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Project goal

Hazard Vulnerability Exposure



Vulnerability

Data collection necessary to:

 Identify significant typologies;

Elaborate vulnerability functions;

Assign vulnerability function to each 

building typology.

Creation of a reasonable TAXONOMY able to classify all the 
different kinds of structures. 



Buildings vary around the world, but they have a common set 
of characteristics.

Taxonomy



Some existing typologies aim to group different building types 

spread in different countries of the world:

 PAGER-STR (Jaiswal and Wald 2008, global)

 RISK-UE (2001-2004, for Europe)

 SYNER-G (2011, for Europe)

Taxonomy



 Building stock model using housing census, statistical data 

and data from literature                  early post-earthquake 

estimates of losses for rapid emergency decisions:

3 phases:

 Database identification, preparation and confidence ratio to 

estimate quality of data;

 Data aggregation and quality ranking;

 Data assignment for missing entries.

PAGER – STR Taxonomy



 15 classes are defined with relative and more detailed 

subclasses

PAGER – STR Taxonomy



 Simple and collapsible;

 Capture most of the key structural aspects that affect 

seismic performance;

 International coverage: variety of structural types found 

outside the more developed countries;

 Difficulty in extending it (if necessary to be more specific, # 

possible structural types increases rapidly, making 

taxonomy unmanageable). 

PAGER – STR Taxonomy



 Assessment of earthquake scenarios at city-scale within 

European context (application in 7 European cities);

 Implementation of Risk Management Plans and Plans of 

Action;

 Modular methodology comprised of different work packages.

RISK – UE Taxonomy



 23 classes defined grouped by structural types and material;

 3 different height classes represent further sub-groups.

RISK – UE Taxonomy



RISK – UE Taxonomy

 Methodology to collect and classify buildings and 

earthquake data for urban seismic risk assessment in 

Europe;

 Completion of European manual for implementing 

earthquake scenarios, taking into account distinctive 

European features;

 Takes into account main structural typologies, but not other 

non-engineered buildings.



 Built to classify European buildings and to overcome 

problems of other existing taxonomies;

 Modular structure in order to add categories, sub-categories 

and further categories for describing non-structural 

elements.

SYNER-G Taxonomy



 10 classes and respective sub-classes;
SYNER-G Taxonomy



 Not-hierarchical taxonomy and possibility of increase to 

capture all the vulnerabilities;

 Potentiality to treat non-buildings because of the way it is 

structured;

 Potentiality for greatest degree of completeness and most 

flexibility.

SYNER-G Taxonomy



First step for large scale vulnerability assessment:
Building Typologies

Identification of 

building types

Assessment of seismic 

vulnerability for each type
4 building types in Nablus:

 Reinforced concrete frame buildings;

 Shear wall buildings;

 Masonry buildings;

 Buildings with soft storey.



Residential: 2÷3 bays in x,y directions;

up to 15 floors.

Structure: in-situ casted reinforce concrete slabs;

reinforced concrete beams and columns;

Exterior Walls: masonry made of 3 layers;

hollow concrete blocks.

Reinforce Concrete Frame Buildings



2 slab typologies :

 Ribbed with hidden beams: one-way or two way ribbed 

slabs with hollow concrete blocks (140-320×200×400mm)

Reinforce Concrete Frame Buildings

Dimensions: 100-200×200-500mm
Beams usually hidden within thickness.
Interstorey h: 3.0 ÷ 3.5m
Width of bays: 4 ÷ 6 m in x,y directions



2 slab typologies :

 Solid with drop beams: one-way or two-way

Reinforce Concrete Frame Buildings

Thickness: 150 ÷ 300mm

Beams depth: 400 ÷ 800mm (allowing 

large spans for slab panels 6 ÷ 8m in x,y)

Interstorey h: 2.8 ÷ 5m

Use: car parking garages and commercial 

bld



2 walls typologies :

 Masonry walls made of 3 layers: 

Hollow concrete blocks (100mm);

Weak concrete (130mm);

Stone layer (70mm)

 Hollow concrete blocks: 150 ÷200mm

Reinforce Concrete Frame Buildings



Residential: 3 ÷ 5 bays in each direction;

5 ÷ 20 floors.

Structure: reinforced concrete walls for lateral and 

vertical support;

possible interior reinforced concrete columns 
(gravity loads);

Exterior Walls: masonry stones.

Shear Wall Buildings



Exterior Walls: cladded with masonry stones giving the 

appearance of masonry building.

Shear Wall Buildings



Residential: 1- 2 bays in each direction;

2 - 3 floors.

Structure: masonry walls;

reinforced concrete slabs.

Masonry Buildings



2 wall categories:

 Two layers of masonry stones with 

concrete in between;

thickness: 400 ÷ 500mm;

Masonry Buildings

 Masonry cladded row-by-row and 

concrete is cast behind them via 

suitable formwork;

thickness: up to 350mm.



2 kind of slabs:

 Two-way solid slab:

thickness: 200 ÷ 250mm;

span: 4 - 5m; 

Steel concrete slab:

thickness: 100 ÷ 120mm;

span: 5-7m; 

Masonry Buildings



Residential

Structure: shear wall system or

reinforced concrete frame system.

Missing infill walls everywhere or in part of floors

Buildings with soft story

Reduced stiffness and eccentricity problems



Thank you for your attention!


