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 neither scientific research, nor design standards  





stone masonry brick masonry adobe 



 →

 → 



Colosseum, Rome (1st century A.D.) 

Egyptian pyramids (2800-2000 B.C.)  

Lion Gate at Mycenae (13th century B.C.)  

Parthenon of Athens (5th century B.C.)  



Florence Cathedral, (13 century A.D.) 

Pont Du Gard (1st century A.D.)  Hagia Sophia, Istanbul (6th century A.D.) 

Notre Dame de Paris, (14th century A.D.) 
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

 Natural disasters,  
 aggressive environment and  
 human intervention 





 unusual loading and exposure conditions,  
 inadequate design or  
 poor construction practices.  

 Caused by: overload, fire, flood, foundation settlement, deterioration, 
possible earthquakes, etc. 
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

 →





 a deep knowledge of  building history and evolution,  
 geometry,  
 structural details,  
 material properties, 
  cracking pattern and  
 masonry construction techniques.  

Point cloud after laser scanning 





 visual “symptoms” 
 Finite Element Model (FEM) analysis 
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
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







1The International Scientific Committee for Analysis and Restoration of Structures of Architectural Heritage 
presented a package of guidelines for conservation and restoration of historic structures. These guidelines were 
approved during Second International Congress of Architects and Technicians of Historic Monuments, in Venice, Italy, 
in 25-31 May 1964.  





General details about the structure 

(address, rough area, number of storey, total height) 

Type of roof 

Construction materials 

Condition of load bearing walls 

retrofit, demolish or conduct a further more detailed analysis 

 

 



FORM FILLED IN BY / DATE   

BUILDING  ADDRESS/ GPS LOCATION 

ROUGH AGE OF BUILDING [YEARS] 
  

STRUCTURAL SYMMETRY 

EXISTS IN PLAN / EXISTS IN ELEVATION 

/ NO SYMMETRY 

ROUGH AREA COVERED BY BUILDING 

STRUCTURE [SQ. METERS] 

  

NO. OF STORIES (    ) / NOT APPLICABLE 

TOTAL HEIGHT OF BUILDING [M]   

WALL CONSTRUCTION BRICK / STONE / MUD / OTHER 

WALLS ARE LOAD BEARING YES / NO / EXPLAIN 

STRUCTURAL QUALITY OF WALLS 

POOR / ADEQUATE / GOOD / 

OTHER 

TYPICAL WALL THICKNESS [M]   

LATERAL LOAD RESISTING ELEMENTS 

[BUTTRESSES / RING BEAMS / LINTELS / 

ETC.] 

DOME / VAULT / BRICK / OTHER / WALL 

CONNECTIONS [WALLS TO ROOF ETC.] POOR / ADEQUATE / GOOD / OTHER 

ROOF DOME / VAULT / BRICK / OTHER 

MINARETS OR OTHER STRUCTURAL APPENDAGES YES / NO / EXPLAIN 

MORTAR / CEMENTING MATERIAL LIME / CEMENT / MUD / OTHER / KHORASAN MORTAR 

DAMAGE LEVEL : WALLS NONE / LIGHT / MODERATE / SEVERE / NEAR COLLAPSE 

DAMAGE LEVEL : ROOF NONE / LIGHT / MODERATE / SEVERE / NEAR COLLAPSE 

DAMAGE LEVEL : OTHER ELEMENTS NONE / LIGHT / MODERATE / SEVERE / NEAR COLLAPSE 

EARTHQUAKE HAZARD LEVEL VERY LOW / LOW / MODERATE / HIGH / VERY HIGH 

RECOMMENDATION 

RETROFITTING / FURTHER ANALYSIS / DEMOLITION /OTHER 

  





 Calibrated high-resolution digital camera (Nikon D90)  
 Optech ILRIS (3D Intelligent Laser Ranging and Imaging System)  
 Topcon GPT 3007 Total Station 



Interior of the dome Point cloud after laser scanning 
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

Finite Element Model in Sap2000 

Brick Stone 
Unit weight, γ (kN/m3)                   17 21 
Modulus of elasticity, E 
(MPa)                

2100 1740 

Void ratio, υ                                             0.2 0.2 
Tensile strength (MPa)                        0.564 1.42 
Compressive Strength 
(MPa)                  

1.03 4.06 

Assumed material properties 



   



Summary of the  assessment results 



Summary of the  assessment results 















S22 stress distribution and actual cracks seen on the façade of Naziresha Mosque 
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Stretcher Weld 







Continuous polymer (Resin) 
Reinforcing fibers 

 Increase:   

 out-of-plane flexural strength, 

 in-plane shear strength, 

 stiffness at service loads 

 
 

  Change the behavior of masonry from weak and brittle to strong and 
ductile 
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