suspended floors found in most domestic buildings are single floors 

consisting of one set of timber joists, called common joists or bridging joists. In such 

buildings, the joists span the full distance between the bearing walls with the ends 
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supported by wall plates, either bracketed off the wall or built into the supporting 

masonry. In floors of a wider span, one or more beams or binders run from wall to 

wall to carry the joists, with the beam ends supported by the bearing wall. In the 

largest floors heavy beams or girders run between supports and carry a series of 

binders which in turn carry the joists as shown in Fig. 1.57 

In medieval floor construction, fairly shallow butt-jointed boards were often 

let into rebates running along the upper edges of large section joists. The continuous 

floor finish was formed of boards and the exposed parts of the joists and the floor may 

well have been left open to view from the underside, and decorated in higher status 

buildings. Later floors were simpler, with plain or square edged boards laid over the 

joists at right angles to provide a continuously boarded upper surface. This is the most 

common type of suspended floor, found in most buildings of the 18
th

, 19
th

 and early 

20
th

 centuries. Floorboards were generally secured by cut nails called floor brads, 

usually twice the thickness of the board in length, nailed through, about 25mm from 

each edge of the boards. For top nailed boards, the most common method was two 

nails driven through each board over every joist junction, including two nails at the 

ends.  

The character of the floorboards, including their surface finish or patina, their 

deflection and undulation with the movement of the structure, and their fixing and 

jointing pattern, will all contribute to the overall character and historic interest of a 

building. In historical buildings one can distinguish three types of floors: caisson, 

double and single frame floors. The knowledge of the structural complexes in these 

sources is based on the arrangement of the timber elements (dimensions and lying 

out) forming the structure with operations aimed at improving the structural 

performance at the actual state of preservation of the handwork.  
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Figure 1.57 Double timber frame floor 

Generally, in the historic treatises, they are defined as floor of length equal to 

the width of the room to be covered and it is further classified as simple floor made of 

beams set according to the width of the room at a close distance between centers of 

the roof with a superposed deck and a compound floor of main beams always placed 

along the short side of the room and by secondary beams laid out orthogonally with 

respect to the first and to the deck. In relation to the dimensioning of the simple floor 

beams, Scamozzi (1615) supplies indications on the basis of specific proportional 

ratios in function of the beams' clearance: heights equal to 1/24 or 1/30 of the span, 

bases 1/4 or 1/3 to the height and pitch equal to the height of the beam; furthermore, 

Scamozzi emphasizes two recommendations: "…use the same type of timber for all 

the beams used for the floor and set the beams at the correct distance, because, in 

case the beams are too close, their weight and the resulting excessive holes will 

weaken the masonry, while, on the other hand, in the case of beams too spaced, their 

increased deflection could provoke cracks in the floor above". 
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Toward the end of 1800, the practice of laying out simple floors in rooms with 

a width of less than 3 m and double floors in rooms with a width between 3 and 6 m 

appears to have been well established: for simple frame floors, the proposed distance 

between  the floor centers ranging from 40 cm to 50 cm, while for compound floors, 

the main beams distance from the centre ranging between 2 m and 3 m and 40 cm to 

50 cm for the secondary beams (Cestari and Di Lucchio 2001). 

1.6.2.1- Gabled roof 

A gabled roof is a double-pitched roof finished at each end with a gable wall. A range 

of materials was employed to construct and cover roofs in historic traditional houses. 

Archaeological evidence suggests that the earliest roofs used rough timber, even 

branches, covered with a variety of locally available materials such as thatch and 

plants branches.  

The structure and form of roofs, and the materials with which they were built, 

changed over the centuries in response to both developing construction technology 

and architectural fashion. Medieval tower houses were generally constructed with 

thick masonry walls supporting heavy oak-beamed roofs. The roofs of tower houses 

were typically concealed behind stepped parapets, with wall walks, from which 

rainwater was thrown clear via projecting stone spouts.  

          Under the influence of the architectural ideas of the Renaissance, the form of 

the roof came to be seen as integral to the overall composition. Roof dormers became 

common and were designed to read as part of the fenestration pattern of the entire 

façade. On more substantial structures, the roof profile was enhanced by decorative 

corbels and pediment fronts. Seventeenth-century roof profiles tended to be steeply 

pitched to ensure a fast flow of water off the small slate or tile cover. Plain (flat) and 
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double-curved clay tiles, or ‗pantiles‘, were commonly used. The use of slate at this 

time was limited to prestigious buildings. (Donnelly 2010) 

1.6.2.2- Gabled Roof Structures and Materials 

The shape and appearance of a traditional roof were determined primarily by the 

properties of the materials chosen to construct and to clad the roof. However, 

architectural fashions and styles also played a role and influenced the final roof form. 

Other important components of the traditional pitched roof – the ridge, the verge and 

the eaves – could be built and assembled in many ways, giving rise to the myriad of 

different forms found in traditional roofs. The capability of the chosen structural 

material to span between supports dictated not only the shape of the roof, but also the 

overall depth and dimensions of the building. Traditionally, timber was the most 

common structural material used in roofs and the shape and proportions of these roofs 

were based on the span of the timbers between supports, usually load-bearing walls 

(see Fig. 1.58). 

Figure 1.58 Terms used to describe the elements of the roof (Donnelly 2010)  
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The pitch, or slope, of a roof was determined both by the characteristics of the 

cladding material to be used and by architectural type. Different cladding materials 

are required to be laid at different pitches if they are to provide a watertight roof that 

will counteract wind pressure and avoid becoming saturated by rainwater.  

The roof pitch may range from a steep 60 degrees on some seventeenth-

century buildings to a shallow 30 degrees or less on eighteenth-century roofs designed 

to be concealed behind a parapet, but is commonly between 40 – 45 degrees on slate 

roofs. Clay tile (Aramid) can tolerate being laid at a shallower pitch, as low as 22.5 

degrees for interlocking tiles and pan tiles.  

Figure 1.59 Some typical roof forms 

The most common form of traditional roof is the double-pitched or ‗A-framed‘ 

roof. The rafter pairs were usually tied with horizontal tie beams. Ceiling finishes, if 

applied at all, were fixed directly to the underside of the rafters and tie beams. 

Although a simple double pitch is the most common form of roof found, roofs may 
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vary from a single, or mono, pitch to more complex arrangements. In the eighteenth 

century, the desire to reduce the visual prominence of the roof led to the use of two 

double pitched roofs, each with a shallow pitch, forming a double ‗A‘ profile with a 

central valley, thus reducing the overall span and the height of the roof.  

Traditional roof construction evolved to commence with the laying of a sawn 

timber wall plate along the wall tops to provide a good horizontal bed off which to 

build the roof. This wall plate was usually, but not always, located at the inner face of 

the wall and also served to distribute the weight of the roof evenly along the wall. To 

achieve a continuous and secure wall plate, lengths of timber were scarf jointed and 

bedded in lime mortar and were frequently secured with timber ties or wrought-iron 

strapping.  

Sawn timbers were then laid in couples connected to each other at their apex 

and, from the early eighteenth century onwards, to a timber ridge board. These 

timbers, running from wall plate to ridge to support the roof cladding, are the rafters. 

Purlins, running between the rafters and parallel to the ridge, helped to stabilize the 

roof and reduce the span of the rafters. Collar ties were installed in many roofs, 

usually at mid-rafter span, but sometimes higher or lower, not only to help reduce any 

sag in the rafters but also to limit the outward thrust of the ends of the rafters, which 

would otherwise tend to push out the tops of the walls. Battens were often not used in 

these roofs and the flags were secured by nails hammered directly into rafters or 

purlins. Spans were kept to a minimum and rafters placed close together.  

Builders often used timber economically, developing techniques that reduced 

the need for large or long beams and skilled carpentry. Masonry cross walls were 

continued into the roof space, allowing for the use of shorter purlins supported 
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between the cross and gable walls. From the early-eighteenth century onwards, ceiling 

and floor construction was also simplified by using clear spanning joists. The 

advantage of this long joist form of construction was that it provided a particularly 

efficient and continuous tie between structural walls. The downside of these long 

spans coupled with the rather small sizes of joist chosen by many builders is that they 

tend to result in larger-than-satisfactory ceiling deflections. The structural timbers of a 

historic roof are frequently older than the roof covering, which may have been 

replaced, sometimes several times, in the course of the building‘s existence.  

1.6.3- Cantilevered Stairs 

There are many situations in the conversion of a historic building where existing stone 

or timber cantilevered stairs have to be retained and required to support increased 

loadings. Such stairs formed the principal staircase in many town and country houses 

and are thus important in defining the character of the building. While these stairs 

have passed the test of time and are structurally sound, engineers have been unable to 

provide detailed structural calculations to prove the ability of a stair to support 

increased imposed loads (Binda et al. 2000). 

There are therefore concerns about their real strength. While the ends of the 

steps are built into a masonry wall and the stone then cantilevered out, the stair does 

not act as a true cantilever as the load is transferred down through the steps to the 

lowest step and then to the supporting floor. Each tread carries the weight from above 

on its back edge and is supported under its front edge by the tread below. The bearing 

capacity of the wall (which is also subjected to out-of-plane moments), the condition 

of the masonry around the built-in end of each step (or landing), the bearing of one 

tread upon another and the strength of the supporting floor all contribute to the 

stability of the stair.  
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When assessing the strength of an existing staircase, the unknowns may include: 

 The strength of the stones of the staircase 

 The quality of the material of the supporting wall 

 The quality of the mortar between the treads 

 The way the staircase was built (i.e. tread on tread, or the whole flight on 

centering),  

 The vertical and horizontal support provided at the top and bottom of the 

flights, 

 The way landing slabs have been jointed. 

 The strength and stiffness of the handrail  

As a result, the only practical means of determining whether the stair has the ability to 

support the actual loads to be imposed, as a result of change in use, is to subject the 

stair to a load test (Urquhart 2007). 
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Concluding Remarks  

- A multi-disciplinary approach is obviously to damage assessment and 

rehabilitation of historic traditional masonry buildings requires the 

organization of studies and analysis in steps that are similar to those used in 

medicine, anamnesis, diagnosis, thereby and controls, corresponding 

respectively to the condition survey, identification of the causes of damage 

and decay, choice of the remedial measures and control of efficiency of the 

interventions. 

- Historic traditional masonry structures are the cultural reflections of a society; 

they create a strong link between the past and the present by describing the 

economic, social and technical situation of the ancestors of a society.  

- Historic traditional masonry are a form of architecture which makes use of 

local resources, both materials and construction techniques, skills and 

expresses the fundamental culture of different communities and their relation 

with nature and the landscape; it represents an important part of our cultural 

heritage.  

- It has become widely accepted to classify any buildings put up without a 

formal design process as traditional masonry, Their form, plan and method of 

construction simply follows tradition aspects. The most important 

characteristic of masonry construction is its simplicity, laying pieces of stone, 

bricks or blocks on top of each other, either with or without cohesion via 

mortar.  

- Traditional ways of building have evolved, one person learning from another. 

Changing circumstances have led to changing solutions whereas influences 

from other cultures have gradually been blended in. At any given point in 
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time, there have been shared values, shared customs, local materials and local 

ways to use them and the learning process has always been to build on the 

past.  

- Historic traditional masonry houses are found in urban and rural areas around 

the world. There are broad variations in construction materials and technology, 

shape, and the number of stories. Houses in rural areas are generally smaller in 

size and have smaller sized openings, on the contrary, houses in urban areas 

are often of mixed use - with a commercial ground floor and a residential area 

above.  

- Architectural typology is based on the repetition of a basic rectangular housing 

unit with flat roofing. The basic unit can be used to form a long single room 

house or it can be used to form a twin room house with a vaulted wall 

separating the two rooms and subsequently supporting the roof.  

- The process of housing development to form simple two stories house, the 

ground floor consists of two elongated rooms and the first floor consists of a 

single room, which covers only half of the ground-floor area. It was built by 

medium strength stone masonry. The roof is almost flat and was originally 

supported by wooden beams covered by earth to provide insulation.  

- Historic traditional houses includes various forms, which were developed in 

response to religious, cultural, and traditional factors along with the specificity 

of the local built environment. 

- Traditional urban residential masonry buildings in Greece are usually made of 

rubble (cobble) natural stones and a large volume of low strength lime 

mortars, while their floors/roofs are made of timber elements. 
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- Historic traditional houses in Athens are typically found in flat (individually), 

sloped and hilly terrain. They do not share common walls with adjacent 

buildings. The typical separation distance between buildings is 5 meters and 

more as a rule when separated from adjacent buildings, the typical distance 

from a neighboring building is 5 meters. 

- Historic traditional house in Athens has at least eleven openings per floor, of 

an average size of 3.5 m² each. The estimated opening area to the total wall 

surface is 18%. This is relevant to the resistance of this type of building. The 

main function of this building typology is single-family house. It is very 

common to find these historic buildings used for commercial purposes.  

- In traditional buildings in Athens, large limestone were used at the corners, 

where larger stress concentrations tend to develop, in order to provide an 

appropriate connection between wall panels. 0n the other hand timber ties are 

widely used, builders always used timber as reinforcement in the form of 

timber ties at many levels within the height of the walls.  

- in addition to stone and timber steel connections used in traditional masonry in 

Athens to connect roofs with walls, this type of technique use steel bars in 

order to achieve good connection between walls and walls, or between walls 

and floors or roofs 

- Historic Cairo is an urban ensemble that extends from street to alley to lane 

and covers a large number of historic buildings range from religious structures 

such as mosques and churches, to residential structures such as palaces and 

houses (manazels).  

- Traditional dwellings were an integral part of the traditional urban fabric of 

Cairo city. The houses of rich and poor were adjacent within the neighborhood 
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unit, without caste or social discrimination, whether in the form of a housing 

unit or external processors of these houses. However, a common feature of 

most historic traditional buildings is that they contain soft, weak or permeable 

materials, such as lime mortars, plasters, renders and paints.  

- The environmental and morphological characteristics of the site determine the 

shape and orientation of historic traditional houses in Cairo, the characteristic 

of the structure, of the wrapper, of the distribution as in the case of the 

openings covered with panels made of wooden grids to protection of the 

privacy of the house from the outside.  

- Walls in historic traditional masonry are generally uniformly distributed in 

both orthogonal directions with thickness ranging from 400 mm to 700 mm, 

made of undressed rubble stone and semi fired and fired brick in mud/lime 

mortar and most of them have not any formal training.  

- Stone masonry walls can be classified into three types: un-coursed random 

rubble stone, un-coursed semi-dressed stone, and dressed stone 

- Floor and roof structures in historic traditional masonry construction utilize a 

variety of construction systems and materials. The choice is often governed by 

the regional availability and cost of materials, and local artisan skills and 

experience. Floor and roof systems include masonry vaults and timber joists or 

trusses. Timber joists are usually placed on walls without any physical 

connection 

After that and according to the methodology of rehabilitation of historic building it 

must be study and identify the deterioration phenomena and deterioration factors in 

historic traditional masonry buildings. 
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INTRODUCTION 

 
Before starting work on the conservation and restoration (rehabilitation) of historic 

masonry buildings, we must first stand on the damage phenomena and its causes in 

these buildings (Mills 1998). Thus understanding the causes of damage is deemed to 

be the first step in the conservation and restoration processes adopted for historic 

masonry buildings (Honeyborn1998)
.
 

When dealing with a historic building, it is important to think of the building 

as an integral part of environmental system, not as an amalgam of separate elements 

that function independently of each other (Urquhart 2007). When thinking of the 

damage processes or damage mechanisms, the essence of it is the interaction between 

the building and the surrounding environment; in fact, it has been confirmed that the 

continuous changes of the surrounding environment plays an important role in the 

historic masonry buildings deterioration (Sharma and Maitis 1995).   

In historic traditional masonry buildings, structural and architectural damage 

occurs when the stresses due to the action or effect of external forces exceed the 

strength of the materials at locations of the structural elements parts significant for 

structural integrity, either because the actions/forces themselves increase beyond 

expected limits or because of building materials deterioration. Substantial changes in 

the structure, including partial demolition, occur due to the acting forces and the type 

of construction materials used. Brittle material failure occurs in the form of cracking 

without any warning due to their low deformability, while ductile materials exhibit 

considerable deformation before failure, thus providing ample warning of the 

impeding collapse (ICOMOS 2003) 
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Historic massive masonry structures frequently exhibit very typical mechanical 

deterioration phenomena such as the formation of vertical cracking and the local 

detachment of the outer wythes or layers in the case of multiple-leaf walls. Such types 

of damage may occur due to various causes such as, seismic action, foundation 

settlement, overloading due to structural modifications (e.g. added storey or change in 

the use of the building) chemical, physical and mechanical degradation of building 

materials.  

It has also been found that high dead loads can activate time dependent 

phenomena (creep), which result in overloading the load bearing elements due to 

internal stress redistribution, which may lead to sudden failures without any warning 

in the form of crack extension and widening (Valluzzi et al 2005).  

To this end, the investigation of the causes of damage of historic traditional 

masonry is important for reducing damage rates or for minimizing damage. Moreover, 

it is a prerequisite in restoration to develop data bases will suitable alternative 

materials for avoiding past mistakes (Honeyborn 1998)
.
  Dov (2004) has classified the 

deterioration of historic buildings in terms of unpredictable actions, such as, 

earthquakes, fires, etc, design faults, change and conversion, building materials, 

workmanship, and inspection/maintenance.  

2.1  Earthquakes 

Earthquake is one of the nature's greatest hazards to human life and property. It poses 

a unique engineering design problem. An intense earthquake constitutes a severe 

loading to which most civil engineering structures are likely to be subjected during 

their service life. (Shrestha 2008) 
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2.1.1 Earthquake Causes  

Most earthquakes are caused by rock movement along rupturing faults located in the 

earth‘s crust.  On a global scale, the earth‘s crust is divided into separate sections 

known as plates. Major faults are typically located at plate boundaries.  However 

faults move or ―slip‖ when shear stresses deep underground exceed the ability of the 

compressed faulted rock to resist those stresses.  

Fault slip can move the nearest ground surface vertically, laterally, or in some 

combination. When this slip occurs suddenly, it causes seismic shock waves to travel 

through the ground, similar to the effect seen when tossing a pebble onto the surface 

of still water.  These seismic waves cause ground shaking that is felt during an 

earthquake. Ground motion contains a mix of seismic waves having two primary 

characteristics as shown in Fig. 2.1; one is the wave amplitude, which is a measure of 

the size of the wave.   

 

 

 

 

 

Figure 2.1 Cyclic waves of constant amplitude and period (Arya et.al, 2012) 

The other is its period, which is measure of the time interval between the 

arrival of successive peaks or valleys, known as one cycle. This concept of time 

measurement can also be expressed as frequency, which refers to the period, i.e. one 

period, and it describes the number of cycles occurring per second, everything in the 

path of a seismic wave will be shaken.   
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However, the amount of ground motion at any given location depends on three 

primary factors; the first factor is the distance between the site and the source location 

of the earthquake, known as the focus or hypocenter.  The shallower the focus, the 

stronger the waves will be when they reach the surface. The second factor is the total 

energy released from the earthquake. The last of the three primary factors is the nature 

of the soil or rock at the site: generally, sites with deep soft soils or loosely compacted 

fill will be more strongly shaken than sites with stiff soils, soft rock, or hard rock (Atc 

1997)
 
  

Earthquake studies have almost invariably shown that the intensity of a shock 

is directly related to the type of soil layers supporting a building. Structures built on 

solid rock and firm soil frequently perform far better than buildings on soft ground. 

Also, buildings on sites with flat and even topography are usually less damaged 

during an earthquake than buildings on ridges, in narrow valleys, and on steep slopes 

as shown in Fig. 2.2 (Arya et al 2012).
 
 

 

 

 

 

 

 

Figure 2.2 Common terms and factors affecting shaking intensity at a given site (Arya et al 

2012). 

Besides the above factors, there are other factors affecting damage, such as the 

following: 
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 Building configuration: An important feature is regularity and symmetry in the 

overall shape of the building. A building shaped like box, rectangular both in 

plan and elevation, is inherently stronger than a L or a U-shaped, such as a 

building with wings. An irregularly shaped building will twist as it shakes, 

thus suffering more damage. 

 Opening size: In general, openings in walls of the building tend to weaken the 

walls, and the fewer the openings the less the damage suffered during an 

earthquake.  

 Stiffness distribution: The horizontal stiffness of a building along its height 

should be uniform. Changes in the structural system of a building from one 

floor to the other will increase the potential for damage, and should be 

avoided. Columns or shear walls should run continuously from foundation to 

the roof, without interruptions or changes in material. 

The horizontal ground motion is similar to the effect of horizontal force acting on 

the building; hence the term ―seismic load‖ or ―lateral load‖ is used. As the base of 

the building moves in an extremely complicated manner, inertia forces are created 

throughout the mass of the building and its contents as shown in Fig. 2.3. These 

reversible forces cause the building to move and sustain damage or collapse. 

An additional and uplift effect is caused on slabs, beams, cantilevers and columns 

due to vertical vibrations, which may cause damage. Being reversible, at certain 

instants of time, the effective load increases, at others, it decreases. Earthquake loads 

are dynamic and impossible to predict precisely in advance since every earthquake 

exhibits different characteristics. The following equivalent lateral force F is used for 

seismic design as the product of the mass of the structure m and the acceleration        
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a, - F = ma = eW - where e is the seismic coefficient and W is the weight of a building 

including its contents. 

 

 

 

 

 

Figure 2.3 Inertia forces caused by the earthquake ground motion (Arya et.al, 2012) 

The inertia forces are proportional to the mass (or weight) of the building and 

only building elements or contents that possess mass will give rise to seismic force on 

the building. Therefore, the lighter the material, the smaller will be the seismic force 

(Arya et al 2012). 

2.1.2- Earthquake Effects on historic traditional masonry                   

It is said that "Earthquake damage is the mother of earthquake engineering" and that 

provides a good opportunity for learning from the observation of damage (Boen. 

2001). Observation of structural performance of buildings during and after earthquake 

shaking can clearly identify the strong and weak aspects of the design, as well as the 

desirable qualities of materials, techniques of construction and site selection: the study 

of damage provides an important step in the evolution of strengthening measures for 

different types of buildings (Boen 2001).  

The Mediterranean and Balkan area is greatly exposed to seismic hazards. 

Consequently, its cultural building heritage is strongly susceptible to undergo severe 

damage or even collapse due to earthquake. The constructions mostly exposed to 

seismic risk are the historical and monumental ones, since in many cases they are not 
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endowed with basic anti-seismic features and/or no seismic retrofit has been applied 

to them (Mazzolani 2008)  

Ground shaking is the principal cause of earthquake-induced damage; as the 

earth vibrates, all buildings on the ground surface respond to that vibration in varying 

degrees. Earthquake induced accelerations, velocities and displacements can damage 

or destroy a building. Seismic design loads are extremely difficult to determine due to 

the random nature of earthquake motions (Arya et al 2012).  

Shape or configuration is another important characteristic that affects building 

response, Earthquake shaking of simple rectangular buildings results in a fairly 

uniform distribution of the forces throughout the building, whereas in T- or L -shaped 

buildings, forces concentrate at the inside corners to those shapes. Similar problems 

arise when building floor or roof levels offset vertically (split levels), or when the first 

storey is taller or ―softer‖ than the others.  Irregularly shaped buildings, shown in Fig. 

2.4 are subject to special design rules because otherwise they can suffer greater 

damage than regularly shaped buildings
.
 (ATC 1997)  

 

 

 

 

 

 

Figure 2.4 Different buildings shapes or configurations (ATC 1997) 
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Relative poor seismic performance of some traditional building systems is the main 

reason of failure to many masonry structures in seismic zones. In addition to the poor 

physical properties of building materials. As a consequence of this, masonry is widely 

thought to be unsuitable to comply with performance-based requirements in 

seismically prone regions (Toranzo et al 2001).  

Most of the structural failures in traditional building masonry which was 

observed in past earthquakes were associated with deficiencies in the structure as 

built, whether caused by design, by lack of supervision, or poor physical properties of 

materials, poor workmanship (Boen 2001), so the extremely unsatisfactory degree of 

seismic protection is clearly apparent. Degradation in material, lack of appropriate 

maintenance and absence of elementary anti-seismic provisions are the clear reasons 

of the very large number of the collapses, particularly in old masonry structures, that 

occurred during earthquakes (Mazzolani 2008)
.
 

It has been proven that all of the old historic traditional stone masonry 

buildings tend to be at greater seismic risk than comparable new buildings, not only 

because they have been designed with minor or no seismic loading requirements, but 

also because they are not capable of dissipating energy through large inelastic 

deformations during an earthquake (Bruneau1994). Table 2.1 shows the factors 

influencing the seismic vulnerability of historic masonry buildings. Damages, which 

are frequently attributed to earthquake, have different causes and may have occurred 

due to excessive dead load or soil settlements, or simply due to lack of maintenance 

(Binda et al2006).  

The structural damage assessment of historic traditional masonry due to 

earthquake indicates the following types of failures: 
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1- Total collapse of the traditional building as shown in Fig. 2.5  

2- The destruction and collapse of load bearing walls  

3- The deep fissuring in the load bearing walls 

4- Vertical or shear cracks to the walls as shown in Fig. 2.6 

5- The collapse of internal walls  

6- The destruction of floors  

7- The destruction of roofs as well as stairs 

Table 2.1 Factors influencing the seismic vulnerability of historic masonry buildings 

(Magenes 2006). 

 Higher vulnerability Lower vulnerability 

i) Insufficient quality of materials 

(poor mortar, weak/brittle units), 

poor ―internal connection‖ of 

masonry (uncoursed irregular 

rubble stones, multi-leaf masonry 

with no transverse connection…). 

Regular and robust units, good bond and 

interlocking of units, masonry behaves 

monolithically through the whole 

thickness of the wall. 

ii) Very slender walls (out-of-plane 

instability) 

Limited slenderness of walls; restraints 

to out of- plane failure 

iii) Lack of efficient connections 

among walls and between walls and 

horizontal structures, lack of 

structural redundancy 

Good interlocking at wall intersections, 

presence of tie rods and ring beams at 

each floor (and roof) level to favor ―box 

action‖, efficient floor-to-wall 

connections which reduce stress 

Concentration. 

iv) Floors do not provide diaphragm 

action 

Sufficiently stiff and resistant 

diaphragms to provide restraint to out-

of-plane vibration of walls, to increase 

structural redundancy and favor internal 

force redistribution. 

v) Presence of horizontal thrusts (e.g. 

from roof or arched or vaulted 

structures) equilibrated only by out 

of- plane resistance of structural 

walls 

Horizontal thrusts are reacted by in-

plane action of strong walls/buttresses or 

by suitable 

structural elements (ties, floor 

diaphragms…) to form a ―closed‖ self 

equilibrating system 

vi) Excessive unsupported floor spans, 

widely and irregularly spaced walls 

Limited floor spans, regularly spaced 

shear walls in at least two orthogonal 

directions 

vii) High structural and non structural 

masses and low 

material strength 

Masses and weights produce a low 

stress/strength ratio 

viii) Structural irregularity in plan 

(torsion effects, stress 

concentrations) and in elevation 

(inefficient load path, stress 

concentrations) 

Regular structure, sufficient torsion 

resistance, 

Regular path of forces from upper 

structure to foundation. 
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Table 2.2: Earthquake intensity and the typical observed effects  

Earthquake 

intensity 

Vibration 

intensity 

Definition (Description of typical observed effects 

(abstracted)) 

I Not felt Not felt (Recorded by seismographs) 

II  Micro (Scarcely 

felt) 

Micro earthquakes. Felt only by very few sensitive individual 

people at rest in houses. Recorded by seismographs 

III Weak Felt indoors by a few people. People at rest feel a swaying or 

light trembling. 

IV Largely observed Felt indoors by many people, outdoors by very few. A few 

people are awakened. Windows, doors and dishes rattle. 

V Strong Felt indoors by most, outdoors by few. Many sleeping people 

awake. A few are frightened. Buildings tremble throughout. 

Hanging objects swing considerably. Small objects are 

shifted. Doors and windows swing open or shut. 

VI Slightly 

damaging 

Many people are frightened and run outdoors. Some objects 

fall. Some houses suffer slight non-structural damage like 

hair-line cracks and fall of small pieces of plaster. 

VII Damaging Most people are frightened and run outdoors. Furniture is 

shifted and objects fall from shelves in large numbers. Many 

well built ordinary buildings suffer moderate damage: small 

cracks in walls, fall of plaster, parts of chimneys fall down; 

older buildings may show large cracks in walls and failure of 

fill-in walls. 

VIII Heavily 

damaging 

Many people find it difficult to stand. Many houses have 

large cracks in walls. A few well built ordinary buildings 

show serious failure of walls, while weak older structures 

may collapse 

IX Destructive General panic. Many weak constructions collapse. Even well 

built ordinary buildings show very heavy damage: serious 

failure of walls and partial structural failure. 

X Very destructive Many ordinary well built buildings collapse. 

XI Devastating Most ordinary well built buildings collapse, even some with 

good earthquake resistant design are destroyed. 

XII Completely 

devastating 

Almost all buildings are destroyed. 
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 Figure 2.5 Total collapse of construction           Figure 2.6 Typical wall cracking (Abdessemed 2003) 

2.1.3- Damage mechanism of historic traditional masonry  

Existing historic traditional masonry buildings, often do not satisfy basic construction 

design rules or requirements, for example, well-connected walls and floors and a 

proper horizontal stiffness of floors, the construction methods of common buildings 

in historic areas are often realized by following traditional codes/rules of practice 

and according to typologies (multi-material masonry, multi-leaf walls) and 

construction details (poor connection between intersecting walls, between walls and 

floors and even differences in the wall thickness layers). Such traditional 

practices, in some cases, lead to serious deficiencies for the stability and the safety 

under seismic actions (Abdessemed-Foufa 2003).
 

Thus, such types of 

buildings/masonry often have insufficient strength to resist earthquake forces in high 

and moderate seismic zones and lack the ability to dissipate energy (Dizhur et al 

2010). 

Historic traditional masonry buildings frequently have unsatisfactory behavior 

under seismic activity, due to the poor resistance of the masonry walls to tensile 

stresses and the presence of flexible wooden floors (Branco and Guerreiro 2011). 

Horizontal seismic forces are reversible in direction and structural elements such as 

walls, beams, and columns that bear only vertical loads before the earthquake have 
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now to carry horizontal, bending and shearing forces as well. When the bending 

tension due to an earthquake exceeds the vertical compression, net tensile stress will 

occur. If the building material is weak in tension such as brick or stone masonry, 

cracking occurs which reduces the effective area for resisting bending moment, as 

shown in Fig. 2.7, it follows that the building material strength in tension and shear is 

important for earthquake resistance. 

 

 

 

 

 

 

Figure 2.7 Stress condition in a wall element (Bothara and Brzev 2011) 

The excessive thickness of stone walls, often compounded by heavy floors or 

roof, account for the heavy weight of these buildings, thus resulting in significant 

inertia forces being developed during an earthquake. As a building material, stone 

usually has a significant strength when subjected to compression, and it is stronger 

than most other conventional masonry units (bricks and concrete blocks). However, 

when round, unshaped stones and low-strength mortar are used and artisan skills are 

at a low level, the resulting structures are extremely vulnerable (Bothara and Brzev 

2011). 

Therefore, in some historic traditional masonry, it has been observed that the collapse 

of the façade occurred due to the lack of connection between floors and walls or 

between walls themselves or detachment of the external layer of the wall due to 



Damage assessment and rehabilitation of historic traditional structures                                    

89 
Civil Engineering, EMΠ, NTUA (2015) 

 

the absence of good multi-layer connection and the collapse of the corner due to the 

excessive nearness of corner to the openings (see Fig. 2.8) (Abdessemed-Foufa 2003). 

Figure 2.8 Out-of-plane corner mechanisms of masonry building units located in the 

historical center of San Felice sul Panaro and Salerno building (Branco M., 2011, 

Augenti, N. 2007) 
 

Also horizontal bands are provided in the form of masonry lintel band and 

roof band, even if horizontal bands are provided, masonry buildings are weakened by 

openings in walls (as shown in Fig. 2.9). From past observations, it can be said that 

during the earthquake shaking all the elements of the building tend to move in the 

same and opposite or contrary direction, the roof tends to separate from the supports, 

the roof covering tends to be dislodged, the walls tends to tear apart and, if unable to 

do so, tends to shear off diagonally in the direction of motion, but arches and columns 

tend to tear and collapse
.
 (Magenes 2006) 

 

 

 

 

Figure 2.9 Sub-units in masonry building – walls behave as discrete units during earthquakes 

(Boen 2011) 

The shaking of a masonry pier can crush the masonry at the corners. Shaking 

is possible when masonry piers are slender, and when weight/load of the structure 
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above is small; otherwise, the piers are more likely to develop diagonal (X-type) shear 

cracking (as shown in Fig. 2.10) this being the most common type of failure in 

masonry buildings. During strong earthquake shaking, the building may slide just 

under the roof, below the lintel band, or at the sill level. Sometimes, the building may 

also slide at the plinth level (Boen 2001). 

Figure 2.10 Earthquake response of a hipped roof masonry building (Boen 2011) 

The seismic performance of an unreinforced masonry building depends on 

how well the walls are tied together and anchored to the floor and the roof; consider a 

simple building as shown in Fig. 2.11. When the walls are not connected at the 

intersections, each wall is expected to vibrate on its own when subjected to 

earthquake ground shaking (see Fig. 2.11a). In this situation, the walls perpendicular 

to the direction of the shaking (transverse walls) are going to experience out-of plane 

vibrations and are prone to instability, and possibly collapse when anchorage to the 

roof and transverse walls is not adequate. Walls parallel to the direction of the shaking 

(shear walls) are also susceptible to damage. When the walls are well connected, there 

is a rigid roof, and a horizontal ring beam (band) at the lintel level acts like a belt, the 

building is expected to vibrate as a monolithic box; that is a satisfactory seismic 

performance (see Fig. 2.11b). 
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Figure 2.11 Masonry building during earthquake shaking: a) loosely connected walls without 

slab at the roof level, b) a building with well connected walls and a roof slab (Bruneau 1994) 

It should be noted that a stone masonry building with a flexible roof may show 

good seismic performance provided that the walls are well connected and the roof 

maintains its integrity. During earthquake shaking, a band undergoes bending and 

pulling actions. A portion of the band perpendicular to the direction of earthquake 

shaking is subjected to bending, while the remaining portion is in tension Wall 

intersections are particularly vulnerable to earthquake effects due to significant tensile 

and shear stresses developing when seismic forces are transferred from walls B 

(transverse walls) to walls A (shear walls). As a result, vertical cracks develop or 

separation may take place at wall intersections as illustrated in Fig. 2.12. The most 

failure causes of historic masonry buildings failure are the following: 

Figure 2.12 Wall B properly connected to Wall A: Walls A (loaded in the strong direction) 

support Walls B (loaded in the weak direction) 
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i) Lack of Anchorage:  

In many unreinforced masonry (URM) buildings, there is a total absence of anchorage 

of the floor and roof to walls, the end of joists and beams, where the gravity system 

rest on the walls, being simply supported and, in most of these buildings, the walls are 

constructed around the supported beams, using a weak grout, so the exterior walls 

behave as cantilevers over the total building height. The risk of wall out-of-plan 

failure due to excessive flexural stresses at the base of the wall obviously increases 

with its height (Bruneau 1994). 

When an anchorage is not adequate, the walls perpendicular to the direction of 

the earthquake shaking move away from the floors and roof, and might topple 

outward; this is known as ―out-of plane‖ collapse, (see Fig. 2.13). On the other hand, 

some traditional buildings have timber roofs with rafters spanning two walls in a 

room, instead of spanning the full length of the building. As a result, the floor in each 

room behaves as an independent system, and it has a tendency to pull apart from the 

other floors during the strong ground shaking. This causes a partial or total collapse 

(Bothara and Brzev 2011)   

Figure 2.13 Inadequate wall-to-roof anchorages (Bothara and Brzev 2013) 
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ii) In-plan Failures: 

Excessive bending or shear may produce in-plane failure depending on the aspect 

ratio of the URM elements. For URM walls, shear in-plane failures are more 

common, as expressed by double-diagonal (x) cracking. Masonry facades with 

numerous window openings, spandrels and the short piers between spandrels may also 

fail in shear (Bothara and Brzev 2011).  

A typical masonry wall consists of piers between openings, plus a portion 

below openings (sill masonry) and above openings (spandrel masonry), as shown in 

Fig. 2.14a. When subjected to in-plane earthquake shaking, masonry walls 

demonstrate either rocking or diagonal cracking. Rocking is illustrated in Fig. 2.14b. 

It is characterized by the rotation of an entire pier, which results in the crushing of the 

pier end zones. Alternatively, masonry piers subjected to shear forces can experience 

diagonal shear cracking (X-cracking), as shown in Fig. 2.14c.  

Figure 2.14 In-plane damage of stone masonry walls: a) typical wall with openings; b) 

rocking failure, and c) diagonal shear cracking (Bothara. and Brzev 2011) 

Diagonal cracks develop when tensile stresses in the pier exceed the masonry tensile 

strength, which is inherently very low. This type of damage is typically observed in 
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the bottom story of a building. Several factors influence the in-plane failure 

mechanism of stone masonry buildings, including pier dimensions, wall thickness, 

building height, and masonry shear strength. (Bothara and Brzev 2011).  

iii) Out-of-Plane Failures:  

Joist-to-wall anchors provide out-of-plane support to the walls, if present in sufficient 

numbers and strength; these anchors will transform the out-of-plane behavior of the 

URM walls, from tall unrestrained cantilevers to shorter one-story-high panels 

dynamically excited at each end by the floor diaphragms. URM buildings are most 

vulnerable to flexural out-of-plane failure as shown in Fig. 2.15 (Binda et al 2006). 

Figure 2.15 Example of Out-of-plane collapse of a wall with tie beams, and roof hammering 

the masonry walls (Binda et al 2006) 

Out-of-plane wall collapse is one of the major causes of destruction in historic 

stone masonry buildings, particularly in buildings with flexible floors and roofs; 

overall building integrity is critical for the satisfactory seismic performance of stone 

masonry buildings. The connections between structural components are important for 

maintaining building integrity. Integrity is absent or inadequate when the walls are not 

connected at their intersections and there are no ties or ring beams at the floor and 

roof levels (see Fig. 2.16). 
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Figure 2.16 The effect of earthquake hazards on church of Santa Maria Maggiore (Pauperio 

E., et al 2012) 

In multi-story buildings, this type of collapse usually takes place at the top 

floor level due to the significant earthquake accelerations there, as shown in Fig. 2.17. 

When the walls are oriented orthogonally to the direction of earthquake shaking, the 

central areas of long walls are subjected to significant out-of-plane vibrations and may 

collapse. The inadequacy of connections between the cross walls and long walls is 

one of the key factors influencing out-of-plane wall collapse. Depending on the 

intensity of earthquake ground shaking, this failure mechanism is characterized either 

by vertical cracks developing at the wall intersections, or by tilting and collapse of an 

entire wall, (see Fig. 2.17) (Bothara and Brzev 2011). 
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  Figure 2.17 Simplified conceptual representation of out-of-plane seismic response 

2.1.4- Damage Mechanism to Historic Traditional Masonry Walls   

Load-bearing walls in historic traditional masonry suffered the greatest damage by 

earthquakes, because they have not any connection between the walls. Nevertheless, 

certain houses resisted the effect of horizontal earthquake forces; it is probably due to 

the good quality of construction techniques applied (Abdessemed-Foufa 2003). 

During earthquakes, walls vibrate laterally and tend to separate from the floors, the 

latter usually slipping off their support, leading to dramatic collapses, and this often 

occurred after major earthquakes, because they had insufficient strength to resist 

lateral earthquake forces in high and moderate seismic zones  (see Fig. 2.17) (Dizhur 

et al 2010).  

The length of the load-bearing walls is the most important factor for masonry 

building damage occurring during earthquakes. Excessive bending and shear may 

produce in-plane failures, depending on the aspect ratio of the unreinforced masonry 

elements. Many masonry buildings have suffered very significant wall damage in the 

form of double-diagonal shear cracks (X cracks), as shown in Fig. 2.18 (Boen 2001). 
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Figure 2.18 The form of double-diagonal shearcracks (Boen 2001) 

Although, this cracking seldom causes total collapse, it may become unstable leading 

to collapse when a full X crack occurs during an earthquake (Doğangün 2008). On the 

other hand, the accurate assessment of lateral load capacity of URM walls is difficult 

because of the complex in stone/brick-mortar interaction. Also during an earthquake   

different modes of failure of load bearing walls in masonry buildings are possible as 

shown in Fig.2.19 (Decanini et al 2004).  

 

 

 

 

Figure 2.19 In-plane failure modes of a laterally loaded URM wall: shear failure, sliding 

failure, and rocking failure (Decanini et al 2004) 

The worst defect of masonry wall is to be not monolithic in the lateral direction; this 

can happen, for instance, when the wall is made by small pebbles or by two external 

layers well ordered but not mutually connected and containing a rubble infill. This 

makes the wall to become more brittle, particularly when external forces act in the 

horizontal direction, the same problem can happen under vertical eccentric loads act 

(Bruneau 1994).  
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Figue2.20 Example of predictable mechanisms of collapse 

So it may be concluded that the disorders observed on the walls have their 

origins in the previous four-mentioned main causes: the bad quality of materials; the 

aging and the absence of maintenance; the bad implementation of masonry (quality of 

the code of practice); the absence of vertical and horizontal links to the connections of 

the load-bearing walls, between the load-bearing and partition walls and the heavy and 

insufficiently braced roofs and the result is partial or total collapsing to historic 

traditional buildings  (see Fig. 2.21). (Badoux et al 2003, Pauperio E., et al 2012).  

Figure 2.21 Cathedral of San Paolo during 2012 earthquake where: a- before collapse, b and 

c after collapsed by the earthquake (Pauperio E., et al 2012) 

In the following, we will discuss the effect of earthquake on the different kinds 

of historic traditional masonry walls 
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2.1.4.1- Free Standing Masonry Wall  

Consider the free standing masonry walls shown in Fig.2.22. We will see in 

Fig. 2.22a, the ground motion acts transversely to a free standing wall A and the force 

acting on the mass of the wall tends to overturn it; seismic resistance of the wall is by 

virtue of its weight and tensile strength of mortar and it is obviously very small. This 

wall will collapse by overturning under the ground motion, the free standing wall "B" 

fixed on the ground in Fig. 2.22b is subjected to ground motion in its own plane; such 

a wall is termed a shear wall.  

 

 

 

 

 

 

 

Figure 2.22 (a) Perpendicular force at upper end of wall A    (b) Unreinforced wall B with 

small  length to width ratio   (c) Wall B with moderate length to width ratio  (d) Wall B with 

long length to width ratio (Boen 2001) 

In this case, the wall will offer much greater resistance because of its large 

depth in the plane of bending. The damage modes of an unreinforced shear wall 

depend on the length-to-width ratio of the wall or aspect ratio of the wall. (Jack et al 

1984, Binda et al 2000). Wall A with small length-to-width ratio will generally 

develop a horizontal crack due to bending tension and then slide due to shearing. A 

wall with moderate length-to-width ratio and bounding frame will suffer diagonal 

cracking due to shearing as shown in Fig. 2.22c. A wall with large length-to-width 
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ratio, on the other hand, may develop diagonal tension cracks at its edges and 

horizontal cracks at its middle part as shown in Fig. 2.22d  (Binda et al 2000). 

2.1.4.2- Wall enclosure without roof  

Now consider the combination of walls A and B as an enclosure shown in Fig. 2.23. 

For a force acting in direction x as shown in the figure, walls B act as shear walls and, 

besides resisting the action of the applied force, they offer resistance against the 

collapse of wall A as well. As a result, walls A now act as vertical slabs supported on 

two vertical sides and the bottom plinth. Walls A are subjected to the inertia force of 

their own mass.  

 

 

 

 

 

 

Figure 2.23 Failure Mechanism of Wall Enclosure without Roof where: 1 ) Earthquake force    

2 ) Bending of Wall A  3 ) Bending cracks at ends of wall A (Boen 2001) 

Near the vertical edges, the wall will carry reversible bending moments in the 

horizontal plane where the masonry has little strength; consequently; cracking and 

separation of the walls may occur along these edges as shown in Fig. 2.23. It can be 

seen that walls B act as shear walls, walls A acting as flanges connected to the walls B 

forming a T shaped cross section. Thus, if there is good connection between walls A 

and B, the building will tend to act as a box and its resistance to horizontal loads will 

be much larger than that of walls B acting separately.  
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Most unreinforced masonry enclosures have very weak vertical joints between walls 

meeting at right angles due to the construction procedure involving toothed joint 

which is generally not properly filled with mortar. Consequently the corners fall and 

lead to collapse of the walls. It may also be easily imagined that the longer the walls 

in plan, the smaller will be the support to them from the cross walls and the lesser will 

be the box effect (Boen 2001, Jack et al 1984). 

2.1.4.3- Roof on Wall Enclosure  

Now consider a complete wall enclosure with roof on the top subjected to an 

earthquake force acting along x-direction as shown in Fig. 2.24. If the roof is rigid and 

acts as a horizontal diaphragm, its inertia will be distributed to the four walls in 

proportion to their stiffness.  

 

 

 

 

 

 

 

Figure 2.24 Roof on wall enclosure where 1- Earthquake forces (Boen 2001) 

The inertia of roof will almost entirely go to walls B since the stiffness of walls B is 

much greater than that at walls A in the x direction. In this case, the plate action of 

walls A will be restrained by the roof at the top and horizontal bending of wall A will 

reduce. On the other hand, if the roof is flexible, the roof inertia will go to the wall on 

which it is supported and the support provided to plate action of walls A will also be 

little or zero. (Boen 2001).  

 
 



Damage assessment and rehabilitation of historic traditional structures                                    

102 
Civil Engineering, EMΠ, NTUA (2015) 

 

2.1.4.4 Shear Wall with Openings  

Shear walls are the main lateral earthquake resistant elements in many buildings. For 

understanding their behavior, let us consider a shear wall with three openings as 

shown in Fig. 2.25. Obviously, the piers between the openings are more flexible than 

the portion of wall below (sill masonry) or above (spandrel masonry) the openings. 

The internal actions or forces which developed the horizontal seismic force are also 

sketched in Fig. 2.25.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.25- Deformation, cracks and stresses of a shear wall with openings (Boen 2001) 

The sections at the level of the top and bottom of opening are found to be the worst 

stressed in tension as well as in compression and those near the mid-height of piers 

carry the maximum shear. Under reversed horizontal loading, the sections carrying 

tensile and compressive stresses also reverse. Thus, it is seen that tension occurs in the 

piers of openings and at the corners of the walls (Boen 2001) (Jack et a 1984). 
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2.2- Change and conversion  

In a conversion, one of the key structural issues that are most likely to occur is an 

increase or change in loading conditions due to change of use. The fact that a building 

is historic does not remove the overriding requirement for public safety. However, 

this does not mean that the conversion should be carried out in a manner that will 

diminish the value and appearance of the building 

Typical changes that may affect the structural system as a result of conversion, 

some of which may result in collapse, include increased floor loads due to change in 

occupation, inadequate tying-in of floors and roofs to walls which may become more 

critical with increased loads, and increased loads on escape routes including stairs and 

landings. 

Few historic buildings, apart from those built for industrial purposes such as 

mills and warehouses, are capable of carrying large imposed floor loadings. It has 

often been the case that quite drastic structural strengthening has been designed into 

historic building conversions to accommodate design floor loads for change of use to 

offices. Existing historic stairs are another contentious structural issue, the structural 

capacity of many historic stairs, some constructed of stone steps and landings, 

ostensibly ‗cantilevered‘ out from supporting walls, cannot be confirmed by normal 

design calculation but are likely to be well capable of withstanding the superimposed 

loads likely to be encountered in a change of use conversion.  

Also, large walls which constructed from different kinds of material (such 

walls include cavity walls, rubble filled masonry walls and veneered brick walls) 

which have a poor quality core, not only may the core material be less capable of 

carrying load but it can also produce thrusts on the faces. In this type of masonry, the 
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external layers can separate from the core; so thus, it is necessary to determine 

whether the layers and the core are acting together or separately. The case of wall 

layers separating is usually dangerous because the layers may become unstable. In-

plane lateral loads can cause diagonal cracks or sliding. Out-of-plane loads may cause 

separation of the leaves in a multi-leaf wall or rotation of an entire wall about its base, 

when the latter occurs; horizontal cracks at the base might be seen before overturning 

occurs (Urquhart 2007).
  
 

On the other hand, historic traditional buildings usually undergo to many types 

of conversion such as making new openings for ventilation or removing a column or 

pillar or even a wall from the building (Barry 2001). As a result of such modifications 

the buildings are susceptible to serious damage to architectural aspects such as 

sweeping and bulging of facades resulting from the removal of orthogonal walls or 

large openings in these walls see Fig. 2.26
 
(Mills 1998).  

 

 

 

 

 

 

Figure 2.26 Salerno building before (left) and after (right) the partial collapse 

Table 2.2 summarizes the conversion methods and the risks to historical traditional 

buildings. 
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Table 2.3 Conversion methods and the risks to historical traditional buildings 

 

 

 

 

 

 

 

 

 

Issue Issue Risks to historic/traditional buildings 

1. Poor understanding of 

traditional building 

materials and structures 

• Inappropriate structural intervention, which may be unnecessary 

and adversely affect historic character. Cracking may also result 

due to lack of understanding of load paths in traditional materials. 

2. Increased floor loading • Excessive deflections causing damage to historic ceilings or 

collapse of the floor. 

• Insensitive floor strengthening can be destructive to fabric and 

architectural value of spaces. 

• Detachment of inner and outer faces of walls with a rubble core. 

• Introduction of new supporting columns and beams could be 

damaging to historic spaces. 

4. Improving stability of 

rubble-cored walls 

• The use of exposed plates, as part of the stabilizing process, may 

be aesthetically unacceptable for a converted building. 

• Gravity grouting of voids in the wall may cause further damage 

if poorly or if too strong grouting mortar is used. 

5. Removal of internal 

walls 

• The load paths and load transfer mechanisms in historic 

buildings are often difficult to determine, so removal of apparently 

non-structural walls can cause structural distress. 

6. Temporary removal of 

floorboards 

• In some situations the floorboards act as a horizontal bracing 

membrane and the complete removal of the boards (even 

temporarily) may cause movement in walls or buckling of the 

floor. 

7. New openings in 

floors 
• Forming a new opening in a timber floor may change loading 

conditions on other parts of the floor and on supporting walls and 

beams. 

8. New door 

and window openings 

• Any new or altered penetrations in walls will change the pattern 

of load distribution in the wall, and new lintels or cells can affect 

wall stability if they are not properly built in. 

• Poorly built-in replacement safe lintels may promote settlement 

of the wall above. 

9. Slender internal load 

bearing 

masonry walls 

• Historic buildings may have half-brick thick load bearing 

partitions associated with high floor to ceiling heights. The walls 

may extend the full height of the building without being 

effectively tied to floors – any increased loads may result in 

buckling or collapse of the wall.  

10. Use of inappropriate 

materials 

• The use of hard, dense and shrinkable cement mortar and 

concrete in traditional structures may change the moisture 

distribution pattern and promote shrinkage stresses within the 

existing materials. 

11. Shallow foundations • Historic walls often have shallow foundations with very little 

cover, built from large stones placed on the ground. Uncontrolled 

excavations for new drainage, services and landscaping etc, can 

undermine or reduce the stability of such foundations  
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2.3- Structural and construction defects 

One of the most famous deterioration factors of historic traditional masonry is the 

construction defects which may lead to wall cracks or collapse of a building over time 

(Fitzsiman and James 1998).
  
Structural defects include faults in the choice of building 

soil/site, irregular distribution of the structure‘s loads on the foundations, and faults in 

the choice of proper building materials and joists between bearing walls (Urquhart 

2007). 

2.3.1-   Irregularities in plane and vertical direction 

Load-bearing walls of masonry buildings must be arranged in plan, as much as 

possible, regularly and symmetrically in respect of the two main axes. Some masonry 

buildings were built with different kinds of masonry units (stone, solid brick and 

hollow clay tiles) at the different storeys; in these cases, the lateral rigidities of each 

storey differ, and such differences in stiffness and loads increase the risk of failure 

(ICOMOS 2003). Figs 2.27 on the right side, the cracks have induced the collapse of 

the façade wall corresponding to a large hall having openings taller than those on the 

parallel opposite side (Fig. 27b). 

Figure 2.27 Sant Agostino, Town hall (Decanini L et al 2012) 
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2.3.2- Lack of vertical confining elements 

Vertical confining elements should be located at the end of the load-bearing walls, at 

both sides of the doors and windows opening. Fig. 2.28 shows two damaged masonry 

buildings due to the lack of vertical confining elements, the side of load-bearing wall 

next to joint space failed and the door opening was extremely narrowed around the 

middle of the door height as shown in Fig. 2.28, as a result or due to the lack of 

vertical confining element there is X cracking in this wall (Doğangün et al 2008).  

Figure 2.28- Collapse of a corner and vertical cracks near the corner for masonry buildings 

(Doğangün A. et al., 2008) 

2.3.3- Weak out-of-plane response 

Unreinforced masonry buildings are the most vulnerable to flexural out-of-plane 

failure. If the connection between walls and floors is not adequately restrained, the 

whole wall panel, or a significant portion of it, will overturn due to seismic excitation 

in the perpendicular direction to the wall plane (see Fig. 2.29). 

On the other hand gable walls located at the top of the buildings are subjected 

to the greatest amplification of the ground motions, and are consequently prone to 

flexural failures under the roofs. In masonry buildings, when the height at the end of a 

wall resting on the horizontal bond beam at the top storey exceeds 2m, vertical and 

inclined bond beams are required to be constructed. But almost all the buildings 
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which have large gable walls in earthquake region did not satisfy this requirement 

(Doğangün et al 2008). 

Figure 2.29 Out of plane failure in historic masonry buildings (Decanini L et al 2012, Parisi, 

F.; Augenti, N.2012, and Doğangün et al 2008) 

2.3.4- Unconfined wall corners 

Failure can be the formation of vertical cracks at the corners of an unconfined 

masonry building in which the wall begins to form a hinge from the swaying. Failures 

and cracks at the corners occurred because of the insufficient connections between the 

walls and floors, as shown in Fig. 2.28. As seen in Fig. 2.28a, failure occurred in the 

bearing wall between the window and the corner (Doğangün et al 2008).  

Fig. 2.28b shows separation of adjacent walls due to vertical cracks at the 

building corners and poor connection between walls. Likewise, for all types of 

masonry buildings, this has been playing significant role in the damage. The length of 

the load-bearing wall segment between the corner of a building and the nearest 

window or door opening to the corner shall not be less than 1.5 m in the first and 

second seismic zones. So, vertical confining elements are recommended for confined 

masonry buildings to prevent this type of failure to occur in the corner. Corners acting 
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as rotational restraints to horizontal diaphragm deflections can attract torsion forces 

that can lead to diagonal cracking (Doğangün et al2008). 

2.3.5- Poor building materials quality 

The use of low quality building materials and poor construction practices often result 

in significant earthquake damage or destruction. For example, semi dressed/dressed 

stone masonry in lime generally suffered less damage than random rubble stone in 

mud mortar. During earthquake shaking, irregularly placed stones tend to move out 

(displace) from the wall and cause localized damage or even collapse in extreme 

cases. When the stone surface is not clean, or smooth river boulders are used, the 

bond between stones and mortar can be weak. Poor bond strength is generally not a 

problem, except under earthquake conditions, during lateral movement in the structure 

the mortar crumbles as the stones move and the walls lose integrity and may suffer 

damage or collapse (see Figs 1.30-1.32). 

 

 

 

 

 

Figure 2.30- Detail of wall failure caused by irregular stones (Bothara and Brzev 2011) 

When the mortar used for construction is made of mud instead of lime, the 

mortar becomes the weak link and prevents a proper bond between mortar and stones 

as shown in Fig. 2.30. Another problematic construction practice is the use of more 

than one kind of material for wall construction; for example, stones and brick. 

Because of the differences in size and shape of materials, the bond between 
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orthogonal walls reduces. The use of mixed structural materials and systems results in 

dissimilar strength and stiffness in the different parts of a building. It is acceptable to 

mix materials provided only one material is used for each story and the stronger 

building materials should be used for ground floor wall construction (Bothara and 

Brzev 2011) . 

Figure 2.31 Partial collapse in Salerno building (Augenti, N. 2008) 

Figure 2.32 The use of poor building materials and poor mortar bond (Augenti, N. 2008) 
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2.4- Cracks 

Masonry is generally relatively strong in compression, has a moderate resistance to 

sliding along the bed-joints and is weak in tension. Masonry structures are therefore 

generally designed to work in compression and sometimes in horizontal shear. 

Damage to masonry structures usually takes the form of tension and /or shear 

cracks as a result of imposed deformation due to deferential settlement or excessive 

lateral forces (arch thrust); alternatively, it may occurred from incipient bursting due 

to buckling of ashlars or expansion of rubble fill in structures that consist of two 

ashlars faces/wythes with a core of rubble and mortar (all unintended gaps in masonry 

are usually referred to as cracks) (Abrams 2004).  

Cracking can be a very dangerous; however not all cracks are evidence of a 

serious problem. For example wall painting can suffer hairline cracking between the 

sheets. Similarly, cracks at the junction of new joinery timbers are a natural 

consequence of drying shrinkage and can be filled and over-painted; such cracks are 

not evidence of structure distress. On the other hand, cracking can also indicate 

serious problems, particularly when monitoring indicates that it is active, i.e. 

continuing beyond the normal variations to be expected from daily or seasonal 

changes in temperature and moisture content or from any movement, (see Fig. 2.33) 

(Bussell 2007). Cracking occurs when the total imposed tensile strain on a material 

exceeds its tensile strain capacity; materials such as unreinforced masonry and 

concrete are brittle and have low tensile strain capacity (Miliston and Domone 2001). 

The pattern of cracks is a very important pointer to the cause of movement 

Fig. 2.33 shows common patterns of overall cracking in a masonry building, 

indicating the most probable causes. It is may also indicate if the movements are 
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structurally significant, but it must be stressed that this is dependent on the 

circumstances of specific cases and it should not be taken as hard and fast advice. In 

particular, if movement continues, cracking is likely to become structurally 

significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.33- typical crack patterns in masonry walls 

Another valuable pointer is the state of the crack faces. If they are clean and 

bright, this suggests recent movement, whereas dirty faces with dead spiders and so 

on indicate that cracks occurred some time ago, but this of course does not mean that 

the movement responsible for cracking has necessarily stabilized. Structural cracks 

Progressive outward "shutting" 

effect could be or become 

significant, e.g. requiring 

stabilization work to end of 

terrace.    

Ground movement such as 

differential settlement under 

building subsidence or heave 

could be or become significant.    

Ground movement such as 

differential settlement, subsidence 

– building on edge of sinking area 

could be or become significant.    

.    

Ground movement such as 

differential settlement, subsidence 

– building within sinking area 

could be or become significant.    

.    

Temperature changes and/or 

draying shrinkage; often not 

significant 
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can be divided to many types   - according to size, to cracks, micro-cracks, macro-

cracks, - according to direction in the building to vertical cracks, horizontal cracks, 

diagonal cracks - and according to effectiveness, to active cracks, passive or dead 

cracks (Bussell 2007). 
 
 

2.4.1- Crack causes and mechanism in historic traditional masonry 

There are many causes for cracking to occur in historic traditional masonry elements 

(foundations, bearing walls, roofs). The following are the most important causes 

1- Overloading. 

2- Ground water under the building foundations. 

3- Digging and installation piles.   

4- Sometimes bearing walls consist of many different materials which differ in 

physical and mechanical properties (see Fig. 2.34)  

5- Irregularity in the distribution of vertical loads 

6- Cracks due to earthquake (see Fig. 2.35). 

7- Low tensile strength of building materials 

8- Cracks due to differential settlement (see Fig 2.36) (Beckmann and Bowles 

2004, Barry 2001). 

Figure 2.34 Cracks aspects in historic traditional masonry buildings in Greece (Abdelmegeed 

M. 2014) 
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Figure 2.35 Cracks aspects in historic traditional masonry buildings in Italy (Pauperio E. et al 

2012) 

Figure 2.36 Cracks aspects in historic traditional masonry buildings in Egypt (Abdelmegeed 

M. 2010) 

2.4.1.1 Cracks caused by excessive lateral forces  

The cracks caused by excessive lateral forces, in the plane of the wall or pier, are 

usually accompanied by significant deformations and are a symptom of structural 

deficiency, unless the cause is eliminated, cracking is likely to progress until such 

time that instability results. Cracks due to pressure from rubble filling in multi layer 

walls are also a sign of a continuing process, and unless this process is stopped, the 

structure will eventually burst and collapse.  

2.4.1.2   Cracks caused by eccentric loading  

One type of cracking that sometimes causes unnecessary structural concern is that due 

to eccentric loading. If the load in a wall or pier is not acting along the central plan, it 

will subject it to bending and the stress will vary across the thickness of the wall. If 

the load acts one-sixth of the thickness from the central plane, the stress will vary 



Damage assessment and rehabilitation of historic traditional structures                                    

115 
Civil Engineering, EMΠ, NTUA (2015) 

 

linearly from zero at the face furthest from the load to a maximum at the other face. If 

the load moves outside the middle third of the wall thickness the conventional theory 

of bending stresses indicates that tensile stress should develop near the face away 

from the load  

 In coursed masonry, particularly in some building built with ordinary lime 

mortar, there is negligible tensile capacity across bed-joints, so tensile stresses cannot 

develop. Instead, the stress drops to zero over part of the section and this may be 

accompanied by a slight opening of the bed-joints. It is sometimes thought that this 

indicates failure of the wall or pier. This is not so; what is overlooked in this argument 

is the fact that equilibrium is possible between the load and a triangular stress 

distribution across the uncracked part of thickness of the wall (Almeida et al 2012). 

2.5- Delamination of wall wythes 

Delamination takes place when vertical wall layers (Wythes) bulge and collapse 

outward due to earthquake ground shaking, as shown in Fig. 2.37. One of the causes 

of delamination is the absence of through-stones (i.e. long stones) which tie the 

Wythes together. Other factors influencing delamination include intensity of ground 

shaking, shape of stone (round, irregular, or regular), and the magnitude of the gravity 

load. Also delamination is triggered by high-frequency vibrations that cause inter-

stone vibrations. This results in a reduction of frictional forces that hold the stones 

together, particularly when wedge-shaped stones are used. 

Another possible cause of delamination is an increase in internal lateral 

pressure from the soil or rubble core of the wall, which pushes the wall Wythes 

outward. Delamination is usually initiated in the upper portion of the wall, and the 

appearance of the damaged wall is as if the exterior Wythe has been peeled off. 
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Spreading (delamination) damage in stone masonry walls begins at the top of the 

building, where the lack of overburden weight allows the masonry to vibrate apart. 

The stability of the wall can be most at risk when the masonry units vary in size and 

are laid with a minimum of horizontal bedding. 

 

  

 

 

 

  

 

Figure 2.37- Delamination of stone masonry walls: a) delamination in progress and b) 

delamination of wall wythes due to earthquake 

2.6- Out-of-plane movement 

Out-of-plane movement is one of the out of plumb kinds with or without tilt. Out-of-

plane movement is a characteristic of columns or walls rather than the structure 

overall. The principal types of out-of-plane movement are bowing and bulging: 

Bowing curvature of the member with no change in thickness and bulging unmatched 

curvature of the member on one or both faces. Both can threaten the stability of the 

building overall or the individual column or wall. Whether or not tilt occurs in 

addition depends on the absence or presence of lateral restraint, together with a 

triggering cause for the tilt such as foundation rotation or eccentric loading. A wall in 

the absence of lateral head restraint results in both tilt and bowing owing to 

foundation rotation, (overall tilt is prevented by the vertical restraint provided by the 

bonded –in cross-walls at either end of the wall panel); a wall where lateral head 
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restraint complements vertical restraint from the cross-walls to confine the form of 

movement to bowing.  

Bowing can arise from a variety of causes, the commonest of which are: 

Foundation movement, eccentric loading on the member or its foundation, inadequate 

lateral restraint, and decay of bonding timbers. Bulging involves distortion of the wall 

or column cross section. The commonest causes are: slumping of rubble fills in stone 

walls due to deterioration or absence of building mortar, and failure of wall ties in 

cavity wall construction, rendering both individual leaves more slender and hence 

vulnerable to bowing (Alexandris et al 2004).
 
 

2.7- Ground Moisture  

Most historic buildings of masonry construction rely on the combination of mass of 

masonry and air movement to counteract the effects of moisture transfer from the 

ground. This transfer of moisture can be both vertical and horizontal. The ability of a 

wall to transport moisture depends on the pore size and structure of the material, 

which influences the capillary forces acting to draw moisture into the wall. Capillary 

forces drawing moisture upwards, gravitational forces acting downwards and the rate 

of evaporation from the wall govern the height of moisture movement.  

Quilibrium is reached when the transfer from the ground (and downward flow of rain 

water within the wall) is balanced by evaporation losses. Therefore, maintaining a 

flow of air across the surface will help to reduce the moisture content of the pores 

adjacent to the exposed surface. This is the principle underlying the need to provide 

ventilation of air spaces. Figs. 2.38 and 2.39 represent the effects of air movement on 

the critical moisture content of a porous masonry wall. Historic traditional masonry 

buildings are not generally constructed with damp-proof courses in walls or damp 
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proof membranes below ground floors; they rely on the mass of porous masonry to 

absorb moisture, control rising damp and disperse salts from the ground, together with 

adequate air movement to prevent deteriorating effects on construction materials. 

Figure 2.38 Shows water vapour in and out of masonry walls 

When a breathable stone-flag floor is lifted and re-laid, it can actually increase 

levels of moisture within a wall. The new impermeable membrane below the floor 

allows moisture to accumulate below the slab, and encourages the migration of 

moisture to the sides of the slab and into the base of the wall (Urquhart 2007).
 
 

 

 

 

 

 

 

 

 

 

Figure 2.39- Representation of the effects of air movement on the critical moisture content of 

a porous masonry wall (Urquhart 2007) 
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Groundwater is considered the major factor contributing to the deterioration of the 

archaeological buildings through rising damp followed by salt weathering 

phenomenon. This phenomenon that leads to one outcome type before the effect 

(alternative hydration and crystallization cycles) and another type after it (full 

disintegration mechanisms and forms). The sources of ground waters are divided into 

two main types (Dispersed water and Ground water).  

Table 2.4 comparitive between dispersed water and ground water 

Characteristics Dispersed water Ground water 

Definition Spin-off or incidental water that hasn‘t 

any continuously effect and it can be 

control and dray     

Underground water which cannot 

be dray or control 

Sources Rainwater, lakes, wells, seas, drainage 

water.etc 

All flowing water sources within 

the aquifer which fed by the other 

water sources like rivers and seas 

The deterioration 

phenomena in 

historic buildings 

Topicality deterioration phenomena in 

building structural elements (walls, 

foundations.etc). And its effect is 

noticeable in one building among all 

the surrounded historical buildings. It 

can be an undulating up and down 

during the year.   

It effects on all the building 

structural elements. And its effect is 

noticeable in all the surrounded 

historical buildings. It cannot be an 

undulating up and down during the 

year.   

 

2.8- Roof deterioration 

Wood has been used in both load-bearing and framed structures, in composite 

structures of wood and masonry and to form major elements of load-bearing masonry 

structures. Its structural performance is affected by species growth characteristics, and 

by decay. 

Preliminary operations should be identification of the species, which are 

differently susceptible to biological attack, and the evaluation of the strength of 

individual members which is related to the size and distribution of knots and other 

growth characteristics. Longitudinal cracks parallel to the fibers due to drying 

shrinkage are not dangerous when their dimensions are small. Durability may be 
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affected by the methods of harvesting, seasoning and conversion, which may have 

been different at different times. 

Fungal and insect attack is the main sources of damage. These are linked to a 

high moisture content and temperature. The in-service moisture content should be 

measured as an indication of vulnerability to attack. Poor maintenance of buildings or 

radical changes in the internal conditions is the most common causes of timber decay.  

Because decay and insect attack may not be visible at the surface, methods, 

such as micro-drilling, are available for the examination of the interior of the timber 

Chemical products can protect the wood against biological attack. For example, in 

floors or roofs the ends of the beams inserted into masonry walls may need to be 

protected. Where either reinforcing materials or consolidants are introduced, their 

compatibility with the timber structure must be verified. For example steel fasteners 

may be susceptible to corrosion in association with some species and so stainless 

steels should be used. Interventions should not restrict the evaporation of moisture 

from the timber. To dismantle and reassemble timber structures is a delicate operation 

because of the risk of damage.  

 Figure 2.40 Decay aspects in roof timber 
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There is also the possible loss of associated materials that are of historical 

significance. However, because many timber structures were originally prefabricated, 

there are circumstances where either partial or complete dismantling may facilitate an 

effective repair. Timber is often used to form framed and trussed structures where the 

main problems are related to local failure at the nodes. Common remedial measures 

involve the reinforcement of the nodes or the addition of supplementary diagonal 

elements when it is necessary to improve the stability against lateral forces (ICOMOS 

2003).  
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Concluding Remarks  

- Before starting work on the conservation and restoration (rehabilitation) of 

historic masonry buildings, we must first stand on the damage phenomena and 

its causes in these buildings.  

- The essence of the damage processes or damage mechanism is the interaction 

between the building and the surrounding environment; the continuous 

changes of the surrounding environment play an important role in the historic 

masonry buildings deterioration. 

- Structural and architectural damage occurs when the stresses due to the action 

or effect of external forces exceed the strength of the materials at locations of 

the significant for structural integrity, either because the actions/forces 

themselves increase beyond expected limits or because of building materials 

deterioration.  

- Building configuration affects the building resistance to earthquake damage. A 

building shaped like box, rectangular both in plan and elevation, is inherently 

stronger than a L or a U-shaped, such as a building with wings. An irregularly 

shaped building will twist as it shakes, thus suffering more damage. Otherwise 

openings in walls of the building tend to weaken the walls, and the fewer the 

openings the less the damage suffered during an earthquake 

- Observation of the structural performance of the buildings during and after 

earthquake shaking can clearly identify the strong and weak aspects of the 

building design, as well as the desirable qualities of materials, techniques of 

construction and site selection. 

- Relative poor seismic performance of some traditional building systems is the 

main reason of failure, in addition to the poor physical properties of building 
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materials. As a consequence of this, masonry is widely thought to be 

unsuitable to comply with performance-based requirements in seismically 

prone regions. 

- The structural damage assessment of historic traditional masonry due to 

earthquake indicates many types of failures such as total collapse of the 

traditional building, the destruction and collapse of load bearing walls, vertical 

or shear cracks to the walls, the collapse of internal walls, the destruction of 

floors, and the destruction of roofs as well as stairs. 

- Historic traditional masonry buildings frequently have unsatisfactory behavior 

under seismic activity, due to the poor tensile strength of the masonry walls 

and the mobility of flexible wooden floors to act as diaphragms. Horizontal 

seismic forces are reversible and the columns are capable of bearing primarily 

vertical loads their ability to carry horizontal forces as well. 

- When the tension due to bending exceeds the vertical compression, masonry 

suffer cracking which reduces the effective area for resisting bending moment. 

- Out-of-plane wall collapse is one of the major causes of destruction in historic 

stone masonry buildings, particularly in buildings with flexible floors and 

roofs; overall building integrity is critical for the satisfactory seismic 

performance of stone masonry buildings. 

- The connection between structural components is important for maintaining 

building integrity. Integrity is absent or inadequate when the walls are not 

connected at their intersections and there are no ties or ring beams at the floor 

and roof levels. 

- The length of the load-bearing walls is the most important factor for masonry 

building damage occurring during earthquakes. Excessive bending and shear 
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may produce in-plane failures, depending on the aspect ratio of the 

unreinforced masonry elements. Many masonry buildings have suffered very 

significant wall damage in the form of double-diagonal cracks (X cracks). 

- The causes of damage in double bearing walls in historic traditional masonry 

under earthquake excitation are linked with poor quality of materials, poor 

construction practices, the absence of vertical and horizontal links to the 

connections between load-bearing walls and partition walls and the heavy and 

insufficiently braced roofs. 

- Historic traditional buildings usually undergo many types of conversion such 

as making new openings for ventilation or removing a column or pillar or even 

a wall from the building. As a result of such modifications the buildings are 

susceptible to serious damage to architectural aspects such as sweeping and 

bulging of facades resulting from the removal of orthogonal walls or large 

openings in these walls. 

- Construction defects are deemed to be one of the most usual deterioration 

factors of historic traditional masonry; they may lead to wall cracks or 

collapse of a building over time. Structural defects include faults in the choice 

of building soil/site, irregular distribution of the structure‗s loads on the 

foundations, and faults in the choice of proper building materials and joists 

between bearing walls etc. 

- Failures and cracks at the wall corners in historic traditional masonry occurred 

because of the insufficient connections between the walls and floors. Failure 

can be caused by the formation of vertical cracks at the corners of an 

unconfined masonry building in which the wall begins to form a hinge from 

the swaying. 
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- Damage to masonry structures usually takes the form of tension and /or shear 

cracks as a result of imposed deformation due to excessive lateral forces; 

alternatively, it may occur from incipient bursting due to buckling of ashlars 

or expansion of rubble fill in structures that consist of two ashlars 

faces/wythes with a core of rubble and mortar (all unintended gaps in masonry 

are usually referred to as cracks).  

- Cracking occurs when the total imposed tensile strain on a material exceeds its 

tensile strain capacity; materials such as unreinforced masonry and concrete 

are brittle and have low tensile strain capacity. 

- Cracking may occur due to various causes such as, overloading, irregularity in 

the distribution of vertical loads, earthquake excitations, differential settlement 

etc. 

- Wall delamination in historic traditional masonry takes place when vertical 

wall layers (wythes) bulge and collapse outward due to earthquake ground 

shaking, or due to the absence of through-stones (i.e. long stones) which tie 

the wythes together. Other factors influencing delamination include intensity 

of ground shaking, shape of stone (round, irregular, or regular), and the 

magnitude of the gravity load. 

- Fungal and insect attack is the main sources of wooden roof and floor damage 

in historic traditional masonry buildings; these are linked to a high moisture 

content and temperature (radical changes). 

After studying the history and development stages of historic traditional masonry 

building, and discussed deterioration phenomena and factors, the next step is to study 

registration, documentation, and testing methods used to identify and monitoring the 

deterioration phenomena in historic traditional masonry buildings.  
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Introduction 

Structural appraisal is a process which usually encompasses the following: document 

search, inspection, measurements and recording, and structural analysis; sometimes it 

includes testing of materials and occasionally load testing of entire structures is 

involved (see Fig 3.1) (Beckmann and Bowles 2004) 

Structural appraisal is a different activity to structural design insofar as it is 

aimed at assessing the real condition of an existing structure; there is a parallel in the 

field of medicine: any treatment must be preceded by a correct diagnosis. In appraisal, 

the restorer is left face to face with an existing structure of definable qualities and 

must determine its condition and suitability of use (Sullivan and Keane 2004), in the 

same time the structures of architectural heritage, by their very nature and history 

(material and assembly), present a number of challenges in diagnosis and restoration 

that limit the application of modern legal codes and building standards. 

Recommendations are desirable and necessary to both ensure rational methods of 

analysis and repair methods appropriate to the cultural context (ICOMOS 2003).  

In fact, when neither the real state of damage nor the effectiveness of repairs is 

known, the effectiveness of any intervention is also unknown; prevention and 

rehabilitation can be successfully accomplished only if diagnosis of the state of 

damage of the building has been carefully carried out (Binda et al 2000). So historical 

masonry buildings should be understood very well in order to performing successful 

assessments and interventions. In fact the behavior of masonry is influenced by three 

main factors: the shape and the connections of the structures, the structure materials 

and its behavior under the imposed forces, accelerations and deformations.  
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But in the same time we should know the fact that structural analysis of historic 

masonry structures is a difficult task because of various reasons: the first one is the 

large variability of mechanical properties, due to inconsistent workmanship and use of 

natural materials. Secondly, significant changes in the core and constitution of 

structural elements, associated with long construction periods. In the course of time, 

structures might have undergone various changes which lead to different behavior 

than that expected from recently constructed masonry buildings (kishali et al. 2009)   

Next reason is that construction sequence of historic structures is unknown, 

especially of huge structures such as mosques, churches, palace etc. Finally, the 

inconvenience of restoration of old buildings is that new regulations and codes cannot 

be applied to them. These codes were written for new buildings and thus the 

performance requirements can be satisfied by old buildings (Urquhart 2007). 

However, safety evaluation is also a difficult task because the methods of 

structural analysis used for new construction may be neither accurate nor reliable for 

historic structures and may result in inappropriate decisions. This is due to such 

factors as the difficulty in fully understanding the complexity of an ancient building 

or monument, uncertainties regarding material characteristics, the unknown influence 

of previous phenomena (for example soil settlements) (Valluzzi et al 2004). Also the 

continuous changes in materials and construction techniques that swiftly moved away 

from traditional practice, and the challenging technical and scientific developments, 

which make new possibilities available for all the agents involved in the preservation 

of the architectural heritage, are key aspects in the division between the science of 

construction and the art of conservation and restoration (Sullivan and Keane 2004). In 

another way we can say that the historic buildings appraisal process has the following 

steps:- 
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1- Structural appraisal is based on historical information and qualitative and 

quantitative approaches. The qualitative approach is based on direct 

observation of the structural damage and material decay as well as historical 

and archaeological research, while the quantitative approach requires material 

and structural tests, monitoring and structural analysis (Silman and Ennis 1993.) 

2- The level of the investigation should always be defined by careful design; 

investigation should be performed to choose more detailed and specific 

investigation in order to: check the reliability of hypothesis on damage causes 

and evolution, control the structure before, during and after the intervention, 

control the effectiveness of the repair and strengthening.  

3- Existing conditions assessment. 

4- Determination of structural condition. 

5- Analysis of structural threats and causes of deterioration. 

6- identification of "character-defining features" 

7- Development of rehabilitation guidelines and cost estimate. 

8- Projection of long-term maintenance needs and costs (Schueremans and Van 

2001). 

Finally, we must remind that the peculiarity of heritage structures, with their complex 

history, requires the organization of studies and analysis in steps that are similar to 

those used in medicine. Anamnesis, diagnosis, therapy and controls, corresponding 

respectively to the condition survey, identification of the causes of damage and decay, 

choice of the remedial measures and control of the efficiency of the interventions, to 

be both cost effective and ensure minimum impact on the architectural heritage it is 

often appropriate to repeat these steps in an iterative process (Hume 2007) 

 



Damage assessment and rehabilitation of historic traditional structures                                    

135 
Civil Engineering, EMΠ, NTUA (2015) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Inspection 

Survey 
Existing 

documentation 
Identification of materials 

and structures elements 

Recording Historical 

description  

Damage factors and 

phenomena Identification 

Drawing and 

documentation 

Analysis of the state of the building and 

specification of damage causes 

Preplanning and 

variants solutions 

Additional 

inspections 

 

Additional testes 

Decisions 

Approved  Approval planning 

Execution 

planning  

Working drawing  Specifications 

Final 

documentation 

Documentation Supervision of 

implantation 

Structural appraisal 
 

Figure "3.1" Steps of historic buildings inspection and documentation 

 



Damage assessment and rehabilitation of historic traditional structures                                    

136 
Civil Engineering, EMΠ, NTUA (2015) 

 

3.1- Historical, structural and architectural investigations" 

The purpose of the historical survey is to understand the conception and the 

significance of the building, the techniques and the skills used in its construction, the 

subsequent changes in both the structure and its environment and any events that may 

have caused damage. Documents used for this should be noted (Binda et al. 2000). 

The purpose of all studies, research and interventions is to safeguard the cultural and 

historical value of the building as a whole and structural engineering is the scientific 

support necessary to obtain this result. The investigation of the structure requires an 

interdisciplinary approach that goes beyond simple technical considerations because 

historical research can discover phenomena involving structural issues while 

historical questions may be answered from the process of understanding the structural 

behavior. 

 Knowledge of the structure requires information on its conception, on its 

constructional techniques, on the processes of decay and damage, on changes that 

have been made and finally on its present state. If these stages are performed 

incorrectly, the resulting decisions will be arbitrary: poor judgment may result in 

either conservative or therefore heavy handed conservation measures or inadequate 

safety levels. Evaluation of the safety of the building should be based on both 

qualitative (as documentation, observation, etc.) and quantitative (as experimental, 

mathematical, etc.) methods that take into account the effect of the phenomena on 

structural behavior (Henry and Smith 2004). Thus assumptions made in the 

interpretation of historical material should be made clear. Particular attention should 

be paid to any damage, failures, reconstructions, additions, changes, restoration work, 

structural modifications, and changes of use that lead to the present condition (see 
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Table 3.1 and Fig. 3.2) where the methods of historical, structural and architectural 

investigations are presented (Schueremans et al. 2006, Meier et al 2004) 

Table: 3.1 the methods used in Historical, structural and architectural investigations (After 

(Schueremans et al. 2006, Meier et. al 2004). 

Technique place Principle and application, 

Historic 

research 

ND 

IS+ 

IL 

Information about the geometry of the structure, used materials, loads, 

Strengthening, structural events… 

Visual 

inspection 

ND 

IS 

Is being used in all cases. This still is the cheapest and often also the 

most efficient, non-destructive test method. Use of additional guidance, 

e.g.: Damage Atlas and expert system 

Fotogrammetry ND 

IS 

Evolution of large cracks en relative displacements. Is often used for 

measuring and documenting of damage of structural elements and 

materials 

Electric 

resistivity 

ND 

 

IS 

Qualitative interpretation of the global condition of masonry (cavities, 

layering of material,…) Very valuable to check the effectiveness of 

executed consolidation injection 

Radiography ND 

 

IS 

By radiation of the element by gamma-rays discontinuities that are 

located deep in the masonry (reinforcement, cavities, trusses,…) can be 

identified and located. Both sides of the element have to be admissible. 

Only very powerful apparatus can be used for masonry. Safety 

precautions have to be taken into consideration 

Infra-red 

thermo-graphic 

ND Identification of the layering of the structure (e.g.: hidden behind 

stucco), traces of hidden cavities and discontinuities 

Magnetic 

methods 

ND 

IS 

Locating of iron elements in thick masonry walls (e.g.: reinforcement 

bars, connection clamps…) 

Radar ND Receiving of transmitted or reflected electric energy allows to identify 

different layers, hidden cavities, old foundations, 

Mechanical 

pulse velocity 

ND 

IS 

By the impact, waves of 0.3-5.0 kHz are sent into the material. The 

wave velocity is a measure for the density and integrity of the material 

Ultra sonic ND 

IS 

Only useful for homogeneous materials, like natural stones. In case of 

heterogeneous materials (masonry) the penetration depth is too small. 

Vibration tests ND 

IS 

Relative stiffness, control of possible progressive damage of the 

structure in time 

Endoscopy ND/

D 

IS 

Check out of the inner structure of the masonry. Use in drilling holes. 

Can be combined with photographs or video images 

Flat jack (S)D 

IS 

Quantitative determination of the stress-strain relation of masonry (SD) 

and possibly also compressive strength (D) 

Proof loading ND 

IS 

Check of the resistance of the structure for the expected loading. Is ND 

when the loading remains in the elastic area 

Monitoring IS Permanent (automatic) data-acquisition of parameters that are of 

importance for the structural behavior, such as: high accurate leveling 

devices (HLS), Invar-wire measurements… 
Abbreviations :- D:Destructive; SD: Semi-Destructive; ND: Non-Destructive IS: In Situ; IL: In Lab 
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    Figure 3.2 Historic building study steps before restoration measurements                         

(Schueremans et. al. 2006) 
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fissures, crushing, movement out-of plumb, decay, collapse, etc. The structural task is 

to discard superfluous information and correctly interpret the data relevant to 

describing the static and dynamic behavior of the structure (Wei et al. 2004).  

Although satisfactory behavior shown in the past is an important factor for 

predicting the survival of the building in the future, it is not always a reliable guide. 

This is particularly true where the structure is working at the limit of its bearing 

capacity and brittle behavior is involved (such as high compression in columns), when 

there are significant changes in the structure or when repeated actions are possible 

(such as earthquakes) that progressively weaken the structure (Schueremans et al. 

2006). 

3.1.2-  Direct observation 

Direct observation of the structure is an essential phase of the study, usually carried 

out by a qualified team to provide an initial understanding of the structure and to give 

an appropriate direction to the subsequent investigations. The main objectives include, 

identifying decay and damage, determining whether or not the phenomena have 

stabilized, deciding whether or not there are immediate risks and therefore urgent 

measures to be undertaken, and identifying any ongoing environmental effects on the 

building 

Direct observation of structural faults begins by mapping visible damage, 

during this process interpretation of the findings should be used to guide the survey, 

Survey drawings should map different kinds of materials, noting any decay and any 

structural irregularities and damage, paying particular attention to crack patterns and 

crushing phenomena ( Hui Gao et al. 2001) 
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3.1.3- Drawings  

Drawings are therefore essential for the purpose of structural appraisal; drawings 

should show sections and elevations, generally of small enough scale that the whole 

of the building can be shown on one sheet. These sections and elevations should 

include all significant structural features, and any observed defects should be 

superimposed after the inspection. As wall cracks do not always show up on 

photographs, their positions, widths, and directions should be recorded on sketches 

(Schueremans et al. 2006). 

Drawings of the construction of all or part of the structure and records of any 

work carried out to the structure, if available, examined. Records of former works will 

give indications of past problem and will indicate where apparent problems have 

already been dealt with (Carpinteri and Lacidogna 2003). 

3.2. Monitoring 

Structural observation over a period of time may be necessary, not only to acquire 

useful information when progressive phenomena are suspected, but also during a step 

by- step procedure of structural renovation. A monitoring system usually aims to 

record changes in deformations, cracks, temperatures, etc. Dynamic monitoring is 

used to record accelerations. Some cases require the use of computerized monitoring 

systems to record the data in real time (ICOMOS 2003). Monitoring technique can be 

divided to:- 

Static monitoring; Where an important crack pattern is detected and its progressive 

growth is suspected due to soil settlements, temperature variations or excessive loads, 

the measurements of displacements in the structure as function of time has to be 

collected. Monitoring systems can be installed in the structure in order to follow this 
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evolution; in some cases the knowledge of the crack pattern evolution can help 

preventing the collapse of the structure. This system may stay in place for years 

before a decision can be taken for repair or strengthening. Also, the monitoring should 

be long-term, not less than 1.5 years, in order to rule out the influence of temperature 

variation at every reading of the eventual displacements. 

Dynamic monitoring; In-situ testing using dynamic methods can be considered a 

reliable non-destructive procedure to verify the structural behavior and integrity of a 

building. The principal objective of the dynamic tests is to monitor the behavior of the 

structure may subject to vibration. Finite element method (FEM) in this manner it is 

possible to verify the effectiveness of the computational methods used for the analysis 

and control of the structure (Scherer 2002). 

Accurate monitoring has a number of advantages. First, it can help in the 

correct diagnosis of structural deteriorations; this means that an effective and 

sympathetic treatment is more likely to be implemented. Before remedial works are 

commenced a carful survey of cracks and other damage should be made and accurate 

monitoring commenced to learn more about the building problems.  Secondly it can 

be a source of reassurance and an invaluable aid in convincing others that the decision 

to take no action to remedy an apparent problem was correct because the structure 

having once moved is now stable. 

Thirdly monitoring is deemed the most effective, indeed often the only way of 

proving satisfactorily and without doubt that apparently distressed structures are in 

fact stable and therefore no major remedial works need be undertaken; it is very rare 

for structures to collapse without warning (Nickerson 1994). 
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3.2.1-   The Auto plumb 

The Auto plumb is an optical device which acts like a plumb bob, but without the 

problems of bob swing and wind effects on the line (Ariasa and Ordóñeza 2006). The 

Auto plumb is a sophisticated optical form of plumb bob that can be used over heights 

of between 2 and 150 meters. Because it is an optical instrument, it doesn't have the 

problems of bob swing and wind drag on the line. This instrument can read down to 

better than 0.5mm in 10 meters. 

At some high point on the structures a target must be attached, and a small 

reference point is also necessary at ground level. This instrument is used at ground 

level and thus only in high level "visit" need be made. It is often possible to use a 

brass screw or a small bracket as the high level target (ICOMOS 2003).  

3.2.2- Electronic Theodolite.  

Over the last two decades, the technological progress in angle measurements has been 

mainly in the automation of the readout systems of the horizontal and vertical circles 

of the theodolite. The optical readout systems have been replaced by various, mainly 

photo-electronic, scanning systems of coded circles with an automatic digital display 

and transfer of the readout to electronic data collectors or computers.  

As far as accuracy is concerned, electronic theodolites have not brought any 

drastic improvements in comparison with the precision optical theodolites. Some of 

the precision electronic theodolites can sense the inclination (misleveling) of the 

theodolite to accuracy better than 0.5 inch and automatically correct not only vertical 

but also horizontal direction readouts (Paweł and Lourenço 2003).  

A theodolite can be used to check the out of vertical movements of structures 

to a degree of accuracy similar to that of the Auto plumb but without the need to gain 
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access at high level. The modern electronic distance reading theodolite is capable of 

measuring distances (and therefore can measure stretching and shortening of 

structures) to an accuracy of 1 mm, and this is a much more useful instrument for 

monitoring than the older type of manually operated theodolite. For structural 

monitoring purposes, a target has to be attached to the structure under observation and 

a base station for the theodolite set-up, the target can be a small white reflector, 24 

mm in diameter (Lombillo et al. 2009).  

3.2.3- Total stations. 

Any electronic theodolite linked to an Electronic Dimension Measurement (EDM) 

instrument and to a computer creates a total surveying station which allows for a 

simultaneous measurement of the three basic positioning parameters, distance, 

horizontal direction, and vertical angle, from which relative horizontal and vertical 

positions of the observed points can be determined directly in the field. Several 

manufacturers of survey equipment produce integrated total stations in which the 

EDM and electronic angle measurement systems are incorporated into one compact 

instrument with common pointing optics (Acito et al. 2008).  

3.2.4- High accurate leveling devices (HLS) 

This monitoring system is based on the principle of communicating vessels. The 

instrument is composed of vessels (see Fig. 3.3 and Fig. 3.4), linked to a double 

circuit: one to let the measuring liquid circulate and another one, an air circuit, to set 

an identical pressure in all the vessels (Lombillo et  al. 2009). The liquid used is water 

(normal water, non-distilled so that it can conduct electricity, treated with anti-algae 

and antifreeze,) with a coloring to be able to control the presence of bubbles. In each 

vessel, the height is measured with a capacitive sensor which measures the distance 

between the water level and the sensor, the readings range from 5000κm to 10000κm.  
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The advantages of hydrostatic measuring systems are their high accuracy and 

resolution. Due to their simple and robust configuration, hydrostatic measuring 

systems are furthermore well suited for permanent, all-season monitoring, combined 

with remote control systems and automated data acquisition (Binda and Tiraboschi 

1997). 

 

Figure 3.3: Hydrostatic leveling system – measuring principle (After Lombillo et al. 2009) 

Hydrostatic measuring systems work all on the fundamental principle which 

says that water surface which is under the influence of a gravitational field and free to 

move, orients towards a certain level surface. Measuring pots, which are connected to 

each other, obey the law of the communicating vessels and therefore the water surface 

represents a stable, reliable and very accurate reference for leveling purposes (Binda 

et al. 2000) 

Measurements are taken with the system frequency (about 33 Hz) and the 

results are directly visible on the computer screen. The data are stored with an 

adjustable frequency. The tubes of the water circuit are placed as horizontally as 

possible in order to remove the effects of a temperature gradient. The tubes of the air 

circuit lead upwards from the vessels to prevent the condensation water from staying 

in the air circuit (see Fig 3.4) (Lombillo et al. 2009) 
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HLS is a dedicated synchrotron radiation facility. The monitoring software is running 

on a PC. The PC communicates with the monitor through RS232/RS485 to form a 

whole voltage monitoring system (Binda et al 2000) 

 

 

 

 

 

 

 

Figure 3.4: Building blocks of the HLS – cross section of a HLS level sensor (Lombillo et al 

2009) 

3.2.5- Convergence measurements (invar-wire) 

Convergence measurements using invar wire as shown in Fig. 3.5 are used for an 

accurate measurement of the distance between two materialized fixed points on a 

structure. The accuracy that can be reached in practice is about 0.05 mm. Recently, it 

is used in several practical applications, such as in the Church of Saint Mary at 

Tangerine, to check the stability of the pillars during archeological excavation in the 

different naves of the church. (Brownjohn et al. 1992) 

3.3. The structural scheme and damage 

The structural system shows how the building transforms actions into stresses and 

ensures stability. The original structural system may have changed as a result of 

damage (cracking), reinforcement, or other modifications of the building. The system 

used has to take into account any alterations and weakening, such as cracking, 
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disconnections, crushing, leanings, etc., whose effect may significantly influence the 

structural behavior.  

Figure 3.5 Invar wire measurements at the Church of Saint Mary at Tangerine (Brownjohn et.  

al. 1992) 

These alterations may have been caused either by natural phenomena or by 

human interventions. The latter includes the making of openings, niches, etc; the 

elimination of arches, slabs, walls, etc., which can create unbalanced forces; increases 

in height of the structure, which can increase weights; excavations, galleries, nearby 

buildings, etc., which can reduce the soil bearing capacity (Xia and Brownjohn 2004).  

3.4. Geometric documentation methods for historic traditional masonry 

According to Scherer 2007 there are four principal methods for compiling data: 

traditional manual, topography, photogrammetric, and scanning methods. The choice 

of one method or another will depend on several factors: end use, accuracy required, 

budget available, the characteristics of the structure to be documented, etc. 

Knowledge of the exact geometrical shape is of fundamental importance for the 

stability assessment of thin masonry vaults. All the irregularities of the geometry are 

detected in detail and can be given as input data to a structural analysis model 

(Valluzzi et al 2004). 
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Traditional manual methods determine dimensions by measuring angles and 

distances. The equipment used is very simple (flex meters, plumb lines, poles, 

squares, measuring tapes, manual laser distance meters) and little training is needed to 

carry out the work (Frunzio et al 2001) 

Topographical methods, which require specialist equipment, are based on 

determining the three-dimensional (X, Y, Z) coordinates of specific points of an 

object in order to establish its geometry. The device traditionally used is the 

tachometer, although by now electronic total stations are very frequent (Dizhur et al 

2010)  

Photogrammetric methods apply the classical techniques and methods of close-

range photogrammetry. One of the great advantages of photogrammetry compared to 

other techniques is the short period of time spent measuring the object. Also it 

reproduces true position and scale.  

Scanning methods have become popular recently due to the commercial availability 

of laser scanners, which automatically and very rapidly (1000 points/second) measure 

the angles and distances from point to point. The result is a cloud of thousands of 

points on the object‘s surface (Taiab and Edres 2010).  

3.5. Orientation and scaling 

True position in space (orientation) and the scale of the models are performed by 

means of plumb lines. Plumb lines are used to define the direction of the Z axis in the 

absolute orientation process, during the laboratory work, and thus stabilize and level 

the shape of the model. The plumb lines must drop in a perfect vertical line and 

should be suspended from any projecting element on the walls of the building. The 

length of the plumb lines will depend on the height of the construction to be surveyed, 
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but should be as long as possible. Marks are made in the plumb lines at known 

distances. These should be sufficiently visible when photographing the building. The 

precise distance between marks should be known, as this is essential to obtaining the 

scale of the model in the absolute orientation phase. Lengths should be proportional to 

the size of the construction. (Sturgis  2003). 

3.6. Testing methods  

The schedule of tests should be based on a clear preliminary view of which 

phenomena are the most important to understand. Tests usually aim to identify the 

mechanical (strength, deformability, etc.), physical (porosity) and chemical 

(composition) characteristics of the materials, the stresses and deformations of the 

structure and the presence of any discontinuities within the structure (Binda et al. 

1999). 

3.6.1- Flat-jack test  

Flat-jack testing is a direct and in-situ testing method that requires only the removal of 

a portion of mortar from the bed joints. Therefore, it can be considered as 

nondestructive because the damage is temporary and is easily repaired after testing 

(Lourenço 1998). In general, a flat jack consists of two stainless steel plates welded 

along the edges with one or two entry and exit ports, which are connected to a 

hydraulic circuit with a pump, through which an internal pressure is induced. It can be 

found in different forms and sizes.  

The method was originally applied to determine the in-situ stress level of the 

masonry and it has been extended to the detection of its deformability characteristics. 

It appears to be the only way to achieve reliable information on the main mechanical 

characteristics of a masonry structure (deformability, strength, state of stress). The 
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single flat-jack test is carried out by introducing a thin flat-jack into the mortar layer. 

After the test is completed, the flat-jack can easily be removed and the mortar layer 

restored to its original condition (Timchenko 2000). 

Figure 3.6 Placing the flat jack in the masonry wall and Relation between the contact area of 

the flat jack and the real area of the realized cut (Timchenko 2000). 

The thickness of the flat-jack is determined by its specific function: An ideal 

flat-jack will completely fill the slot in the mortar joint (see Figs. 3.6 & 3.7). The 

reference field of displacements is first determined by measuring distances between 

gauge points fixed to the surface of the masonry (distances di in Fig. 3.8b). Then, a 

slot is cut in a plane normal to the direction of measured stresses. This allows 

deformations in a direction normal to the slot.   

 

Distances between gauge points decrease (i.e. distance d in Fig. 3.8c is smaller 

than reference distance di). Cutting the slot causes partial stress relief in masonry 

above and below. It is not necessary, and often it is not possible, to apply load in all 

Figure 3.7 Phases of the test for obtaining the stress level (Teddy 2001). 
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the thickness of the wall, taking into account the big thickness that can reach the 

ancient masonry walls. Nevertheless, in all the cases one of the masonry leaves (or 

sheets) have to be tested at least. In such a case, the obtained results refer only to the 

leaf that has been tested (Ariasa and Ordóñeza 2006) 

Figure 3.8 Phases of the flat-jack test (p=pf when d=di) (Ariasa and Ordóñeza 2006). 

The test is based on the following assumptions: the stress in place of the test is 

compressive; the masonry surrounding the slot is homogenous; the masonry deforms 

symmetrically around the slot; the state of stresses in the place of the measurement is 

uniform; the stress applied to masonry by the flat-jack is uniform. The value of 

stresses (compared to compressive strength) allows the masonry to work in an elastic 

regime. The determination of the state of stress is based on the stress relaxation 

caused by a cut perpendicular to the wall surface; the stress release is determined by a 

partial closing of the cutting, i.e. the distance between two points after the cutting is 

lower than before (Acito et al. 2008) 

The test described can also be used to determine the deformability 

characteristics of masonry. A second cutting is made; parallel to the first one and a 

second jack is inserted, at a distance of approximately 40-50 cm from the other. The 

two jacks delimit a masonry sample of appreciable size to which a uniaxial 

compression stress can be applied. Measurement bases for removable strain-gauge on 

the sample face provide information on vertical and lateral displacements. In this 
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manner, a compression test is carried out on an undisturbed sample of large area 

(Binda et al. 2000). 

 

  

 

 

 

 

 

 

3.6.2- Georadar 

Impulse radar is based on the emission, reflection/transmission and detection of very 

short electromagnetic impulses by an antenna system. Reflection of the emitted 

impulses occurs at interfaces between materials with different permittivity or 

conductivity, e.g., at the surface of the structure, at interfaces of layered materials, at 

voids, inclusions and other inhomogeneities inside the material and at the backside of 

the structure (depending on the thickness) (Bam 2004). The propagation velocity and 

the signal penetration depend on the electric and dielectric properties of the materials. 

Radar testing is carried out in order to: 

 locate the position of large voids and inclusions of different materials, like 

steel, wood, etc 

 qualify the state of conservation or damage of the walls. 

 define the presence and the level of moisture; 

 control the effectiveness of repair by injection techniques; and 

Figure 3.9- Double flat jack in a 

regular stone  

Figure 3.10- Rectangular flat jack 

(Binda et al. 2000). 
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 detect the morphology of the wall section in multiple-leaf stone and brick 

masonry structures (Binda et al. 2000). 

 

When the transmitting and receiving antennas, which are often contained in 

the same housing, are moved along the surface of the object under investigation, radar 

grams (color or grey scale intensity charts giving the position of the antenna against 

the travel time) are produced. Measuring the time range between the emission of the 

wave and the echo, and knowing the velocity of propagation in the media it would be 

possible to know the depth of the obstacle in the wall.  

In the real cases, the velocity is unknown because it changes from one material 

to the other or in the presence of voids. Furthermore, the velocity is higher in dry 

walls, and lower in wet walls (Binda et al. 2007). 

3.6.3- Dilatometer  

The dilatometer technique is an in situ load test carried out on a wall in which a stress 

level is introduced by means of a cylindrical tube that can expand radically and while 

is lodged in a perforation practiced in the wall (see Fig. 3.12). 

The procedure of the test consists of drilling a perforation, being careful to 

reduce to the minimum the disturbance in the wall, with a diameter compatible with 

the size of the tube to be introduced. From the readings of the test, the curve pressure 

Figure 3.11- using of Georadar in the surface of deterioration walls (Bam 2004 and Binda et al. 

2000) 



Damage assessment and rehabilitation of historic traditional structures                                    

153 
Civil Engineering, EMΠ, NTUA (2015) 

 

given by the tube and increase of volume can be obtained, of which can be estimated 

the module of deformation of the masonry. (Lombillo et al. 2009) 

 

 

 

 

 

 

3.6.4- Visual inspection or endoscopy 

Endoscopy is the indirect observation of the interior of something, trough an existing 

perforation or an elaborated one, that enables visual inspecting. Currently these 

devices allow measurements in inaccessible points using a mobile head composed of 

two lenses that can estimate distances with accuracy thanks to the stereoscopic effect.  

Endoscopies provide images of non recognizable areas by sight. Show caves 

with difficult access in a simple and precise way, with a degree of sharpness, fidelity 

in the reproduction of colors and brightness that are crucial. For all that, the 

endoscopy provides excellent opportunities for a non aggressive examination 

designed like a complement of the normal exploration methods. The main advantage 

of endoscopy is that it allows access to not visible points in a natural way and 

provides visual and diagnostic targets (see Fig. 3.13).  

Inside this flexible pipe, obviously cannot install a lens system, so that this 

type of endoscopes is based on a system of image transmission through thin glass 

fibers (beam transmitter of images, Fig. 3.14), through which the image is transmitted 

to the eye 

Figure 3.12- Phases of the dilatometer test (Lombillo et al. 2009) 
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Figure 3.13- Rigid lens endoscope (Lombillo et al. 2009) 

The image resolution of a flexible endoscope and the appreciation degree of 

the details of the examined area depends on the number, density and quality of the 

fibers that make up the beam transmitter of images. Since each fiber transmits only 

one point of the image, the beam transmitter consists of a bundle of fibres. The 

precise cluster beam transmitter imaging is the key for getting an image of quality and 

valid information (Lombillo et al. 2009)  

 

 

 

 

 

Figure 3.14- Flexoscope (Lombillo et. al. 2009) 

3.6.5- Thermography.  

The thermographic survey has the advantage of being applicable to wide surfaces of 

walls; it is a telemetric method and has high thermal and spatial resolution. The 

thermographic analysis is based on the thermal conductivity of a material and may be 

passive or active. The passive application analyses the radiation of a surface during 

thermal cycles due to natural phenomena insulation and subsequent cooling. If the 

survey is active, forced heating to the surfaces analyzed are applied.  
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The thermal radiation is collected by a camera sensitive to infrared radiation (see Fig. 

3.15). In fact, each material emits energy (electromagnetic radiation); this radiation is 

characterized by a thermal conductivity, i.e. the capacity of the material itself of 

transmitting heat, and its own specific heat. Each component of an inhomogeneous 

material like masonry shows different temperatures. The thermo vision detects the 

infrared radiation emitted by the wall. The result is a thermographic image in a 

colored or black and white scale (Binda et al. 2007). 

 

 

 

 

Figure 3.15- The thermovision camera 

3.6.6- In situ vibration measurements 

The use of in situ vibration measurements has become an actively pursued 

research topic. In civil engineering, vibration data can be used for several 

purposes. One common purpose of vibration data is in the updating of uncertain 

features and parameters of finite element (FE) models. Also to predict the   

performance   of   the   structural   system under loading conditions that is impractical 

to test. Another purpose of the vibration data is in detecting damage in civil 

structures from changes in their vibration characteristics (Pavic et al 2002).  

Recently, the research on vibration testing of historic masonry systems has 

started to increase. Such an investigation is only possible if the undamaged and 

damaged states of the same structure can be tested separately. But in such testes we 
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observe that there are two things we must take in our attention: the first is in earlier 

studies, both ambient and forced excitation techniques have been successfully 

performed on historic masonry monuments. The second is when testing historic 

monuments, difficulty in transportation, positioning, and alignment of the shaker 

device at the top of historic element is prohibitive. Transient hammer impact 

excitation provides a practical and convenient alternative (Atamturktur et al. 2007). 

Impulse hammer is used to excite the structure. To broaden the impact duration and 

induce low frequency vibration the softest hammer tip is preferred. The hammer 

operator excites the structure consistently in the vertical direction. To reduce the 

degrading effects of ambient noise, 5 impact data sets are measured and averaged for 

each excitation location (Frunzio et al. 2004). 

Figure 3.16 The measurement axis of the accelerometer (Q-Flex QA 750 model force 

balance accelerometers) is aligned vertically by adjustable screws (Pavic et al. 2002). 

 

3.6.7- Shear Test 

The wall panels are tested in diagonal shear. The testing procedure involves rotation 

of the URM wall panel by 45
o
 and loading along one of the wall‘s diagonals. For the 

testing of the wall panels extracted from the any building, the standard method is 

modified such that the wall remained in its original orientation and the loading 

mechanism was rotated. The test setup is shown in Fig. 3.17 (Dizhur et al. 2004). 
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.  

 

 

 

 

 

 

Figure 3.16 - Diagonal shear test setup (Dizhur et al. 2004). 

3.6.8- Auxiliary lattice steel structure 

Auxiliary steel lattice structures are prepared to allow performing the panel tests, as 

shown in Fig. 3.18. By applying vertical loads on the lattice the panel became 

horizontally loaded in the transverse direction near to its top end. Under oscillation, 

the load produces forced movement that amplifies and induces vibrating horizontal 

action on the wall.  

Figure 3.18- Auxiliary lattice steel structure for the tests: (a) general view; (b) Schematic 

representation (Costa and Arede 2006). 

The auxiliary structure is made of HEB100 steel bars in a way that allow an 

eccentricity of 1.0 m for the vertical load. Loads were created by means of a metal 
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bucket suspended from a steel cable and filled with sand, whose weight is placed in 

several stages and always monitored. The metal bucket is provided with a bottom 

closure to allow discharging the sand, also in various stages. Instruments are used to 

evaluate the static and dynamic response of the wall, from which the mechanical 

characteristics of the masonry were derived 

These instruments include mechanical dial gauges, suitable for the static 

loading stages and an accelerograph to obtain records of the dynamic response. Dial 

gauges are placed at the wall top-end, one pair and at the wall mid-height (also one 

pair). Note that the buckets are filled with sand and subjected to forced oscillation. 

The vibration recordings and the respective analyses are an indirect technique of 

estimating the mechanical elasticity properties of a given structure.  

Therefore, several acceleration plots are obtained for each panel and for 

different load stages in the buckets upon the application of an impact on the panel. 

That signal is processed to estimate the predominant frequencies and damping, 

respectively, by selecting amplitude peaks of the signal (Costa and Arede 2006). 

 

 

 

 

 

 

Figure 3.19 - General view of the experimental set-up used to perform the tests (after Costa 

and Arede 2006) 
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3.6.9 Finite Element Method (FEM) 

The analysis methods proposed for masonry elements up to the second half of last 

century were essentially based on the techniques of graphic statics and on the 

principles of structural mechanics available at that time, (Valluzzi et al. 2000). The 

finite element method is deemed one of numerical analysis methods that are used to 

find approximate solutions to many of the problems for which it is difficult to find 

exact solutions when using traditional solution methods. ANSYS/11.0 is one of the 

numerical packages adopted for this purpose; it is equipped with a library containing a 

variety of elements for modeling a structure and can be applied to a wide range of 

engineering problems. (Binda et al 1999) 

The finite element method is usually adopted to achieve sophisticated 

simulations of structural behavior. A mathematical description of the material 

behavior, i.e. the relation between the stresses and strains at any point with the 

structure is necessary for this purpose. The application of this meted for the analysis 

of masonry structures is based on the assumption of quasi-brittle material behavior. 

Masonry is a material that exhibits distinct directional properties due to the 

mortar joints which are considered to represent planes of weakness. In general, the 

approach towards its numerical representation can focus on the micro-modeling of the 

individual components, or the macro modeling of masonry as a composite 

The availability of software makes it practical for engineers to perform static 

and dynamic analysis of structures quickly and efficiently. The purpose of the 

analysis is not to simulate the actual behavior, but to get reliable information on the 

correlation between the observed damages and the results of the analysis. The 
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correlation is not perfect, but is sufficiently good to draw conclusion regarding the 

ability of historical buildings to withstand earthquakes (Valluzzi et al 2004). 

3.7. Laboratory work 

When masonry is damaged by aggressive agents, the decay is never uniform; if 

maintenance is needed and only some bricks or stones or decorations are affected by 

the damage, the best remedy is frequently the substitution of the most decayed 

elements. In this case, laboratory tests can give useful information for the choice of 

the appropriate material for substitution. So laboratory tests are needed for the right 

choice of the treatment. The tests have to be carried out on both deteriorated existing 

bricks and stones, and on undamaged and new ones. The following tests are 

suggested: 

3.7.1- Mechanical tests: compressive and indirect tensile tests, hardness tests at 

different points of the brick or stone sections in order to determine the depth of 

the decay. 

3.7.2- Physical tests: the volumetric mass, the water absorption by total immersion, 

the water absorption by capillary rise are important characteristics needed to 

determine the durability of the materials and the effects of surface treatments; 

the initial rate of suction of bricks and stones and X-ray diffraction 

measurements can detect the type of salts found inside or on the surface of a 

decayed masonry; thermal and water expansion coefficients must also be 

measured on new bricks and stones. 

3.7.3- Chemical tests: tests for alkaline sulfate can be conducted on material samples 

taken at different depth of the masonry in order to detect the presence and 

quantity of these very aggressive salts. 
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3.7.4- Optical and mineralogical analysis: optical observations stereomicroscopy, 

Scanning Electron Microscope (SEM), defines the deterioration, its causes and 

the presence of salts. Petrographic observations on thin sections determine the 

pore size distribution of the material, the size and distribution of the 

aggregates, the geographical origin of clays and stones, the firing temperature 

of bricks and the decay and its causes. 

3.7.5- Durability tests: freezing / thawing cycles and salt crystallization tests are 

needed for new bricks and stones in order to determine their performance 

under aggressive agents (Ariasa and Ordóñeza 2006). 

3.7.6- Sonic tests. Testing methodology is based on the generation of sonic or 

ultrasonic impulses at a point of the structure. A signal is generated by 

percussion or by an electrodynamic or pneumatic device (transmitter), and 

collected by a receiver which can be placed in various positions (Ariasa and 

Ordóñeza 2006). The use of sonic tests for the evaluation of masonry 

structures has the following aims: to qualify masonry through the morphology 

of the wall section, to detect the presence of voids and flaws and to find crack 

and damage patterns; and to control the effectiveness of repair by injection 

technique in others which can change the physical characteristics of materials 

(Binda  et al 2000) 

Finally all previous documentation and tests must provide  information on 

three types of phenomena; continuous processes (for example decay process, slow soil 

settlements, etc.) which will eventually reduce safety levels below acceptable limits, 

and measures must be taken before this occurs; Phenomena of cyclical nature 

(variation in temperature, moisture content, etc.) which produce increasing 

deterioration (Padaratz and Forde 1995), and phenomena that can occur suddenly 
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(such as earthquakes, hurricanes, etc.). The probability of the latter occurring at any 

defined level increases with the passage of time, so that the degree of safety to be 

provided can theoretically be linked to the life expectancy of the structure (for 

example, it is well known that to protect a building against earthquakes for five 

centuries it is necessary to assume highest actions than those assumed to protect the 

same building for one century) (Mariana 2007). 
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Concluding Remarks 

- a correct structural analysis of an historic building requires a deep knowledge 

of: (a) the building history and its evolution; (b) the geometry; (c) the 

structural details; (d) the cracking pattern and the damage map; and (e) the 

masonry construction techniques 

- A preliminary in-situ survey of historic traditional masonry is useful in order 

to provide details of the geometry of the structure and the visible damage 

(cracks, out of plumb, material decay) and also, in order to identify the points 

where more accurate observations have to be concentrated.  

- Historical analysis and direct observation of the structure are an essential 

phase of the study, usually carried out by a qualified team to provide an initial 

understanding of the structure and to give an appropriate direction to the 

subsequent investigations. The main objectives include, identifying decay and 

damage, determining whether or not the phenomena have stabilized, and 

deciding whether or not there are immediate risks. 

- In-situ and laboratory investigation is the base for the knowledge of the 

structural behavior and of the effectiveness of intervention. The goal of these 

operations should always be clear before performing them in order to avoid 

high expenses with low benefits.  

- The level of the investigation should always be defined by a careful design; 

investigation should be performed to choose more detailed and specific 

investigation in order to: check the reliability of hypothesis on damage causes 

and evolution, control the structure before, during and after the intervention, 

control the effectiveness of the repair and strengthening.  
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- Non-destructive Methods (NDM) can be helpful in finding hidden 

characteristics (internal voids and flaws and characteristics of the wall section) 

which cannot be known otherwise than through destructive tests such as flat 

jack test, sonic test, Georadar, etc.  

- The flat-jack tests give local measurements and are slightly destructive: 

nevertheless they can give directly the values of mechanical parameters. In the 

case of ND tests an overall qualitative response of the masonry can be 

obtained.  

- At present the most common ND techniques are the sonic (or ultrasonic), radar 

and Thermography techniques.  

- ND techniques can be used for several purposes: (i) detection of hidden 

structural elements, like floor structures, arches, pillars, etc., (ii) qualification 

of masonry materials, mapping of non-homogeneity of the materials used in 

the walls (e.g. use of different bricks in the history of the building), (iii) 

evaluation of the extent of mechanical damage in cracked structures, (iv) 

detection of the presence of voids and flaws, (v) evaluation of moisture 

content and capillary rise, (vi) detection of surface decay, and (vii) evaluation 

of mortar and brick or stone mechanical and physical properties. 

- In-situ testing using dynamic methods can be considered a reliable non-

destructive procedure to verify the structural behaviour and integrity of a 

building. The principal objective of the dynamic tests is to assess the 

behaviour of the structure to vibration. A simple example of dynamic test is to 

induce tensile stresses in tie rods. The forced vibrations could be produced by 

local hammering systems. An accelerometer net is installed in chosen 

significant parts of the structure. 
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- When masonry is damaged by aggressive agents the decay is never uniform; 

maintenance is needed if only some bricks or stones or decorations are 

affected by the damage. In this case, laboratory tests can give useful 

information for the choice of the appropriate material for substitution, thus 

laboratory tests are needed for the right choice of the treatment. Laboratory 

tests include mechanical and physical tests, chemical tests, optical and 

mineralogical analyse. 

Following the discusses 0f the historic traditional masonry buildings in chapter 1, the 

deterioration aspects and deterioration factors and mechanisms in historic traditional 

masonry in chapter 2, and the structural appraisal methods in chapter 3, the next step 

is to discuss the methods used to restore and rehabilitate the historic traditional 

masonry buildings.   
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INTRODUCTION 

The basic principle of the proposed interventions is to improve the static and seismic 

behavior of the building without changing its historic and aesthetic fabric (where 

possible). So, the goal is the proposed interventions not to change the historic and 

architectural character of a historic building, but also given the opportunity to prepare 

it for new use, if possible. The main principle of restoration and conservation of 

historic buildings is to keep the building as original as possible. If replacement is 

urgent, materials similar, preferably identical, to the original ones should be used. 

Each property should be recognized as a physical record of its time, place and use. All 

rehabilitation work should retain and preserve the historical character of the building. 

It is very important to conserve the original concept in order to enlighten the past 

correctly and carry it to the future with its original characteristics. 

4.1- Strengthening of structural behavior  

A wide variety of intervention techniques can be considered for strengthening and 

repair of masonry structures that have undergone damages due to overload, ground 

settlement, temperature variation, natural calamities like wind, earthquake etc. A 

rough distinction can be made among the traditional and the modern ones. Traditional 

techniques employ the materials and building processes used originally for the 

construction of ancient structures. Modern techniques aim at more efficient solutions 

using innovative materials and technologies. (Rashadul 2008). 

4.1.1 Strengthening of masonry wall 

In order to increase the seismic resistance of structural walls, the basic building 

material has to be strengthened. Stone masonry can be strengthened by means of deep 

repointing and/or by systematically filling the voids with injected cement-based grout, 
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the installation of through-stones, the pointing of exterior walls with cement mortar 

and the strengthening of wall corners using wire mesh and cement overlay (Marjana  

2010).  

Therefore, we must improve the structural behavior of wall masonry in 

historic traditional masonry in order to improve or strengthen the structural behavior 

of the whole building. There are a lot of methods as mentioned before used in 

strengthening of historic masonry walls as injection,  reinforced cement coating, steel 

mesh, polypropylene mesh, the use of composite materials CFRP and GFRP, and 

improving the connection between walls and floors . 

4.1.1.1- Injection  

It is particularly indicated for the rehabilitation of the masonry that has internal cracks 

connected between them. This solution is based on the injection (in holes previously 

made with injection tubes and spread throughout the wall), of grout to the internal 

cracks. For the external cracks the coating should be removed previously and the 

injection tubes may also be used. Figs. 4.1 and 4.2 show the techniques of the 

grouting process. 

Figure 4.1 masonry wall injection techniques (Meireles and Bento 2013). 

This technique shows improves in the mechanical characteristics of masonry. 

It is more suited for stone masonry. To deliver a specific injection grout one must 

carry on in situ and laboratory tests to refine the grout (Meireles and Bento 2013). 
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Also, injection is used to repair walls presenting a diffuse presence of voids in the 

inner part of the walls, incoherence of the rubble filling material, visible cracks in the 

external parameters. Injection increases the continuity of the masonry and hence 

improves its mechanical properties (Rashadul 2008). 

Figure 4.2: Grout injections (Meireles and Bento 2013) 

4.1.1.2- Transversal anchorage in walls "Stitching" 

This technique is used in the case of any masonry elements needing higher cohesion 

and improved mechanical characteristics without visible modification. Application of 

confinement to the wall can be achieved either with transversal steel bars, anchored to 

plates or other steel devices at both sides of the wall, or with reinforced concrete 

elements cast in transversal holes drilled through the whole thickness of the wall. Fig. 

4.3 shows how steel anchor connectors are used in masonry vaults. The main target in 

this technique is to improve the mechanical properties and the ductility of the element. 

(Rashadul 2008). 

The application of transversal anchorage in walls aims also to improve the 

connection of the two layers of the wall preventing their separation from the interior 

core, as can be seen in Fig. 4.3. The interior core usually comprises low quality rubble 

(Meireles and Bento 2013).  
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   Figure 4.3 Local confinement through steel anchor connector for multi-layer walls   

(Rashadul 2008). 

4.1.1.3- Reinforced cement coating" steel mesh'    

This comprises thin layers of cement coatings less than 10 mm with a mesh of steel or 

glass fibre or plastic meshes, on masonry walls. The coating increases the wall 

strength and ductility. It can be placed outside or inside or both, depending on the 

most accessible areas. To enable the behavior of both elements (existing and new) to 

work together one places steel connectors on the wall.  

Figure 4.4 Masonry walls strengthening with steel mesh inside the building (Rashadul 2008). 

4.1.1.4- The use of polypropylene mesh 

Polypropylene meshing uses common polypropylene packaging straps (PP bands) to 

form a mesh, which is used to encase masonry walls (see Fig. 4.5), preventing 

collapse during earthquakes. PP bands are used for packaging all over the world and 

are therefore cheap and readily available while the retrofitting technique itself is 
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simple enough to be suitable for local builders. This method is most readily applicable 

in terms of low cost upgrading of traditional structures to limit damage caused by 

normal earthquakes. (Mayorka and Meguro 2008) 

A PP band mesh provides enough seismic resistance to safeguard limited and 

controlled cracking of the retrofitted structures. Under extremely strong ground 

motions, they are expected to prevent or delay the collapse, thus, increasing the rates 

of survival. This method is good for one storey buildings and can be used for a 

maximum of two storeys. To protect the polypropylene from ultra violate rays, mud 

plaster is used on the outside, providing adequate cover to ensure the durability of the 

material (Shrestha et al 2012). 

 

   

 

 

 

Figure 4.5 Implementation of PP band method of retrofitting and anchorage throughout the 

wall (Mayorka and Meguro 2008) 

4.1.1.5- Strengthening with FRP bar 

Fiber-reinforced polymer (FRP) is used as a strengthening material to increase the 

flexural capacity of URM walls. The use of FRP bars is attractive since their 

application does not require any surface preparation work and requires minimal 

installation time. Another advantage is the feasibility of anchoring these bars into 

members adjacent to the one to be strengthened (i.e., columns and beams). 
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The technique consists of the installation of FRP reinforcing bars in slots grooved in 

the masonry surface. An advantageous aspect of this method is that it does not require 

sand blasting and puttying. The strengthening procedure can be summarized as  

1- Grooving of slots having a width of approximately one half times the bar 

diameter and cleaning of surface, 

2- Application of embedding paste (epoxy-based or cementitious-based paste) 

the groove is first half filled with a paste, a bar is then placed into the groove 

and lightly pressed to force the paste to flow around the bar. 

3- Encapsulation of the bars in the joint, the groove is then filled with more paste 

and the surface is leveled. 

4-  Finishing and coating for environmental action. 

 

 

 

 

 

Depending on the kind of embedding material, cementitious-based or epoxy-

based, a mortar gun can be used for tuck pointing or an epoxy gun can be used. The 

guns can be hand, air or electric powered, being the latter two, the most efficient in 

terms of efficiency. Fig. 4.6a illustrates the application of an epoxy-based paste using 

an air powered gun. Fig. 4.6b shows the application of a cementitious-based paste 

with an electric powered gun ( Rashadul 2008) 

 

  

        a) Air Powered Gun                                   b) Electric Powered Gun              

              Figure 4.6 Guns for Installation of Embedding Paste (Rashadul 2008) 
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4.1.1.6- Strengthening with composite materials (CFRP and GFRP)  

It is possible to strengthen with composite materials such as carbon or glass fibres 

reinforced polymers, piers and spandrels within walls and/or columns of masonry. 

Carbon Fiber Reinforced Polymer (CFRP) or Glass Fiber Reinforced Polymer 

(GFRP) layers of material are glued with epoxy resin to the cleaned surface of 

masonry. The weak element is the masonry or the glued surface if the biding is not 

well done. There can be placed also connectors, especially on walls, so that the 

material is well bonded to the masonry. Fig. 4.7 showed the application of 

CFRP/GFRP on a building wall. 

Figure 4.7 The application of CFRP/GFRP on historic traditional masonry wall. (Rashadul 

2008) 

CFRP sheets are applied on one side of the wall, while the other side remained 

with exposed block masonry.  CFRP was applied using the wet layup procedure. The 

wall surface was first prepared prior to the application of CFRP. The preparation 

involved;   

i- Surface cleaning by wire brush, followed by air pressure to remove loose 

mortar, 

ii- Application of putty consisting of two component epoxy and silica fume to 

cover  head and bed joints and to smoothen the wall surface, then removal 

of any extra putty by a plastic putty knife 
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iii- After curing for a day inspection of the surface and covering any 

noticeable air bubbles with putty using the same plastic knife then sanding 

the surface by sand paper after two days of curing. 

When the wall surface is ready to apply of CFRP sheets, the sheets are cut to the 

required sizes and applied on the wall surface, this application involved the following 

steps: 

i) Apply a layer of two epoxy components on the wall surface. 

ii) Apply of the first layer of CFRP sheets whose fibers are parallel to the bed 

joint, saturated in epoxy 

iii) Removal of extra epoxy and air pockets by ribbed steel roller 

iv) Apply another layer of epoxy prior to the placement of the next layer. 

v) Apply the second layer of CFRP sheets whose fibers are perpendicular to 

the bed joint and Remove of extra epoxy and air pockets by ribbed steel 

roller 

4.1.1.7- The use of horizontal tie rods 

One of the best techniques for protecting arches is inserting the tie between 

Springer's. It reduces the lateral thrust to the piers. Tie steel rods can be used in 

several applications of old masonry buildings. For instance, they can prevent or at 

least reduce the probability of out- of-plane failure. Fig. 4.8 shows the application of 

horizontal tie rods to connect parallel walls at the level of the floors. (Rashadul 2008) 

Tie rods can be also used in arches to absorb horizontal movement as shown in Fig. 

4.9 .     
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Figure 4.8: the application of horizontal tie rods on masonry walls (Rashadul 2008) 

Figure 4.9: Utilizing of steel tie rods to absorb horizontal movement in arches (Rashadul 

2008) 

4.1.1.8- Retrofitting by post tensioning 

Post-tensioning can be used to close or control cracking in masonry structures or to 

increase the cracking moment resistance in new construction. Post-tensioning has 

been applied successfully to a variety of masonry structural forms. The advent of 

advanced composite materials provided an alternative to the corrosion protection 

measures adopted previously. In particular, Fiber Reinforced Polymers (FRP‘s) have 

properties that are attractive for post-tensioning applications (Sayed Ahmed and 

Shrive, 1998).  

Post-tensioning enhances cracking loads, improves the cracking behavior and 

results in an increased flexural resistance of masonry walls. The glass in some 

GFRP‘s is sensitive to alkaline solutions. CFRP is better because of the high strength 
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and durability. CFRP tendons have a propensity to rupture under shear or lateral 

loading. Figs. 4.10, 4.11and 4.12 show the mechanical system of applying post 

tension. (Rashadul 2008). 

Figure 4.10: Strengthening with Prestressed FRP: (a) prestressing (b) bonding (c) end 

anchorage and release and finally the stress reduction (Rashadul 2008). 

Figure 4.11: Strengthening with post-tensioning technique  
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A post tensioning retrofit is applied either by placing post tensioning tendons 

into cored cavities located at the centre of the wall or by placing post tensioning  

tendons externally at discrete locations. The first procedure involves coring a cavity 

from the top of the URM wall right through to the foundations, then placing a tendon 

into the cored cavity and finally the application of a post tensioning force to the 

tendon. One knows that it is possible to make a core or cavity up to four stories with a 

precision of 10 mm. Fig. 4.13a shows the procedure of coring or cavity and Fig. 4.13b 

shows the bar post tension There can be done vertical post tensioning for piers or 

horizontal post tensioning for spandrels, as suggested by (Meireles 2012).  

 

 

 

 

 

 

 

Figure 4.13 Post tension (a) Coring operations; (b) Bar post tensioning (Meireles 2012) 

a) Dead end                                                               b) live end                                     

Figure 4.12 Applying Post-Tension (Rashadul 2008) 

 

 



Damage assessment and rehabilitation of historic traditional structures                                    

181 
Civil Engineering, EMΠ, NTUA (2015) 

 

The performance of post tensioned URM walls depends upon the initial post 

tensioning force, tendon type and spacing, restraint conditions and the level of 

confinement. Post tensioning can either be bonded when tendons are fully restrained 

by grouting the cavity or left unbounded by leaving the cavities unfilled. 

4. 2- Improving the connection between walls and floor     

Increasing of in plane stiffness of floors is an evident and most effective method to 

improve the seismic behavior of traditional masonry structures. This is mainly 

because increase of in plane stiffness of floors enables the structure to behave like a 

box, i.e. enables the horizontal forces to be redistributed between the different vertical 

structural elements, and then the horizontal forces of failing walls can be redistributed 

to the adjacent remaining walls.  

The technique involves the inclusion on the floor of the  horizontal bracing 

composed of steel ties arranged in crosses (Fig. 4.14) and has been developed for 

many decades. Care is taken to improve the connection between the floor and the 

masonry wall with L-shaped steel plates. In contrast with the previous techniques this 

one does not increase significantly the mass of the floors and is reversible. 

Figure 4.14 In plan stiffening with metallic diagonal and L shaped steel plates as connection 

reinforcement between walls and floor. 
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4.3- Floors repair  

Best practice in old buildings is to conserve the old floor boards and patch repair them 

locally as necessary. Floorboards should only be replaced where repair is impossible. 

Replacement timber should match the existing timber both in species and in manner 

of conversion, which will allow the quality and grain also to match. Considerable care 

may need to be taken when relaying old floorboards. Boards should generally be re-

fixed in their original positions with nails, taking great care not to puncture underlying 

cables or pipe-work.  

However in certain situations, for example over a decorative plaster ceiling, a 

valuable ceiling painting, or a lath and plaster ceiling where the plaster key is suspect 

and might be disturbed by the vibration from nailing above, it is advisable to use 

screws instead. Brass screws are often preferred, and can be lightly greased before 

fitting to aid later removal for maintenance. Where a board is likely to be frequently 

lifted and re-laid, use brass cups to protect the board from damage caused by the 

screw head. (Ogley et al 2012).  

When selecting the most appropriate insulation material for each building, it is 

important to ensure that the material will continue to perform at a suitable level for 

many years. If the insulation is likely to suffer physical degradation a more robust 

material may be appropriate. Similarly, insulation which tolerates vapour movement 

will be required if high moisture levels are anticipated. 

Most types of foamed plastic insulation, such as closed cell polyisocyanurate, 

polyurethane or polystyrene are inappropriate for general use in historic and 

traditional buildings as their inability to absorb and release moisture may increase the 

risk of condensation. They are often also difficult to form and fit accurately to 
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irregular historic construction. They are therefore not usually appropriate for the 

insulation of suspended timber floors.  Perhaps the most common materials used for 

insulating existing buildings are fibre glass and mineral wool, primarily because they 

are cheap, easy to handle and convenient to install. However, they are not necessarily 

the best materials for the job, even though they are air permeable and thus able also to 

the passage of moisture vapour.  

The most appropriate materials for older buildings currently available are 

those based on natural fibres, such as sheep‘s wool, hemp fibre, cellulose (fibres 

derived from recycled newsprint) and wood fibre board. ‗Natural‘ insulation materials 

have the ability to ‗breathe‘, allowing them to pass both air and moisture vapour 

slowly through, thus minimizing and diffusing the danger of condensation. An 

additional benefit of natural insulation materials is their good acoustic performance. 

They are also non-hazardous and unlikely to be irritants (Ogley et al 2012). 

4.3.1- Floor strengthening 

In old diaphragm properties is essential to impose a global behavior of the structure. 

Its main advantage is to assume compatible horizontal displacements in every point of 

each floor and therefore to allow the distribution of the seismic forces in accordance 

to the stiffness of the resistant vertical elements. This property also allows a reduction 

in the analysis model‘s number of degrees of freedom, therefore reducing the amount 

of calculation required.  

One of the main collapsing mechanisms in masonry buildings is the fall of the 

exterior walls by excessive deformation in the floor plane. With the increase of the 

floor stiffness, it is possible to control the horizontal displacements, which minimizes 

the risk of this kind of collapse. 



Damage assessment and rehabilitation of historic traditional structures                                    

184 
Civil Engineering, EMΠ, NTUA (2015) 

 

To enhance the floor properties (floor diaphragm stiffness) recently there are four 

different solutions: using reinforced concrete slabs, using composite steel–concrete 

slabs, using a metallic grid supported by steel beams, and strengthening of the original 

floor with crossed steel ties. One should be aware that each of these solutions alters 

the dynamic characteristics of the original structure to different extents. For example, 

the reduction in mass or the increase in stiffness will lead to an increase in the 

frequencies of vibration, which has a direct effect on the seismic loads. 

4.3.1.1- Concrete Slab 

The first stiffening technique is the substitution of the original floor by a concrete slab 

0.20 m thick. This solution has the benefit of guaranteeing the stiff diaphragm 

property and therefore of distributing the forces in an effective way to the resistant 

walls. Nevertheless, it is an intervention which produces a small number of problems 

that should be accounted for. The original floor has a weight of about 1.1kN/m2, 

while this solution has a weight of 5kN/m2. This excessive increase in mass has two 

direct consequences: on the one hand, the larger mass produces the increase of the 

inertial forces during an earthquake; on the other hand, it overloads the masonry 

walls, which might already be in poor condition. This solution normally implies the 

need to strengthen the foundations and to build concrete columns in the exterior walls 

to bear the increase of loads. This additional work makes this solution less viable, due 

to the complexity of execution.  

4.3.1.2- Composite Steel–Concrete slab 

Another solution is the replacement of the wooden pavement by a composite steel–

concrete slab placed over a grid of steel beams which are pinned to the masonry walls. 

A slab with a total thickness of 0.10 m of concrete was considered over steel sheeting 
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0.75 mm thick. The composite slab is supported by HEA200 steel beams placed 2 m 

apart, which are supported by HEA300 beams. This solution has the advantage of 

being lighter than the previous one, with a weight of 2 kN/m2. The functional 

demands related to fire resistance, acoustic, and thermal insulation are accomplished 

with the use of special paints and foams, which may increase its cost. Another issue is 

the need to remove the original pavement, which makes this technique impossible to 

execute in inhabited buildings.  

4.3.1.3- Metal grid 

The solution of replacing the pavement by a metal grid placed over steel beams is not 

adequate to use in buildings for residential use. Even so, it can be interesting to 

consider its use for offices or industrial purposes. In comparison with the previous 

techniques, it has the advantage of being lighter (1 kN/m2). Nevertheless, it has 

several functional problems, since it is not able to guarantee an efficient separation 

between floors, and neither thermal nor acoustic insulation is achieved.  

4.3.1.4- Steel Ties 

This strengthening technique consisted of the application of steel ties through wooden 

beams of the existing pavement. It was intended to strengthen each room separately 

and to connect to each other along the interior walls. The steel rods were anchored in 

each corner of the room, forming a cross. The connection between rooms was assured 

through steel plates and beams connected by bolts. UNP beams were used in the 

direction parallel to the primary wooden beams, while in the other direction LNP 

beams were used. These beams were interrupted by the wooden beams to preserve 

integrity (see Fig. 4.15).  
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Figure 4.15: Strengthening with steel ties (plan view). 

This solution has several advantages, such as being reversible. It minimizes 

the interruption of the normal function of the building and it does not contribute to an 

excessive increase of the structure‘s weight. In contrast to the other techniques 

presented, which would need relocation of the residents during the entire 

rehabilitation, this solution could be executed with the displacement of people for a 

shorter period of time and from local zones (Branco M., Guerreiro L.M. 2011) 

The performance of each technique was evaluated according to the horizontal 

displacements on each floor for seismic load according to the code. The evaluation of 

the displacements has two different objectives: first, to compare the displacements on 

each floor, and second, to compare the displacements at different points of the top 

floor. The comparison of the displacements on each floor revealed which technique 

minimizes the seismic deformations. The resulting horizontal displacements along the 

smaller dimension of the building are presented in Fig. 4.16. 
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Figure 4.16: Maximum horizontal displacement on floors  

 
The best results were achieved by the composite slab. The strengthening technique 

with steel ties presented results similar to the concrete slab. The concrete slab did not 

perform as well when compared with the previous solutions. This is due to the larger 

inertial loads generated by the larger amount of mass vibrating. The technique with 

the worst results was the steel pavement, which was even worse than the original 

configuration. 

4.4- Seismic strengthening 

In an unreinforced masonry building, resistance to horizontal actions is only 

accomplished by the stone masonry walls. This material has good behavior for 

compression (generated by vertical loads, such as the gravity loads); nevertheless, 

under horizontal actions, bending moments are generated which produce tensile 

stresses in the masonry. The tensile strength is only achieved by the compression state 

associated to gravity loads and mortar strength. The latter may have already lost part 

of its bonding properties through the years, due to aging and lack of preservation. The 

consolidation of the masonry walls with a reinforced concrete layer, the use of a base 
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isolation system, and the installation of viscous dampers (Lourenço P 2006) (Cardoso 

R. et al 2005) 

 

 

 

 

 

 

Figure 4.17 strengthening using concert walls 

4.4.1- Concrete walls 

The use of concrete walls was intended to control inter-story drifts through an 

increase in the global stiffness of the structure. Nevertheless, this may cause an 

increase in floor acceleration due to the changes in the dynamic properties of the 

building. This may cause an increase in internal forces due to seismic loading. It was 

intended to create reinforced concrete cores coupled with the interior patio walls, 

stiffening the structure. To be effective, this strengthening technique must ensure that 

the reinforced concrete elements will work together with the existing structure. 

Therefore, steel elements are sealed in the masonry and anchored in the concrete walls 

(see Fig. 4.17). A mortar could be used between these two materials to accommodate 

the different behaviors.  
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4.4.2- Base isolation 

Base isolation is one of the most powerful tools of earthquake engineering pertaining 

to the passive structural vibration control technologies. It is meant to enable a building 

or non-building structure to survive a potentially devastating seismic impact through a 

proper initial design or subsequent modifications (Wikipedia, 2014) 

 

 

 

 

 

 

The base isolation system consists of separating the building from the ground 

through the use of a bearing system with low horizontal stiffness separating the 

structure movement from the ground displacements. Currently, there are several kinds 

of device that are suitable to isolate a structure according to the forces and 

displacements that are generated. A common type of base isolation system is the 

elastomeric high-damping rubber bearing (Zhou F 1996) (Guerreiro L. et al 2006)  

This solution created a more flexible building which allowed the reduction of 

the seismic dynamic response by reducing its frequency. Another characteristic of this 

technique is to make the building behave as a stiff body, concentrating the major 

displacements at ground level, reducing the displacements between the elevated 

stories. 

Figure 4.18 Tomb of Cyprus is said to be the oldest base isolated structure                                                                        

in the world (Wikipedia, 2014) 
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Figure 4.19 Base isolation techniques 

4.5- Remove Existing Features from Other Historic Periods 

Most buildings represent continuing occupancies and change over time, but in 

restoration, the goal is to depict the building as it appeared at the most significant time 

in its history. Thus, work is included to remove or alter existing historic features that 

do not represent the restoration period. This could include features such as windows, 

entrances and doors, roof dormers, or landscape features. Prior to altering or removing 

materials, features, spaces, and finishes that characterize other historical periods, they 

should be documented to guide future research and treatment.( Weeks et al 1995). 

4.6- Re-use of historic traditional buildings 

Most buildings do not go through their life without alteration at some time. The 

quality of these alterations may not be of the standard set by the original building, or 

changes may not have recognized the original structural configuration. When 

assessing a historic building‘s suitability for a new use, the structural form, the 

structural elements (walls, foundations, framework, beams, lintels, floors, access 

stairs and roof structure) and the condition and suitability of materials must be 

assessed against the structural needs of the converted building. As part of the decision 
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about the suitability for a new use for a building, a structural assessment will have a 

major influence on the project brief. The structural appraisal should highlight the 

limits of additional loadings (or changes in loading conditions) that can be imposed 

on a historic building before major structural intervention becomes necessary. A 

significantly increased loading, particularly to floors, will inevitably require structural 

enhancement, which may be both expensive and destructive to historic fabric.  

When major structural intervention is necessary to produce a building capable 

of accommodating its new use, the whole viability of the project and the suitability of 

the projected use for that historic building must be questioned. The fact that many 

structural elements may be hidden does not mean that they are not important to the 

special character and historic importance of the building. When ‗opening-up‘ of 

historic fabric, to inspect floors and other elements, is required for structural 

assessment purposes.  

When considering structural interventions, it is necessary to ensure that any 

new openings or bearings introduced recognize the presence of existing voids and 

whether there is a need for viable flues. Failure to recognize the presence of flues can 

lead to instability of the walls. Another cause of instability is when floors have not 

been properly tied into walls, a structural concept that was not always properly 

addressed at the time of construction, and has sometimes been overlooked in the 

insertion of new stairs etc across floors that tie the building together. 

 The structural issue that creates the greatest difficulty and has most potential 

to influence the viability of use of a historic building, is when a change of use 

imposes greater floor loadings; for example, where there is a change from domestic to 

office floor loadings. While the British Standard, BS 6399 Part 1: 1996, Loading for 
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buildings – Code of Practice for dead and imposed loads provides recommended 

floor loads for various categories of occupation, very careful thought has to be given 

to how the spaces actually will be used. English Heritage (1994) has produced a 

useful guidance note on office loadings in Historic Buildings. For example, in the 

case of an office building, the recommended design floor loading of 5.0kN/m2 for 

filing and storage spaces will represent the maximum loading in these areas. Should 

storage be required for heavy files and the like, the design of the conversion may be 

able to accommodate file storage at ground or basement level, where such a loading 

may be more easily dealt with without the need for structural strengthening of upper 

floors.  

However, it is not simply the timber strengths, sizes, and spans that should be 

assessed, because a major weakness in an old floor may be the joints and connections 

between the timber members, and between other structural elements. It should also be 

noted that servicing requirements may have changed greatly since the building was 

originally constructed, and it is all too easy to notch and cut timbers to accommodate 

services, thereby introducing isolated weaknesses into the structural elements. So the 

following information should be collected:  

 identification of the species and quality of the timber (including the extent of 

any infestation or decay), 

 determination of member sizes, and their overall geometrical relationship, 

 Examination of joints and connections. 

 Existing deformations. 

There are other structural elements where it is almost impossible to determine their 

structural strength using design calculations. A particular example is when 
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cantilevered or pen check stairs are encountered. This particular form of stair, which 

is often circular, relies on its strength through stone, or sometimes timber, treads 

being built into a masonry wall and detailed to interact to form a series of cantilever 

or torsional beams. Alternatively, stair flights can be supported on projecting 

cantilevered landings. The quality and condition of the stone needs to be assessed, and 

a load test may be required to provide the necessary proof of structural strength for 

the proposed loads.  

The installation of modern services into a historic building can be very intrusive 

and can have an adverse effect on the structural stability of the building. Frequently, 

little attention is paid to how services will be incorporated, and services drawings may 

show only a diagrammatic services layout of pipe work, cables and ducts. Important 

decisions on the exact positions and how they will be installed within structural 

elements, such as floors, is often left to the discretion of the tradesperson on site. 

Usually the most serious impact on structural stability is when services are required to 

run within and across the joists in a timber floor.  

The increase in loading on the floor must be considered. The ill-considered cutting 

of notches for cables and pipes in joists and beams can significantly affect the 

performance of the floor. There is a tendency for holes and notches to be oversized to 

make installation easier. When dealing with the design of a conversion, it is 

recommended that detailed drawings are available that show clearly the location and 

maximum dimensions of all holes and notches that have to be formed to 

accommodate services, and to design them to run parallel to joists. (Urquhart 2007). 

Designing and constructing new additions to historic buildings when required by the 

new use. New work should be compatible with the historic character of the setting in 

terms of size, scale design, material, color, and texture.  
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When we decide to choose a new job for a historic building the following points are 

not recommended   

 Creating a false historical appearance because the replaced feature is based on 

insufficient documentary or physical evidence. 

 Introducing a new building or landscape feature that is out of scale or 

otherwise inappropriate to the setting‘s historic character, e.g., replacing 

pickets fencing with chain link fencing. 

 Placing parking facilities directly adjacent to historic buildings which result in 

damage to historic landscape features, such as the removal of plant material, 

relocation of paths and walkways, or blocking of alleys. 

 Introducing new construction into historic districts that is visually 

incompatible or that destroys historic relationships within the setting. (Kay 

and Grimmer 1995)  
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Concluding Remarks 

- The main principle for the restoration and conservation of historic buildings is 

to keep the building as original as possible,  A wide variety of intervention 

techniques can be considered for strengthening and repairing masonry 

structures that have undergone damage due to overload, ground settlement, 

temperature variation, natural calamities like wind, earthquake etc. A rough 

distinction can be made between the traditional and the modern ones.  

- In order to increase the seismic resistance of structural walls, the basic 

building material has to be strengthened. Stone masonry can be strengthened 

by means of deep repointing and/or by systematically filling the voids with 

injected grout.  

- There are a lot of methods used for strengthening of historic masonry walls, 

the chapter discussed some of them which are suitable for strengthening 

historic traditional masonry houses in Athens and Cairo. These methods 

include: injection, reinforced cement coating (steel mesh), polypropylene 

mesh, the use of composite materials (CFRP and GFRP), and strengthening by 

improving the connection between walls and floors. 

- The structural behavior of an existing masonry building subjected to seismic 

action, is strongly affected by the in-plane stiffness of the floors, and by the 

connections between the horizontal diaphragms and the masonry walls. The 

aim of the proposed interventions is to improve the behavior of timber floor 

refurbished using different techniques, with special regard to the in-plane 

stiffness, and historical fabric and value of the floor.  

- To enhance the floor properties (floor diaphragm stiffness) recently there are 

four different solutions: using reinforced concrete slabs, using composite 
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steel–concrete slabs, using a metallic grid supported by steel beams, and 

strengthening of the original floor with crossed steel ties 

- The floor strengthening, to obtain stiff diaphragm properties, allows the 

reduction of the floor displacements and a more effective distribution of forces 

to the resistant elements. It is important to consider a solution with a 

composite slab (concert-steel slab) and with steel ties. The first allows 

compatible horizontal displacements along the pavement‘s perimeter in the 

same way as a reinforced concrete slab, with the advantage of being lighter. 

The second technique, despite being less effective, has the advantage of being 

less intrusive, since it does not require removing the original pavement 

- The most historic traditional buildings represent continuing occupancies and 

change over time, but in restoration, the goal is to depict the building as it 

appeared at the most significant time in its history, by removing existing 

features from other historic periods 

- When assessing a historic building‗s suitability for a new use, the structural 

form, the structural elements (walls, foundations, framework, beams, lintels, 

floors, access stairs and roof structure) and suitability of materials must be 

assessed against the structural needs of the converted building. 

In accordance with and by considering different levels of the study (damage 

assessment and rehabilitation of historic traditional masonry buildings) now we will 

explore and use all of the knowledge and experience obtained from the previous 

chapters to apply the chosen suitable steps on a case study to study the history and 

architectural and construction elements, damage assessment masonry studies, damage 

phenomena and factors, the mechanisms of damage, methods used to damage 

identification, proposed intervention methods, and re-use of the building.      
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5.1- INTRODUCTION 

Athens is one of the most famous heritage cities of the world; it contains many 

historic buildings of different ages. the heritage of the classical era is still evident in 

the city, represented by ancient monuments and works of art, the most famous of all 

being Parthenon considered a key landmark of early Western civilization. The city 

also retains Roman and Byzantine monuments, as well as a smaller number of 

Ottoman monuments. Plaka is the oldest region of modern Athens located at the feet 

of the Acropolis‘ rock.   

5.1.1- PLAKA (Πιάθα) 

Plaka (Greek: Πιάθα) is the old historical neighborhood of Athens, clustered 

around the northern and eastern slopes of the Acropolis, and incorporating 

labyrinthine streets and neoclassical architecture. Plaka is built on top of the 

residential areas of the ancient town of Athens.  The origin of its name is meaning 

"Old Athens". Plaka is on the northeast slope of Acropolis, between Syntagma and 

Monastiraki square (see Fig. 5.1).  

Figure 5.1 Plaka district in Athens 
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Plaka was developed mostly around the ruins of ancient Agora of Athens in an 

area that has been continuously inhabited since antiquity. The area was repopulated 

during the first years of King Otto's rule. Plaka had a sizable Arvanite community till 

the late 19
th

 century, which led some to refer to it as the Arvanite quarter of 

Athens
.
 At the same period the traditional masonry buildings, was built by settlers 

from the Aegean   island of Anafi (see Fig. 5.2). 

Figure 5.2 Shows historic traditional masonry building in Plaka district  

Plaka, the Athenian historical centre, contains a large number of historical, 

economical, architectural and traditional masonry buildings.  The oldest parts of the 

city of Athens remnants of the Late-Roman city wall are embodied in 20
th

 century 

buildings at Plaka, while the Ancient Agora of Athens is found in buildings of the 18
th

 

until 20
th

 century. Remnants of Byzantine and post Byzantine churches (Saint Thomas 

and Saint Elissaios), and wealthy mansions of the late Ottoman domination 

(Chomatianou-Logothetis‘ mansion), are visible at the district.  

In Plaka stand important historical monuments. At the west side there is the 

fully restored Hellenistic Stoa of Attalνs and at the east side the reconstructed church 



Damage assessment and rehabilitation of historic traditional structures                                    

202 
Civil Engineering, EMΠ, NTUA (2015) 

 

of Saint Elissaios of Plaka. In completion of these monumental and symbolic borders 

of the Ancient Greek and Byzantine heritage comes the well known as "the Athenian 

historical centre". (Wikipedia 2015, Charkiolakis et al 2008) 

Near this region (Plaka) at Theseion, to the west of Acropolis, in a 

neighborhood that was created in the late 19th-early 20th c.where the building that 

forms the subject of the present chapter is located, at the crossing of Aktaiou and 

Lykomidon streets and will be referred to as ‗Aktaiou‘ building, thereafter (see 

Fig.5.3) .  

Figure 5.3 shows Aktaiou house in Theseion (Plaka district neighborhood) 

5.2- Aktaiou building  

The Aktaiou building, which was built in the early 1900‘s, is considered to represent 

the structural and architectural trends prevailing in Athens this period. Over the years, 

this house (see Fig. 5.4) has suffered significant damage due to various causes, such 

as seismic excitation, lack of maintenance, construction defects, neglect, 

environmental surrounding factors etc.; it is now being in the process of being 

rehabilitated and converted into a cultural centre.  
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Figure 5.4: The Aktaiou building:  façade in Aktaiou Street (left) and northern face in 

Lykomidon Street (right) 

The present chapter presents the work carried out to date in order to achieve 

this aim. This work includes the following stages: Description of the structural 

system, mapping of the damage, documentation of the materials used, structural 

assessment for the building, the proposed intervention, rehabilitation methods that can 

used to restore or strengthening the building, and verification of proposed 

interventions. The above discussion is preceded by a concise description of the history 

of the building 

5.3 Historical description  

Before considering rehabilitation of the Aktaiou building, it is essential to study its 

history and the evolution of its construction. Historical description or historical 

evolution of the structure has to be known in order to identify the changes in the 

structural system of the building with time.   

Over the years, the building was used as a shelter for the accommodation of 

refugees. Henceforth the building remained completely forlorn and derelict. As a 

result of the long period of neglect and lack of maintenance it has sustained damages 

to a considerable extent. 
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Figure 5.5: View of Aktaiou building house 

Aktaiou building, which is a two-storey building with U shape in-plan 

geometry, is a typical urban Athenian house of its period. It was constructed with 

local materials, rubble (cobble) and ashlars natural masonry stones which may have 

had a polished, droved or broached finish, the ashlars being the cheapest local 

material with good insulation properties for masonry structures. The building can be 

considered as a historic load-bearing masonry structure. It is an excellent example of 

residential architecture initially influenced by the urban architecture of the late 18
th

 

and early 19th century. It comprises basement, ground floor, and first floor. The 

building has a gable roof formed by wooden trusses and covered by terracotta tiles.  

Limestone, marble, and volcanic stone, in addition to semi fired bricks are the 

main building materials used for the construction of the Aktaiou building structural 

and architectural elements; the semi-fired bricks were used in between the main 

building materials and under the windows (see Fig. 5.6). The mortar used is a mud-

lime-pozzolan mortar which is a commonly used mortar in most houses built in 

Athens in the early 19
th

 century. Steel only appears in certain architectural elements of 
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the building such as that used in the courtyard entrance and the steel connecting the 

first floor to the wall (see section 5.4).  

Figure 5.6 Building materials in Aktaiou building 

Their load-bearing walls (with various degrees of bonding and interlocking of 

the blocks) comprise two discrete external leafs and an infill material. The floors are 

made of timber boards and the roof has a gable shape made from wooden trusses. The 

first floor has high elevation; the second floor‘s height is smaller than that of the first 

floor, the high elevation being intended for ventilation purposes. The ground floor has 

12 rooms with varying shapes, and dimensions, the walls are covered with multi-

coloured paintings. The floor of the ground and first floor rooms are covered with 

wooden planks; whereas the corridors between rooms are paved with colour tiles as 

shown in Fig. 5.7. 

 

 

 

 

 

 

Figure 5.7 shows ground floor rooms and decorative colours tiles 
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One can reach the first floor by the wooden staircase shown in Fig. 5.8. The first floor 

comprises ten main rooms and some smaller rooms used as rest rooms and storage 

areas. Some of the rooms overlook Aktaiou Street and the remainder Lykomidon 

Street. All the first floor rooms are almost equal in size with wooden floors and walls 

covered with frescoes as shown in Fig. 5.9.  The first floor can also be reached by 

secondary staircase when entering the building from the entrance in Lykomidon 

Street.  

Figure5.8 The building wooden staircase 

 

 

 

 

Figure 5.9: shows over painting covering original wall paintings 

The Aktaiou building has many features introduced for insulation purposes which are 

typical to most dwellings in Athens (Charkiolakis et. al., 2008): 
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 Wide tiles, being firmed up to a thick layer of clay, sealed the roof from both 

heat and cold. Moreover, thick planking of 0.04 m. prevented warm or cold 

from penetrating the roof. 

 Each floor was particularly high, approximately 3.0 m., whereas the windows 

were of small dimensions. This ratio permitted the cooling of the house: warm 

air rose to the ceiling away from human level, as cooler air kept coming in 

from the windows. 

 The floor was uplifted well enough, in order to create a thermal insulation gap 

between the floor and the ground. 

 Wide thickness also plays a fundamental role in the insulation of a building. 

This principle is particularly useful, since there is a wide variation of 

temperature during the day in the hot-dry climate of Athens in summer. 

5.4- STRUCTURE 

Aktaiou building is one of the best examples of historic traditional masonry buildings 

in Athens, and it is considered to represent the structural and architectural trends 

prevailing in this period (late 18
th

 century/ early 19
th

 century) 

5.4.1- General description  

The Aktaiou building is a two-storey masonry building with basement; the bearing 

walls forming part of its structural system are shown in Fig. 5.10, which also shows 

the wall names adopted for the work. 

The facade of the building lay in Aktaiou Street (wall 1), has a length of 18.40 

m (see Figs 5.11 and 5.12); its left-hand side face (wall 2), which lies in Lykomidon 

street, has a length of 18.00 m (see Figs. 5.13 and 5.14), whereas its right-hand side 

face (wall 3) sees in an internal open space and has a length of 17.00 m. Wall 4 

essentially forms the fence separating the building from the adjacent property. 
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Figure 5.10: Bearing masonry wall system 

The basement extends within the part of the plan enclosed by walls 1, 5 and 

parts of walls 2 and 3. The in-plan geometry of the building has a U shape with a 

central part (CB) extending between walls 1, 6, 2, and 3 and two wings extending 

between walls 6, 4, 2, and 7 (W1) and walls 8, 3, 6, and 4 (W2), respectively. An open 

space forms between walls 7, 8, 6 and 4. 

 

 

 

 

 

 

 

Figure 5.11: Aktaiou building facade (main façade) – Wall 1 
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Figure 5.12: Plan of the main facade 

There are a number of internal walls which, as discussed later, are classified as 

bearing or partition walls depending on the wall width. The timber floors are 

supported by wooden beams simply-supported at the opposite walls, whereas the roof 

is supported by a simply-supported truss system. 

 

 

 

 

 

 

 

 

 

Figure 5.13: Northern face – Wall 2 
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Figure 5.14: Plan of Lykomidon facade  

5.4.2- Structural walls 

The structural walls have a width that varies from 0.5 m up to approximately 0.7 m. 

They were built with inert semi-chiselled stones, bound together with mortar "ashlars 

masonry", in two interlocking layers. The masonry structure is shown in Fig. 5.15. 

More specifically, the materials used for building the masonry walls were as follows: 

      Figure 5.15: Typical masonry structure 

 Limestone – semi-chiselled or chiselled stones used as corner stones or for 

strengthening the sides of wall openings (doors or windows) (see Figs 5.16 

and 5.17) 

 Marble – of irregular shape and varying sizes being one of the constituents of 

the parts of the masonry between wall openings and wall corners (see also 

Figs 5.16 and 5.17) 
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 Volcanic stone (lightweight stone) – encountered in the walls of the 1
st
 floor 

in between limestone and marble stones , and 

 Mortar (binding material) – containing a large quantity of sand and a 

significantly smaller quantity of lime 

 

 

 

 

 

 

 

             Figure 5.16: Wall masonry               Figure 5.17: Wall and window cornerstones 

The connection between the main bearing walls was effected not only through 

the use of large pieces of limestone (corner stone's), but also through the use of steel 

connectors (short anchor elements) which improve the connection of walls orthogonal 

to each other (see Fig. 5.18). 

 

  

 

 

 

 

Figure 5.18: Steel connector tying orthogonal walls and roof 
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 Figure 5.21: Wall recesses where the beams 

of   ground level floor are supported 

 

5.4.3-Partition walls 

The partition walls (secondary walls) were made of 8 cm wide bricks as indicated in 

Fig. 5.19. The partition walls and room walls were built in one-leaf brick masonry, 

connected by a low-resistance mortar, and presented low structural properties. 

Figure 5.19: Partition walls 

5.4.4 - Floors   

Both the ground level and the 1
st
 storey floors were made of 17 cm high x 11 cm wide 

timber beams arranged in parallel at distances of 50 cm (see Figs 5.20 and 5.21), 

covered with 21 cm wide x 2.5 cm thick planks. The beams are simply supported 

within recesses formed in opposite walls (see Figs 5.22 to 5.23). 

 

 

 

 

 

 

Figure 5.20: Beams of ground level floor 
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Figure 5.22: Spacing of beams of ground level floor 

 

 

 

 

 

 

 

 

Figure 5.23: Beams of 1
st
 storey floor beams 

Figure 5.24: Spacing of beams of 1
st
 storey floor 
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5.4.5- Roof  

The roof of the central part of the building (CB) is two-way supported and comprises 

single and double slope trusses, whereas the roof of the wing parts (W1 and W2) of 

the building are one-way supported and comprise double slope trusses (see Figs 5.25 

and 5.26). The latter comprise one vertical and two inclined struts, a horizontal tie and 

two diagonal struts as indicated in Fig. 5.27. The inclined struts of the trusses support 

2 cm thick purlins extending in parallel to the supporting walls, with the purlins being 

covered by planking which underlies the byzantine tiles. 

 

 

 

 

 

   Figure 5.25: Central roof                              Figure 5.26: Wing roof 

The trusses of the wing roofs comprise inclined struts and horizontal tie only (see Fig. 

5.28). Although carpenter connections were formed for the truss members, steel 

connectors were also used in certain cases (see Figs 5.29 and 5.30).   

  

 

 

 

 

    Figure 5.27: Truss of central roof                        Figure 5.28: Truss of wing roof 
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       Figure 5.29: Steel connector             Figure 5.30 Carpenter Connection 
 

The single-slope trusses comprise inclined and vertical struts supported either 

on the horizontal tie or on the upper side of wall 5 (see Fig. 5.31). The roof trusses 

have timber supports encased within the upper side of the walls forming the perimeter 

of the building‘ plan. It is interesting to note that the building walls are not braced. 

Figure 5.31: Single slope truss 

 
5.4.6- Other structural elements  

The stair steps of the main entrance to the building are made of marble stones, 

whereas the internal staircase is made of timber (see Fig. 5.8). The balconies on the 

faces on the Aktaiou and Lykomidon streets are made of marble plates supported on 

sculptured marble cantilevers (see Fig. 5.32).  The galleries looking in the open space 

forming between the building‘s central and wing parts essentially form extensions of 
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Figure 5.33: Typical gallery looking in the 

internal open space with temporary prop 

 

the 1
st
 floor and roof beams (see Fig. 5.33) and they are currently in a state of collapse 

(see Fig. 5.34).  

       Figure 5.32: Typical balcony 

 

Figure 5.34: Typical gallery in a state of collapse. 

For the internal openings timber beams are used as lintels (see Fig. 5.35), whereas the 

lintels of the external openings are made of rubble and brickwork (see Fig. 5.36) and 

have an arch shape. The lintel of the main door to the internal open space has been 

provided with metal supports (see Fig. 5.37). 
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Figure 5.35: Typical lintel of internal opening 

 

Figure 5.36: Typical lintel of external opening 

 

 

 

 

 

 

 
 

Figure 5.37: Metal support of door lintel 
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5.5- Damage identification and mapping 

5.5.1- General  

From visual observation, it has been established that the building does not suffer any 

significant structural damage in the perimeter masonry walls, such as crushing or 

sliding, swelling, out-of-plane displacements, loss of mass, deep cracking, collapse of 

corner wall connections, etc. 

The damage suffered as a result of aging, construction faults/ defects, lack of 

maintenance, seismic and environmental actions may be broadly described as follows: 

 Inclined and vertical cracking with a relatively small width not 

extending throughout the wall thickness. 

 Fragmentation of masonry mortar. 

 Extensive detachment and loss of wall plaster. 

 Failure in localized regions and large deflections of the bearing 

members of the roof structure 

 Collapse of timber galleries 

 Active deep cracks between wall and roof. 

 Separation of roof and bearing walls 

Abbreviations  

The abbreviations used for the description of the locations of damage, and the 

description of the masonry pathology (deterioration phenomena and deterioration 

factors effected on the Aktaiou building), are provided in the following Table 5.1.  
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Table 5.1: Abbreviations 

 

 

 

 

 

 

 

 

 

 

 

 

5.5.2- Main bearing walls 

- Wall 1 

The damage of the external face of the wall (wall 1-ex) is characterized, on the one 

hand, by vertical cracking at both the top of the building and the lintels of the 1
st
 floor 

openings and, on the other hand, by loss of plaster in localized regions of the wall. 

The damage of the internal face of the wall (wall 1-in) is characterized by both 

vertical and inclined cracking of both the wall and the lintels of the 1
st
 floor openings 

(see Fig. 5.38). Vertical cracking also exists between the wall openings of the ground 

floor, as well as at the connection of the wall with walls in the orthogonal direction 

(bearing and secondary walls). 

 

 

Abbreviations       Description 

W1-ex Wall 1- external face 

W1-in Wall 1- internal face 

W2-ex Wall 2- external face 

W2-in Wall 2- internal face 

W3-ex Wall 3- external face 

W3-in Wall 3- internal face 

W4-ex Wall 4- external face 

W4-in Wall 4- internal face 

W5-ex Wall 5- external face 

W5-in Wall 5- internal face 

W6-b Wall 6- western face 

W6-f Wall 6-  eastern face 

W7-in Wall 7- external face 

W7-in Wall 7- internal face 

W8-ex Wall 8- external face 

W8-in Wall 8- internal face 
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Figure 5.38: Lintel cracking (W1-in, 1
st
 floor) and vertical cracking at both the top (W1-ex, 

1
st
 floor) of the building 

 

- Wall 2 

As for the case of wall 1, the external face of wall 2 (wall 2-ex) is characterized by the 

presence of small width vertical cracks at the top of the building (see Fig. 5.39), 

whereas the internal face of the wall (wall 2-in) is characterized by the presence of 

vertical cracking of the lintels of the openings and local dislocation of the stones of a 

part of it between openings. The cracking, both vertical and inclined, of the lintels of 

the openings of the 1
st
 floor is more pronounced than that of the ground floor, with 

significant cracking also existing at the corner wall connections.  

Figure 5.39: Wall cracking at the top of the building (W2-ex, 1
st
 floor) 

- Wall 3 

Vertical cracking is visible at the external face of the wall at the top of the building 

and the lintels of the 1
st
 floor, whereas vertical and inclined cracks are also visible at 
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the internal face of the part of the wall between openings (see Fig. 5.40) and at the 

lintels of the openings. 

 

 

 

 

 

 

 

 

Figure 5.40: Wall cracking (W3-in, and W3-ex of ground floor) 
 

- Wall 4  

The wall is only characterized by local stone dislocations. 

- Wall 5 

Vertical and inclined cracking of the lintels and the some of the wall parts between 

successive openings exist both at the ground floor and 1
st
 floor, with cracking being 

more pronounced at the 1
st
 floor, where vertical cracking also exist at the corner wall 

connections with walls 2 and 3.  

- Wall 6 

At the ground floor, small width inclined cracks are visible in some of the lintels and 

at the wall connection with wall 3. Cracking, both vertical and slightly inclined, is 

more pronounced at the lintels of the 1
st
 floor and, particularly, at the wall corners 

with wall 3 (see Fig. 5.41). 

 



Damage assessment and rehabilitation of historic traditional structures                                    

222 
Civil Engineering, EMΠ, NTUA (2015) 

 

- Wall 7 

Cracking is visible only at the 1
st
 floor: inclined cracking of some of the lintels and 

vertical cracking at the wall connection with wall 4. 

 

 

 

 

 

Figure 5.41: Vertical crack near wall connection (W6-in, 1
st
 floor) 

- Wall 8 

As for wall 7, there is inclined cracking of the lintels and vertical cracking of the wall 

connections with walls 4 and 6. As modeled in Fig. 5.42, there has also been 

separation of the roof and wall 3, probably due to horizontal movement of the roof 

caused by seismic excitation; this movement was allowed by the lack of any means 

for connecting the roof to the wall, the direction of the seismic excitation is also 

indicated in Fig. 3.42.    

 

 

 

 

 

 

Figure 5.42 Horizontal cracks at the connection part between wall 3 and the roof in the 1
st
 

floor 
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5.5.3-  Internal secondary walls  

The damage characterizing these walls is mainly cracking at the wall connections and 

inclined cracking of the lintels of the openings (see Fig. 5.43). 

Figure 5.43: Typical diagonal cracking of secondary wall 

5.5.4- Floors –  Timber beams 

The floors of both the ground- and the 1
st
- levels, do not appear to have suffered any 

failure or excessive deflection.  Also, the timber does not appear to have suffered any 

damage due to environmental causes apart from some limited wear of the planking. 

5.5.5 -Roof 

The roof of the central building is significantly damaged. Although the structural 

members of the trusses do not appear to have suffered failure, some of the trusses 

exhibit a significant deviation from the vertical (see Fig. 5.44).  

Figure 5.44: Truss deviation from vertical 
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Large deflections and failure has been suffered by the single-slope diagonal trusses 

(both members (see Fig. 5.45) and connections (Fig. 5.46); significant deflections 

have also been suffered by the roof perlins. 

The roof of the ‗wings‘ do not exhibit visible deflections; however, there have 

been failures of the trusses, whereas only the perlins have deflected excessively. It 

should also be noted that many of the truss members have been arbitrarily replaced. 

Also, the large deflection of the roof trusses has caused dislocation of the wall corner 

joints at the region of the truss supports.  

 

 

 

 

 

Figure 5.45: failure of truss member 

Figure 5.46: Excessive truss deflection 

5.5.6- Other structural elements  

In contrast with the collapsed timber beams supporting the galleries overlooking the 

interior open space (see Fig. 5.47), the marble balconies of the street facades suffered 

no damage. 
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Figure 5.47: Collapsed galleries 

5.6-  Damage Assessment  

Damage assessment is aimed at assessing the real condition of an existing structure; 

there is a parallel in the field of medicine: any treatment must be preceded by a 

correct diagnosis (Sullivan and Keane 2004). In appraisal, the restorer is left face to 

face with an existing structure of definable qualities and must determine its condition 

and suitability of use (ICOMOS 2003). 

5.6.1- Documentation 

The assessment of the mechanical characteristics of the masonry materials usually 

aim to identify the mechanical (strength, deformability, etc.), physical (porosity, etc.) 

and chemical (composition, etc.) characteristics of the materials and the presence of 

any discontinuities within the structure. The assessment of the mechanical 

characteristics of the masonry materials is based on visual observation and sampling 

of the construction materials and the laboratory testing of the samples (X Ray 

Diffraction (XRD), X Ray Florescence (XRF) uniaxial compression test). 

5.6.1.1-  Sampling 

As already discussed, the main materials used are limestone, marble and volcanic 

stones in addition to mortar.  
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- Stones 

The sampling included all types of stones. It was carried out either by carefully 

removing relatively small stones through the use of chisel or by drilling cores out of 

larger stones (see Figs. 5.48 and 5.49). The material and specimen types and the 

locations of sampling are provided in Table 5.2, whereas the precise location of 

sampling is shown in Figs 5.50 and 5.52. 

       Figure 5.48: Removal of stoneD7-MS       Figure 5.49: Drilling of core D10-LS 
 

Table 5.2:  Type of samples and location of sampling 

Specimen name Material type Specimen type Sampling location 

D1-MS Marble Cube Ground floor 

D3-MS Marble Cube Ground floor 

D4-MS Marble Cube Ground floor 

D5-VS Volcanic stone Cube 1st floor 

D6-VS Volcanic stone Cube 1st floor 

D7-MS Marble Cube Ground floor 

D8-LS Limestone Cylinder Ground floor 

D2-LS Limestone Cylinder Ground floor 

D9-LS Limestone Cylinder Ground floor 

D10-LS Limestone Cylinder Ground floor 

D11-LS Limestone Cylinder Ground floor 

D12-MS Marble Cylinder Ground floor 

D13-VS Volcanic stone Cube 1st floor 
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Figure 5.50: Location of sampling at the ground floor 

 

 

 

 

 

Figure 5.51: Location of sampling at the 1
st
 floor 
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- Mortar 

From in situ examination the mortar was found weak and friable (see Fig. 5.52) and, 

as a result, it has not been possible to obtain any suitable samples to estimate its 

mechanical properties.  

Figure 5.52: Fragmented mortar 

5.6.2- Testing  

5.6.2.1- Chemical and Mineralogical characterization  

Marbles represents granular natural limestone or dolomite of organic nature that have 

been re-crystallized under the influence of external agents such as heat, pressure or 

the presence of aqueous solutions. Marbles consist of a mosaic of various proportion 

of calcite and dolomite grains often inter-bedded with other minerals such as quartz, 

mica, graphite, iron oxides, pyrite, etc., minerals representing impurities in the 

original organic limestone, which reacted during metamorphism to form new 

compounds (Octavian 2008)  

X-ray diffraction (XRD), method currently used in mineralogy and petrology 

of marble and limestone that makes possible identification of the minerals that 

compose the investigated sample. Natural marbles in Greece often contain, often 

together with major constituents, such as calcite or dolomite, other minor components 

such as quartz, magnesite, iron oxides (see Table 5.3) 
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Table 5.3 Petrologic description of the investigated samples composition in accordance with 

X-ray diffraction data (Octavian 2008) 

 

From the three types of masonry materials limestone, marble stone and 

volcanic stone (LS, MS, and VS) chiselled out at the locations shown in Figs. 5.50, 

5.51 and 5.52, samples (limestone, marble, volcanic stone and mortar) were taken and 

appropriately prepared for the chemical and mineralogical characterization.  

The chemical composition of the natural stones was established by through X-

ray Fluorescence (XRF) analysis, while mineralogical characteristics were determined 

by XRD analysis, using a Siemens D-5000 X-Ray Diffractometer (XRD), with nickel-

filtered Cu Kα1 radiation (ι=1.5405 Å, 40 kV and 30 mA). The results of the 

chemical analysis of the natural stones are presented in Table 5.4. 

Place type colour texture composition 

Kerkira 

 

intraclastic 

limestone 

 

white-yellowish 

compact, 

brecciate 

 

calcite, traces of 

dolomite 

 

Nauplio precipitation 

limestone 

white-yellowish fine banded Calcite, dolomite 

Drama dolomitic 

marble 

white-yellowish fine banded dolomite, traces 

of calcite 

Kavalla calcitic marble white-yellowish massive, medium 

granular 

calcite, traces of 

quartz 

Thasos dolomite 

marble 

white massive, micro - 

granular 

dolomite, traces 

of calcite and 

magnesite, 

Didimon dolomite 

marble 

cream-grayish   mezzo to mono-

crystalline 

dolomite, small 

amount of calcite 

Trizina sparry calcite red-brownish Micro crystalline to 

mezzo- crystalline 

calcite + iron 

oxides 

Dionysos crystalline 

limestone 

white massive, micro - 

granular 

calcite 

Aliveri calcite marble bicolor white massive, banded calcite, traces of 

dolomite 

Gramatiko calcite marble White- 

brownish 

massive, micro - 

granular 

calcite, traces of 

dolomite 

Kozani calcite marble White massive, medium 

granular 

calcite 

Naxos calcite marble White massive, micro - 

granular 

calcite 
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Table 5.4:  Results of chemical analysis (% w.w) of the stones samples 

 

 

In Figs 5.53, 5.54, 5.55, and 5.56 the XRD patterns of the examined stones 

samples are presented. According to XRF and XRD analysis, sample VS is a stone of 

volcanic origin, while samples LS and MS, come from carbonate rocks (crystalline to 

microcrystalline limestone). In sample VS, a large proportion of amorphous phase is 

recorded by the XRD analysis, while the main detected mineralogical phases were 

quartz, alunite, dolomite, and calcite. Stone MS coming from metamorphic carbonate 

rocks microcrystalline and grainy. The main mineral phase is that of calcite. Other 

recorded phases are those of quartz, muscovite, clinochlore, and anorthite, but it is 

estimated that they exist at a low quantity level. Stone LS is a limestone mineral with 

main mineralogical phase the dolomite and secondary the calcite. 

Figure 5.53 The fragmentation and bad mineralogical components of marble 

Sample SiO2 Al2O3 Fe2O3 CaO MgO SO3 K2O Na2O L.O.I 

VS 65,87 12,86 0,93 2,21 0,13 2,90 1,27 0,41 13,19 

LS 0,83 0,14 0,10 30,50 21,12 - 0,11 - 46,61 

MS 0,62 0,21 0,20 55,21 - 0,52 0,10 - 42,60 
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From the chemical and mineralogical characterization of the main building materials 

in Aktaiou building, is expected that limestone, which contains dolomite and calcite to 

have better mechanical performance compared to marble (so the builder use it in the 

walls corner as a connection technique). The marble used in the building contains 

calcite and iron oxides which effect on its mechanical properties. According to these 

observations lime stone used in the Aktaiou building in wall corners acting as 

connection stone technique. On the other hand marbles which probably coming from 

the cutting process of the marbles were used as ashlars  

 

Figure 5.54: XRD patterns of the three types of masonry materials (LS, MS and VS.). 

1::Calcite; 2: Dolomite; 3: Quartz; 4: Muscovite; 5: Clinochlore; 6:                              

Anorthite; 7: Alunite 
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Figure 5.55: XRD patterns of limestone specimen 

Figure 5.56 XRD patterns of Marble specimen 
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 As far as the masonry mortar is concerned, XRD and optical microscopy were 

used in order to mineralogically characterize the sample and to assume whether or not 

a lime-pozzolan mortar was used for the masonry construction. The segregation of the 

mixed aggregates was achieved using ambient grinding and sieving in a 0.63 mm 

sieve. XRD analysis was carried out to the passing fraction of the mortar and calcite, 

quartz, muscovite, and clinochlore were the main detected mineralogical phases (Fig. 

5.57).  

Figure 5.57: XRD patterns of volcanic stone specimen  
 

Following the XRD analysis of building materials, an appropriate specimen was 

prepared for optical microscopy. The same sample, passing the 0.63 mm sieve, was 

treated by a 10% w/w 0.1N HCl acid, in order to dissolve calcite. 

 The filtered residual was dried at 105 
0
C and examined by optical microscopy. 

It was found that a finely ground glassy phase exists in the sample (Fig. 5.59), which 

mostly is attributed to a pozzolanic material. 
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Figure 5.58: XRD pattern of mortar sample, 1: Calcite, 2: Muscovite, 3: Quartz, 4: 

Clinochlore 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.59: Optical microscopy photographs of the mortar sample. 
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5.6.2.2- Mechanical characterization 

The mechanical characteristics of the samples were established from uniaxial 

compression tests. The samples chiselled out of the walls were machined to form 

cubes, whereas those cored out from larger stones (see Figs. 5.60 and 5.61) had their 

end faces abraded so as become cylinders with a height-to-diameter ratio of 2.   

 

 

 

 

 

Figure 5.60: Drilling core from a ground floor stone 

Figure 5.61 Cubic and cylindrical specimens 

All specimens were weighted before testing. The specimens‘ dimensions and 

weight are shown in Tables 5.5 and 5.6 .The cubes were used to assess strength only. 

The axial and transverse strains were measured by placing electrical resistance strain 

gauges within the middle zone of the cylinders at diametrically opposite each other in 

the axial and circumferential directions. The testing arrangement for the cubes and 

cylinders are shown in Fig.5.62. The values of the compressive strength obtained 
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from the tests are given in Table 5.7, whereas the stress-strain curves obtained from 

the tests on the cylinders samples are shown in Figs. 5.65, 5.66, 5.67. 

Table 5.5: Dimensions and weight of cubic specimens 

 

Table 5.6: Dimensions of and weight cylindrical specimens 

 

 

 

 

 

Specimen 

name 

Material type Dimensions (cm) Weight 

(Kg) 
Side a Side b Height 

D1-MS Marble 5.6 5.4 6.5 0.508 

D3-MS Marble 7.9 7.7 10.5 1.636 

D4-MS Marble 7.9 8.00 8.00 1.364 

D5-VS Volcanic stone 8.2 7.2 8.5 0.556 

D6-VS Volcanic stone 8.2 8.00 7.00 0.490 

D7-MS Marble 5.5 4.5 4.5 0.306 

D13-VS Volcanic stone 8.2 8.0 8.00 0.532 

Specimen 

name 

Material type Dimensions (cm) Weight 

(Kg) 
Diameter Height 

D8-LS Limestone 4.5 11.00 0.318 

D2-LS Limestone 4.5 4.5 0.142 

D9-LS Limestone 4.5 11.3 0.438 

D10-LS Limestone 4.5 9.5 0.480 

D11-LS Limestone 4.5 11.00 0.428 

D12-MS Marble 4.5 9.4 0.402 
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(a) (b) 

Figure 5.62: Testing arrangements for (a) cubes and (b) cylinders 

Table 5.7: Compressive strength and specific weight of stone specimens 

Marble 

Specimen 

name 
Material type Compressive strength 

fbc(MPa) 

Specific weight (kN/m
3
) 

D1-MS Cube 15.76 25.84 

D3-MS Cube 24.31 25.61 

D4-MS Cube 24.10 32.31 

D7-MS Cube 32.90 27.47 

D12-MS Cylinder 29.01 26.91 

Mean value 25.21 27.63 

Limestone 

D8-LS Cylinder 18.53 18.19 

D2-LS Cylinder 43.62 16.48 

D9-LS Cylinder 54.10 24.38 

D10-LS Cylinder 18.00 31.79 

D11-LS Cylinder 33.17 10.04 

Mean value 33.48 20.18 

Volcanic stone 

D5-VS Cube 4.87 11.10 

D6-VS Cube 5.84 10.67 

D13-VS Cube 5.23 10.13 

Mean value 5.31 10.63 
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The average compressive strength established from the tests was 25.2 MPa for 

the marble specimens, 33.5 MPa for the limestone specimens, and 5.3 MPa for the 

volcanic stone specimens see Fig. 5.63.  

For specimens D10, D11, D12, The axial and transverse strain was measured 

using strain gauges (see Fig. 5.64) and the stress-strain curves obtained from testing 

specimens in linear uniaxial compression are shown in Fig. 5.65, 5.66, and 5.67. 

 

 

 

 

 

 

 

Figure 5.63: Mean compression strength values for marble, limestone, and volcanic 

 

 

 

 

 

 

 

 

 

Figure 5.64: strain gauges test    
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For each curve, only the branch corresponding to low deformation level is 

presented, as for larger deformations strain gauges do not perform reliably, due to 

their local detachment from the specimens. 

Figure 5.65: Typical stress-strain curves obtained from testing specimens D10 in uniaxial 

compression 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.66: Typical stress-strain curves obtained from testing specimens D11 in uniaxial 

compression 
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Figure 5.67: Typical stress-strain curves obtained from testing specimens D12 in uniaxial 

compression 

 

5.6.3 Assessment of Masonry Mechanical characteristics   

For the assessment of the masonry mechanical characteristics it was assumed that the 

compressive strength of the mortar was fmc=0.4 MPa. The assessment of the 

mechanical characteristics of the masonry materials was based on the experimentally 

established strength values of the samples (see Table 5.7). These values were 

introduced in the empirical formulae proposed by Tassios and Chronopoulos (1987) 

(see Table 5.8) and the resulting characteristics are given in Table 5.9.  The 

assessment of stone compressive strength fbc was based on the mean value of the 

constituent materials. 

Table 5.8: Empirical formulae used for assessing the masonry mechanical characteristics 
 

 formulae 

Horizontal mortar layers – Volume of 

mortar 
25-30mm, Vmortar≈0.30/0.40 

Material safety factor γm 
2.00 

Wall compressive strength normal  (    )   to 

horizontal masonry layers (fwc,  ) mcbc faf 







 5.0

3

2  
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Wall compressive strength parallel ( //) to 

horizontal masonry layers fwc, //) 
For incomplete mortar filling 

 ,//, )65.050.0( wcwc ff  

Wall tensile strength normal  (    )   to 

horizontal masonry layers 

(
,wtf ) 

mtwt ff ,
 

Wall tensile strength normal  (//) to 

horizontal masonry layers  

( //f ,wt
) 

mtwt ff  2//
 

Shear strength(horizontal sliding)   oo0,wv σ20.005.0σ
4

3*25.005.0f   

Shear strength(diagonal cracking) 

mt

ο
mt

d,wt

ο
d,wtd,wv

f

σ
5.01f

f

σ85.0
1f

3
2f 




 

Modulus of elasticity  
 ,800 wcfE  

Shear modulus  
G=0.40E 

Poisson’s ratio  

 
0.25 

 

Table 5.9: Masonry mechanical characteristics 

 

 

 

 

 

Ground floor 

material Stone 

compressive 

strength, fbc 

(MPa) 

Wall 

compressive 

strength, fwc 

(MPa) 

Modulus of 

Elasticity, Δ 

(MPa) 

Poisson’s 

ratio, v 

Shear 

modulus, 

G (MPa) 

Marble 25,21 1,81 1448 0,25 296 

Limestone 33,48 

Mean value 29,35 

1
st
 floor 

Marble 25,21 1,25 1000 0,25 400 

Limestone 33,48 

Volcanic 

stone 

5,31 

Mean value 21,33 
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5.7- Causes of damage  

The bearing system of the building is vulnerable to earthquake actions mainly due to 

the following reasons: 

1- The elongated shape of plan view of the central part of the building 

which consists of two bearing walls (W1 and W5) with a length of 

approximately 18.00 m without transverse walls that would reduce 

the likelihood of out-of-plane displacements  

2- Lack of floor and roof diaphragms  

3- Lack of bracing that would ensure monolithic response of the 

building  

On the basis of the above characteristics, the identification of the causes of the 

damage suffered was based on visual observation and on the results obtained by 

numerical analysis of the building. 

5.7.1- Identification of the causes of damage based on visual observation 

The damage of the bearing walls described in Section 4.4.2 may be classified as 

follows:  

 Damage at the wall crowning supporting the timber roof  

 Damage at the connection of intersecting walls  

 Damage of the lintels 

 Damage of the wall pessary 

5.7.1.1- Damage at the crowing of the walls  

The timber roof is supported on the peripheral walls on short isolated wooden planks 

not tied together so as to create a bracing system capable of preventing the horizontal 
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displacement of the roof support, which is restrained entirely by friction across the 

wall width, the latter eventually leading to failure in the form of cracking as indicated 

in Fig.5.68 

Figure 5.68: Cracking of the wall crowning 

5.7.1.2- Damage at the connection of intersecting walls  

As indicated in Fig. 5.69, the near vertical cracking suffered in the region of the 

connection of intersecting bearing walls occurred at some distance from the 

connection itself and this is indicative of tensile failure of the wall masonry rather 

than failure of the connection.  

  

 

 

 

 

 

 

 

Figure 5.69: Near vertical near the primary wall intersection 
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This type of cracking is more pronounced (larger crack widths) at the 1
st
 floor due to 

the lack of a bracing of the wall crowning. The presence of blind anchors across the 

wall width (see Fig. 5.18) may have contributed to this type of cracking. 

On the other hand, there is practically no connection between primary and 

secondary walls. This may be the masons or the builder in this period built the double 

bearing walls at first and then they began to built the inside secondary walls. 

Therefore there is not any connection or tying between the main bearing walls and the 

secondary walls and, as a result, the walls appear to have separated along their 

interface as indicated in Fig. 5.70. 

 

 

Figure 5.70: Wall separation along the interface between primary and secondary walls 

 

5.7.1.3- Damage of the lintels 

From the cracking suffered by internal walls above doors, it appears that the wooden 

lintels of the wider doors have given in under the weight of the overhead masonry 

(see Fig. 5.71). In contrast with the masonry above wide doors, the masonry above 

relatively narrow openings (e.g. windows) appears to have suffered crisscrossing 

inclined cracking due to earthquake action (see Fig. 5.72). 
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Figure 5.71: Masonry cracking supported by door wooden lintel 

Figure 5.72: Masonry cracking of external wall above windows 

5.6.1.4- Damage of the wall pessary 

Wall 1, i.e. the wall of the façade of the building in Aktaiou Street, and wall 5, i.e. the 

internal wall adjacent to W1, have suffered near vertical, small width cracking. It is 

considered that these walls are vulnerable to out-of-plane actions due to their large 

length (18.4 m) combined with the lack of bearing walls across their direction and the 

absence of any bracing at both the floor and roof levels. Indicative of this 

vulnerability is the in-plane failure suffered by the non bearing walls across walls 1 

and 5 and their detachment from the latter (see Fig. 5.73). 
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Figure 5.73: Detachment of non bearing walls from bearing walls at 1
st
 level due to lack of 

connection 
 

5.7.1.5- Separation of roof and bearing walls 

It appears there is separation of the roof from bearing wall (see Fig 5.74). The 

opening caused in the separation allowed rain water to leak from the roof inside the 

building, the earthquake movement and the separation may have been caused by 

relative movements under seismic excitation allowed by the leak of connection 

between wall and roof. 

 
Figure 5.74 Isolation parts between main bearing walls and the roof 
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5.7.2- Identification of the causes of damage based on numerical analysis 

The identification of the causes of damage is based on the results obtained by finite 

element analysis of the building, in its initial state, under the service loading and 

seismic actions specified by the Greek version of EC8. Details of the analysis are 

provided in Kotsovos 2013. The analysis results are expressed in the form of diagrams 

indicating the development of internal stresses. 

5.7.2.1 Damage at the crowing of the walls 

The tensile stresses developing at the wall crowing under the design loading 

conditions were found to exceed the tensile strength of the masonry (see Fig. 5.75).  

 

 

 

Figure 5.75: Tensile stresses (in kN/m
2
) exceeding the tensile strength of masonry developing 

at the wall crowning under seismic action in the direction y-y  (i.e. along the building‘s façade 

in Aktaiou street 
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This explains the causes of the cracking observed in the building attributed to the lack 

of a bracing system capable of preventing the horizontal displacement of the roof 

support, which is entirely restrained by friction across the wall width. 

5.7.2.2- Damage at the connection of intersecting walls  

Fig. 5.76 shows the tensile stresses exceeding the tensile strength of the masonry 

developing in the region of the intersecting walls. It should be noted that it has been 

assumed that the walls are monolithically connected and this has led to the 

development of the critical tensile stresses to develop at a small distance from wall 

connection.  

 

Figure 5.76: Tensile stresses (in kN/m2) exceeding the tensile strength of masonry 

developing in the region of the wall intersections under seismic action in  the direction y-y  

(i.e. along the building‘s façade in Aktaiou street) 
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5.7.2.3- Damage of the lintels 

The causes of cracking identified by visual observation are confirmed by the stress 

analysis results. The stresses exceeding the tensile strength of the masonry in the 

region of the openings of a typical internal wall in the x-x direction (i.e. parallel to the 

building‘s façade in Lykomidon Street) are shown in Fig. 5.77. In fact, cracking 

occurred in the direction orthogonal to that of the tensile stresses effect.  

Figure 5.77: Tensile stresses (in kN/m2) exceeding the tensile strength of masonry 

developing in the region of the openings of a typical internal wall in  the x-x  direction (i.e. 

parallel to the building‘s façade in Lykomidon Street) 

5.6.2.4 Damage of the wall pessary 

Fig. 5.78 shows the deformed shape of the wall predicted by analysis. The figure 

shows that the lack of diaphragms led to out-of-plane deflection of walls 1 and 5 

under seismic action in the x-x direction. The figure also shows that such out-of-plane 

displacements gave rise to tensile stresses in excess of those that can be sustained by 

masonry. Although the development of such stresses is sufficient to cause the 

observed cracking of the pessary, it is recognized that the causes of such cracking 

may be due to other causes which affect the integrity of the building structural 

elements     
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Figure 5.78: Deformed shape and related tensile stresses exceeding the tensile strength of 

masonry (in kN/mm
2
) under the combined action of the service load and seismic excitation in 

the x-x direction 

5.7.3- Discussion  

From the observed damage of the building and its causes identified both visually and 

from the results of stress analysis, it appears that although the bearing system of the 

building has some positive structural features, these are combined with significant 

shortcomings. The positive features include openings (both doors and windows) with 

a relatively small width arranged nearly symmetrically.  

Also, the width of the bearing walls is at least 0.50 m, whereas their height is 

approximately 4.00 m; thus, assuming diaphragmatic action of the floor and roof 

levels, the wall slenderness ι = 8 is rather small. Moreover, the connection of 

intersecting walls is found sufficiently monolithic. 
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On the other hand, a significant shortcoming of the building is the lack of 

diaphragmatic action at the levels of floors and roof that would contribute to the 

monolithic response of the building under seismic excitation. Another shortcoming is 

the lack of transverse walls connecting the two parallel long bearing walls (walls 1 

and 5) along the façade of the building in Aktaiou Street; the lack of such walls 

increases the likelihood of out-of-plane displacements of the bearing walls. Finally, 

the lack of bracing at the wall crowning has a negative effect at the bearing wall-roof 

interaction. 

5.8- Proposed Interventions   

The interventions suggested in the following are intended to overcome the above 

shortcomings in order to upgrade the earthquake resistance of the building in a 

manner that would allow its reuse in accordance with its structural characteristics. 

However, as the building is considered to form part of the architectural heritage of 

Athens, the proposed interventions are also intended to satisfy the code performance 

structural requirements without affecting the architectural character of the building. 

The proposed interventions include: 

 Improvement of the mechanical properties of the masonry through 

mortar grouting. 

 Internal and external bracing at the level of the ground floor and 

construction of new 0.25 m thick concrete slab 

 Strengthening of the floor beams of the 1
st
 level with side blades/plates 

and reconstruction of the floor through the use of two crisscrossing 

layers of plywood so as to form a strong diaphragm connected to the 

supporting peripheral walls with diagonal metal blades 
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 Replacement of the existing roof with a roof of the same morphology, 

bracing of the supporting wall crowning with a layer of reinforced 

concrete, and development of diaphragmatic action through the use of 

metal rods in crisscrossing arrangement. 

In what follows, the methods proposed for materializing the above interventions are 

provided.  

5.8.1 Strengthening of structural behaviour  

A wide variety of intervention techniques can be considered for repairing and/or 

strengthening masonry structures that have suffered damages due to overload, ground 

settlement, temperature variation, earthquake etc. A rough distinction can be made 

among the traditional and the modern ones. Traditional techniques employ the 

materials and building processes used originally for the construction of the structure. 

Modern techniques aim at more efficient solutions using innovative materials and 

technologies.  

5.8.2- Strengthening through grout injection 

This is particularly suited for the rehabilitation of the masonry that has internal 

interconnected cracks. The injection of the grout is made through tubes placed in 

holes drilled throughout the wall surface. For the external cracks the coating should be 

previously removed. Fig. 5.79 shows processes of drilling and grouting, whereas Fig. 

5.80 shows a schematic representation of the location of the injection tubes. 
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Figure 5.79: Process of drilling (left) and grouting (right) 

Figure 5.80: Schematic representation of location of injections 

5.8.3. Strengthening through reinforced cement paste coating 

Thin layers of cement paste coating 10 mm thick reinforced with a steel mesh 

connected to the walls with transverse anchoring rods will be placed on either side of 

the walls as indicated in Fig. 5.81  

 

 

 

 

 

Figure 5.81: Steel mesh of cement paste coating 
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5.8.4- Strengthening of the floor beams 

Best practice in old buildings is to conserve the old floor boards and patch repair them 

locally as necessary. Floorboards should only be replaced where repair is impossible. 

Replacement timber should match the existing timber both in species and in manner 

of conversion, which will allow the quality and grain also to match. Considerable care 

may need to be taken when relaying old floorboards. Boards should generally be re-

fixed in their original positions with nails.  

A composite steel–concrete slab placed over a grid of steel beams which are 

pinned to the masonry walls. A slab with a total thickness of 0.10 m of concrete was 

considered over steel sheeting 0.75 mm thick. The composite slab is supported by 

HEA200 steel beams placed 2 m apart, which are supported by HEA300 beams. This 

solution has the advantage of being lighter than the previous one, with a weight of 2 

kN/m2.  

5.9-Verification of proposed interventions  

The structural assessment of the building after the implementation of the proposed 

interventions was based on linear finite-element analysis through the use of the 

commercial package ETABS. The masonry was modelled by using three- and four-

node shell elements with six degrees of freedom per node, beam elements were used 

to model the linear elements of the proposed diaphragm system, and truss elements 

for modelling the roof structure. More details regarding the modelling of the building 

are provided in Kotsovos 2013 where the full results obtained are also presented.  

 In what follows it is only intended to demonstrate the effectiveness of the 

proposed interventions in preventing damage such as that described in the preceding 

sections. In order to achieve this objective it is considered sufficient to present a 



Damage assessment and rehabilitation of historic traditional structures                                    

255 
Civil Engineering, EMΠ, NTUA (2015) 

 

graphical representation of the intensity of the internal stresses developing in the 

masonry under the code specified loading conditions. 

 Figs. 5.82 and 5.83 present the values and locations of the principal tensile 

stresses, in excess of those that can be sustained by the masonry, developing in the 

walls of the 1
st
 level of the building in the two perpendicular directions y-y and x-x, 

respectively.  

Figure 5.82: Location and intensity of principal tensile stresses (in MPa), larger than the 

tensile strength of the masonry, developing in the walls of 1
st
 level in the y-y direction of the 

building under seismic action. 

On the other hand the values and locations of the principal tensile stresses, in 

excess of those that can be sustained by the masonry, developing in the walls of the 

ground floor are shown in Figs. 5.84 and 5.85. Comparing the results of Figs. 5.75 to 

5.78 with those which shown in Figs. 5.82 to 5.85 shows that the intensity of the 

tensile stresses developing in the rehabilitated building is significantly reduced. 
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These stresses in excess of those that can be sustained by the masonry are sustained 

by the mild reinforcement of the coating which is provided in an amount sufficient for 

this purpose. 

 

Figure 5.83: Location and intensity of principal tensile stresses (in MPa), larger than the tensile 

strength of the masonry, developing in the walls of 1
st
 level in the x-x direction of the building under 

seismic action. 
 

 

Figs. 5.86 and 5.87 show the location and intensity of the principal compressive 

stresses developing in y-y and x-x directions, respectively of the walls of the building 

under seismic action. The figures indicate that in all cases the intensity of the 

compressive stresses is small than the compressive strength of the masonry 
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Figure 5.85: Location and intensity of principal tensile stresses (in MPa), larger than the 

tensile strength of the masonry, developing in the walls of ground level in the x-x direction of 

the building under seismic action. 

 

 

 

 

Figure 5.84: Location and intensity of the principal tensile stresses (in MPa), larger than the 

tensile strength of the masonry, developing in the walls of ground level in the y-y direction of 

the building under seismic action. 



Damage assessment and rehabilitation of historic traditional structures                                    

258 
Civil Engineering, EMΠ, NTUA (2015) 

 

 

Figure 5.86: Location and intensity of principal compressive stresses (in MPa) developing in 

the in the x-x direction of the walls of the building under seismic action. 

 

 

 

Figure 5.87: Location and intensity of principal compressive stresses (in MPa) developing in 

the in the y-y direction of the walls of the building under seismic action. 
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Concluding Remarks 

- Aktaiou building was built in the late 18
th

/early 19
th

 century and it is 

considered to represent the structural and architectural trends prevailing in 

Athens this period. 

- Aktaiou building is a two-storey masonry building with basement. The bearing 

walls forming part of its structural system were built with inert semi-chiseled 

stones (limestone, marble, and volcanic stone) bound together with mortar in 

two interlocking layers.  

- The damage suffered in Aktaiou house as a result of aging, construction faults, 

lack of maintenance, seismic and environmental actions was mainly inclined 

and vertical cracking with a relatively small width not extending throughout 

the wall thickness, fragmentation of masonry mortar, extensive detachment 

and loss of wall plaster, large deflections of the bearing members of the roof 

structure, and collapse of timber balconies.  

- From the observed damage of the building and the identified it appears that the 

significant shortcoming of Aktaiou building is the lack of diaphragmatic 

action at the levels of floors and roof that would contribute to the monolithic 

response of the building under seismic excitation. Another shortcoming is the 

lack of transverse walls connecting the two parallel long bearing walls along 

the façade of the building in Aktaiou Street; the lack of such walls increases 

the likelihood of out-of-plane displacements of the bearing walls. Finally, the 

lack of bracing at the wall crowning has a negative effect at the bearing wall-

roof interaction. 
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- Limestone, marble and volcanic stone are the main building materials of the 

Aktaiou building, whereas lime-mud-pozzolanic mortar was used as binding 

material.  

- Timber floors construction by wooden beams simply-supported at the opposite 

walls, whereas the roof is supported by a simply-supported truss system. The 

roof of the central part is two-way supported and comprises single and double 

slope trusses 

- The structural walls have a width varies from 0.5 m up to approximately 0.7 

m. They were built with inert semi-chiselled stones "marble, limestone, and 

volcanic stone" bound together with mortar, in two interlocking layers. 

- The connection between the main bearing walls was effected not only through 

the use of large lime-stones (corner stone's), but also through the use of steel 

connectors. 

- A large proportion of amorphous phase is recorded by the XRD analysis in 

volcanic stone samples, while the main detected mineralogical phases were 

quartz, alunite, dolomite, and calcite. The main mineral phase characterized by 

XRD to marble is that of calcite. Other recorded phases are those of quartz, 

muscovite, clinochlore, and anorthite, but it is estimated that they exist at a 

low quantity level. The main mineralogical phase in limestone is dolomite and 

the secondary is calcite. As far as the masonry mortar is concerned, XRD and 

optical microscopy were used in order to mineralogical characterize the 

sample and to assume whether or not a lime-pozzolan mortar was used for the 

masonry construction. 
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- The average compressive strength established from compression tests on 

marble , limestone and volcanic stone samples  was 23.2 MPa, 31.7 MPa, and 

5.3 MPa, respectively 

- the most critical locations of the cracking are expected to be on either of the 

side regions of the top edge of wall 1 (façade in Aktaiou Street); in fact, at the 

right-hand side region cracking is predicted to occur at the joint of wall 1 with 

wall 3. 

- Cracking is also predicted to occur at the bottom corners of the main entrance 

in Aktaiou Street. Cracking similar to that of wall 1 is predicted to be suffered 

by walls 5 and 6 (walls parallel to wall 1). As for the case of wall 1, they are 

predicted to occur on either side of the top edge of the walls, as well as at the 

bottom corners of the doors. 

- Under seismic excitation in the x-direction, the internal walls are found likely 

to suffer cracking in the region of the diametrically opposite corners of door 

and windows; in fact that the largest tensile stresses develop at such locations 

of the doors and windows to the backyard of the building enclosed by walls 6, 

4, 7 and 8.  

- The seismic excitation orthogonal to walls 1, 5 and 6 causes out-of-plane 

displacement of the walls in the form of bending of their top edge (due to 

insufficient roof diaphragm) and, therefore, tensile stresses at mid-length 

which are likely to cause flexural cracking. 

- It can be seen that allowing for diaphragmatic action at the levels of the floors 

and roof leads to a significant reduction of not only the values of the principal 

tensile stresses developing in the masonry walls, but also of the locations at 

which these values are larger than the tensile strength of masonry. In fact, 
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diaphragmatic action is found to reduce the out-of-plane displacements of the 

walls to such an extent that cracking as a result of such displacement seems 

unlikely. Moreover, since allowing for diaphragm action also causes 

conditions of bracing at the levels of the floors and roof, the values of the 

tensile stresses developing at these locations due to the lack of bracing reduce 

well below the tensile strength of masonry. 

- Tensile stresses exceeding the masonry strength are found to develop at the 

diametrically opposite corners of the openings (doors and windows). Smaller 

tensile stresses are also found to develop diagonally within the walls under the 

action of in-plane horizontal loading.  

- It is possible to minimize the structural deficiencies in Aktaiou house; though 

modifications intended to combine bracing with diaphragm action at the levels 

of the floors and roof. Moreover, the timber beams of the 1
st
 level floor will be 

strengthened (or replaced wherever necessary) and anchored with metal rods 

penetrating the walls and forming anchors at their external side.  

- As regards safeguarding diaphragm action at the level of the roof support, this 

is achieved through the use of diagonally arranged steel elements, whereas at 

the 1
st
 level it is considered sufficient to stiffen the timber floor with two 

layers of criss-crossing plywood. 

- However, as discussed in 4.3.2, in spite of the above modifications, the 

development of tensile stresses larger than the tensile strength of concrete 

cannot be prevented in localised regions of the walls. In such locations 

cracking may be minimised, or even prevented, if the tensile strength of the 

masonry is improved. The latter can be achieved through grouting that will 

also restore the continuity of the masonry which was disrupted by the 
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formation of cracking. Alternatively (or concurrently), the walls may be 

covered both internally and/or externally with a suitable reinforced coating 

(steel mesh).   
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Conclusions  

- Historic masonry buildings, whatever use is made of them at present or in the 

future may belong to the following categories, depending on the use of the 

building (i) isolated and non accessible buildings, (ii) buildings belonging to 

the urban area, (iii) buildings open to the public, and (iv) buildings open to 

large assembles of people (cathedrals, theatres, etc.). 

- Historic traditional masonry is a form of architecture built using local 

resources, which covers materials, techniques and the skills of its constructors. 

- Traditional ways of building have evolved, one person learning from another. 

Changing circumstances have led to changing solutions with influences from 

other cultures having gradually been blended in.  

- Traditional masonry houses are found in urban and rural areas around the 

world. There are broad variations in construction materials and technology, 

shape, and the number of stories. In hilly Mediterranean areas the number of 

stories varies from two (in rural areas) to five (in urban centers). 

- Historic traditional urban residential masonry buildings in Greece are usually 

made of rubble (cobble) natural stones and a large volume of low strength 

lime mortars, while their floors/roofs are made of timber elements. 

- Traditional houses in Athens are typically found in flat, sloped and hilly 

terrain. They do not share common walls with adjacent buildings. The typical 

separation distance between buildings is 5 meters. 

- Historic traditional houses in Athens have at least eleven openings per floor, 

of an average size of 3.5 m² each. The estimated opening area to the total wall 

surface is 18%. This is relevant to the resistance of this type of building. The 
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main function of this building typology is single-family house. It is very 

common to find these historic buildings used for commercial purposes.  

- Field observations made during the initial reconnaissance and the subsequent 

damage surveys of numerous cases to historic traditional masonry buildings in 

Athens have demonstrated the importance of anchor connections joining 

masonry walls or parapets with roof or floor elements. It was realized that the 

techniques used for this purpose provided some seismic protection; the builder 

used three types of connection techniques developed by local craftsmen for 

connecting structural elements (wall-to-wall, and roof-to-wall). 

- Historic Cairo is an urban ensemble that extends from street to alley to lane 

and covers a large number of historic buildings range from religious structures 

such as mosques and churches, to residential structures such as palaces and 

houses (manazels).  

- Traditional dwellings were an integral part of the traditional urban fabric of 

Cairo city. The houses of rich and poor were adjacent within the neighborhood 

unit, without caste or social discrimination. However, a common feature of 

most historic traditional buildings is that they contain soft, weak or permeable 

materials, such as lime mortars, plasters, renders and paints.  

- The environmental and morphological characteristics of the site determine the 

shape and orientation of historic traditional houses in Cairo.  

- The architectural components which governed the design concept of Cairo 

houses and highlighted its distinctive characteristics were the majaz 

(entrance), the courtyard, the The Qa‘ah (sitting hall), the malqaf (sky open), 

the takhtabush (terrace), and the mashrabiyyah (balcony). 
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- The results of this study found that there is mutual or common construction 

and structural characteristics in historic traditional masonry houses in Athens 

and historic traditional masonry houses in Cairo. this mutual characteristics 

including, the inside courtyard, the use of large limestone, the huge number of 

living rooms in every floor, they usually design the first floor as the high 

elevation more than other floors (second floor and third floor if found), the use 

of first floor as commercial shops.etc.  

- On the other hand there are some differences between the historic traditional 

houses in Athens and Cairo for example in Athens the main entrance of the 

house is direct entrance but in Cairo house the entrance is bent entrance, in 

Athens house they uses a lot of large windows overlooking the outside streets 

but in Cairo house they used mashrabiya, also in Athens house they didn‘t 

separated the men rooms from women rooms but in Cairo houses they 

separated the women rooms far away the men or visitors rooms, etc. 

- Walls in historic traditional masonry are generally uniformly distributed in 

both orthogonal directions with thickness ranging from 400 mm to 700 mm, 

made of undressed rubble stone and semi fired and fired brick in mud/lime 

mortar and most of them have not any formal training.  

- Stone masonry walls can be classified into three types: un-coursed random 

rubble stone, un-coursed semi-dressed stone, and dressed stone 

- Floor and roof structures in historic traditional masonry construction utilize a 

variety of construction systems and materials. The choice is often governed by 

the regional availability and cost of materials, and local artisan skills and 

experience.  
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- Most of historic cities are facing problems with a high number of masonry 

buildings in deteriorated conditions, some of them presenting a severe risk of 

collapse, not only because of neglect in care but also due to damage by recent 

earthquakes. 

- Structural and architectural damage occurs when the stresses due to the action 

or effect of external forces exceed the strength of the materials at locations of 

significance for structural integrity, either because the actions/forces 

themselves increase beyond expected limits or because of building materials 

deterioration.  

- In an unreinforced masonry building, resistance to horizontal actions is only 

accomplished by the stone masonry walls. This material has good behavior for 

compression (generated by vertical loads, such as the gravity loads); 

nevertheless, under horizontal actions, bending moments are generated which 

produce tensile stresses in the masonry.  

- The tensile strength is only achieved by the compression state associated to 

gravity loads and mortar strength. The latter may have already lost part of its 

bonding properties through the years, due to lack of preservation. 

- When tension due to bending exceeds the vertical compression, net tensile 

stress will occur, if the building material is weak in tension such as brick or 

stone masonry, cracking occurs which reduces the effective area for resisting 

bending moment. 

- The connection between structural components is important for maintaining 

building integrity. Integrity is absent or inadequate when the walls are not 

connected at their intersections and there are no ties or ring beams at the floor 

and roof levels. 
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- Historic traditional buildings usually undergo many types of conversion such 

as making new openings for ventilation or removing a column or pillar or even 

a wall from the building. As a result of such modifications the buildings are 

susceptible to serious damage to architectural aspects such as sweeping and 

bulging of facades resulting from the removal of orthogonal walls or large 

openings in these walls. 

- Damage to masonry structures usually takes the form of tension and /or shear 

cracks as a result of imposed deformation due to excessive lateral forces; 

alternatively, it may occur from incipient bursting due to buckling of ashlar or 

expansion of rubble fill in structures that consist of two ashlars faces/wythes 

with a core of rubble and mortar (all unintended gaps in masonry are usually 

referred to as cracks).  

- Cracking occurs when the total imposed tensile strain on a material exceeds its 

tensile strain capacity; materials such as unreinforced masonry and concrete 

are brittle and have low tensile strain capacity. 

- A preliminary in-situ survey to historic traditional masonry is useful in order 

to provide details on the geometry of the structure and the visible damages 

(cracks, out of plumb, material decay) also in order to identify the points 

where more accurate observations have to be concentrated.  

- The analysis of ancient masonry buildings poses important challenges because 

of complexity of their geometry, the variability of the properties of traditional 

materials, the different building techniques, the absence of knowledge on the 

existing damage from the action which affected the masonry structures 

throughout their life, and the lack of cods.   
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- The level of the investigation should always be defined by careful design; 

investigation should be performed to choose more detailed and specific 

investigation in order to: check the reliability of hypothesis on damage causes 

and evolution, control the structure before, during and after the intervention, 

control the effectiveness of the repair and strengthening.  

- Non-destructive Methods (NDM) can be helpful in finding hidden 

characteristics (internal voids and flaws and characteristics of the wall section) 

which cannot be known otherwise than through destructive tests such as flat 

jack test, sonic test, Georadar etc.  

- When masonry is damaged by aggressive agents the decay is never uniform; if 

maintenance is needed and only some bricks or stones or decorations are 

affected by the damage. In this case, laboratory tests can give useful 

information for the choice of the appropriate material for substitution. 

- The main principle of restoration and conservation of historic buildings is to 

keep the building as original as possible,  A wide variety of intervention 

techniques can be considered for strengthening and repairing of masonry 

structures that have undergone damages due to overload, ground settlement, 

temperature variation, natural calamities like wind, earthquake etc.  

- There are a lot of methods used for strengthening historic masonry walls of 

houses in Athens and Cairo. These methods include: injection, reinforced 

cement coating (steel mesh), polypropylene mesh, the use of composite 

materials (CFRP and GFRP) etc. 

- To perform an efficient seismic strengthening, it is necessary to guarantee the 

resistance of the existing structural elements, including walls and foundations. 
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It is also necessary to improve the floor characteristics so that they behave as 

stiff diaphragms, and therefore enable a better distribution of forces.  

- The floor strengthening, to obtain stiff diaphragm properties, allows the 

reduction of the floor displacements and a more effective distribution of forces 

to the resistant elements. Among the proposed techniques, it is important to 

consider a solution with a composite slab and with steel ties. 

- An earthquake-resistant URM building should have masonry interlocking 

between orthogonal walls, an effective connection between floors and walls 

through RC tie beams or steel ties, and floor systems with sufficient in-plane 

stiffness able to distribute horizontal seismic actions among walls. 

- The distribution of horizontal seismic actions among walls induces the in-

plane lateral loading of individual masonry walls, which typically suffer a 

concentration of damage. When pier and spandrel panels subjected to in-plane 

lateral loading, shear or flexural cracking can occur.  

- In old diaphragm properties is essential to impose a global behavior of the 

structure. Its main advantage is to assume compatible horizontal displacements 

in every point of each floor and therefore to allow the distribution of the 

seismic forces in accordance to the stiffness of the resistant vertical elements. 

- A common feature of traditional buildings is the large number of fireplaces, 

and resultant flues, in gable and cross-walls. When considering structural 

interventions it is necessary to ensure that any new openings or bearings 

introduced recognize the presence of existing voids and whether there is a 

need for viable flues. Failure to recognize the presence of flues can lead to 

instability of the walls. Another cause of instability is when floors have not 
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been properly tied into walls, a structural concept that was not always properly 

addressed at the time of construction. 

- When assessing a historic building‗s suitability for a new use, the structural 

form, the structural elements (walls, foundations, framework, beams, lintels, 

floors, access stairs and roof structure) and the condition and suitability of 

materials must be assessed against the structural needs of the converted 

building. 

- Changing the use of a building will require a thorough assessment of its 

structural configuration and condition in order to assess its ability to support 

the changes in loading that are likely to be imposed as a result of the proposed 

change of use. 

- Aktaiou building was built in the late 18
th

 early 19
th

 century and it is 

considered to represent the structural and architectural trends prevailing in 

Athens this period. 

- Aktaiou building is a two-storey masonry building with basement. The bearing 

walls forming part of its structural system were built with inert semi-chiseled 

stones (limestone, marble, and volcanic lightweight stone) bound together 

with mortar in two interlocking layers.  

- The structural walls have a width that varies from 0.5 m up to approximately 

0.7 m. They were built with inert semi-chiselled marble, limestone, and 

volcanic stone bound together with mortar, in two interlocking layers. 

- Limestone, marble and volcanic lightweight stone are the main building 

materials of the Aktaiou building, whereas lime-mud-pozzolanic mortar was 

used as binding material.  
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- Timber floors are constructed on wooden beams simply-supported at the 

opposite walls, whereas the roof is supported by a simply-supported truss 

system. The roof of the central part is two-way supported and comprises single 

and double slope trusses 

- The connection between the main bearing walls was effected not only through 

the use of large limestones (corner stones), but also through the use of steel 

connectors. 

- The damage suffered in Aktaiou house as a result of aging, construction faults, 

lack of maintenance, seismic and environmental actions was mainly inclined 

and vertical cracking with a relatively small width not extending throughout 

the wall thickness, fragmentation of masonry mortar, extensive detachment 

and loss of wall plaster, large deflections of the bearing members of the roof 

structure, and collapse of timber balconies.  

- From the observed damage of the building it appears that the significant 

shortcoming of Aktaiou building is the lack of diaphragmatic action at the 

levels of floors and roof. Another shortcoming is the lack of transverse walls 

connecting the two parallel long bearing walls along the façade of the 

building; the lack of such walls increases the likelihood of out-of-plane 

displacements of the bearing walls.  

- A large proportion of amorphous phase is recorded by the XRD analysis in 

volcanic stone samples, while the main detected mineralogical phases were 

quartz, alunite, dolomite, and calcite. The main mineral phase characterized by 

XRD to marble is that of calcite. Other recorded phases are those of quartz, 

muscovite, clinochlore, and anorthite, but it is estimated that they exist at a 

low quantity level. The main mineralogical phase in limestone is dolomite and 
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the secondary is calcite. As far as the masonry mortar is concerned, XRD and 

optical microscopy were used and it proven that mud-lime-pozzolan mortar 

was used for the masonry construction. 

- The average compressive strength established from compression tests on 

marble, limestone and volcanic stone samples  was 23.2 MPa, 31.7 MPa, and 

5.3 MPa, respectively 

- the most critical locations of the cracking are expected to be on either of the 

side regions of the top edge of wall 1 (façade in Aktaiou Street); in fact, at the 

right-hand side region cracking is predicted to occur at the joint of wall 1 with 

wall 3. 

- Cracking is also predicted to occur at the bottom corners of the main entrance 

in Aktaiou Street. Cracking similar to that of wall 1 is predicted to be suffered 

by walls 5 and 6 (walls parallel to wall 1).  

- Under seismic excitation in the x-direction, the internal walls are found likely 

to suffer cracking in the region of the diametrically opposite corners of door 

and windows; in fact that the largest tensile stresses develop at such locations 

of the doors and windows to the backyard of the building enclosed by walls 6, 

4, 7 and 8.  

- The seismic excitation orthogonal to walls 1, 5 and 6 causes out-of-plane 

displacement of the walls in the form of bending of their top edge (due to 

insufficient roof diaphragm) and, therefore, tensile stresses at mid-length 

which are likely to cause flexural cracking. 

- It can be seen that allowing for diaphragmatic action at the levels of the floors 

and roof leads to a significant reduction of not only the values of the principal 

tensile stresses developing in the masonry walls, but also of the locations at 
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which these values are larger than the tensile strength of masonry. In fact, 

diaphragmatic action is found to reduce the out-of-plane displacements of the 

walls to such an extent that cracking as a result of such displacement seems 

unlikely.  

- Tensile stresses exceeding the masonry strength are found to develop at the 

diametrically opposite corners of the openings (doors and windows). Smaller 

tensile stresses are also found to develop diagonally within the walls under the 

action of in-plane horizontal loading.  

- It is possible to minimize the structural deficiencies in Aktaiou house though 

modifications intended to combine bracing with diaphragm action at the levels 

of the floors and roof. Moreover, the timber beams of the 1
st
 level floor will be 

strengthened (or replaced wherever necessary) and anchored with metal rods 

penetrating the walls and forming anchors at their external side.  

- As regards safeguarding diaphragm action at the level of the roof support, this 

is achieved through the use of diagonally arranged steel elements, whereas at 

the 1
st
 level it is considered sufficient to stiffen the timber floor with two 

layers of cross-crossing plywood. 

- In spite of the above modifications, the development of tensile stresses larger 

than the tensile strength of concrete cannot be prevented in localised regions 

of the walls. In such locations cracking may be minimised, or even prevented, 

if the tensile strength of the masonry is improved. The latter can be achieved 

through grouting that will also restore the continuity of the masonry which 

was disrupted by the formation of cracking. Alternatively (or concurrently), 

the walls may be covered both internally and/or externally with a suitable 

reinforced coating (steel mesh).  
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PROPOSAL FOR FUTURE WORK 

The research highlights on the importance of historic traditional masonry buildings in 

Athens-Greece and Cairo-Egypt in an attempt to make a comparative study to 17th, 

18
th

 and 19
th

 historic traditional masonry houses in Athens-Greece and Cairo-Egypt. 

The comparative includes: history, structural development and architectural 

characteristics, building materials, and deterioration factors and phenomena; in 

addition, to propose some intervention methods for the rehabilitation of the historic 

traditional houses in order to restore and re-use them for cultural purposes. 

Historic traditional masonry structures, as discussed in chapter 1, comprise 

many different buildings types ranging from traditional houses to palaces, and from 

shops to religious buildings etc. Thus, future work in the field of historic building 

restorations should involve the study of such buildings placing emphasis on damage 

assessment methods. 

On the other hand, the present work concentrated on structural and 

architectural defects of historic traditional masonry structures which are usually 

exposed by seismic excitation, but there are many deterioration phenomena, besides 

those studied herein, which threaten structural integrity such as, for example, 

foundation failures, differential settlement and various urban  factors ( digging for 

Metro, Skyscrapers construction adjacent to historic traditional structures, in addition 

to the hazards of immigrants whom take the historic traditional houses as alternative 

home etc). Moreover, there are building material deterioration factors which include: 

underground water, salt florescence, bio-deterioration factors, damping rise, etc.  

Also, other researches in the traditional masonry buildings restoration and 

conservation field should study the history, structural development, damage 
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assessment of traditional buildings older than that of the building investigated in the 

present work.  

Finally, during our site visits to historic traditional masonry houses in Athens, 

Greece and in Cairo, Egypt, we observed that there is a huge number of collapsed 

traditional houses (partial or total collapse), and it is thought that future researches on 

the subject should focus on a comprehensive plan of rehabilitation aiming at the re-

use of such building for cultural purposes.  
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εκαζία Ιζηνξηθήο ΠαξαδνζηαθήοΣνηρνπνηίαο θαη Λνγηθή Απνθαηάζηαζεο 

Γηαπνηηζκέλα κε κελύκαηα από ην παξειζόλ, ηα ηζηνξηθά κλεκεία γελεώλ 

αλζξώπσλ παξακέλνπλ κέρξη ζήκεξα δσληαλνί κάξηπξεο ησλ αησλόβησλ 

παξαδόζεώλ ηνπο. Έρεη γίλεη ζπλήζεηα λα ραξαθηεξίδνληαη σο παξαδνζηαθά θηίξηα 

όια ηα θηίξηα πνπ θαηαζθεπάζηεθαλ ρσξίο επίζεκε δηαδηθαζία ζρεδηαζκνύ. Η 

κνξθή, ην ζρέδην θαη ε κέζνδνο ηεο θαηαζθεπήο ηνπο απιά αθνινπζνύλ κηα 

παξάδνζε πνπ αλαπηύρζεθε κε ην ρξόλν ζηνλ ηόπν ηεο θαηαζθεπήο ηνπο. Η 

ηνηρνπνηία είλαη κηα αλνκνηνγελήο θαηαζθεπή πνπ απνηειείηαη από θπζηθνύο ή 

ηερλεηνύο ιίζνπο πνπ ζπλδέληαη κεηαμύ ηνπο κε δηάθνξνπο ηύπνπο θνληάκαηνο θαη 

θαη δηαηάζζνληαη είηε αθαλόληζηα(ιηζνδνκή) είηε ηαθηηθά (ηνίρνο). 

ηα ηζηνξηθά θέληξα ηεο Αζήλαο θαη ηνπ Κατξνπ θπξηαξρνύλ ηα θηίξηα 

ηνηρνπνηίαο κε ηνίρνπο από ιηζνδνκή πνπ απνηεινύληαη από πνιιαπιά θύιια, κε 

ειάρηζηε ή θακία ζρέζε κεηαμύ ηνπο, θηηζκέλα κε δηάθνξα πιηθά θαη θαθήο 

πνηόηεηαο θνληάκαηα. Κνλό ραξαθηεξηζηηθό ησλ θηηξίσλ είλαη ε δίθπιιε ή ηξίθπιιε 

θέξνπζα ηνηρνπνηίαζηελ νπνία ζηεξίδνληαη μύιηλα παηώκαηα θαη νξνθή. 

Οη θαηαζθεπέο ηνηρνπνηίαο είλαη απηέο κε ηε κεγαιύηεξε ηξσηόηεηα θαη ηε 

κεγαιύηεξε αλάγθε γηα απνθαηάζηαζε. Η ηξσηόηεηά ηνπο νθείιεηαη θπξίσο ζηελ 

κηθξή εθειθπζηηθή αληνρή ηνπο θαη ζηελ παληειή απνπζία αληηζεηζκηθνύ 

ζρεδηαζκνύ. Όκσο, πνιιά από ηα ηζηνξηθά παξαδνζηαθά θηίξηα είλαη έξγα ηέρλεο θαη 

απνηεινύλ δείγκαηα ηεο αιεζηλήο ηδηνθπίαο ησλ θαηαζθεπαζηώλ ηνπο πνπ 

αληαλαθιάηαη ζηα θαηλνηόκα αξρηηεθηνληθά ζρέδηά ηνπο. Γηα ην ιόγν απηό, ε 

δηαηήξεζε θαη ε απνθαηάζηαζε ησλ ηζηνξηθώλ θηηξίσλ απαηηεί κηα θαιή ζπλεξγαζία 

δνκνζηαηηθώλ, αξρηηεθηόλσλ θαη αξραηνιόγσλ/ηζηνξηθώλ. 

Απνθαηάζηαζε παξαδνζηαθνύ θηηξίνπ κπνξεί λα επηηεπρζεί κε επηηπρία κόλν 

εάλ ε δηάγλσζε ηεο θαηάζηαζεο ησλ δεκηώλ ηνπ θηηξίνπ έρεη πξνεγεζεί. Η ηζηνξία 

ηνπ θηηξίνπ θαη ηνπ πεξηβάιινληνο ρώξνπ πξέπεη λα κειεηεζεί δηεμνδηθάθαη λα 

δηεξεπλεζνύλ ε αξρηηεθηνληθή ηνπ, νη κέζνδνη δόκεζεο θαη ηα πιηθά θαηαζθεπήο. 

Όια απηά απνηεινύλ ην πξώην, πνιύ ζεκαληηθό βήκα ηεο δηαδηθαζίαο 

απνθαηάζηαζεο, ην νπνίν ζα κπνξνύζε λα νξηζηεί σο «θαηαλόεζε ηνπ θηηξίνπ». Η 

δηάγλσζε ή δνκηθή αμηνιόγεζε ζα πξέπεη λα ζπκπεξηιακβάλεη έξεπλα ηόζν ζην ρώξν 

ηνπ θηηξίνπόζν θαη ζην εξγαζηήξην. Δπίζεο, ε απνηειεζκαηηθόηεηα ησλ ηερληθώλ 

επέκβαζεο ζα πξέπεη επίζεο λα ειέγρεηαη θαηά ηε δηάξθεηα θαη κεηά ην πεξαο ησλ 

εξγαζηώλ επηζθεπήο. 

Ο θύξηνο ζηόρνο ηεο απνθαηάζηαζεο ησλ ηζηνξηθώλ θηηξίσλ είλαη λα 

δηαηεξεζεί ν ραξαθηήξαο ηνπο όζν ην δπλαηόλ πεξηζζόηεξν. ε ζεκαληηθό βαζκό, ν 

ζηόρνο απηόο επηηπγράλεηαη κε ηελ όζν ην δπλαηόλ πεξηνξηζκέλε αληηθαηάζηαζε 

ησλαξρηηεθηνληθώλ ραξαθηεξηζηηθώλ ηνπο κε βιάβεο. Δάλ ε αληηθαηάζηαζε είλαη 

αλαπόθεπθηε, παξόκνηα πιηθά, θαηά πξνηίκεζε ηαπηόζεκα, κε ην αξρηθά ζα πξέπεη 

λα ρξεζηκνπνηνύληαη. Κάζε θηίξην ζα πξέπεη λα ζεσξείηαηόηη απνηειεί έλα θπζηθό 

αξρείν ηνπ ρξόλνπ, ηνπ ηόπνπ θαη ηεο ρξήζε ηνπ. Ωο εθ ηνύηνπ, πξέπεη λα 
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απνθεπρζνύλ αιιαγέο πνπ δεκηνπξγνύλ κηα ςεπδή αίζζεζε ηεο ηζηνξηθήο εμέιημεο. 

Όιεο νη κέζνδνη απνθαηάζεο πνπ ζα ρξεζηκνπνηεζνύλ ζα πξέπεη λα δηαθπιάζζνπλ 

θαη λα δηαηεξνύλ ηνλ ηζηνξηθό ραξαθηήξα ηνπ θηηξίνπ θαη λα ηνλ κεηαθέξνπλ ζην 

κέιινλ κε ηα αξρηθά ηνπ ραξαθηεξηζηηθά. 

Κεθάιαην 1: Ιζηνξηθέο παξαδνζηαθέο θαηαζθεπέο ηνηρνπνηίαο:Ιζηνξία, 

Αλάπηπμε θαη δνκηθά ζηνηρεία 

1.1 Σνηρνπνηία σο θαηαζθεπαζηηθή ηερληθή κέζα από ηελ ηζηνξία 

Η ηνηρνπνηία είλαη έλα αλνκνηνγελέο πιηθό κε δύν ζπζηαηηθά ζηνηρεία: ηα 

ιηζνζώκαηα θαη ην θνλίακα. Σα ιηζνζώκαηα κπνξεί λα είλαη θπζηθά ή ηερλεηά, 

ζπλδένληαη κεηαμύ ηνπο κε θνλίακα ζηνπο αξκνύο κε ζρήκα αθαλόληζην, ζηε 

ιηζνδνκή, ή επζύγξακκν, ζηνπο ηνίρνπο κε ηερλεηνύο ιίζνπο (πιίλζνπο) (Lopez et al 

1998, Pena 2004). Η ηνηρνπνηία είλαη ην παιαηόηεξν δνκηθό πιηθό θαη εμαθνινπζεί λα 

ρξεζηκνπνηείηαη ζε ζύγρξνλα θηίξηα. Σν πην ζεκαληηθό ραξαθηεξηζηηθό ηεο 

ηνηρνπνηίαο είλαη ε απιόηεηά ηεο. Οη παξάγνληεο πνπ επέβαιαλ ηε ρξήζε ηεο ήηαλ 

θπξίσο ε ηνπηθή θνπιηνύξα θαη ε γλώζε ησλ πιηθώλ θαη εξγαιείσλ, θαζώο θαη ε 

δηαζεζηκόηεηα ησλ πιηθώλ θαηαζθεπήο (Lourenço 1998). 

1.2 Ιζηνξηθή παξαδνζηαθή ηνηρνπνηία 

 Έρεη γίλεη επξέσο απνδεθηό έλα θηίξην πνπ θαηαζθπάζηεθε ρσξίο επίζεκε 

δηαδηθαζία ζρεδηαζκνύ λα αλαθέξεηαη σο παξαδνζηαθή θαηαζθεπή ηνηρνπνηίαο. Η 

κνξθή, ην ζρέδην θαη ε κέζνδνο θαηαζθεπήο ηνπ απιά αθνινπζεί ηελ παξάδνζε, ην 

ρξόλν θαη ηνλ ηόπν ηεο ζύιιεςήο ηνπ. Οη παξαδνζηαθνί κέζνδνη θαηαζθεπήο έρνπλ 

εμειηρζεί, κε θάζε γεληά θαηαζθεπαζηώλ λα καζαίλεη από ηελπξνεγνύκελε. 

Μεηαβαιιόκελεο ζπλζήθεο έρνπλ νδεγήζεη ζε εμέιημε ηεο κνξθήο ησλ θαηαζθεπώλ. 

ε θάζε δεδνκέλε ρξνληθή ζηηγκή, ππήξμαλ θνηλέο αμίεο, έζηκα, ηνπηθά πιηθά θαη 

ηνπηθή ηερλνηξνπία (Oram θαη Stelfox 2004). 

Οη άλζξσπνη έρνπλ αλαπηύμεη ηερληθέο νηθνδόκεζεο άξηζηα πξνζαξκνζκέλε 

ζηα δηαζέζηκα νηθνδνκηθά πιηθά θαη ηηο ηνπηθέο ζπλζήθεο. Με ηελ πξνζαξκνγή ζηηο 

ηνπηθέο θαη θνηλσληθέο ζπλζήθεο θαη ηηο απαηηήζεηο ζέζεο, όπσο, ε ηνπνγξαθία, ην 

θιίκα, θαη άιιεο πεξηβαιινληηθέο ζπλζήθεο, ην, παξαδνζηαθό θηίξην, πξνζθέξεη κηα 

ζεηξά από πιενλεθηήκαηα θαζώο θαη ηα κεηνλεθηήκαηα (Dirlich 2004). 

1.3 Δμέιημε παξαδνζηαθήο ηνηρνπνηίαο  ζην ρξόλν 

ε θάζε ρώξα ππάξρεη έλαο κεγάινο αξηζκόο ησλ ηζηνξηθώλ θηηξίσλ από ηνηρνπνηία, 

πνπ θαιύπηνπλ όιν ην εύξνο ησλ ηύπσλ θηηξίσλ από αγξνηηθέο θαηνηθίεο κέρξη 

βαζηιηθά παιάηηα θαη λανύο. ε έλα ηππηθό αγξνηηθό ζπίηη από ηνηρνπνηία, ππάξρνπλ 

θέξνληεο ηνίρνη από ιηζνδνκή ρηηζκέλνη κε ζηξνγγπιέο πέηξεο θαη θνλίακα από 

ιάζπε θαη αζβέζηε. Οη ηνίρνη είλαη θηηζκέλνη κε πέηξεο ηνπνζεηεκέλεο κε ηπραίν 

ηξόπν, θαη σο εθ ηνύηνπ δελ έρνπλ ηηο ζπλήζεηο ζηξώζεηο(παηήκαηα) πνπ 

παξαηεξείηαη ζε ηνίρνπο από πιίλζνπο. Οη ηνίρνη ππνζηεξίδνπλ βαξηέο ζηέγεο (γηα 

παξάδεηγκα, μύιηλε ζηέγε κε παρεηά ζηξώζε θεξακηδηώλ) (Lourenço 2002, 
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Casanovas 2007). Κηίξηα από ηνηρνπνηία θηίξηα κπνξεί λα βξεζνύλ ζε πνιιέο 

ζεηζκνγελείο πεξηνρέο θαη ρώξεο όπσο ε κεζνγεηαθή Δπξώπε, ε Βόξεηα Αθξηθή, ε 

Μέζε Αλαηνιή θαη ε Ννηηναλαηνιηθή Αζία (Bothara θαη Brzev 2011). Οη 

θαηαζθεπέο ηνηρνπνηίαο κπνξεί λα δηαηξεζνύλ ζε δύν θαηεγνξίεο πνπ ηθαλνπνηνύλ 

νηθηαθέο θαη κε- νηθηαθέο αλάγθεο (Οκόηηκνο 1996, Thomas 1996). 

Οη πξνζπάζεηεο ηεο πξσηόγνλεο αλζξσπόηεηαο λα εμαζθαιίζεη πξνζηαζία ελάληη 

επηζέζεσλ πεξηιακβάλνπλ αλαδήηεζε θαηαθύγηνπ ζε ζπειηέο, ηελ εθκάζελζε 

ηξόπσλ θαηαζθεπήο ζθελώλ από θινηνύο, δέξκαηα, θξύγαλα θαη θαιπβηώλ από 

θαιακσηή κειάζπε. Μεξηθνί από απηνύο ηνπο ηύπνπο  ζηέγαζεο εμειίρζεθαλ ζε 

ζπίηηα. ηελ αξραία Δγγύο Αλαηνιή, ε εμέιημε ησλ θαηνηθηώλ ήηαλ από θαιύβεο ζε 

ζπίηηα, αξρηθά ζρήκαηνο «κειηζζηνύ» (όπσο θαίλεηαη ζην ρ. 1.1α) θαη, ζηε 

ζπλέρεηα, νξζνγώληα (όπσο θαίλεηαη ζην ρ. 1.1β) (Lourenço1998, Urquhart 2007). 

Σα ηζηνξηθά παξαδνζηαθά ζπίηηα από ηνηρνπνηία βξίζθνληαη ζε αζηηθέο θαη αγξνηηθέο 

πεξηνρέο ζε όιν ηνλ θόζκν. Τπάξρνπλ επξείεο δηαθπκάλζεηο ζε δνκηθά πιηθά θαη 

ηερλνινγία, ζρήκα θαη αξηζκόο νξόθσλ. 

 

 

 

 

 

 

ρήκα 1.1: α) πίηηα ζρήκαηνο θπςέιεο ζε πεξηνρή ηεο Κύπξνπ. β) Οξζνγώληα θηίζκαηα από έλα 

ρσξηό ζην Ιξάθ (Lourenço 1998) 

Σα ζπίηηα ζε αγξνηηθέο πεξηνρέο είλαη γεληθά κηθξόηεξα ζε κέγεζνο θαη έρνπλ 

κηθξόηεξνπ κεγέζνπο αλνίγκαηα από ηα ζπίηηα ζε αζηηθέο πεξηνρέο πνπ είλαη ζπρλά 

κηθηήο ρξήζεο - εκπνξηθή ζην ηζόγεην θαη θαηνηθία ζηνπο ππεξθείκελνπο νξόθνπο. ε 

ινθώδεηο πεξηνρέο ηεο Μεζνγείνπ, ν αξηζκόο ησλ νξόθσλ θπκαίλεηαη από δύν (ζε 

αγξνηηθέο πεξηνρέο) έσο πέληε (ζηα αζηηθά θέληξα). Σα ζπίηηα από ιηζνδνκή 

ρηίδνληαλ από ηνπο ίδηνπο ηνπο ηδηνθηήηεο ή από ηνπηθνύο θαηαζθεπαζηέο, ρσξίο 

θακία επίζεκε θαηάξηεζε. Σν ζύζηεκα θαηαζθεπήο απνηειείηαη από κηα δνκή 

μύιηλε ζηέγε πνπ ππνζηεξίδεηαη από μύιηλνπο ζηύινπο θαη δνθνύο θαη ηνίρνπο από 

ιηζνδνκή ζην εμσηεξηθό (βι. ρήκα 1.2) (BotharaθαηBrzev 2011). Ο αξρηηεθηνληθή 

ηνπ θηηξίνπ βαζίδεηαη ζηελ επαλάιεςε κηαο βαζηθήο νξζνγσληθήο νηθηζηηθήο 

κνλάδαο κε επίπεδε ζηέγε. Όπσο θαίλεηαη ζην ρ. 1.3, ε βαζηθή κνλάδα κπνξεί λα 

ρξεζηκνπνηεζεί γηα λα ζρεκαηηζζεί έλα κεγάινπ κήθνπο δσκάηην (ην «καθξπλάξη») 

ήέλαζπίηηδύν ζπλερώλ δσκαηίσλ πνπ ρσξίδνληαη από έλα ζνισηό ηνίρν πνπ 

ππνβαζηάδεη ηε ζηέγε (Bothara θαη Brzev2011). 
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ρήκα1.2: Σππηθό θηίξηναπό ιηζνδνκήκεεμσηεξηθή πέηξηλεηνηρνπνηίαθαηέλα εζσηεξηθόΞύιηλν 

πιαίζην(BotheraθαηBrzev2011) 

ηε ζπλέρεηα, ε δηαδηθαζία ηεο αλάπηπμεο θαηνηθηώλ πξνρώξεζε ζην επόκελν 

ζηάδην κε ηε κνξθή απιώλ δηώξνθσλ θηηξίσλ, όπσοην θηίξηνπνπ θαίλεηαη ζην ρ. 

1.3. Σνηζόγεην απν ηειείηαη από δύνε πηκήθεηο αίζνπζεοκε δηαζηάζεηο 4×10m, θαην 

πξώηνο όξνθνο απνηειείηαη από έλαλ εληαίν ρώξν, ν νπνίνο θαιύπηεη κόλνην ήκηζπ 

ηνπ ηζόγεηνπ. Σν ζπίηη ρηίζηεθε από ιηζνδνκή θαη αζβεζηνθνλίακα κε άκκν. Η 

νξνθή είλαη ζρεδόλ επίπεδε, θαη θαιύθζεθε κε ρώκα πνπ παξέρεη κόλσζε 

(Αιεμαλδξήο et al.,2004). 

ρήκα1.3: Σύπνηπαξαδνζηαθώλ ζπηηώλζηελ Κύπξνθαη Αζήλα. (Bothera θαη Brzev2011, Αιεμαλδξήο 

et al.,2004) 

Αθνινύζεζε επηηάρπλζε ηεο δηαδηθαζίαο αλάπηπμεο, ηδηαίηεξα ζηηο αζηηθέο 

παξά ζε αγξνηηθέο πεξηνρέο. Τπάξρνπλ επξείεο δηαθπκάλζεηο ζηερξήζε πιηθώλ θαη 

ηερλνινγίαο, ην ζρήκα θαη ηνλ αξηζκό ησλ νξόθσλ, όπσο θαίλεηαη ζην ρ. 1.4 

1.4 Ιζηνξηθέο παξαδνζηαθέο θαηαζθεπέο ηνηρνπνηίαο ζηελ Αζήλα  

Η θέξνπζα ηνηρνπνηία ησλπαξαδνζηαθώλ αζηηθώλ θηηζκάησλ/θαηνηθηώλ ζηελ 

Διιάδα είλαη ζπλήζσο θαηαζθεπαζκέλε από θπζηθνύο ιίζνπο – πνπ ήηαλ ην 

θζελόηεξν πιηθό πνπ δηαηίζεην γηα ηελ θαηαζθεπή ηνηρνπνηίαο θαηά ηνλ 17
ν
 θαη 18

ν
 

αηώλα – θαη έλα κεγάιν ζε όγθν,ρακειήο αληνρήοαζβεζηνθνλίακα, ελώπαηώκαηαθαη 

νη ζηέγεο ηνποείλαη μύιηλεο. Σα ηνηρώκαηακπνξεί λα είλαη «κνλόθπιια» ή 

«ηξίθπιια», ζηε δεύηεξε πεξίπησζε κε δύν δηαθξηηά εμσηεξηθά θύιια θαη πιηθό 
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πιήξσζεο κε κεγάιν όγθν θελώλ. Σν πάρνοηεο ηνηρνπνηίαο είλαη κηθξόηεξν ή 

κεγαιύηεξναπόπεξίπνπ700 ρηιηνζηά γηα ηα κνλόθπιια θαη ηξίθπιια, αληίζηνηρα, 

ηνηρώκαηα (Saatcioglu θαη Anderson2004). 

ρήκα 1.4: Ιζηνξηθ;a παξαδνζηαθά ζπίηηα ζε ηζηνξηθέο πόιεηο  ηεο Διιάδα, Ιηαιίαο θαη Αηγύπηνπ 

Δπίζεο, νηθαηνηθίεοέρνπλ πνιιά ραξαθηεξηζηηθάπνπ ζρεηίδνληαη κεηελ 

επίδξαζε ηνπ πεξηβάιινληνο: 

 Πιαηηά θεξακίδηα ζηεξενκέλα ζε έλα παρύζηξώκα πεινύπνπ εμαζθαιίδεη 

θαιή κόλσζε καδί κε ην ζαλίδσκα ηεο ζηέγεο πάρνπο 0,04κ. 

 Κάζε όξνθνοείλαη ηδηαίηεξα πςειόο, πεξίπνπ3,0κ., ελώηα παξάζπξα 

είλαηκηθξώλ δηαζηάζεσλ. Η αλαινγία απηή επηηξέπεη ηελςύμεηνπ ζπηηηνύ ην 

θαινθαίξη: ζεξκόο αέξαο αλεβαίλεη ζηελνξνθή, θαζώο ςπρξόο αέξαο 

ζπλερίδεη λα εηζέξρεηαη από ηα παξάζπξα. 

 Σν δάπεδν είλαη αλπςσκέλν αξθεηά, ώζηε λα δεκηνπξγεί έλα θελό ζεξκηθήο 

κόλσζεο κεηαμύ δαπέδνπθαη εδάθνπο (Υαξθηνιάθεο et al 2008). 

 Ηηνηρνπνηίαησλ θηηξίσλ απνηειείηαη απόιίζνπο πάρνπο0,60 κ πεξίπνπ. Σν 

πάρνο ησλ ηνηρσκάησλ ζπκβάιιεη ζεκαληηθά ζηε κόλσζεηνπ θηηξίνπ. Η 

ζνθίηαήε νξνθήκπνξεί λα έρεηκηθξά αλνίγκαηα (θεγγίηεο), ώζηεν δεζηόο 

αέξαοησλ εζσηεξηθώλ ρώξσλλα αλεβαίλεη θπζηθά θαηλα δηαθεύγεη από ηνπο 

θεγγίηεο (βι.Fig.1.6). 

 

 

 

 

 

 

 ρήκα 1.5: Ιζηνξηθά παξαδνζηαθά ζπίηηα. Γηώξνθεο θαη ηξηώξνθεο θαηνηθίεο κε δηαθνξεηηθά 

πςόκεηξα ηνπ πξώηνπ, δεύηεξνπ θαη ηξίηνπ νξόθνπ 
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 Σα θηίξηα βξίζθνληα ηζπλήζσο ζε επίπεδε, επηθιηλή θαηινθώδε εδάθε. Γελ 

κνηξάδνληαη θνηλνύο ηνίρνποκε ηα γεηηνληθά θηίξηα. Η ηππηθή απόζηαζε 

δηαρσξηζκνύ κεηαμύ ησλ θηηξίσλ είλαη, θαηά θαλόλα,5. 

 

 

 

 

 

 

ρήκα 1.6: ηξαηεγηθέο εμαεξηζκνύ: κηθξά αλνίγκαηα ζηε ζνθίηαησλ θηηξίσλ (Υαξθηνιάθεο et al 

2008) 

1.4.1 Κόκβνη δνκηθώλ ζηνηρείσλ θαη ηερληθέο ζύλδεζεο 

Δπηηόπηεο παξαηεξήζεηο θαηά ηελ αξρηθή αλαγλώξηζε θαη κεηαγελέζηεξεο έξεπλεο 

δεκηώλ πνιιώλ πεξηπηώζεσλ ηζηνξηθώλ παξαδνζηαθώλ θαηαζθεπώλ ηνηρνπνηίαο 

θαηέδεημαλ ηε ζεκαζία ησλ ζπλδέζεσλ ηνπ ζπζηήκαηνο πνπ ελώλεη ηνίρνπο ή 

ζηεζαία κε ηελ νξνθή ή ηα δάπεδα. Έρεη γίλεη αληηιεπηό όηη νη ηερληθέο πνπ έρνπλ 

ρξεζηκνπνηεζεί γηα ην ζθνπό απηό πξνζθέξνπλ θάπνηα αληηζεηζκηθή πξνζηαζία 

(Tondre1999, Ambrose θαη Vergun1999). Τπάξρνπλ ηξεηο ηύπνη ηερληθώλ ζύλδεζεο 

πνπ αλαπηύρζεθαλ από ληόπηνπο ηερλίηεο γηα ηε ζύλδεζε δνκηθώλ ζηνηρείσλ (ηνίρν 

κε ηνίρν θαη νξνθή κε ηνίρν). Απηέο νη ηερληθέο πεξηιακβάλνπλ ηε ρξήζε ιίζηλσλ 

ζπλδέζεσλ, μύιηλσλ ζπλδέζεσλ μύινπ θαη κεηαιιηθώλ ζπλδέζεσλ. 

1.4.1.1 Λίζηλεο ζπλδέζεηο 

ηηο παξαδνζηαθέο ηνηρνπνηίεο, κεγάιεο ιαμεκέλεο πέηξεοαπό αζβεζηόιηζν 

ρξεζηκνπνηήζεθαλ ζηηο γσλίεο, όπνπ κεγάιεο ζπγθεληξώζεηο ηάζεσλ ηείλνπλ λα 

αλαπηπρζνύλ, πξνθεηκέλνπλα επηηεπρζεί ε θαηάιιειε ζύλδεζε κεηαμύ ησλ 

ηνηρσκάησλ. Οη ιίζηλεο ζπλδέζεηοείλαη ζεκειηώδνπο ζεκαζίαο γηα ηεκνλνιηζηθή 

ζπκπεξηθνξά ηεο ιηζνδνκήο, εηδηθά ζε πεξηπηώζεηο ηνηρνπνηίαο πνιιαπιώλ θύιισλ. 

1.4.1.2 Ξύιηλεοζπλδέζεηο 

Σα ίρλε ηεο ρξήζεο νπιηζκνύ από μπιεία ζε θηίξηα βξίζθνληαη ζε πνιπάξηζκεο 

θαηαζθεπέο (θαηνηθίεο, εθθιεζίεο θαη πύξγνπο). Ξπιεία ρξεζηκνπνηείηαη σο ελίζρπζε 

ζε πνιιά επίπεδα εληόο ηνπ ύςνπο ησλ ηνηρσκάησλ (ηόζν ζε δηακήθε όζν θαη 

εγθάξζηα θαηεύζπλζε). Σα νξαηά ζηνηρεία ηεο μπιείαο ρξεζηκνπνηνύληαη σο 

ειθπζηήξεο ζηα άθξαηόμσλ θαη ζόισλ, θαζώο θαη ζηελ ηνηρνπνηία θαηά κήθνο ησλ 

πεξηκεηξηθώλ ηνίρσλ κε ηε κνξθή μύιηλσλ ειθπζηήξσλ (βι. ρ. 1.7). Η απνηίκεζε 

παξαδνζηαθώλ θηηξίσλ ηνηρνπνηίαο πνπ θαηαζθεπάζηεθαλ κεηαμύ 17
νπ

 θαη 19
νπ 

αηώλα 

έδεημε όηη έρεη γίλεη ρξήζε μύιηλνπ νπιηζκνύ γηα ηελ ελίζρπζε ηεο ηνηρνπνηίαο κε ηνλ 

ηξόπν πνπ θαίλεηαη ζην ρ. 1.7 (Βηληδειαίνπ 2011). 
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Σχήμα 1.7: Χαρακτθριςτικά παραδείγματα χριςθσ ξυλείασ για τθν ενίςχυςθ τοιχοποιίασ 

1.4.1.3 Μεηαιιηθέο ζπλδέζεηο 

Μεηαιιηθέο ζπλδέζεηο ρξεζηκνηήζεθαλ γηα ηελ εμαζθάιηζε έλαληη αζηνρίαο 

θξίζηκσλ πεξηνρώλ ηεο ηνηρνπνηίαο, όπσογσλίεο θαηζπλδέζεηο ηνίρσλ-ζηέγεο. 

Δπηπιένλ, ρξεζηκνπνηήζεθαλ θπξίσο κε ηε κνξθή θαξθηνύ θαη ηκάληαζε μύιηλεο 

ζηέγεο. Μεηαιιηθά άγθηζηξαείλαη ελζσκαησκέλα νξηδνληίσο ζηελ ηνηρνπνηία ζε 

βάζνοίζν κε ην πάρνο ηνηρώκαηνο όπσο θαίλεηαη ζην ρ. 1.8 (Dizhur et al2011).. 

 

 

 

 

 

 

Σχήμα 1.8: Μεταλλικοί ςφνδεςμοιτοίχων-ςτζγθσ 
 

ηελ παξαδνζηαθή ηνηρνπνηία, κεηαιιηθνί ζύλδεζκνη ρξεζηκνπνηήζεθαλ 

επίζεο γηα ηε ζύλδεζε δαπέδσλ κε ηνίρνπο, ώζηε λα επηηεπρζεί θαιή ζπκπεξηθνξά 

ππό ζεηζκηθέο ζπλζήθεο. Υαξαθηεξηζηηθνί ηύπνη κεηαιιηθώλ ζπλδέζκσλ 

θαίλνληαηζην ρ.1.9 

Σχήμα 1.9: Μεταλλικοί ςφνδεςμοιτοίχου δοκοφ και ελκυςτιρεσ τόξων 
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1.5 Ιζηνξηθή παξαδνζηαθή ηνηρνπνηία ζην Κάηξν 
 

Σν Κάηξν ζεσξείηαη κία από ηηο ζεκαληηθόηεξεο πόιεηο παγθόζκηαο 

πνιηηηζκηθήο θιεξνλνκηάο ζηνλ θόζκν. Δίλαη ε πόιε όπνπ ε ηζηνξία έξρεηαη ζηε 

δσήθαη όπνπ καγεπηηθά αξρηηεθηνληθά ζαύκαηα αθζνλνύλ, θαζηζηώληαο ηελ πόιε κε 

ηνκεγαιύηεξν ζύκπιεγκα αξρηηεθηνληθήο θιεξνλνκηάο ζηνλ θόζκν (βιέπεηρ. 1.10) 

(Abdulmunim 2006). 

Σχήμα 1.10:ΧαρακτθριςτικζσιςτορικζστουΚαίρου 

  ην ηζηνξηθό Κάηξν ππάξρνπλ νξηζκέλεο ηζηνξηθέο εθθξάζεηο ή ηδηώκαηα, 

όπσο, Darb (νδόο), Hara (ζνθάθη), Atfa (πιεπξά ζνθάθη) θαη Zuqaq (αδηέμνδν 

δξνκάθη ήCul- de-sac) (βι. ρήκα 1.11). 
 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

ρήκα 1.11: Ιζηνξηθνί δξόκνη θαη ζνθάθηα ζην Κάηξν (UNESCO 2012) 

1.5.1 Ιζηνξηθέοπαξαδνζηαθέοθαηνηθίεο 

 

Η θιεξνλνκηά ησλ παξαδνζηαθώλ ζπηηηώλ πεξηιακβάλεη δηάθνξεο κνξθέο, νη νπνίεο 

αλαπηύρζεθαλ ζε απάληεζε πξνο ζξεζθεπηηθνύο, πνιηηηζηηθνύο θαη παξαδνζηαθνύο 

παξάγνληεο καδί κε ηελ ηδηαηηεξόηεηα ηνπ ηνπηθνύ δνκεκέλνπ πεξηβάιινληνο 

(Abdelmonem 2012).Ο ηζιακηθόο ηξόπνο δσήο επηδξά ζην ζρεδηαζκό ησλ 
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παξαδνζηαθώλ ζπηηηώλ ζην Κάηξν.Οη θνηλόρξεζηνη ρώξνη ζε έλα ζπίηη είλαη ν ηνκέαο 

ησλ αλδξώλ, ελώ ε πξνζσπηθή θαη νηθνγελεηαθή ηνκείο είλαη ηνκείο γπλαηθώλ. Σν 

θιίκα έπαημε επίζεο ζεκαληηθό ξόιν σο εμηζζνξνπηζηηθόο παξάγνληαο θαη 

ζπκπιήξσζε ηελ πνιηηηζηηθή θαη ζξεζθεπηηθή αλάγθε γηα πξνζηαζία ηεο ηδησηηθήο 

δσήο (Salama 2006) (Abdelmegeed 2009). 

 

 

 
 
 
 
ρήκα 1.12: Καηνηθία Al-

Sehaimi: Α – Κάηνςε θαη 

είζνδνο (Majaz). Β – Κύξηα 

πξόζνςε. C - Απιή 

 

 

 

 

Σν ηζόγεην θαηαιακβάλεηαη ζπλήζσο από θνπδίλεο, απνζήθεο ηξνθίκσλ ή 

πάγθνπο, ζεκεία εμππεξέηεζεο θαη ππνδνρήο. Ο πάλσ όξνθνο θαηαιακβάλεηαη από 

θξεβαηνθάκαξεο, ζαιόληα ή ηελ ππεξεζία. Δίλαη ζρεδόλ εμ νινθιήξνπ θιεηζηόο γηα 

ηελ ππεξάζπηζε από ηελ εηζνδν μέλσλ. Σα δσκάηηα απηά πεξηιακβάλνπλ ηα δσκάηηα 

ησλ γπλαηθώλ πνπ δηαρσξίδνληαη από εθείλα ησλ αλδξώλ. Ο ζρεδηαζκόο ησλ 

δσκαηίσλ αληηθαηνπηξίδεη ην κνλαδηθό ραξαθηήξα ηνπ ζπηηηνύ ηνπ Καΐξνπ όπνπ ε 

εξεκία θαη ε πξνζηαζία ηεο ηδησηηθήο δσήο είλαη εγγπεκέλε από ην αξρηηεθηνληθό 

ζπγθξόηεκα. 

 
 
 
 

ρήκα 1.13: Α – 

Καηνηθία Al-Sehaimi. Β 

– αιόλη (qa‗ah)ζηελ 

θαηνηθία Al-Sennary. C– 

Κάηνςε ηεο θαηνηθίαο 

Al-Sehaimi πνπ δείρλεη 

ηελ ηαξάηζα 

(Σakhtabosh) 
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Ωζηόζν, ηα αξρηηεθηνληθά ζηνηρεία πνπ ραξαθηεξίδνπλ ηε ινγηθή ζρεδηαζκνύ ηνπ 

ζπηηηνύ ηνπ Καΐξνπ είλαη ε είζνδνο (Majaz), ε απιή, ην ζαιόλη(Qa'ah), 

ηναίζξην(malqaf), εηαξάηζα (takhtabush) θαη ηνκπαιθόλη(mashrabiyyah) (βι. 1.12. 

1.13, 1.14, 1.15) (El-Shorbagy 2010) 

ρήκα 1.14: Γηάγξακκα εμαεξηζκνύ (Malqaf) (Ficarelli 2008) 

 

 

 

 

 

 

 

 

 
ρήκα 1.15:Mashrabiya  ζηελ θαηνηθία ZeinabKhatoun 

 

1.6   Γνκηθά ζηνηρεία 

Τπάξρεη κηα κεγάιε πνηθηιία πιηθώλθαη κεζόδσλ δόκεζεο ησλ νπνίσλ έγηλε 

ρξήζεζε ηζηνξηθά θηήξηα. Δθηόο από ηηοπηνθνηλέο κνξθέο θαηαζθεπώλ, ζηνπο 

ιίζηλνπο ηνίρνπο γιηλεηαη ρξήζε αζβεζηνθνληακάησλ, ελώ νη ζηέγεο είλαη 

θαηαζθεπαζκέλεο κε ζρηζηόιηζν (Urquhart2007). 

 

1.6.1 Σνίρνη 

ηελ παξαδνζηαθή ηνηρνπνηία, νη ηνίρνη κπνξνύλ λα ηαμηλνκεζνύλ ζε έλαλ από ηνπο 

αθόινπζνπο ηύπνπο: κνλό-θπιινο, δύ-θπιινο ή ηξί-θύιινο ζπκπαγήο ηνίρνο 

(Vasconcelos et al 2006),ηνίρνο από un-coursed αξγνιηζνδνκή, ηνίρνο από un-coursed 

εκη-ιαμεπηή θαη ιαμεπηή ιηζνδνκή (βι. ρήκα 1.16) (Bothara θαη Brzev 2011). Παξά 

ην γεγνλόο όηη ε παξαδνζηαθή ηνηρνπνηία κπνξεί λα ζεσξεζεί σο αθαηάιιειεγηα 
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θαηαζθεπέο πνπ ππόθεηληαη ζε ζεηζκηθέο δξάζεηο, ζπρλά απνηεινύλ ηα πην ζεκαληηθά 

δνκηθά ζηνηρεία ησλ αξραίσλ θηηξίσλ (Bindaetal 2000). 

Σχήμα 1.16: Χαρακτθριςτικοί τφποι τοιχοποιίασ (BotharaandBrzev 2011) 
 

Σνίρνη από ηζηνξηθή παξαδνζηαθή ηνηρνπνηία είλαη γεληθά νκνηόκνξθνηθαη 

θαηαλεκεκέλνη ζηηο δύν νξζνγώληεο θαηεπζύλζεηο κε πάρνο ηνηρώκαηνο πνπ 

θπκαίλεηαη κεηαμύ 400 mm έσο 700 mm. Πνιινί από ηνπο ηνίρνπο ζηελ ηζηνξηθή 

παξαδνζηαθή ηνηρνπνηία είλαη από αξγνιηζνδνκή κε ιάζπε ή 

αζβεζηνθνλίακα.Σέηνηνη ηνίρνη ρηίζηεθαλ από ληόπηνπο ηερλίηεο ή από ηνπο ίδηνπο 

ηνπο ηδηνθηήηεο, νη πεξηζζόηεξνη από ηνπο νπνίνπο δελ είραλ θακία ηδηαίηεξε 

θαηάξηηζε (World Housing EncyclopediaNo 16). 

1.6.2 Γάπεδαθαηηέγεο 

Γηα ηελ θαηαζθεπή δαπέδσλ θαη ζηεγώλ γίλεηαη ρξήζε πνηθηιία κεζόδσλ θαη πιηθώλ. 

Η επηινγή ζπρλά δηέπεηαη από ηελ ηνπηθή δηαζεζηκόηεηα θαη ην θόζηνο ησλ πιηθώλ, 

θαηηελ εκπεηξία θαη δεμηόηεηαησλ ηερληηώλ. Οη θνξείο δαπέδσλ θαη ζηεγώλ 

πεξηιακβάλνπλ ζόινπο από ηνηρνπνηία θαη μύιηλεο δνθνύο ή δηθηπώκαηα. Οη δνθνί 

ζπλήζσο εδξάδνληαη ζηνπο ηνίρνπο, ρσξίο νπνηαδήπνηε θπζηθή ζύλδεζε (World 

Housing Encyclopedia No 16). Υαξαθηεξηζηηθέο ιεπηνκέξεηο δαπέδσλ θαίλνληαη ζην 

ρ.1.17 (Bothara θαη Brzev2011). 

 

 

ρήκα 1.17: Καηαζθεπαζηηθέο ιεπηνκέξεηεο δαπέδσλ 

Η δνκή θαη ε κνξθή ησλ ζηεγώλ, θαζώο θαη ηα πιηθά κε ηα νπνία θηίζηεθαλ αιιάμεη 

κε ηελ πάξνδν ησλ αηώλσλ σο απνηέιεζκα ηεο εμέιημεο ηεο ηερλνινγίαο θαη ηεο 
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αξρηηεθηνληθήο κε ηε δίξηρηε ζηέγε λα είλαη ε ζπλεζέζηεξε (βι. ρήκα 1.18). Η 

θιίζε ηεο ζηέγεο πξνζδηνξηδόηαλ από ηα ραξαθηεξηζηηθά ηνπ πιηθνύ επέλδπζεο θαη 

από ηελ αξρηηεθηνληθή ηεο θαηαζθεπήο. Γηαθνξεηηθά πιηθά επέλδπζεο απαηηνύληαλ 

γηα δηαθνξεηηθέο θιίζεηο ώζηε λα δηαζθαιίδεηαη ε ζηεγαλόηεηα θαη λα κεηώληαη ε 

θνξηίν από ηελ αλεκνπίεζε (Donnelly, 2010). 

 

 

 

 

 

 

 

 

ρήκα 1.18: Πεξηγξαθή ζηνηρείσληνπ θνξέα ζηέγεο 

Κεθάιαην 2: Βιάβεο θαη αίηηα βιαβώλ ηζηνξηθώλ παξαδνζηαθώλ θαηαζθεπώλ 

από ηνηρνπνηία 

Πξηλ από ηελ έλαξμε ησλ εξγαζηώλ γηα ηε ζπληήξεζε θαη αλαπαιαίσζε ησλ 

ηζηνξηθώλ θηηξίσλ από θέξνπζα ηνηρνπνηία, πξέπεη πξώηα λα απνηηκεζνύλ νη βιάβεο 

θαη λα κειεηεζνύλ ηα αίηηά ηνπο (Mills 1998). Έηζη, ε θαηαλόεζε ησλ αηηίσλ ησλ 

βιαβώλ ζεσξείηαη όηη είλαη ην πξώην βήκα ζηε επηιερζείζα δηαδηθαζία ζπληήξεζεο 

θαη απνθαηάζηαζεο ελόο ηζηνξηθνύ θηηξίνπ από ηνηρνπνηία (Honeyborn1998). 

ε ηζηνξηθά παξαδνζηαθά θηίξηα από ηνηρνπνηία, δνκηθέο  θαη αξρηηεθηνληθέο 

βιάβεο ζπκβαίλνπλ όηαλ νη θαηαπνλήζεηο ιόγσ ηεο δξάζεο εμσηεξηθώλ δπλάκεσλ 

ππεξβαίλνπλ ηελ αληνρή δνκηθώλ ζηνηρείσλθξίζηκσλ γηα ηε θέξνπζα ηθαλόηεηα ηεο 

θαηαζθεπήο ή όηαλ νη εμσηεξηθέο δπλάκεηο απμάλνπλ πέξαλ αλακελόκελσλ νξίσλ ή 

ιόγσ θζνξάο ησλ δνκηθώλ πιηθώλ. Οη βιάβεο, πνπ κπνξεί λα νδεγήζνπλ ζε 

ζεκαληηθέο αιιαγέο ηεο ιεηηνπξγίαο ηνπ θνξέα, κέρξη θαη θαηάξξεπζε (ICOMOS 

2003), ζεσξνύληαη όηη ζπλδένληαη κε ηπρεκαηηθέο δξάζεηο, όπσο νη ζεηζκνί θαη νη 

ππξθαγηέο, ηα θαηαζθεπαζηηθά ζθάικαηα, ε αιιαγή ρξήζεο, ε θζνξά ησλ 

νηθνδνκηθώλ πιηθώλ θαη ε έιιεηςε ζπληήξεζεο (Don 2004). 

2.1 Δπίδξαζεζεηζκηθώλ δνλήζεσλ 

Λέγεηαη όηη «ε δεκηάιόγσ ζεηζκνύ είλαη ε κεηέξα ηεο ζεηζκηθήο κεραληθήο» θαη όηη 

απνηειεί κηα θαιή επθαηξία γηα ηελ απόθηεζε γλώζεο από ηελ παξαηήξεζε ησλ 

δεκηώλ. Η παξαηήξεζε ηεο θπζηθήο θαηάζηαζεο θηηξίσλ κεηά από ζεηζκηθή δόλεζε 

κπνξεί λα νδεγήζεη ζηνλ εληνπηζκό ησλαδπλακηώλ ηνπ ζρεδηαζκνύ, ηηο επηζπκεηέο 

ηδηόηεηεο ησλ πιηθώλ, ηελ επηινγή θαηαζθεπαζηηθώλ κεζόδσλ θαη πεξηνρώλ 

θαηάιιεισλ γηα δόκεζε (Boen 2001). Η πεξηνρή ηεο Μεζνγείνπ θαη ησλ Βαιθαλίσλ 
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είλαη ζε κεγάιν βαζκό εθηεζεηκέλε ζην ζεηζκηθό θίλδπλν. Οη ηζηνξηθέο θαηαζθεπέο 

είλαη ηδηαίηεξα εθηεζεηκέλεο ζην ζεηζκηθό θίλδπλν, δεδνκέλνπ όηη ζε πνιιέο 

πεξηπηώζεηο δελ δηαζέηνπλ βαζηθά αληη-ζεηζκηθά ραξαθηεξηζηηθά ή δελ έρνπλ 

αλαβαζκηζζεί έλαληη ζεηζκηθνύ θηλδύλνπ (Mazzolani 2008, Arya et al 2012). 

Οη πεξηζζόηεξεο από ηηο αζηνρίεο ζε παξαδνζηαθά θηίξηα από ηνηρνπνηία πνπ 

παξαηεξήζεθαλ ζην παξειζόλ κεηά από ζεηζκηθή δόλεζε ζπλδένληαη κε 

θαηαζθεπαζηηθά ειαηηώκαηα είηε ιόγσ αδπλακηώλ ηνπ ζρεδηαζκνύ είηε από 

αλεπαξθή επίβιεςε ή ρξήζε αθαηάιιεισλ πιηθώλ ζε ζπλδπαζκό κε θαθνηερλίεο 

(Boen 2001, Mazzolani 2008, Toranzo et al 2001). Λεπηνκεξήο πεξηγξαθή ησλ αηηίσλ 

ηεο ηξσηόηεηαο ησλ ηζηνξηθώλ παξαδνζηαθώλ θηηξίσλ από ηνηρνπνηία δίδεηαη αιινύ 

(Magenes 2006). 

2.1.1 Αίηηααζηνρίαο 

Οη κέζνδνη θαηαζθεπήο θνηλώλ θηηξίσλ ζε ηζηνξηθέο πεξηνρέο ζπρλά εθαξκόδνληαη 

αθνινπζώληαο παξαδνζηαθνύο θαλόλεο νξζήο πξαθηηθήο γηα ηελ θαηαζθεπή 

θαζηεξσκέλσλ ηύπσλ δνκηθώλ ζηνηρείσλ (ηνίρνη πνιιαπιώλ θύιισλ) κε πιηθά 

(πνιπζπζηαηηθά πιηθά ηνηρνπνηίαο) θαη θαηαζθεπαζηηθέο ιεπηνκέξεηεο πνπ δελ 

εμαζθαιίδνπλ θαιή ζύλδεζε κεηαμύ ηεκλόκελσλ ηνίρσλ θαη ηνίρσλ θαη δαπέδσλ θαη, 

αθόκε,κε δηαθνξέο ζην πάρνο ησλθύιισληνπ ηνηρώκαηνο. Απηέο νη παξαδνζηαθέο 

πξαθηηθέο, ζε νξηζκέλεο πεξηπηώζεηο, δελ εμαζθαιίδνπλ έλαληη ζεκαληηθώλ βιαβώλ 

ζε δώλεο κέηξηαο θαη πςειήο ζεηζκηθόηεηαο (Abdessemed-Φνύθα 2003) (Dizhur θ.ά. 

2010). 

Η αδπλακία ησλ πιηθώλ ηνηρνπνηίαο λα αλαιάβνπλ εθειθπζηηθέο ηάζεηο 

κεηώλεη ηελ αληίζηαζε ζε θάκςε ιόγσ ζεηζκνύ ησλ ηνηρσκαηώλ από ηνηρνπνία, όπσο 

θαίλεηαη ζην ρ. 2.1 (Bothara θαη Brzev 2011) (Branco θαη Guerreiro 2011). 

 

 

 

 

 

 

 

ρήκα 2.1: Δληαηηθή θαηάζηαζε ζηνηρείνπ ηνηρώκαηνο(BotharaandBrzev 2011) 

Σν ππεξβνιηθό πάρνο ηεο ηνηρνπνηίαοζε ζπλδπαζκό κε ην βάξνο ησλ δαπέδσλ 

θαη ηεο νξνθήο έρεη σο απνηέιεζκα ηελ αλάπηπμε ζεκαληηθώλ δπλάκεσλ αδξάλεηαο 

θαηά ηε δηάξθεηα ελόο ζεηζκνύ (Bothara θαη Brzev 2011). Έρεη παξαηεξεζεί όηη ε 

θαηάξξεπζε ηεο πξόζνςεο ησλ ηζηνξηθώλ παξαδνζηαθώλ θηηξίσλ από ηνηρνπνηία 
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ζπκβαίλεη ιόγσ ηεο έιιεηςεο ζύλδεζεο κεηαμύ δαπέδσλ θαη ηνίρσλ ή κεηαμύ ησλ 

ηνίρσλ ή ηεο απόζπαζεο ηνπ εμσηεξηθνύ ζηξώκαηνο ηνπ ηνηρώκαηνο ιόγσ απνπζίαο 

θαιήο ζύλδεζεοκεηαμύ ησλ πνιιαπιώλ θύιισλ ηεο ηνηρηνηίαο (Abdessemed-Φνύθα 

2003). 

Καηά ηε δηάξθεηα ηνπζεηζκνύ, όιαηαζηνηρείαηνπ θηηξίνπθηλνύληαη πξνο 

ηελίδηαθαηεύζπλζε. Η νξνθήηείλεη λα δηαρσξηζζείαπό ηα ζηεξίγκαηα θαηνη ηνίρνηή νη 

ζηύινη ηείλνπλ λα ξεγκαησζνύλ είηε ζηα άθξα ηνπο είηε δηαγώληα, νπσο θαίλεηαη ζην 

ρ.2.2 (Magenes2006). Οη ζπλδέζεηοηνίρσλείλαηηδηαίηεξα επάισηεο ζε ζεηζκηθέο 

δνλήζεηο ιόγσ ησλ ζεκαληηθώλ εθειθπζηηθώλ δπλάκεσλ πνπ αλαπηύζνληαη ζηελ 

πεξηνρή ζύλδεζεο θαη πξνθαινύλ θαηαθόξπθεο ξσγκέο ή δηαρσξηζκό ησλ ηνίρσλ 

νπσο θαίλεηα ζην ρ. 2.3 (Bruneau 1994). 

ρήκα 2.2: Κηίξην ηνηρνπνηίαο ζε ζεηζκηθή δόλεζε(Boen 2011) 

ρήκα 2.3: Σνίρνη Α απνηειεζκαηηθά ζπλδεδεκέλνη ζηνπο ηνίρν Β: Οη ηνίρνη Α ππνζηεξίδνπλ ηνπο 

ηνίρνπο Β 

Τπεξβνιηθή θάκςε ή δηάηκεζε κπνξεί λα πξνθαιέζεηζπλεπίπεδε βιάβε, 

αλάινγα κε ηελ αλαινγία δηαζηάζεσλ ησλ ζηνηρείσλ. ε ηνίρνπο, 

ζπλεπίπεδεοαζηνρίεο ζε ηέκλνπζα είλαη πην ζπρλέο θαη ερνπλ ηε κνξθή δηζδηαγώλησλ 

ξσγκώλ. ε πξνζόςεηο ηνηρνπνηίαο κε πνιιά αλνίγκαηα (παξάζπξα, πόξηεο), ηα 

ππέξζπξα θαη νη πεζζνί κπνξεί επίζεο λα αζηνρήζνπλ ζε ηέκλνπζα (βι. ρ. 2.4). Οη 

παξάκεηξνη πνπ ζπλδένληαη κε ην κεραληζκό αζηνρίαο ιηζνδνκώλ ζε επίπεδε έληαζε 

πεξηιακβάλνπλ ηηο δηαζηάζεηο ηνπ ηνηρώκαηνο, ην ύςνο θηηξίνπ, θαζώο θαη ηελ 

αληνρή ηνηρνπνηίαο ζε ηέκλνπζα (Bothara θαη Brzev 2011). Σα αγθύξηα ησλ πάηεξσλ 

ηνπ δαπέδνπ ζηνλ ηνίρν παξέρνπλ εθηόο επηπέδνπ ζηήξημε ζηνπο ηνίρνπο, εθόζνλ 

ππάξρνπλ ζε επαξθή αξηζκό θαη έρνπλ επαξθή αληνρή. Σα αγθύξηα απηάκεηαβάιινπλ 
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ηε ζπκπεξηθνξά ησλ ηνίρσλ από πςίθνξκνπο ειεύζεξνπο πξόβνινπο ζε θνληύηεξα 

κνλόξσθα θαηλώκαηα ππό νξηδόληηα ηαιάλησζε επηβαιιόκελε από ηε 

δηαθξαγκαηηθή ιεηηνπξγία ησλ δαπέδσλ. Σα θηίξηα ηνηρνπνηίαο είλαη γεληθώο 

επάισηα ζε εθηόο επηπέδνπ θακπηηθή θαηαπόλεζε (Binda et al 2006). 

 

ρήκα 2.4: Βιάβεο ιηζνδνκήο ζε επίπεδε έληαζε:(α) ραξαθηεξηζηηθνί ηνίρνη κε αλνίγκαηα, (β) 

αζηνρία ζε θιπδσληζκό θαη (γ) δηζδηαγώληα ξεγκάησζε (Bothara. andBrzev 2011) 
 

2.2.  Μεηαηξνπέο 

Σα ηζηνξηθά παξαδνζηαθά θηίξηα ζπλήζσο ππνβάιινληαη ζε πνιινύο ηύπνπο 

κεηαηξνπώλ, όπσο ε θαηαζθεπή λέσλ αλνηγκάησλ γηα αεξηζκό ή ε αθαίξεζε ελόο 

πεζζνύ ή αθόκα θαη ελόο ηνίρνπ (Barry 2001, Urquhart 2007). Ωο απνηέιεζκα ησλ 

ηξνπνπνηήζεσλ απηώλ, ηα θηίξηα είλαη εππαζή ζε ζνβαξέο βιάβεο ησλ 

αξρηηεθηνληθώλ ζηνηρείσλ ηνπο, όπσο ην θνύζθσκα ησλ πξνζόςεσλ πνπ πξνθύπηεη 

από ηελ αθαίξεζε εγθάξζησλ ηνίρσλ ή ηελ θαηαζθεπήκεγάισλ αλνηγκάησλ (Mills 

1998). Ο Πίλαθαο 2.2 ζπλνςίδεη ηηο κεζόδνπο κεηαηξνπήο θαη ηνπο θηλδύλνπο γηα ηα 

ηζηνξηθά παξαδνζηαθά θηίξηα. 

 

 

 

 

 

 

 

 

 

 
ρήκα 2.5: Βιάβεηνηρώκαηνοιόγσαπνπζίαοεγθάξζηαο ππνζηήξηθεο (Doğangünetal 2008) 

2.3 Γνκηθά θαη θαηαζθεπαζηηθά ειαηηώκαηα 

Έλα απόηα πην ζπρλά αίηηα θζνξάο ησλ παξαδνζηαθώλ θηηξίσλ από ηνηρνπνηία 

είλαη νη θαηαζθεπαζηηθέο αηέιεηεο πνπ κπνξεί λα νδεγήζνπλ ζεξσγκέο ηνίρσλ ή 

αθόκα θαηάξξεπζε κε ηελ πάξνδν ηνπ ρξόλνπ (Fitzsiman θαη James 1998). Σα 

δνκηθά ειαηηώκαηα πεξηιακβάλνπλ ζθάικαηα ζηελ επηινγή ηεο ζέζεο ηεο 
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θαηαζθεπήο, ε αλνπνηόκνξθε θαηαλνκή ησλ θνξηίσλ ηεο θαηαζθεπήο ζηα ζεκέιηα, 

ζθάκαηα ζηελ επηινγή θαηάιιεισλ δνκηθώλ πιηθώλ θαη καδεξηώλ δαπέδσλ, θιπ 

(Urquhart 2007) (Doğangün et al 2008). 

 
 
 

 

 

 

 

 

ρήκα 2.6: Καηάξξεπζεγσλίαοθαηθαηαθόξπθε ξεγκάησζε θνληά ζηε γσλία θηηξίνπ από ηνηρνπνηία 

(DoğangünA. et al., 2008) 

2.4 Ρεγκάησζε 

Η ηνηρνπνηία είλαη γεληθά πςειή αληνρή ζε ζιίςε, κέηξηα αληίζηαζε ζε νιίζζεζε 

θαηά κήθνο ησλ ζπλδέζεσλ κε άιια δνκηθά ζηνηρεία θαη κηθξή αληνρή ζε 

εθειθπζκό. Ωο εθ ηνύηνπ νη θαηαζθεπέο ηνηρνπνηίαο είλαη ζπλήζσο ζρεδηαζκέλεο γηα 

λα ιεηηνπξγνύλ ζε ζιίςε θαη κεξηθέο θνξέο ζε νξηδόληηα ηέκλνπζα. 

Οη βιάβεο ηεο ηνηρνπνηίαο εθδειώλνληαη ζπλήζσο κε ηε κνξθή ηεο ξσγκώλ 

σο απνηέιεζκα επηβαιιόκελεο παξακόξθσζεο ιόγσ δηαθνξηθήο θαζίδεζεο ή 

νξηδόληησλ δπλάκεσλ. Ρεγκάησζε κπνξεί επίζεο λα πξνθιεζεί ιόγσ θάκcεο ησλ 

ιηζνζσκάησλ ή δηόγθσζεο ηνπ κεζαίνπ θύιινπ ηξίθπιισλ ηνηρσκάησλ (Abrams 

2004, Bussell 2007). Γεληθώο, ξεγκάησζε ζπκβαίλεη όηαλ ν ζπλνιηθόο 

επηβαιιόκελνο εθειθπζκόο ππεξβεί ηελ εθειθπζηηθή αληνρή ηεο ηνηρνπνηίαο  

(Miliston and Domone 2001). 

2.5 Τγξαζίαεδάθνπο 

Σα πεξηζζόηεξα ηζηνξηθά θηίξηα από ηνηρνπνηία βαζίδνληαη ζηνλ ζπλδπαζκό ηεο 

κάδαο ηεο ηνηρνπνηίαο θαη ηεο θίλεζεο ηνπ αέξα γηα ην αληηζηάζκηζκα ησλ 

επηπηώζεσλ ηεο κεηαθνξάο πγξαζίαο από ην έδαθνο. Απηή ε κεηαθνξά κπνξεί λα 

είλαη ηόζν θάζεηε όζν θαη νξηδόληηα. Η ηθαλόηεηα ελόο ηνίρνπ λα κεηαθέξεη ηελ 

πγξαζία εμαξηάηαη από ην κέγεζνο ησλ πόξσλ θαη ηε δνκή ηνπ πιηθνύ, ηα νπνία 

επεξεάδνπλ ηηο ηξηρνεηδείο δπλάκεηο πνπ έιθνπλ ηελ πγξαζία από ην έδαθνο ζηνλ 

ηνίρν. Οη ηξηρνεηδείο δπλάκεηο πνπ έιθνπλ ηελ πγξαζία πξνο ηα πάλσ, νη βαξπηηθέο 

δπλάκεηο πνπ δξνπλ πξνο ηα θάησ θαη ν ξπζκόο εμάηκηζεο από ηνλ ηνίρν ξπζκίδνπλ 

ην ύςνο ηεο θίλεζεο ηεο πγξαζίαο.  

Η ηζνξξνπία επηηπγράλεηαη όηαλ ε κεηαθνξά από ην έδαθνο (θαη ε πξνο ηα 

θάησ ξνή ηνπ λεξνύ ηεο βξνρήο κέζα ζηνλ ηνίρν) εμηζνξξνπείηαη από απώιεηεο ιόγσ 

εμάηκηζεο. Γεληθώο, ηα ηζηνξηθά παξαδνζηαθά ιηζόρηηζηα θηίξηα δελ έρνπλ 
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θαηαζθεπαζζεί έηζη ώζηε λα εκπνδίδεηαη ε άλνδνο ηεο πγξαζίαο κέζσ ησλ ηνίρσλ 

από ην έδαθνο πξνο ηνπο νξόθνπο. Η ειαρηζηνπίεζε ηεο επίδξαζεο ηεο πγξαζίαο ζηε 

θζνξά ησλ ζηνηρείσλ ηεο θαηαζθεπήο βαζίδεηαη ζηνλ έιεγρν ηεο αλόδνπ ηεο 

πγξαζίαο κέζσ ηνπ πνξώδνπο ησλ πιηθώλ ηεο ηνηρνπνηίαο θαη ηεο επαξθνύο 

θπθινθνξίαο ηνπ αέξα ζην εζσηεξηθό ηνπ θηηξίνπ(Urquhart 2007). 

Κεθάιαην 3: Απνηίκεζε θηηξίσλ 

Η απνηίκεζε θηηξίσλείλαη κηα δηαδηθαζία πνπζπλήζσο πεξηιακβάλεηηα εμήο: 

αλαδήηεζε εγγξάθσλ, επηζεώξεζε, κεηξήζεηο θαη θαηαγξαθέο θαη δνκηθή αλάιπζε. 

Μεξηθέο θνξέο πεξηιακβάλεη έιεγρν ησλ πιηθώλ θαη πεξηζηαζηαθά δνθηκέο θνξηίνπ 

δνκηθώλ ζηνηρείσλ (Beckmann θαη Bowles 2004). Γηαθέξεη από ην δνκνζηαηηθό 

ζρεδηαζκό σο πξνο ην όηη απνζθνπεί ζηελ αμηνιόγεζεηεο πξαγκαηηθήο θαηάζηαζεο 

ηεο πθηζηάκελεο θαηαζθεπήο. Όπσο θαη ζηελ ηαηξηθή, όπνπ ε δηάγλσζε πξέπεη λα 

πξνεγεζεί ηεο ζεξαπείαο, ν ζπληεξεηήο αθήλεηαη πξόζσπν κε πξόζσπν κε κηα 

ππάξρνπζα θαηαζθεπή θαηπξέπεη λα εθηηκήζεη ηελ θαηάζηαζε θαη ηελ 

θαηαιιειόηεηα ηεο ρξήζεο ηεο (Sullivan θαη Keane 2004). Η εθηίκεζε βαζίδεηαη ζε 

ηζηνξηθέο πιεξνθνξίεο θαη πνηνηηθέο θαη πνζνηηθέο πξνζεγγίζεηο. Η πνηνηηθή 

πξνζέγγηζε βαζίδεηαη ζηελ άκεζε παξαηήξεζε ησλ βιαβώλ θαη ηεο θζνξάο ησλ 

πιηθώλ, θαζώο θαη ηελ ηζηνξηθή θαη αξραηνινγηθή έξεπλα, ελώ ε πνζνηηθή 

πξνζέγγηζε απαηηεί δνθηκέο ησλ πιηθώλ θαη ησλ δνκηθώλ ζηνηρείσλ, παξαθνινύζεζε 

θαη θαηαγξαθέο θαη δνκηθή αλάιπζε (Silman θαη Έληο 1993). 

Μηα πξνθαηαξθηηθή επηηόπηα έξεπλα είλαη ρξήζηκε πξνθεηκέλνπ λα παξάζρεη 

ιεπηνκέξεηεο ζρεηηθά κε ηε γεσκεηξία ηεο θαηαζθεπήο θαη ησλ νξαηώλ δεκηώλ 

(ξσγκέο, απνθιίζεηο από ηελ θαηαθόξπθν, θζνξά πιηθώλ) θαη πξνθεηκέλνπ λα 

εληνπηζηνύλ ηα ζεκεία όπνπ νη πην αθξηβείο παξαηεξήζεηο πξέπεη λα επηθεληξσζνύλ 

(Binda et al.2000, HuiGao et al., 2001). 

Η ηζηνξηθή αλάιπζε θαη ε άκεζε παξαηήξεζε ηεο θαηαζθεπήο είλαη έλα 

νπζηαζηηθό ζηάδην ηεο κειέηεο, πνπ πξαγκαηνπνηνύληαη ζπλήζσο από κηα εηδηθή 

νκάδα γηα λα παξάζρεηκηα αξρηθή θαηαλόεζεηεο θαηαζθεπήο θαηλα δώζεη ηελ 

θαηάιιειε θαηεύζπλζε γηα ηηο επόκελεο έξεπλεο. Οη θύξηνη ζηόρνη πεξηιακβάλνπλ, 

πξνζδηνξηζκό ηεοθζνξάοθαηησλ δεκηώλ, θαζνξηζκόο ηνπ εάλήόρηηα θαηλόκελα 

απνκείσζεοέρνπλ ζηαζεξνπνηεζεί, απόθαζε ζρεηηθά κε ηελ επηθπλδηλόηεηα ηεο 

θαηαζθεπήο (Schueremansetal. 2006, HuiGaoetal. 2001). 

Η επηηόπηαθαη εξγαζηεξηαθή δηεξεύλεζε είλαη ε βάζεγηα ηε θαηαλλόεζε ηεο 

δνκηθήο ζπκπεξηθνξάο ηεο θαηαζθεπήο θαηηεο απνηειεζκαηηθόηεηαο ηεοπαξέκβαζεο. 

Ο ζηόρνο απηώλ ησ λελεξγεηώλ ζα πξέπεη πάληαλα είλαη ζαθήο πξηλ από ηελ 

εθηέιεζε ηνπο, πξνθεηκέλνπ λα απνθεπρζνύλ νη πςειέο δαπάλεο κε ακθίβνια 

απνηειέζκαηα (Binda et al1999). Σν επίπεδνηεο έξεπλαοζα πξέπεη πάληα λα 

απνθαζίδεηαη κεηά από πξνζεθηηθό ζρεδηαζκό. Η έξεπλα πξέπεη λα γίλεη πην 

ιεπηνκεξήο θαη ζπγθεθξηκέλε πξνθεηκέλνπ λα ειεγρζεί ε αμηνπηζηία ηεο ζρεηηθά κε 

ηα αίηία ησλβιαβώλθαη ηελ εμέιημή ηνπο, ηνλ έιεγρν ηεο θαηαζθεπήο πξηλ, θαηά ηε 
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δηάξθεηα θαη κεηά ηελ παξέκβαζε θαηηνλ έιεγρν ηεο απνηειεζκαηηθόηεηαο ηεο 

επηζθεπήο θαη ελίζρπζεο. 

Οη κε θαηαζηξνθηθέο κέζνδνη κπνξεί λα είλαη ρξήζηκεο γηα ηελ εύξεζε 

θξπθώλ ραξαθηεξηζηηθώλ (εζσηεξηθά θελά θαη αδπλακίεο θαη ραξαθηεξηζηηθά 

κέξνπο ησλ ζηνηρείσλ), ηα νπνία δελ κπνξεί λα απνθαιπθζνύλ παξά κόλν κέζσ 

ηέηνησλ δνθηκώλ, όπσο ε ηνπηθή θόξηηζε κε flat-jack, ερεηηθή δνθηκή, δνθηκέο κε 

γεσξαληάξ, θιπ. Η δνθηκή κε ηνπηθή θόξηηζε, πνπ ζα πξέπεη λα επηζεκαλζεί όηη είλαη 

ειαθξώο θαηαζηξνθηθή, λα δώζεη άκεζα ηηκέο ησλ κεραληθώλ παξακέηξσλ. Γεληθώο, νηκε 

θαηαζηξνθηθέο κέζνδνη κπνξεί λα δώζνπλ κηα ζπλνιηθή πνηνηηθή πεξηγξαθή ηεο 

ζπκπεξηθνξάο ηεο ηνηρνπνηίαο (Lourenço 1998, Timchenko 2000, Binda et al. 2000, Ariasa 

θαη Ordóñeza 2006). 

ρήκα 3.1: Σνπνζέηεζε νξγάλνπ θόξηηζεο (flatjack) ζε ιηζόθηηζην ηνίρσκα θαη ζρέζε κεηαμύ 

δηεπηθάλεηαο νξγάλνπ-ηνηρώκαηνο  (Timchenko 2000). 

Οη πιένλ δηαδεδνκέλεο κε θαηαζηξνθηθέο κέζνδνη είλαη νη κέζνδνη ησλ 

ππεξήρσλ, ηνπ ξαληάξ θαη ηεο ζεξκνγξαθίαο. Η ρξήζε ησλ κεζόδσλ απηώλ έρεη ηνπο 

αθόινπζνπο ζηόρνπο: (i) ηελ αλίρλεπζε θξπθώλ δνκηθώλ ζηνηρείσλ, όπσο ζηνηρείσλ 

δαπέδσλ, αςίδσλ, ζηύισλ, θιπ, (ii) ηε δηαθξίβσζεησλ πιηθώλ ηνηρνπνηίαο θαη 

ραξηνγξάθεζε ηεο αλνκνηνγέλεηάο ηνπο (π.ρ. ρξήζε δηαθνξεηηθώλ πιίλζσλ ζηελ 

ηζηνξία ηνπ θηηξίνπ), (iii) ηελ αμηνιόγεζε ηνπ βαζκνύ ηεο κεραληθήο βιάβεο 

ξεγκαησκέλσλ δνκηθώλ ζηνηρείσλ, (ίλ) ηελ αλίρλεπζε θελώλ θαη ξσγκώλ, (λ) ηελ 

αμηνιόγεζε ηεο πεξηερόκελεο πγξαζίαο θαη ηξηρνεηδνύο αλύςσζεο, (vi) ηελ 

αλίρλεπζε ηεο επηθαλεηαθήο θζνξάοθαη (vii) ηελ αμηνιόγεζε ησλ κεραληθώλ θαη 

θπζηθώλ ηδηνηήησλ ηςλ θνληακάησλ θαη ιηζνζσκάησλ (Binda et al. 2007). 

Οη επηηόπηεο δνθηκέο κε ρξήζε δπλακηθώλ κεζόδσλ ζεσξνύληαη σο αμηόπηζηεο 

κε θαηαζηξεπηηθέο κέζνδνη γηα ηελ αμηνιόγεζε ηεο δνκηθήο ζπκπεξηθνξάο θαη 

αθεξαηόηεηαο ελόο θηηξίνπ. Ο θύξηνο ζηόρνο ησλ δπλακηθώλ δνθηκώλ είλαη λα ειέγμεη 

ηελαπόθξηζε ηεο θαηαζθεπήο ζε θξαδαζκνύο. Έλα απιό παξάδεηγκα ηεο δπλακηθήο 

δνθηκήο είλαη ε θαηαπόλεζε ειθπζηήξσλ ζε εθειθπζκό. Δμαλαγθαζκέλεο 

ηαιαληώζεηο ζα κπνξνύζαλ λα παξαρζνύλ από ηνπηθά ζπζηήκαηα ζθπξνθνπήκαηνο. 

Έλα δίθηπν επηηαρπλζηνκέηξσλ εγθαζίζηαηαη ζε επηιεγκέλεοθξίζηκεο πεξηνρέο ηεο 

θαηαζθεπήο. Με απηόλ ηνλ ηξόπν είλαη δπλαηόλ λα δηεξεπλεζεί ε απνηειεζκαηηθόηεηα 

ππνινγηζηηθώλ κεζόδσλ, όπσο εκέζνδνο ησλ πεπεξαζκέλσλ ζηνηρείσλ, πνπ 
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ρξεζηκνπνηνύληαη γηα ηελ αλάιπζε ηεο θαηαζθεπήο (Nickerson 1994, Scherer 2002, Binda et 

al. 2007). 

ρήκα 3.2 Υξήζε Georadar γηα ηελ αλίρλεπζε επηθαλεηαθήο θζνξάο (Bam 2004 andBindaetal. 2000) 

Όηαλ ε ηνηρνπνηία ππνζηεί βιάβε από επηζεηηθνύο παξάγνληεο ε θζνξά δελ 

είλαη πνηέ νκνηόκνξθε. πληήξεζε απαηηείηαη όηαλ ε βιάβε πεξηνξίδεηαη κόλν ζε 

κεξηθνύο πιίλζνπο, ιίζνπο ή δηαθνζκεηηθά ζηνηρεία. ηελ πεξίπησζε απηή, 

εξγαζηεξηαθέο εμεηάζεηο κπνξνύλ λα δώζνπλ ρξήζηκεο πιεξνθνξίεο γηα ηελ επηινγή 

ηνπ θαηάιιεινπ πιηθνύ γηα ππνθαηάζηαζε. Οη εξγαζηεξηαθέο εμεηάζεηο 

ζπκπεξηιακβάλνπλ δνθηκέο γηα ηε δηαθξίβσζε ησλ κεραληθώλ θαη θπζηθώλ 

ηδηνηήησλ, θαη νπηηθέο θαη νξπθηνινγηθέο αλαιύζεηο γηα ηνλ πξνζδηνξηζκό ηεο 

ρεκηθήο ζύζηαζεο (Binda et al 2000, Ariasa θαη Ordóñeza 2006). 

Κεθάιαην 4: Μέζνδνη απνθαηάζηαζεο 

ε πεξηπηώζεηο πνπ εμεηάδεηαη ε αιιαγή ρξήζεο, ε βαζηθή αξρή ησλ πξνηεηλόκελσλ 

παξεκβάζεσλ είλαη λα βειηησζεί ε ζηαηηθή θαη αληηζεηζκηθή ζπκπεξηθνξά ηνπ 

θηηξίνπ, ρσξίο λα αιιάμεη ε ηζηνξηθή θαη αηζζεηηθή κνξθή ηνπ. Η βαζηθή αξρή ηεο 

αλαζηήισζεο θαη ζπληήξεζεο ησλ ηζηνξηθώλ θηεξίσλ είλαη λα δηαηεξήζεη ην θηίξην 

ηα πξσηόηππα ραξαιηεξηζηηθά ηνπ όζν ην δπλαηόλ πεξηζζόηεξν. Αλ ε 

αληηθαηάζηαζε είλαη αλαπόθεπθηε, πιηθά παξόκνηα, θαηά πξνηίκεζε ηαπηόζεκα κε 

ηα αξρηθά, ζα πξέπεη λα ρξεζηκνπνηνύληαη. Δίλαη πνιύ ζεκαληηθό λα δηαηεξεζείε 

αξρηθήηδέα πνπ νδήγεζε ζηελ θαηαζθεπή, πξνθεηκέλνπ λα δηαθσηηζζεί ην παξειζόλ 

ζσζηά θαη λα κεηαθεξζνύλ ηα θύξηα ραξαθηεξηζηηθά ηνπ ζην κέιινλ (Rashadul 

2008). 

4.1  Δλίζρπζε ηεο θαηαζθεπήο 

Πξνθεηκέλνπλα απμεζεί ε αληηζεηζκηθόηεηα ηεο θέξνπζαο ηνηρνπνηίαο, ην βαζηθό 

δνκηθό πιηθό πξέπεη λα εληζρπζεί. Η ηνηρνπνηία κπνξεί λα εληζρπζεί κε βαζηά 

αξκνιόγεζε ησλ εμσηεξηθώλ ηνίρσλθαη κε ζπζηεκαηηθή πιήξσζε ησλ θελώλ κε 

ηζηκεληελέκαηα, κε ηνπνζέηεζε λέσλ ιηζνζσκάησλ, θαηκε ελίζρπζε ησλ γσληώλ 

ηνίρσλ κε ζπξκάηηλν πιέγκα θαη ηζηκέλην θνλίακα επηθάιπςεο (Marjana  2010). 
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4.1.1 Έγρπζε 

Η ιύζε απηή βαζίδεηαη ζηελ έγρπζε (κέζσ ζσιήλσλ έγρπζεο ηνπνζεηεκέλσλ ζε  

νπέο πνπ έγηλαλ γηα ην ζθνπό απηό ζε πνιιά ζεκεία ηνπ ηνίρνπ) ξεπζηνύ 

ηζηκεληνθνληάκαηνο ζε εζσηεξηθά θελά θαη ξσγκέο (βιέπε ρ. 4.1) Απηή ε ηερληθή 

δείρλεη βειηηώλεη ηα κεραληθά ραξαθηεξηζηηθά ηεο ηνηρνπνηίαο. Δίλαη πην θαηάιιειε 

γηα ιηζνδνκή (Meireles θαη Bento 2013). 

ρήκα 4.1:Σερληθέο έγρπζεο ξεπζηνύ ηζηκεληνθνληάκαηνο(MeirelesandBento 2013). 

4.1.2 Δγθάξζην δέζηκν ηνίρσλ  

Απηή ε ηερληθή ρξεζηκνπνηείηαη ζηελ πεξίπησζε ζηνηρείσλ ηνηρνπνηίαο πνπ 

ρξεηάδνληαη πςειόηεξε ζπλνρή θαη βειηηώλεη ηα κεραληθά ραξαθηεξηζηηθά, ρσξίο 

εκθαλή ηξνπνπνίεζε. Πεξίζθπμε ζηνλ ηνίρν κπνξεί λα αζθεζεί είηε κε εγθάξζηεο 

ξάβδνπο ράιπβα πνπ αγθπξώλνληαη ζε πιάθεο ή άιιεο δηαηάμεηο ράιπβα θαη ζηηο δύν 

πιεπξέο ηνπ ηνίρνπ ή κε ζηνηρεία νπιηζκέλνπ ζθπξνδέκαηνο ζηνηρεία πνπ ρπηεύνληαη 

ζε εγθάξζηεο νπέο ζε όιν ην πάρνο ηνπ ηνηρώκαηνο (Rashadul 2008 ). 

4.1.3 Σξηκέληνθνλίακα επίζηξσζεο εληζρπκέλν κε πιέγκα  

Απνηειείηαη από ιεπηέο ζηξώζεηο επηρξηζκάησλ ηζηκέληνπ πάρνπο κηθξόηεξνπ από 10 

mm πνπ είλαη εληζρπκέλεοκε έλα πιέγκα από ράιπβα ή ίλεο γπαιηνύ ή πιαζηηθό 

πιέγκα. Η επηθάιπςε απμάλεη ηελ αληνρή θαη πιαζηηκόηεηα ηεο ηνηρνπνίαο. Μπνξεί 

λα ηνπνζεηεζεί εμσηεξηθά ή εζσηεξηθά ή θαη ζηηο δύν πιεπξέο, αλάινγα κε ηελ 

πξνζβαζηκόηεηα. Η ζπλεξγαζία ηεο επίζηξσζεο κε ηελ ηνηρνπνηία εληζρύεηαη κε ηελ 

ηνπνζέηεζε εγθάξζησλ κεηαιιηθώλ ζπλδέζκσλ (Rashadul 2008). 

4.1.4 Δλίζρπζεκεπιέγκαπνιππξνππιελίνπ 

Σν πιέγκα πνιππξνππιέλην απνηειείηαη από θνηλνύο ηκάληεο ζπζθεπαζίαο πνπ 

ζρεκαηίδνπλ έλα πιέγκα, ην νπνίν πεξηβάιιεη ηελ ηνηρνπνηίαοαπνηξέπνληαο ηελ 

θαηάξξεπζε θαηά ηε δηάξθεηα ζεηζκώλ (Mayorka θαη Meguro 2008). Σν πιέγκα 

απηόαπμάλεη ζεκαληηθά ηε ζεηζκηθή αληνρή θαη εμαζθαιίδεη πεξηνξηζκέλε θαη ειεγρόκελε 

ξεγκάησζε ηεο κεηαζθπαζκέλεο θαηαζθεπήο, αλακέλεηαη δε λα απνηξέςεη ή λα 

θαζπζηεξήζεη ηελ θαηάξξεπζε θαηά ηε δηάξθεηα ηζρπξώλ εδαθηθώλ θηλήζεσλ. Η κέζνδνο 

απηή δίλεη θαιά απνηειέζκαηα κνλώξνθα θηίξηα θαη κπνξεί ε ρξήζε ηεο λα επεθηαζεί θαη ζε 

θηίξηα δύν νξόθσλ (Shrestha et al 2012). 
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ρήκα 4.2:Σνηρνπνηίαεληζρπκέλεκεκεηαιιηθό πιέγκα ζην εζσηεξηθό ηνπ θηηξίνπ (Rashadul 2008) 

4.1.5 Δλίζρπζεκεζύλζεηαπιηθά 

Πεζζνί θαη ππέξζπξα είλαη δπλαηόλ λα εληζρπζνύλ κε ζύλζεηα πιηθά, όπσο είλαη ηα 

πνιπκεξή πθάζκαηα εληζρπκέλα κε ίλεο άλζξαθα ή γπαιηνύ. Πνιπκεξή «πθάζκαηα» 

κε ίλεο άλζξαθα ή γπαιηνύ πξνζθνιιώληαη ζηελ ηνηρνπνηία κε επνμεηδηθή ξπηίλε . 

ρήκα 4.3: Δλίζρπζε ηνηρνπνίαο κε ζύλζεηα πιηθά 

4.1.6 Δλίζρπζε κε ρξήζε νξηδόληησλ ειθπζηήξσλ 

Μηα από ηηο θαιύηεξεο ηερληθέο γηα ηελ πξνζηαζία ησλ ηόμσλ είλαη ε εηζαγσγή ηνπ 

δεζκνύ κεηαμύ ησλ ιίζηλσλ βάζεσλ ζηα άθξα ησλ ηόμσλ (ρ. 4.4). Μεηώλεη ηελ 

πιεπξηθή ώζεζε ζηηο ζηύιεο ζηήξημεο. Διθπζηήξεο από ξάβδνπο ράιπβα κπνξεί λα 

ρξεζηκνπνηεζνύλ γηα ην ιόγν απηό ζε παιαηά θηίξηα από θέξνπζα ηνηρνπνηία. Γηα 

παξάδεηγκα, κπνξνύλ λα εκπνδίζνπλ ή ηνπιάρηζηνλ λα κεηώζνπλ ηελ πηζαλόηεηα 

άζηνρίαο ιόγσ εθηόο επηπέδνπ θάκςεο (Rashadul 2008).  

4.1.7 Μεηαζθεπήκεεπηβνιή ζιίςεο κε ρξήζεπξνέληαζεο 

Η πξνέληαζε κπνξεί λα επηβιεζεί γηα ην θιείζηκν ή ηνλ έιεγρν ξσγκώλ ζε ζηνηρεία 

ηνηρνπνηίαο ή γηα ηελ αύμεζε ηεο θακπηηθήο ξνπήο ξεγκάησζεο ζε λέεο θαηαζθεπέο. 

Πξνέληαζε έρεη εθαξκνζηεί κε επηηπρία ζε πνηθηιία θαηαζθεπώλ από ηνηρνπνηία. Η 

έιεπζε πξνεγκέλσλ ζύλζεησλ πιηθώλ παξέρεη κηα ελαιιαθηηθή ιύζε γηα κέηξα 

πξνζηαζίαο από δηάβξσζε πνπ είραλ πηνζεηεζεί παιαηόηεξα. Δηδηθόηεξα, ηα 

ηλνπιηζκέλα πνιπκεξή έρνπλ ειθπζηηθέο ηδηόηεηεο γηα εθαξκνγέο πξνέληαζεο 

(Rashadul 2008). 
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ρήκα 4.4: Υξήζεειθπζηήξσλαπόκεηαιιηθέοξάβδνπο ζε ηόμα (Rashadul 2008) 

 

 

 

.  

 

ρήκα 4.5: Δλίζρπζε κε επηβνιή πξνέληαζεο 

4.1.8 Υξήζεηνηρσκάησλζθπξνδέκαηνο 

Η ρξήζε ησλ ζπγθεθξηκέλσλ ηνηρσκάησλ πξννξίδεηαη γηα ηνλ έιεγρν κεηαηνπίζεσλ 

κεηαμύ νξόθσλ κέζσ ηεο αύμεζεο ηεο ζπλνιηθήο δπζθακςίαο ηεο θαηαζθεπήο. Παξά 

ηαύηα, απηό κπνξεί λα πξνθαιέζεη αύμεζε ηεο επηηάρπλζεο ζηε ζηάζκε νξόθσλ, 

ιόγσ αιιαγώλ ζηηο δπλακηθέο ηδηόηεηεο ηνπ θηηξίνπ, θαη θαη‘ επέθηαζε αύμεζε ησλ 

εζσηεξηθώλ δπλάκεσλ πνπ νθείινληαη ζε ζεηζκηθή θόξηηζε. 

 

 

 

 

 

 

 

 

ρήκα 4.6:πζηήκαηα ζεηζκηθήο κόλσζεο 

4.1.9 εηζκηθή κόλσζε  

Η ζεηζκηθή κόλσζε επηηπγράλεηαη κε ην δηαρσξηζκό ηνπ θηηξίνπ από ην έδαθνο κέζσ 

ηεο ρξήζεο ελόο ζπζηήκαηνο έδξαζεο κε ρακειή νξηδόληηα δπζθακςία πνπ 

δηαρσξίδεη ηελ θίλεζε ηεο θαηαζθεπήο από ηηο κεηαηνπίζεηο ηνπ εδάθνπο. Δπί ηνπ 
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παξόληνο, ππάξρνπλ δηάθνξα είδε δηαηάμεσλπνπ είλαη θαηάιιειεο γηα ηε ζεηζκηθή 

κόλσζε ηεο θαηαζθεπήο αλάινγα κε ηηο δπλάκεηο θαη ηηο κεηαηνπίζεηο πνπ 

δεκηνπξγνύληαη. Έλαο θνηλόο ηύπνο ζπζηήκαηνο ζεηζκηθήο κόλσζεο είλαη κηα βαζε 

από ειαζηνκεξέο πςειήο απόζβεζεο (Zhou F 1996) (Guerreiro L. et al 2006). 

4.2 Βειηίσζεζύλδεζεοηνηρσκάησλ-δαπέδσλ 

Η αύμεζε ηεο δπζθακςίαο ησλ δαπέδσλ επηηξέπεη ηελ αλαθαηαλνκή ησλ νξηδόληησλ 

δπλάκεσλ κεηαμύ ησλ δηαθόξσλ θαηαθόξπθα δνκηθά ζηνηρεία, θαη, ζηε ζπλέρεηα, 

όηαλ ππάξμεη αδπλακία πεξαηηέξσ αλάιεςεο θνξηίνπ από νξηζκέλα ζηνηρεία,νη 

νξηδόληηεο δπλάκεηο κπνξνύλ λα αλαδηαλεκεζνύλ ζηα γεηηνληθά ππόινηπα ζηνρεία. Η 

αύμεζε ηεο δπζθακςίαο ησλ δαπέδσλ επηηπγράλεηαη κε ηελπξνζζήθε ζην δάπεδνκηαο 

νξηδόληηαο θαηαζθεπήο απνηεινύκελεο από ξάβδνπο ράιπβα ηνπνζεηεκέλεο ρηαζηί 

όπσο θαίλεηαη ζην ρ. 4.7 θαη έρεη αλαπηπρζεί εδώ θαη πνιιέο δεθαεηίεο. 

 

 

 

 

ρήκα 4.7: Αύμεζε δπζθακςίαο δαπέδνπ κέζσ Πξνζζήθεο θαηαζθεπήο από ρηαζηί ηνπνζεηεκέλεο  

ξάβδνπο  ράιπβα δηαηνκήο L . 

4.3 Δλίζρπζεδαπέδσλ 

 Η δηαθξαγκαηηθή ιεηηνπξγία ησλ δαπέδσλ επηβάιιεη ηελ θαηαλνκή ησλ 

νξηδόληησλ ζεηζκηθώλ δπλάκεσλ ζύκθσλα κε ηε δπζθακςία ησλ θαηαθόξπθσλ 

ζηνηρείσλ. Τπάξρνπλ ηέζζεξηο δηαθνξεηηθνί ηξόπνη γηα ηε δεκηνπξγία 

δηαθξαγκαηηθήο ιεηηνπξγίαο: 

4.3.1 Δλίζρπζεδαπέδσλ 

Ο πξώηνο ηξόπνο δεκηνπξγίαο δηαθξαγκαηηθήο ιεηηνπξγίαο είλαη ε ππνθαηάζηαζε 

ηνπ αξρηθνύ δαπέδνπ από πιάθα ζθπξνδέκαηνο πάρνπο 0.20κ.Η ιύζε απηήέρεη ην 

πιενλέθηεκα όηηεμαζθαιίδεη ηε δπζθακςία ηνπ δηαθξάγκαηνο θαη ζπλεπώοηελ 

θαηαλνκή ησλ δπλάκεσλκε απνηειεζκαηηθό ηξόπν ζηα ηνηρώκαηα. Σναξρηθό 

δάπεδνέρεη βάξνο πεξίπνπ 1.1kN/m
2
, ελώε ιύζε απηή πξνθαιεί έλα βάξνο5kN/m

2
. 

Απηή ε ππεξβνιηθή αύμεζε ηεο κάδαοέρεη δύνάκεζεο ζπλέπεηεο: (α) εκεγαιύηεξε 

κάδανδεγεί ζε αύμεζε ησλαδξαλεηαθώλ δπλάκεσλθαηά ηε δηάξθεηα ελόοζεηζκνύ θαη 

(β)επηβάξπλζε ησλ ηνηρσκάησλ, ηα νπνία κπνξεί ήδελα είλαηζε θαθή θαηάζηαζε. 
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4.3.2 ύκκηθηε πιάθα ζθπξνδέκαηνο-ράιπβα 

Μία ζύκκηθηε πιάθα ζθπξνδέκαηνο-ράιπβα ηνπνζεηείηαη πάλσ ζε έλα πιέγκα δνθώλ 

ράιπβα, πνπ εδξάδεηαη αξζξσηά ζηα ηνηρώκαηα. Η πιάθα απνηειείηαη από 

ζθπξνδέκα κε ζπλνιηθό πάρνο ησλ 0,10 κπνπ ηνπνζεηείηαη ζε κηα κεηαιιηθή 

ιακαξίλα πάρνπο 0,75 ρηιηνζηώλ. Η ζύλζεηε πιάθα ππνζηεξίδεηαη από δνθνύο από 

ράιπβα HEA200 ηνπνζεηεκέλσλ ζε απόζηαζε 2 m κεηαμύ ηνπο, νη νπνίεο 

ππνζηεξίδνληαη από δνθνύοHEA300. Απηή ε ιύζε έρεη ην πιενλέθηεκα όηη νδεγεί ζε 

κηθξόηεξν βάξνο (2kN/m
2
) από ηελ πξνεγνύκελε. Έλα άιιν δήηεκα είλαη ε αλάγθε 

λα αθαηξέζεηε ην αξρηθό πεδνδξόκην, ην νπνίν θάλεη απηή ε ηερληθή είλαη αδύλαηνλ 

λα εθηειεζηνύλ ζε θαηνηθεκέλα θηίξηα. 

4.3.3 Μεηαιιηθό πιέγκα 

Η ιύζεηεο αληηθαηάζηαζεο ηνπ δαπέδνπ κε έλα κεηαιιηθό πιέγκα ηνπνζεηεκέλν 

πάλσ ζε δνθνύο από ράιπβα δελ είλαη εθαξκνζηέα ζε θηίξηα γηα νηθηαθή ρξήζε. 

Μπνξεί, όκσο,ε ιύζε απηή λα έρεη ρξήζεζε θηίξηα γηα γξαθείαή βηνκεραληθνύο 

ρώξνπο. ε ζύγθξηζε κε ηηο πξνεγνύκελεο ηερληθέο, έρεη ην πιενλέθηεκα όηη ην 

δάπεδν είλαη ειαθξύηεξν(1 kN/m
2
). Έρεη όκσο δηάθνξα ιεηηνπξγηθά πξνβιήκαηα, 

δεδνκέλνπ όηη δελ εμαζθαιίδεη νύηε απνηειεζκαηηθό δηαρσξηζκό κεηαμύ ησλ 

νξόθσλ, νύηε ζεξκηθή θαη αθνπζηηθή κόλσζε. 

4.3.4 Μεηαιιηθνί ειθπζηήξεο 

Απηή ε ηερληθή ελίζρπζεο ζπλίζηαηαη ζηελ ηνπνζέηεζε ειθπξηήξσλ ράιπβα κέζσ 

ησλ μύιηλσλ δνθώλ ηνπ ππάξρνληνο δαπέδνπ. Η πξόζεζε ήηαλ λα εληζρπζεί θάζε 

δσκάηην ρσξηζηά θαη λα γίλεη ζύλδεζε κεηαμύ ηνπο θαηά κήθνο ησλ εζσηεξηθώλ 

ηνηρσκάησλ. Οη ξάβδνη ράιπβα αγθπξώλνληαη ζε θάζε γσλία ηνπ δσκαηίνπ, 

ζρεκαηίδνληαο έλαλ ζηαπξό. Η ζύλδεζε κεηαμύ ησλ δσκαηίσλ εμαζθαιίδεηαη κέζσ 

πιαθώλ ράιπβα θαη δνθώλ πνπ ζπλδένληαη κε θνριίεο. Απηή ε ιύζε έρεη νξηζκέλα 

πιενλεθηήκαηα, όπσο όηη είλαη αλαζηξέςηκε. Διαρηζηνπνηεί ηελ δηαθνπή ηεο 

θαλνληθήο ιεηηνπξγίαο ηνπ θηηξίνπ θαη δελ ζπκβάιιεη ζε ππεξβνιηθή αύμεζε ηνπ 

βάξνπο ηεο θαηαζθεπήο (Branco θαη Guerreiro 2011). 

Κεφάλαιο 5: Μελζτη αποκατάςταςησ κτρίου 

Η Αζήλα είλαη κία από ηηο πην δηάζεκεο πόιεηο ηεο πνιηηηζηηθήο θιεξνλνκηάο ηνπ 

θόζκνπ. Η Πιάθα είλαη ε παιαηόηεξε πεξηνρή ηεο ζύγρξνλεο Αζήλαο. Δίλαη ε 

πεξηνρή όπνπ ην θηίξην πνπ απνηειεί ην αληηθείκελν ηνπ παξόληνο θεθαιαίνπ 

βξίζθεηαη, ζηε δηαζηαύξσζε ησλ νδώλ Αθηαίνπ θαη Λπθνκηδώλ θαη ζα αλαθέξεηαη 

σο θηίξην «Αθηαίνπ» ζηε ζπλέρεηα. Σν θηίξην Αθηαίνπ, πνπ ρηίζηεθε ζηηο αξρέο ηεο 

δεθαεηίαο ηνπ 1900, ζεσξείηαη όηη αληηπξνζσπεύεη ηηο νηδνκηθέο θαη αξρηηεθηνληθέο 

ηάζεηο πνπ επηθξαηνύζαλ ζηελ Αζήλα απηή ηελ πεξίνδν. Με ηελ πάξνδν ησλ εηώλ, 

απηό ην θηίξην (βι. 5.1) έρεη ππνζηεί ζεκαληηθέο δεκηέο πνπ νθείινληαη ζε δηάθνξεο 

αηηίεο, όπσο ε ζεηζκηθή δηέγεξζε, έιιεηςε ζπληήξεζεο, ειαηηώκαηα θαηαζθεπήο, 

θ.ιπ. 
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ρήκα 5.1: Σν θηίξην Αθηαίνπ:  πξόζνςε επίηεο νδνύ Αθηαίνπ (αξηζηεξά) θαη βόξεηα όςε επί ηεο 

νδνύ Λπθνκηδώλ (δεμηά) 

  Σν παξόλ θεθάιαην παξνπζηάδεη ηε δνπιεηά πνπ έγηλε θαη πεξηιακβάλεη 

ηααθόινπζα ζηάδηα: Πεξηγξαθήηνπ δνκηθνύ ζπζηήκαηνο, ραξηνγξάθεζε ησλ 

βιαβώλ, ηεθκεξίσζε ησλ πιηθώλπνπ ρξεζηκνπνηήζεθαλ, εθηίκεζεηεο θέξνπζαο 

ηθαλόηεηαο ηνπ θηηξίνπ, πξνηεηλόκελε επέκβαζε, πεξηγξαθή κεζόδσλ 

απνθαηάζηαζεο θαη ε επαιήζεπζε επάξθεηαο ησλ πξνηεηλόκελσλ παξεκβάζεσλ. 

5.1  Ιζηνξηθή πεξηγξαθή 

  Σν θηίξην Αθηαίνπν, ην νπνίν είλαη έλα δηώξνθν θηίξην κεζρήκα θάηνςεο U, 

είλαη έλα ηππηθό αζηηθό αζελατθό θηίξηνηεο πεξηόδνπ. Καηαζθεπάζηεθε κεηνπηθά 

θπζηθά πιηθά ηνηρνπνηίαο. Πξόθεηηαη γηαέλα εμαηξεηηθό παξάδεηγκα ηεο 

αξρηηεθηνληθή θαηνηθηώλ ησλ αξρώλ ηνπ 19
νπ

 αηώλα. Απνηειείηαη απόππόγεην, 

ηζόγεηνθαηπξώην όξνθν. Σν θηίξηνέρεη κηαδίξξηρηε ζηέγεπνπ ζρεκαηίδεηαη από 

μύιηλα δεπθηά πνπ θαιύπηνληαη από θεξακίδηα. 

 

  

 

 

 

 

ρήκα 5.2Τιηθά ηνηρνπνηίαο 

Αζβεζηόιηζνο, κάξκαξν, εθαηζηεηαθή πέηξα, θαη νπηόπιηλζνη είλαη ηα θύξηα 

νηθνδνκηθά πιηθά πνπ ρξεζηκνπνηήζεθαλ γηαηελ θαηαζθεπή ηνπθηηξίνπ θαη ησλ 

αξρηηεθηνληθώλ ζηνηρείσλ ηνπ.Οη νπηόπιηλζνη ρξεζηκνπνηήζεθαλ γηα λα θαιύςνπλ 

θελά κεηαμύ ησλ θύξησλ δνκηθώλ πιηθώλ θαη θάησ από ηα παξάζπξα (βι. ρ.5.2). Σν 

θνλίακαπνπ ρξεζηκνπνηήζεθε είλαη έλαθνλίακα άζβεζην-πνδνιάλεο. Υάιπβαο 

εκθαλίδεηαη κόλν ζε νξηζκέλα αξρηηεθηνληθά ζηνηρεία θαη γηα ηε ζύλδεζε 

ηνπδαπέδνπ ηνπ 1
νπ

πξώηνπ όξνθνπζηνλ ηνίρν. Σν δάπεδνησλ δσκαηώλ ηνπ ηζνγείνπ 

θαη ηνπ1
νπ 

νξόθνπ θαιύπηνληαη κε μύιηλεο ζαλίδεο,ελώνη δηάδξνκνη κεηαμύ ησλ 

δσκαηίσλ είλαη ζηξσκέλνη κεδηαθνζκηηηθά πιαθίδηα όπσο απηά πνπ θαίλνληαη ζην 

ρ.5.3 
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ρήκα 5.3:Γσκάηηα ηζνγείνπ θαη δηαθνζκηηηθά πιαθάθηα 

5.2 Φνξέαο 

  Σν θηίξην Αθηαίνπ είλαη έλα δηώξνθν θηίξην κε ππόγεην. Σα θέξνληα 

ηνηρώκαηα απνηεινύλ ηκήκα ηνπ δνκηθνύ ζπζηήκαηνο πνπ θαίλεηαη ζην ρ. 5.4. Η 

πξόζνςε ηνπ θηηξίνπ βξίζθεηαη ζηελ νδό Αθηαίνπ (ηνίρνο 1) θαη έρεη κήθνο 18.40 

κ.Η αξηζηεξή πξόζνςε (ηνίρνο 2), ε νπνία βξίζθεηαη ζηελ νδόΛπθνκηδώλ, έρεη κήθνο 

18,00 κ, ελώ δεμηά πξόζνςε (ηνίρνο 3)βιέπεη ζε έλα εζσηεξηθό αλνηρηό ρώξν θαη έρεη 

κήθνο 17,00 κ. Ο ηνίρνο 4 απνηειεί νπζηαζηηθά ηνλ θξάρηε πνπ ρσξίδεη ην θηίξην από 

ην γεηηνληθό αθίλεην.Σν ππόγεην εθηείλεηαη κέζα ζην ηκήκα ηεο θάηνςεο πνπ 

πεξηθιείεηαη από ηα ηνηρώκαηα 1, 5 θαη ηκήκαηα ησλ ηνηρσκάησλ 2 θαη 3.  

 

  

 

 

 

 
Σχήμα 5.4: Σφςτθμα φζρουςασ τοιχοποιίασ 

  Η θάηνςε ηνπ θηηξίνπ έρεη ζρήκα U κε έλα θεληξηθό ηκήκα (CB) πνπ 

εθηείλεηαη κεηαμύ ησλ ηνηρσκάησλ 1, 6, 2 θαη 3 θαη δύν πηέξπγεο πνπ εθηείλνληαη 

κεηαμύ ησλ ηνηρσκάησλ 6, 4, 2 θαη 7 (W1) θαη ηα ηνηρώκαηα 8, 3, 6, θαη 4 (W2), 

αληίζηνηρα. Σα δάπεδα ηόζν ηνπ ηζνγείνπ όζν θαη ηνπ 1
νπ

 νξόθνπ δάπεδα είλαη 

θαηαζθεπαζκέλα από μύιηλεο δνθνύούςνπο 17  εθ. θαη πιάηνπο 11 εθ. ζε παξάιιειε 

δηάηαμε κε απνζηάζεηο 50 cm θαη θαιύπηεηαη από ζαλίδεο πιάηνπο 21 εθ.θαη πάρνπο 

2.5 εθ. Οη δνθνί εδξάδνληαηζε εζνρέο πνπ ζρεκαηίδνληαη ζηνπο απέλαληη ηνίρνπο. Η 

νξνθή ηνπ θεληξηθνύ ηκήκαηνο (CB) ηνπ θηηξίνπ (βι. ρ. 5.5) είλαη ηεηξαέξηζην θαη 

απνηειείηαη από δηθηπώκαηα κνλήο θαη δηπιήο θιίζεο (βιέπε ρ. 5.6 αξηζηεξά θαη 

δεμηά), ελώ ε νξνθή ησλ πηεξύγσλ (W1 θαη W2 ) ηνπ θηηξίνπ είλαη δηέξηζηε θαη 

απνηειείηαη από δηθηπώκαηα κε δηπιή θιίζε (βιέπε Fig.5.6). 
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5.3 Υαξηνγξάθεζε βιαβώλ 

Οη βιάβεο πνπ νθείινληαη ζε γήξαλζε, θαηαζθεπαζηηθά ζθάικαηα/ ειαηηώκαηα, 

έιιεηςε ζπληήξεζεο, ζεηζκηθέο θαη πεξηβαιινληηθέο δξάζεηο κπνξνύλ λα 

πεξηγξαθνύλ ζε γεληθέο γξακκέο σο εμήο: 

 

 

 

 

 
  
 
 

Σχήμα 5.5: Κεντρικι ςτζγθ  Σχήμα 5.6: Πλευρικι ςτζγθ 

 

 

 

 

 
ρήκα 5.7: Γηθηύσκαθεληξηθήοζηέγεο     ρήκα 5.8: Γηθηύσκαπιεπξηθώλζηεγώλ 

 

 Κεθιηκέλεο θαη θαηαθόξπθεο ξσγκέο κε κηθξό ζρεηηθά πιάηνο πνπ δελ 

εθηείλνληαη ζε όιν ην πάρνο ηνπ ηνηρώκαηνο (βιέπε ρ. 5.9). 

 Καηαθεξκαηηζκόο ηνπ θνληάκαηνο ηνηρνπνηίαο. 

 Δθηεηακέλε απόζπαζε θαη απώιεηα ηνπ ζνβά ηνπ ηνίρνπ. 

 Δλεξγέο βαζηέο ξσγκέο αλάκεζα ζηνλ ηνίρν θαη ηελ νξνθή (βι. ρ. 5.10). 

 Γηαγώληεο ξσγκέο ζηνπο ηνίρνπο (βι. ρ. 5.11). 

 Σνπηθέο αζηνρίεο θαη λεγάια βέιε ησλ θεξόλησλ κειώλ ηεο ζηέγεο θαη 

θαηάξξεπζε ησλ μύιηλσλ ραγηαηηώλ (βι.ρ. 5.12). 
 

 

 

 

 

 

ρήκα 5.9: Ρεγκάησζεππέζπξνπζηνεζσηεξηθό(W1-in,1
νο

όξνθνο) θαηεμσηεξηθό (W1-ex, 1
νο

όξνθνο) 

ηνπ θηηξίνπ 
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ρήκα 5.10: Καηαθόξπθε ξεγκάησζε ζηε ζύλδεζε ηνίρσλ(W6-in, 1
νο

 όξνθνο) 

ρήκα 5.11: Υαξαθηεξηζηηθή δηαγώληα ξεγκάησζε δεπηεξεύνληνο ηνίρνπ 

 

 

 

 

 

 

ρήκα 5.12: Υαγηάηηα ζε θαηάξξεπζε 

 

5.4  Δθηίκεζε βιαβώλ 

  Η εθηίκεζε δεκηώλ απνζθνπεί ζηελ αμηνιόγεζε ηεο πξαγκαηηθήο θαηάζηαζεο 

ηεο πθηζηάκελεο θαηαζθεπήο. Όπσο ζηελ ηαηξηθή, ε δηάγλσζε πξνεγείηαη ηεο 

ζεξαπείαο (Sullivan θαη Keane 2004) 

 

5.4.1  Σεθκεξίσζε 

  Η εθηίκεζε ησλ ραξαθηεξηζηηθώλ ησλ πιηθώλ ηνηρνπνηίαο ζπλήζσο ζηνρεύεη 

ζηνλ πξνζδηνξηζκό ησλ κεραληθώλ, θπζηθώλ θαη ρεκηθώλ ηδηνηήησλ θαη ηελ 

αλίρλεπζε αζπλερεηώλ εληόο ηεο θαηαζθεπήο. Η εθηίκεζε απηή βαζίδεηαη ζηελ 

νπηηθή παξαηήξεζε, ηε δεηγκαηνιεςία πιηθώλ θαη εξγαζηεξηαθέο δνθηκέο ησλ 

δεηγκάησλ (δηαζθεδαζκόο αθηίλσλ Υ (XRD), θζνξηζκόο αθηίλσλ Υ (XRF),δνθηκή 

κνλναμνληθήο ζιίςεο) 
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Γεηγκαηνιεςία 

  Σα θύξηα πιηθά πνπ ρξεζηκνπνηήζεθαλ γηα ηελ θαηαζθεπή ηνπ θηηξίνπ είλαη 

αζβεζηόιηζνο, κάξκαξν, εθαηζηεηαθέο πέηξεο θαη θνλίακα. Η δεηγκαηνιεςία 

πεξηιακβάλνληαη όια ηα είδε ησλ ιίζσλ. Πξαγκαηνπνηήζεθε είηε κε πξνζεθηηθή 

απνκάθξπλζε ζρεηηθώο κηθξνύ κεγέζνποιίζσλ κε ρξήζε ζκίιεο είηε κε ππξελνιεςία 

από κεγαιύηεξα ιηζνζώκαηα. Σα πιηθά θαη νη ηύπνη δεηγκάησλ πεξηγξάθνληαη ζηνλ 

πίλαθα 5.1, ελώ νη ζέζεηο δεηγκαηνιεςίαο δίδνληαη ζην Υ. 5.13. 

ρήκα 5.13: Θέζεηο δεγκαηνιεςίαο ζην ηζόγεην θαη 1
ν
 όξνθν ηνπ θηηξίνπ 

 

Πίλαθαο 5.1:  Σύπνο δείγκαηνο θαη ζέζε δεηγκαηνιεςίαο 
 

Specimen name Material type Specimen type Sampling location 

D1-MS Marble Cube Ground floor 

D3-MS Marble Cube Ground floor 

D4-MS Marble Cube Ground floor 

D5-VS Volcanic stone Cube 1st floor 

D6-VS Volcanic stone Cube 1st floor 

D7-MS Marble Cube Ground floor 

D8-LS Limestone Cylinder Ground floor 

D2-LS Limestone Cylinder Ground floor 

D9-LS Limestone Cylinder Ground floor 

D10-LS Limestone Cylinder Ground floor 

D11-LS Limestone Cylinder Ground floor 

D12-MS Marble Cylinder Ground floor 

D13-VS Volcanic stone Cube 1st floor 
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5.4.2  Υεκηθόο θαη νξπθηνινγηθόο ραξαθηεξηζκόο 

  Σα απνηειέζκαηα ηεο ρεκηθήο αλάιπζεο ησλ θπζηθώλ ιίζσλ παξνπζηάδνληαη 

ζηνλ Πίλαθα 5.2 

 
Πίλαθαο  5.2:  Απνηειέζκαηαρεκηθήο αλάιπζεο  (% w.w)  ησλ  ιίζηλσλ δνθηκίσλ 

 

  Σα πξόηππα XRD ησλ εμεηαζζέλησλ δεηγκάησλ  παξνπζηάδνληαη ζην ρ. 

5.14. ην δείγκα VS, έλα κεγάιν πνζνζηό ηεο άκνξθεο θάζεο θαηαγξάθεηαη από ηελ 

αλάιπζε XRD, ελώ νη θύξηεο νξπθηνινγηθέο θάζεηο πνπ αληρλεπζεζαλ ήηαλ 

ραιαδίαο, αινπλίηεο, δνινκίηεο, θαη αζβεζηίηεο. Σν δείγκα MS πξνέξρεηαη από 

κεηακνξθσκέλα αλζξαθηθά πεηξώκαηα κε κηθξνθξπζηαιιηθή θαη θνθθώδε δνκή. Η 

θύξηα νξπθηή θάζε είλαη απηή ηνπ αζβεζηίηε. Άιιεο θάζεηο πνπ θαηαγξάθεθαλ είλαη 

απηέο ηνπ ραιαδία, κνζρνβίηε, clinochlore, θαη anorthite. Σν δείγκα LS είλαη έλα 

αζβεζηνιηζηθό νξπθηό κε θύξηα νξπθηνινγηθή θάζε ην δνινκίηε θαη δεπηεξεύνπζα 

ηνλ αζβεζηίηε. 

ρήκα 5.14: XRD πξόηππα ησλ ηξηώλ ηύπσλ πιηθώλ ηεο ηνηρνπνηίαο  (LS, MS and VS); 1.Αζβεζηίηεο, 

2. Γνινκίηεο, 3. Υαιαδίαο, 4. Μνζρνβίηεο, 5: Clinochlore, 6.anorthite, 7.Αινπλίηε. 

 

Μεηά ηε ρεκηθή αλάιπζε, έγηλε νπηηθή κηθξνζθνπηθή εμέηαζε ελόο 

θαηάιιεινπ. Σν ίδην δείγκα, κε κέγεζνο θόθθνπ 0,63 ρηιη., ππνβιήζεθε ζε 

επεμεξγαζία κε 10% w/w 0,1 Ν HCl νμύ, πξνθεηκέλνπ λα δηαιπζεί ν αζβεζηίηεο. Σν 

δηεζεκέλν ππόινηπν μεξάλζεθε ζηνπο 105° C θαη εμεηάζηεθε νπηηθά ζην 

κηθξνζθόπην. Γηαπηζηώζεθε όηη ππάξρεη κηα ιεπηνζξπκκαηηζκέλε παιώδεο θάζε ζην 

δείγκα (ρ. 5.15), ε νπνία σο επί ην πιείζηνλ νθείιεηαη ζε πνπδνιαληθό πιηθό. 

 

Sample SiO2 Al2O3 Fe2O3 CaO MgO SO3 K2O Na2O L.O.I 

VS 65,87 12,86 0,93 2,21 0,13 2,90 1,27 0,41 13,19 

LS 0,83 0,14 0,10 30,50 21,12 - 0,11 - 46,61 

MS 0,62 0,21 0,20 55,21 - 0,52 0,10 - 42,60 
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ρήκα 5. 15. Φσηνγξαθία από Οπηηθή κηθξνζθνπηθή εμέηαζε δείγκαηνο 

5.4.3 Μεραληθέο ηδηόηεηεο 

Σα κεραληθά ραξαθηεξηζηηθά ησλ δεηγκάησλ θαζνξίζηεθαλ από δνθηκέο κναμνληθήο 

ζιίςεοο. Σα δείγκαηα πνπ ιαμεύηεθαλ από ηνπο ηνίρνπο ρξεζηκνπνηήζεθαλ γηα ηελ 

θαηαζθεπή θύβσλ, ελώ από ηα δείγκαηα ηεο ππξελνιεσίαο θαηαζθεπάζηεθαλ 

θύιηλδξνη κε αλαινγία ύςνπο-πξνο-δηάκεηξν 2. Όια ηα δείγκαηα δπγίζηεθαλ πξηλ 

από ηε δνθηκή. Οη δηαζηάζεηο θαη ην βάξνο ησλ δνθηκίσλ παξνπζηάδνληαη ζηνπο 

Πίλαθεο 5.3 θαη 5.4. Οη θύβνη ρξεζηκνπνηήζεθαλ κόλν γηαηελεθηίκεζε ηεο αληνρήο. 

Η αμνληθή θαη εγθάξζηα αλεγκέλε παξακόηθσζε κεηξήζεθαλ ηνπνζεηώληαο 

ειεθηξνκεθπλζηόκεηξα ζηε κεζαία δώλε ησλ θπιίλδξσλ ζε δηακεηξηθά απέλαληη 

ζέζεηο αμνληθώο θαη πεξηκεηξηθώο. Οηδηαηάμεηοησλ δνθηκώλ ησλ θύβσλ θαη ησλ 

θπιίλδξσλ θαίλνληαη ζην ρ. 5.16. Οη ηηκέο ηεο αληνρήο ζε ζιίςε δίλνληαη ζηνλ 

Πίλαθα 5.5, ελώ νη ηππηθέο θακπύιεο ηάζεο-παξακόξθσζεο δίδνληαη ζηα ρ.  

5.17,5.18 θαη  5,19. 
 

Πίλαθαο 5.3: Γηαζηάζεηο θαη βάξνο ησλ θύβσλ 

 

Πίλαθαο 5.4: Γηαζηάζεηο θαη βάξνο ησλ θπιίλδξσλ  

Specimen 

name 

Material type Dimensions (cm) Weight (Kg) 

Side a Side b Height 

D1-MS Marble 5.6 5.4 6.5 0.508 

D3-MS Marble 7.9 7.7 10.5 1.636 

D4-MS Marble 7.9 8.00 8.00 1.364 

D5-VS Volcanic stone 8.2 7.2 8.5 0.556 

D6-VS Volcanic stone 8.2 8.00 7.00 0.490 

D7-MS Marble 5.5 4.5 4.5 0.306 

D13-VS Volcanic stone 8.2 8.0 8.00 0.532 

Specimen 

name 

Material type Dimensions (cm) Weight (Kg) 

Diameter Height 
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(b) (b)                                            

ρήκα 5.15: Γηάηαμεδνθηκήο (α) θύβσλθαη (β) θπιίλδξσλ 

Πίλαθαο 5.5: Αληνρή ζε ζιίςε θαη εηδηθό βάξνο δνθηκίσλ 

D8-LS Limestone 4.5 11.00 0.318 

D2-LS Limestone 4.5 4.5 0.142 

D9-LS Limestone 4.5 11.3 0.438 

D10-LS Limestone 4.5 9.5 0.480 

D11-LS Limestone 4.5 11.00 0.428 

D12-MS Marble 4.5 9.4 0.402 

Marble 

Specimen name Material type Compressive strength 

fbc(MPa) 

Specific weight (kN/m
3
) 

D1-MS Cube 15.76 25.84 

D3-MS Cube 24.31 25.61 

D4-MS Cube 24.10 32.31 

D7-MS Cube 32.90 27.47 

D12-MS Cylinder 29.01 26.91 

Mean value 25.21 27.63 

Limestone 

D8-LS Cylinder 18.53 18.19 

D2-LS Cylinder 43.62 16.48 

D9-LS Cylinder 54.10 24.38 

D10-LS Cylinder 18.00 31.79 

D11-LS Cylinder 33.17 10.04 
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Η κέζε ζιηπηηθή αληνρή πνπ πξνέθπςε από ηα πεηξάκαηα ήηαλ 25,2 MPa γηα ην 

κάξκαξν, 33,5 MPa γηα ηνλ αζβεζηόιηζν θαη 5,3 MPa γηα ηελ ειαθξόπεηξα. Γηα θάζε 

θακπύιε, κόλν ν θιάδνο πνπ αληηζηνηρεί ζε ρακειό επίπεδν παξακόξθσζεο 

παξνπζηάδεηαη, θαζώο γηα κεγαιύηεξεο παξακνξθώζεηο ηα ειεθηξνκεθπλζηόκεηξα ο 

δελ απνδίδνπλ αμηόπηζηα, ιόγσ ηεο ηνπηθήο απνθόιεζήο ηνπο από ηα δείγκαηα 

 

 

 

 

 

 

 

 

ρήκα 5.16: Πεηξακαηηθή δηάηαμε δνθηκήο θπιίλδξσλ 

 
 
   
 

 

 

 

 

 

 

 

 

ρήκα 5.17: Υαξαθηεξηζηηθέο θακπύιεο ηάζεσλ-αλεγκέλσλ παξακνξθώζεσλ γηα ην δνθίκην D10 ζε 

κνλναμνληθή ζιίςε 

Mean value 33.48 20.18 

Volcanic stone 

D5-VS Cube 4.87 11.10 

D6-VS Cube 5.84 10.67 

D13-VS Cube 5.23 10.13 

Mean value 5.31 10.63 
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ρήκα 5.18: Υαξαθηεξηζηηθέο θακπύιεο ηάζεσλ-αλεγκέλσλ παξακνξθώζεσλ γηα ην δνθίκην D11 ζε 

κνλναμνληθή ζιίςε 

 

 

 

 

 

 

 

 

 

 
ρήκα 5.19: Υαξαθηεξηζηηθέο θακπύιεο ηάζεσλ-αλεγκέλσλ παξακνξθώζεσλ γηα ην δνθίκην D12 ζε 

κνλναμνληθή ζιίςε 

5.5  Πξνζδηνξηζκόο ησλ κεραληθώλ ραξαθηεξηζηηθώλ ηεο ηνηρνπνηίαο 

Γηα ηελ εθηίκεζε ησλ κεραληθώλ ραξαθηεξηζηηθώλ ηεο ηνηρνπνηίαο 

ζεσξήζεθε όηη ε ζιηπηηθή αληνρή ηνπ θνληάκαηνο ήηαλ 0,4 MPa. Η αμηνιόγεζε ησλ 

κεραληθώλ ραξαθηεξηζηηθώλ ησλ πιηθώλ ηνηρνπνηίαο βαζίζηεθε ζηηο πεηξακαηηθέο 

ηηκέο ηεο αληνρήο ησλ  ησλ δεηγκάησλ. Οη ηηκέο απηέο εηζήρζεζαλ ζηηο εκπεηξηθέο 

ζρέζεηο πνπ πξνηάζεθαλ από ηνπο Σάζην θαη Υξνλόπνπιν (1987) (βιέπε πίλαθα 5.6) 

θαη ηα ραξαθηεξηζηηθά πνπ πξνέθπςαλ δίλνληαη ζηνλ Πίλαθα 5.7. 
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Πίλαθαο 5.6: Δκπεηξηθέο ζρέζεηο κέζσ ησλ νπνίσλ πξνζδηνξίζηεθαλ ηα κεραληθά ραξαθηεξηζηηθά ηεο 

ηνηρνπνηίαο 

 
Πίλαθαο  5.7: Μεραληθά ραξαθηεξηζηηθά ηνηρνπνηίαο  

 

 

 formulae 

Horizontal mortar layers – Volume of mortar 
25-30mm, Vmortar≈0.30/0.40 

Material safety factor γm 
2.00 

Wall compressive strength normal  (    )   to 

horizontal masonry layers (fwc,  ) mcbc faf 







 5.0

3

2  

Wall compressive strength parallel ( //) to horizontal 

masonry layers fwc, //) 
For incomplete mortar filling 

 ,//, )65.050.0( wcwc ff  

Wall tensile strength normal  (    )   to horizontal 

masonry layers 

(
,wtf ) 

mtwt ff ,
 

Wall tensile strength normal  (//) to horizontal 

masonry layers  

( //f ,wt
) 

mtwt ff  2//
 

Shear strength(horizontal sliding)   oo0,wv σ20.005.0σ
4

3*25.005.0f   

Shear strength(diagonal cracking) 

mt

ο
mt

d,wt

ο
d,wtd,wv

f

σ
5.01f

f

σ85.0
1f

3
2f 




 

Modulus of elasticity  
 ,800 wcfE  

Shear modulus  
G=0.40E 

Poisson’s ratio  

 
0.25 

Ground floor 

material Stone 

compressive 

strength, fbc 

(MPa) 

Wall compressive 

strength, fwc 

(MPa) 

Modulus of 

Elasticity, Δ 

(MPa) 

Poisson’s 

ratio, v 

Shear 

modulus, G 

(MPa) 

Marble 25,21 1,81 1448 0,25 296 

Limestone 33,48 

Mean value 29,35 

1
st
 floor 

Marble 25,21 1,25 1000 0,25 400 

Limestone 33,48 

Volcanic stone 5,31 

Mean value 21,33 



Damage assessment and rehabilitation of historic traditional structures                                    

316 
Civil Engineering, EMΠ, NTUA (2015) 

 

5.6 Αξηζκεηηθή έξεπλα 

  Ο ζηόρνοηεο αξηζκεηηθήο έξεπλαο πνπ πεξηγξάθεηαηζηα αθόινπζα είλαη 

δηπιόο: (α) λαδηαπηζησζεί θαηά πόζνλνη ειιείςεηο ζηα δνκηθά ραξαθηεξηζηηθά ηνπ 

θηηξίνππνπ πεξηγξάθεθαλ ζηαπξνεγνύκελα είλαη πξάγκαηηε βαζηθή αηηίαησλ δεκηώλ 

πνπ έρεη ππνζηείθαη (β) αλαπηόπξάγκαηη ηζρύεη, λα δεηρζεί όηη κηα ζεκαληηθή 

βειηίσζε ηεο δνκηθήο ζπκπεξηθνξάο κπνξεί λα επηηεπρζείκε ηελ εμάιεηςεαπηώλ ησλ 

ειιείςεσλ. Ο ζηόρνο επηηπγράλεηαη κε ηε ζύγθξηζε ησλ απνηειεζκάησλ πνπ 

πξνθύπηνπλ από ηελ αξηζκεηηθή αλάιπζε ηνπ θηηξίνπ (ππνζέηνληαο όηη δελ έρεη 

ππνζηεί βιάβεο), πξηλ θαη κεηά ηελ εμάιεηςε ησλ πξνβιεκάησλ ηνπ δνκηθνύ 

ζπζηήκαηνο ππό δξάζεησλ θνξηίσλ πνπ πξνβιέπνληαη από ηνπο ηζρύνληεο 

θαλνληζκνύο γηα ην ζρεδηαζκό ησλ θαηαζθεπώλ αλζεθηηθώλ ζε ζεηζκνύο. 
 

5.6.1 Βιάβεο ζηε ζηέςε ηνπ θηηξίνπ 

Οη ηάζεηο εθειθπζκνύ πνπ αλαπηύζζνληαη ζηε ζηέςε ηνπ θηηξίνπ ππό ηηο ζπλζήθεο 

ηεο θόξησζεο ζρεδηαζκνύ βξέζεθαλ λα ππεξβαίλνπλ ηελ αληνρή εθειθπζκνύ ηεο 

ηνηρνπνηίαο (βιέπε ρ. 5.20). Σα απνηειέζκαηα απηά είλαη ζύκθσλα κε ηελ εθηίκεζε 

όηη ε ξεγκάησζε νθείιεηαη ζηηο δπλάκεηο ηξηβήο πνπ αλαπηύζζνληαη ζηε ζηέςε ηνπ 

θηηξίνπ ιόγσ ηεο νξηδόληηαο κεηαηόπηζεο ηεο ζηέγεο ππό ηε δξάζε ζεηζκηθώλ 

δνλήζεσλ. Η κνλνιηζηθή ζύλδεζε ηεο ζηέγεο κε ηε θέξνπζα ηνηρνπνηία αλακέλεηαη 

λα νδεγήζεη ζε ζεκαληηθή βειηίσζε ηεο ζπκπεξηθνξάο. 

 
  

 

 

 

 

 

 

 

 

 

 

ρήκα 5.20: Δθειθπζηηθέο ηάζεηο (ζε MPa) κεγαιύηεξεο ηεο εθειθπζηηθήο αληνρήο ηεο ηνηρνπνηίαο 

πνπ αλαηύζζνληαη ζηε ζηέςε ηνπ θηηξίνπ ππό ζεηζκηθό θνξηίν θαηά ηε δηεύζπλζε y-y (θαηά κήθνο ηεο 

πξόζνςεο ηνπ θηηξίνπ επί ηεο νδνύ Αθηαίνπ) 
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5.6.2  Ρεγκάησζε ζηε ζύλδεζε ηνηρσκάησλ 

  Σν ρ. 5.21 δείρλεη ηηο ηάζεηο εθειθπζκνύ ζηελ πεξηνρή ησλ ηεκλόκελσλ 

ηνηρσκάησλ πνπ ππεξβαίλνπλ ηελ αληνρήζε εθειθπζκό ηεο ηνηρνπνηίαο. Θα πξέπεη 

λα ζεκεησζεί όηη έρεη ππνηεζεί όηη ηνηρώκαηα είλαη κνλνιηζηθά ζπλδεδεκέλα 

θαηαπηόνδήγεζε ζηελ αλάπηπμε ησλ θξίζηκσλ ηάζεσλ εθειθπζκνύλα αλαπηπρζνύλ 

ζε κία κηθξή απόζηαζε από ηε ζύλδεζεηνπ ηνίρνπ 

   

5.6.3 Ρεγκάησζεησλππέξζπξσλ 

Σν ρ. 5.22 δείρλεη ηηο ηάζεηο πνπ ππεξβαίλνπλ ηελ αληνρή ζε εθειθπζκό ηεο 

ηνηρνπνηίαο ζηελ πεξηνρή ησλ αλνηγκάησλ ελόο ηππηθνύ εζσηεξηθνύ ηνηρώκαηνο ζηελ 

θαηεύζπλζε X-X (δειαδή παξάιιεια πξνο ηελ πξόζνςε ηνπ θηηξίνπ επί ηεο  νδνύ 

Λπθνκηδώλ). ‗Οπσο θαη ζηελ πεξίπησζε ηεο ξεγκάησζεο ηεο ζηέςεο, ε ξεγκάησζε 

απηή απνδίδεηαη ζηελ έιιεηςε κνλνιηζηθήο ζύλδεζεο ηεο ζηέγεο ζηε θέξνπζα 

ηνηρνπνηία πνπ νδήγεζε ζηελ αλάπηπμε δπλάκεσλ ηξβήο ζηε ζηέςε ιόγσ ηεο 

νξηδόληηαο κεηαηόπηζεο ηεο ζηέγεο ππό ζεηζκηθό θνξηίν.  

 

ρήκα 5.21: Δθειθπζηηθέο ηάζεηο (ζε MPa) κεγαιύηεξεο ηεο εθειθπζηηθήο αληνρήοηεο ηνηρνπνηίαο 

πνπ αλαπηύζζνληαη ζηελ πεξηνρή ζύλδεζεο ηνηρσκάησλ ππό ζεηζκηθό θνξηίν θαηά ηε δηεύζπλζε y-y 

(θαηά κήθνο ηεο πξόζνςεο ηνπ θηηξίνπ επί ηεο νδνύ Αθηαίνπ) 
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ρήκα 5.22: Δθειθπζηηθέο ηάζεηο (ζε MPa) κεγαιύηεξεο ηεο εθειθπζηηθήο αληνρήο ηεο ηνηρνπνηίαο 

πνπ αλαπηύζζνληαη ζηελ πεξηνρή ησλ αλνηγκάησλ ελόο ηππηθνύ εζσηεξηθνύ ηνηρώκαηνο ζηελ 

δηεύζπλζεx-x  (θαηά κήθνο ηεο πξόζνςεο ηνπ θηηξίνπ επί ηεο νδνύ Λπθνκηδώλ) 

5.6.4 Βιάβεο πεζζώλ 

ην ρ. 5.23 θαίλεηαη ην παξακνξθσκέλν ζρήκα ηνπ ηνηρώκαηνο πνππξνβιέπεηαη 

από ηελ αλάιπζε. Σν ζρήκα δείρλεη όηη ε έιιεηςε δηαθξαγκάησλ νδήγεζε ζε εθηόο-

επηπέδνπ παξακόξθσζε ησλ ηνηρσκάησλ 1 θαη 5 ππό ζεηζκηθή δξάζε ζηελ δηεύζπλζε 

X-X. Σν ζρήκα δείρλεη επίζεο όηη κηα ηέηνηα εθηόο επηπέδνπ κεηαηόπηζεπξνθάιεζε 

εθειθπζηηθέο ηάζεηο κεγαιύηεξεο απηώλ πνπ κπνξεί λα αλαιεθζνύλ από ηελ 

ηνηρνπνηία. Η αλάπηπμε ηέηνησλ ηάζεσλ είλαη επαξθήο γηα λα πξνθαιέζεη ξεγκάησζε 

πνπ ππέζηεζαλ νη πεζζνί. 

5.6.5 Σχολιαςμόσ 

Από ηηο παξαηεξεζείζεο βιάβεο ηνπ θηηξίνπ θαη ηνλ εληνπηζκό ησλ αηηίσλ ηνπο ηόζν 

νπηηθά όζν θαη από ηα απνηειέζκαηα ηεο αλάιπζεο ο, θαίλεηαη όηη αλ θαη ν θέξσλ 

νξγαληζκόο ηνπ θηηξίνπ έρεη νξηζκέλα ζεηηθά δνκηθά ραξαθηεξηζηηθά, απηά 

ζπλδπάδνληαη κε ζεκαληηθέο ειιείςεηο. Σα ζεηηθά ραξαθηεξηζηηθά πεξηιακβάλνπλ 

αλνίγκαηα (δύν πόξηεο θαη παξάζπξα) κε έλα ζρεηηθά κηθξό πιάηνο ηνπνζεηεκέλα 

ζρεδόλ ζπκκεηξηθά. Δπίζεο, ην πιάηνο ηεο θέξνπζαο ηνηρνπνηίαο είλαη ηνπιάρηζηνλ 

0,50 κ, ελώ ην ύςνο ησλ νξόθσλ είλαη πεξίπνπ 4,00 κ. Έηζη, ππνζέηνληαο 

δηαθξαγκαηηθή δξάζε ησλ επηπέδσλ δαπέδνπ θαη νξνθήο, ε ιπγεξόηεηα ηνπ 

ηνηρώκαηνο ι = 8 είλαη κάιινλ κηθξή. Δπηπιένλ, ε ζύλδεζε ηεκλόκελσλ ηνηρσκάησλ 

βξίζθεηαη λα είλαη αξθεηά κνλνιηζηθή. 

Από τθνάλλθ πλευρά, ζνα ςθμαντικό μειονζκτθματου κτιρίου είναι θ 
ζλλειψθτθσ διαφραγματικισ λειτουργίασ ςτα επίπεδατων δαπζδων καιτθσ οροφισ 
πουκα ςυνζβαλε ςτθν μονολικικι απόκριςθ του κτιρίουυπό ςειςμικι διζγερςθ. Ζνα 
άλλο μειονζκτθμα είναι θ ζλλειψθ των εγκάρςιων τοιχωμάτων που να ςυνδζουν 
τουσδφο παράλλθλουσ μεγάλου μικουσ φζροντεσ τοίχουσ (τοιχϊματα 1και5) κατά 
μικοσ τθσ πρόςοψθσ του κτιρίου ςτθν οδό Ακταίου. Η ζλλειψθ τζτοιων τοιχωμάτων 
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αυξάνει τθν πικανότθτα εκτόσ-επιπζδου μετατοπίςειων των τοιχωμάτων.Τζλοσ, 
θαπουςία μονολικικισ ςφνδεςθσ τθσ ςτζγθσ ςτθν φζρουςα τοιχοποιία ζχει αρνθτικι 
επίδραςθ ςτθ αλλθλεπίδραςθ φζρουςασ τοιχοποιίασςτζγθσ. 
 

 

 

 

 

 

  

 

 

 

 

 
ρήκα 5.23: Παξακνξθσκέλν ζρήκα θαη εθειθπζηηθέο ηάζεηο κεγαιύηεξεο από ηελεθειθπζηηθή 

αληνρή ηεο ηνηρνπνηίαο (ζε MPa) πνπ αλαπηύζζνληαη ζηνπο ζηνπ ππό ηε ζπλδπαζκέλε δξάζε ηνπ 

θνξηίνπ ιεηηνπξγίαο θαη ζεηζκηθήο δόλεζεο θαηά ηελ δηεύζπλζε x-x 

 

5.7 Πξνηεηλόκελεο επεκβάζεηο 

Οη επεκβάζεηο πνπ πξνηείλνληαη παξαθάησ ζηνρεύνπλ ζην λα μεπεξαζηνύλ ηα 

παξαπάλσ κεηνλεθηήκαηα ώζηε λα βειηησζεί ε αληηζεηζκηθόηεηα ηνπ θηηξίνπ κε 

ηξόπν πνπ ζα επηηξέπεη ηελ επαλαρξεζηκνπνίεζε ηνπ, ζύκθσλα κε ηηο πξνζέζεηο ηνπ 

ηδηνθηήηε. Οη πξνηεηλόκελεο επεκβάζεηο πεξηιακβάλνπλ: 

 Βειηίσζε ησλ κεραληθώλ ηδηνηήησλ ηεο ηνηρνπνηίαο κε θνλίακα 

αξκνιόγεζεο. 

 Δζσηεξηθή θαη εμσηεξηθή βειηίσζε ηεο κνλνιηζηθόηεηαο ζην επίπεδν ηνπ 

ηζνγείνπ κε ηελ θαηαζθεπή κηαο πιάθαο νπιηζκέλνπ ζθπξνδέκαηνο πάρνπο 

0,25 κ . 

 Δλίζρπζε ησλ δνθώλ ηνπ δαπέδνπ ηνπ 1
νπ

 νξόθνπκε πιεπξηθέο ιάκεο/πιάθεο 

θαη αλαθαηαζθεπή ηνπ δαπέδνπ κε ρξήζε ησλ δύν δηαζηαπξνύκελσλ 

ζηξσκάησλ θόληξα πιαθέ, έηζη ώζηε λα ζρεκαηηζζεί έλα ηζρπξό δηάθξαγκα 

ζπλδεδεκέλν  κε ηα πεξηκεηξηθάθέξνληα ηνηρώκαηα κε δηαγώληεο κεηαιιηθέο 

ιάκεο. 

 Αληηθαηάζηαζε ηεο ππάξρνπζαο νξνθήο κε νξνθή ηεο ίδηαο κνξθνινγίαο, 

κνλνιηζηθά ζπλδεδεκέλε κε ηε ζηέςε ηνπ θηηξίνπ κε κηα ζηξώζε  από 
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νπιηζκέλν ζθπξόδεκα, θαη αλάπηπμε δηαθξαγκαηηθήο ιεηηνπξγίαο κέζσ ηεο 

ρξήζεο κεηαιιηθώλ ξάβδσλ ζε δηζδηαγώληα δηάηαμε. 

5.8 Έιεγρνο ηεο απνηειεζκαηηθόηεηαο ησλ πξνηεηλόκελσλ επεκβάζεσλ 

Δηο ηα επόκελα απν δεηθλύεηαη ε απνηειεζκαηηθόηεηα ησλ πξνηεηλόκελσλ 

παξεκβάζεσλ γηα ηελ απνθπγή βιαβώλ όπσοαπηέο πνπ πεξηγξάθνληαηζηηο 

πξνεγνύκελεο ελόηεηεο. Η απνηειεζκαηηθόηεηα ησλ επεκβάζεσλ γίλεηαη θαλεξή από 

ηελ εληαηηθή θαηάζηαζε ηεο ηνηρνπνηίαο, κεηά ηηο επεκβάζεηο, ππό ηε δξάζε ηνπ 

επηβαιιόκελνπ θνξηίνπ πνπ ζύκθσλα κε ηηο ηζρύνπζεο θαλνληζηηθέο δηαηάμεηο. 

Σα ρ. 5.24 θαη 5.25 παξνπζηάδνπλ ηηο ηηκέο θαη ηηο πεξηνρέο ησλ θύξησλ 

ηάζεσλ εθειθπζκνύ, πέξαλ εθείλσλ πνπ κπνξνύλ λα αλαιεθζνύλ από ηελ ηνηρνπνηία, 

πνπ αλαπηύζζνληαη ζηα ηνηρώκαηα ηνπ 1
νπ

 νπόθνπθαηά ηηο δηεπζύζεηο y-y θαη x-x, 

αληίζηνηρα. Οη ηηκέο θαη νη πεξηνρέο ησλ θύξησλ ηάζεσλ εθειθπζκνύ, πέξαλ εθείλσλ 

πνπ κπνξνύλ λα αλαιεθζνύλ από ηελ ηνηρνπνηία, πνπ αλαπηύζζνληαη ζηα ηνηρώκαηα 

ηνπ ηζνγείνπ παξνπζηάδνληαη ζηα ρ. 5.25 θαη 5.26. πγθξίλνληαο ηελ εληαηηθή 

θαηάζηαζε πνπ απεηθνλίδεηαηζηα ρ. 5.20 - 5.23 κε απηή πνπ απεηθνλίδεηαη ζηα ρ. 

5.24 - 5.27 θαίλεηαη όηη νη ηηκέο ησλ εθειθπζηηθώλ ηάζεσλ πνπ αλαπηύζζνληαη κεηά 

ηηο πξνηεηλόκελεο επεκβάζεηο κεηώλνληαη ζεκαληηθά. Οη παξακέλνπζεο ηάζεηο κε 

ηηκέο κεγαιύηεξεο από ηελ αληνρή ηεο ηνηρνπνηίαο πξνηείλεηαη λα αλαιεθζνύλ από 

ειαθξώο νπιηζκέλν επίρξηζκα. 

  

 

 

 

 

 

 

 

 

 
 

ρήκα 5.24: Πεξηνρέο θπξίσλ ηά ζεσλκεηηκέο (ζε MPa) κεγαιύηεξεο από ηελ αληνρή ηεο ηνηρνπνηίαο 

ζε εθειθπζκό πνπ αλαπηύζζνληαη από ζεηζκηθή δξάζε ζηαηνηρίαηνπ 1
νπ

νξόθνπ θαηά ηε δηεύζπλζε y-

y  

 

  Σα ρ. 5.28 θαη 5.29 δείρλνπληηο πεξηνρέο θαη ηηο ηηκέο ζιηπηηθώλ ηάζεσλπνπ 

αλαπηύζζνληαη ζηα ηνηρία ππό ζεηζκηθή δξάζε ζηηο δηεπζύλζεηο y-y θαη x-x, 

αληίζηνηρα. Από ηα ζρήκαηα θαίλεηαη όηη ζε όιεο ηηο πεξηπηώζεηο νη ηηκέο ησλ 

ζιηπηηθώλ ηάζεσλ είλαη κηθξόηεξεο από ηελ ζιηπηηθή αληνρήηεο ηνηρνπνηίαο. 
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ρήκα 5.25: Πεξηνρέο θαη ηηκέο εθειθπζηηθώλ ηάζεσλ (ζε MPa) κεγαιύηεξεο από ηελ αληνρή ηεο 

ηνηρνπνηίαο ζε εθειθπζκό πνπ αλαπηύζζνληαη ζηα ηνηρία ηνπ 1
νπ

 νξόθνπ ππό ζεηζκηθή δξάζε θαηά ηε 

δηεύζπλζε x-x. 

 

ρήκα5.26: Πεξηνρέο θαη ηηκέο εθειθπζηηθώλ ηάζεσλ (ζε MPa) κεγαιύηεξεο από ηελ αληνρή ηεο 

ηνηρνπνηίαο ζε εθειθπζκό πνπ αλαπηύζζνληαη ζηα ηνηρία ηνπ ππνγείνπ ππό ζεηζκηθή δξάζε θαηά ηε 

δηεύζπλζε y-y. 
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ρήκα 5.27: Πεξηνρέο θαη ηηκέο εθειθπζηηθώλ ηάζεσλ (ζε MPa) κεγαιύηεξεο από ηελ αληνρή ηεο 

ηνηρνπνηίαο ζε εθειθπζκό πνπ αλαπηύζζνληαη ζηα ηνηρία ππνγείνπ ππό ζεηζκηθή δξάζε θαηά ηε 

δηεύζπλζε y-y. 

 

 

ρήκα 5.28: Πεξηνρέο Καη Σηκέο Σσλ Κπξίσλ Θιηπηηθώλ Σάζεσλ (ζε MPa) πνπ αλαπηύζζνληαη από 

ζεηζκηθή δξάζε θαηά ηελ δηεύζπλζε x-xησλ ηνηρίσλ. 
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ρήκα 5.29: Πεξηνρέο θαη ηηκέο ησλ θπξίσλ ζιηπηηθώλ ηάζεσλ (ζε MPa) πνπ αλαπηύζζνληαη ππό 

ζεηζκηθή δξάζε θαηά ηελ δηεύζπλζεy-y ησλ ηνηρίσλ. 

 

 

 


