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SAFETY AND CONSERVATION OF MASONRY BUILDINGS IN ITALY

• Italy has a high percentage of ancient masonry structures

• The seismic risk in Italy is very high. Earthquakes are quite
frequent but rarely of large magnitude (from 6 to 7 MW)

• Masonry buildings always suffered serious damage due to
earthquakes, but specific constructive details were adopted in 
the areas at higher seismic risk

• Need of conservation of ancient buildings, with strengthening
interventions which are compatible with the original structure

• Recent codes and guidelines in Italy adopt the performance
based assessment procedure for the design of interventions
and propose nonlinear models for in-plane and out-of-plane 
response of masonry buildings
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Magnitude Mw = 6.3    - Intensity (max) IMCS = 10

Shallow focal depth (10 km)  - Short duration (less than 10 s)

L’Aquila: ≈70.000 inhabitants - 48 small villages: ≈60.000 inhabitants

Victims: 308 (203 in L’Aquila, most in pre-code r.c. buildings)

Injured: 1,500  - Homeless: >24.000  - Damaged buildings: 15.000

L’AQUILA EARTHQUAKE – April 6, 2009

• 5 accelerometers close to L’Aquila 
(AQA, AQV, AQK, AQG, AQU)

• PGA = 0.25 ÷ 0.64 g

• Acceleration response spectra
compatible with code spectrum for 
TR = 475 years

L’AQUILA EARTHQUAKE – April 6, 2009
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HISTORICAL SEISMICITY AND MASONRY BUILDINGS

• One big earthquake every 300 years
 in most cases, buildings were
reconstructed by using the ruins

• Many earthquakes of small to
medium intensity

 vulnerability induced by damage
and aging of materials

TYPES OF MASONRY BUILDINGS
• Residential buildings in historical centres, strictly connected in complex

aggregates
• Monumental palaces in the centre of L’Aquila (most of them were built

after 1703 earthquake, by using the ruins of smaller buildings)
• Churches: high concentration of this vulnerable type of structures

L’AQUILA AND THE SURROUNDING AREA
• L’Aquila, the capital of Abruzzo Region, is an historical town
• In the surrounding area (Aterno Valley) there are a lot of small villages, 

many of them with ancient historical centres.

COLLAPSE MECHANISMS

• OUT-OF-PLANE overturning
• IN-PLANE failure of walls
• Collapse of thin-walled vaults
• Local mechanisms in aggregates
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PREVENTION FROM OUT-OF-PLANE MECHANISMS

CONNECTION BY WOODEN LOGS (“radiciamento“)

PREVENTION FROM OUT-OF-PLANE MECHANISMS

WOODEN LOGS & STEEL TIE RODS

WOODEN KEYS IN THE ROOF
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IN-PLANE MECHANISMS
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Shear strength of masonry panels is strongly reduced due to:
• alterations occured in the past (closed windows, additions, ….)
• flue of chimneys, cuts due to equipments, ….

SPECIFIC VULNERABILITIES IN PALACES
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VULNERABILITY INDUCED BY HEAVY AND STIFF R.C. ROOFS

Stone masonry is a complex material and the behaviour
depends on texture and connection of wythes
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OUTER WYTHES TEXTURE 

• Small irregular limestone blocks (20÷25 cm)
• Lime mortar, that surrounds very well the blocks, giving an almost

isotropic behaviour

TRANSVERSAL SECTIONS OF MASONRY 

• Outer wythes are thin, compared to the wall thickness
• In most cases, masonry is almost homogeneous through thickness
• Absence of transversal stone shear keys
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IN-SITU RACKING TESTS 

RESULTS

G = 80÷120 Mpa

ft= 0.06÷0.075 Mpa

U = 0.6 %
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IN-SITU OUT-OF-PLANE TESTS 

RESULTS

Effectiveness of 
transv. connection

(from C. Carocci, C. Tocci)

SANTA MARIA PAGANICA CHURCH
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GLOBAL MODELS 

IN-PLANE MECHANISMS

LOCAL MODELS 

OUT-OF-PLANE MECHANISMS

A) FINITE ELEMENTS B) STRUCT. ELEMENTS C) RIGID MACRO-BLOCKS

MECHANICAL MODELS FOR ASSESSMENT AND DESIGN

INCREMENTAL ANALYSES NON-LINEAR KINEMATIC ANALYSES

LIMIT ANALYSIS – KINEMATIC APPROACH

PUSH-OVER CURVE - NON LINEAR KINEMATIC ANALYSIS

DEMAND SPECTRA AT DIFFERENT BUILDING LEVELS

VALIDATION BY IDA (INCREMENTAL DYNAMIC ANALYSIS) 

NONLINEAR KINEMATIC ANALYSIS FOR OUT-OF-PLANE MECHANISMS
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Identification of the geometry of piers, spandrels and rigid nodes

Pier

Spandrel

Rigid node

Element axis 

Nonlinear beam 
or macroelement

Diagonal
crack

Diagonal
crack

Tensile
flexural
cracking

Sub-vertical
cracks

Tensile
flexural
cracking

Sub-vertical
cracks

3-D EQUIVALENT FRAME MODEL FOR GLOBAL IN-PLANE RESPONSE

TREMURI Program (ask to tremuri@gmail.com – commercial: www.stadata.com) 
3D modelling of masonry buildings by the equivalent frame model.
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PERFORMANCE-BASED APPROACH TO EARTHQUAKE PROTECTION OF 
CULTURAL HERITAGE IN EUROPEAN AND MEDITERRANEAN COUNTRIES 

European Research Project funded by FP7

11 partners (UNIGE, ENEA, AUTH, BRGM, NTUA, UL, UBATH, 
USTHB, ZRMK, CENACOLO, PHASE)

6 countries (Italy, Greece, France, Slovenia, UK, Algeria) 

Case Studies: Rhodes, Citadel of Algiers, L’Aquila, Ljubljana, Larino

Experimental tests: Shaking table tests at ENEA Casaccia

www.perpetuate.eu
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