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Studio Arhing / Structural Engineering Office 

Founded in 1991. in Zagreb, Croatia

33 years of structural engineering experience:

• Structural design in steelwork, concrete, 
timber and masonry

• Special structures
• Building performance
• Assessment & renovation
• Refurbishment, re-modelling and renovation 

of historic and listed structures
• Seismic assessment & rehabilitation
• Foundation design, including deep 

basement for urban sites

Expertise:

• Building Seismic Assessment Expert / U.S. 

Department of State

• Research, Documenting and Renovation of 

Historic Structures / Croatian Ministry of Culture

• Heritage buildings Seismic Consultants / 

Croatian Centre for Earthquake 

Engineering CCEE
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Content:

1. Introduction – damage to sacral and heritage buildings after the earthquake

2. Urgent measures

3. Documentation and Research / ANAMNESIS - HISTORY

4. Assessment of the condition of the building structure / DIAGNOSIS

5. Technical solutions for repair and reinforcement / THERAPY
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Including Italy and Turkey, Balkan
Peninsula is a territory with

greatest seismic hazard

Peak Ground Acceleration on Reference (Type A) Bedrock (agR ) with a 

10 % probability of being exceeded in 50 years (475 year return

period) – LIFE SAFETY for important cities in our region:

ZAGREB ~ 0.26g – 0.29g

SKOPJE ~ 0.24g

SARAJEVO ~ 0.20g

DUBROVNIK ~ 0.31g

Damage to heritage buildings
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Damage to heritage buildings

Zagreb ML = 5,5 

Petrinja ML = 6,3 

57 000 damaged buildings

206 damaged sacral buildings

... out of which 52 severly damaged

Izvor:

1. World Bank Report: Croatia December 2020 Earthquake—Rapid Damage And Needs Assessment; Government of Croatia: Zagreb, Croatia, 2021.

2. The Database of Usability Classification, Croatian Centre of Earthquake Engineering (HCPI—Hrvatski Centar za Potresno Inženjerstvo); Faculty of Civil Engineering, University of Zagreb:

Zagreb, Croatia, 2020.

3. M. Stepinac, P.B. Lourenço, J. Atalić, T. Kišiček, M. Uroš, M. Baniček, M. Šavor Novak, Damage classification of residential buildings in historical downtown after the ML5.5 earthquake in

Zagreb, Croatia in 2020 Int. J. Disaster Risk Reduct., vol. 56 (. 2021), 10.1016/j.ijdrr.2021.102140
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Damage to heritage buildings
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Damage to heritage buildings
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Damage to heritage buildings
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Damage to heritage buildings
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Damage to heritage buildings
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Damage to heritage buildings
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Heritage buildings

Specific Issues in Structural 
Assessment / Intervention Approach 

• Interdisciplinary approach (wide range of involved competences: engineers, architects, material experts, 

conservators, restorers, art historians, archaeologists, lab technicians, ...) 

• Historical information (sources: owner archives, conservatory department, literature, field research)

• Investigative field research (in-situ and laboratory testing):  timber, masonry, steel, concrete, foundation soil / 

Material and geometric characterisation of the structure

• Structural Analysis / Numerical modelling Identification of potential vulnerabilities -> understanding of structure

behaviour

• Intervention Design
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The peculiarity of heritage structures, with 

their complex history, requires the 

organisation of studies and proposals in 

precise steps that are similar to those used in 

medicine. Anamnesis, diagnosis, therapy and 

controls, corresponding respectively to the 

searches for significant data and information, 

individuation of the causes of damage and 

decay, choice of the remedial measures and 

control of the efficiency of the interventions. 

ICOMOS CHARTER- PRINCIPLES FOR THE 

ANALYSIS, CONSERVATION AND 

STRUCTURAL RESTORATION OF 

ARCHITECTURAL HERITAGE (2003)
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Structural safety
(EUROCODE) Preservation of cultural property
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Urgent measures
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Urgent measures
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Urgent measures
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Urgent measures
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Urgent measures
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Urgent measures
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Urgent measures
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Urgent measures
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1. Anamnesis (History)
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When it comes to heritage building structural interventions, a thorough 

assessment is everything.

... the retrofitting measures just follow. 
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Architectural and BIM modeling
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Cracks and Damage – Graphic plan 
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Conservation and restoration research
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Construction Chronology
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Geomechanical Investigation Works
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Exploratory probes on the load-bearing structure
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Wall Endoscopy
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Wall Classification
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Double ‘Flat-jack’ 

EPFL Lausanne / - Structural assessment and seismic retrofitting of sacral and heritage buildings / 02.02.2024



36

Ultrasonic Wall Testing
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Ground-penetrating radar (GPR) 
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Termography
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Dinamic ambient vibration testing
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Chemical Analysis Of Mortar
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Timber Assessment
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Force Measurement In Steel Ties
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Archeology
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2. Diagnosis
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Seismic Analysis
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Seismic Analysis
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Seismic Analysis
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Seismic Analysis
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3. Therapy
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Concept 
First!

(... modeling later)
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Barrel vaults
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Barrel vaults
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Cross vaults
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Arches
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Arches
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Arches
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Domes
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Domes
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Domes
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Domes
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Domes
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Domes

EPFL Lausanne / - Structural assessment and seismic retrofitting of sacral and heritage buildings / 02.02.2024



65

Domes
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Domes
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Domes
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Church Towers
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Church Towers
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Church Towers
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Church Towers
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Church Towers
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Church Towers
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Church Towers
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Church Towers
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Church Towers
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Walls
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Walls
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Walls
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Walls
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Walls
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Walls
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Walls
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Walls
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Walls
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Walls
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Walls
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Walls
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Roofs
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Roofs
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Roofs
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Roofs
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Roofs
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Roofs
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Roofs
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Roofs
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Thank you for 

your attention!
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