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EARTHQUAKES: features and measurements 
 

The most important earthquakes happen along the borders of the big tectonics plates that cover the 
surface of the Earth. Italy is situated at the edge of convergence of two big plates, the African and 
the Euroasian ones. The relative movement between these two plates provokes the accumulation 
of energy and deformation that occasionally are released as earthquakes of different kinds. 
 

  
 
The intensity of these waves decreases by departing from the epicenter. The action that the 
earthquake exerts on a building is a movement with horizontal waves ( P) and vertical waves (S). 
The vertical component of a seismic event represents about 50% of the horizontal component, 
except in proximity to the epicenter, where it may have the same order of magnitude. 
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The values of shaking of the soil in a place, due to a possible earthquake, are expressed in 
terms of maximum ground acceleration, measured as percentage of the gravity acceleration "g". 
The seismic national  area maps are usually drawn according to the value of this acceleration. 

Seismic event of May 20 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Magnitude (Ml): 5.9 
Epicentre 44.89°N, 11.23°E  

Deepth 6,3 km 

 ag=0.12g 
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SEISMIC ACCELERATION 
 

The maximum ground-acceleration depends on the following parameters: 
 
 

� VN = BUILDING NOMINAL LIFE ( in years) 
 

The nominal life of a building VN is the number of years in which the building, if subjected to 
ordinary maintenance, must be used for its purpose (2.4.1 NTC 2008). 
 

Types of buildings VN 
1  temporary works – provisional works – structures in a building phase ≤ 10 
2 ordinary works, bridges, infrastructural works and dams of normal dimensions or of normal 

importance 
≥ 50 

3 big works, bridges, infrastructural works and dams of huge dimensions or of strategic importance ≥ 100 
 

� GEOGRAPHICAL COORDINATES  OF THE SITE 
 

As we have already seen, the seismic acceleration value depends on the Latitude and Longitude of 
the future building site. 

 
� USE CLASS 

 

The use classes depend on the building importance and on the crowding grade: 
 

- CLASS I: buildings with the occasional presence of people, agricultural places. 
 

- CLASS II: buildings with normal crowding, without any dangerous objects for the environment and 
without essential public and social functions.  
- CLASS III : buildings with a significant crowding 
 

- CLASS IV: buildings with important public or strategic functions 
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� SOIL CATEGORY( STRATIGRAPHIC AMPLIFICATION) 
 

The seismic waves propagate in the soil in function of the features of the soil itself. The waves have 
higher frequencies in rocky soils and lower frequencies in clayey soils, so the major effects on 
buildings are generally in places where soils are softer ( e.g. alluvional soils). Thus the earthquake 
may have, at a local level, some amplifications due to the higher deformability of the soil. 
 

� TOPOGRAPHIC CATEGORY( MORPHOLOGICAL  AMPLIFICATION) 
 

The seismic acceleration also feels the effects of the morphological features of the site. In fact, near 
the reliefs, the seismic waves undergo some amplifications because of a reflection phenomenon very 
similar to echo. 
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� FEATURES OF THE BUILDING 
 

If you observe the model in the picture below, the structure of a reinforced concrete building, for 
example, may be simplified and assimilated to a series of very rigid parts in which the mass is mainly 
concentrated (nodes), connected to more flexible elements (beams and columns).  
 

 
 

 When the ground shakes, the base of a building moves with the ground, and the building 
swings backand-forth. If the building were rigid, then every point in it would move by the same 
amount as the ground. But, most buildings are flexible, and different parts move back-and-forth by 
different amounts.  
 The building will oscillate back-and-forth horizontally and after some time come back to the 
original position; these oscillations are periodic. The time taken (in seconds) for each complete cycle 
of oscillation  is the same and is called Fundamental Natural Period T of the building, closely 
linked to its geometry and to the features of its materials. 
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Usually, with the same material, the higher buildings have low frequencies, whereas low-rise 
building (one or two floors) have high frequencies. With the same geometry, the masonry 
buildings are more rigid and so are characterized by very high frequencies, whereas steel or 
concrete buildings, as they may be deformed more easily, have lower frequencies of oscillation. 
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If the soil and the building frequencies are very similar, it occurs the phenomenon of the resonance 
with a very high amplification of the oscillation and an inevitable collapse of the building itself. 
 

 During the earthquake, damaging deformations in structural components of the building, 
implies that a part of seismic energy is dissipated, that is to say it is transformed in deformation 
energy of some parts of the building. This dissipative capacity of the building structure is called 
DUCTILITY. The more a building is flexible, the more earthquake energy it dissipated; the 
consequence is a reduction of the acceleration responce of the building. 
 Building codes gives us, once that all the parameters previously seen have been determined, 

the seismic horizontal and vertical 
acceleration of the building vs period 
T of oscillation of the building itself. 
(It must be remembered that the 
frequency is the reciprocal of the 
period: f=1/T). This diagram is 
called RESPONSE SPECTRUM. 
 

 
 

 
 
 
 
 
  

� = �� ∙ �
�/	 

 

T=Fundamental Natural Period 
 

H= Building height from foundation level 
 

  C1=0.085  steel frame buildings 
  C1=0.075  buildings in reinforced concrete frame 

  C1=0.050  masonry buildings 
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STATIC FORCES EQUIVALENT TO EARTHQUAKE 
 

It must be remembered that, according to Newton’s laws, if acceleration is transmitted to a body  
with a mass, to maintain the equilibrium, a force will be generated on it (force of inertia) that is 
proportional to the mass and to the acceleration itself: 
 

F = m · a 
 

 
 

Thus, if an external acceleration is transmitted to the mass of a building, that it can be calculated if 
one knows the geometry and the loadings on it,  the building will tend to stay in rest, so it will react 
to the external acceleration with its INERTIA, with one or more forces proportional to its mass. 
As generally the masses of a traditional building can be imagined as concentrated in the different 
floor plate (that are very rigid in their plain) the action of the earthquake can be assimilated to 
application of an horizontal force corresponding to each floor plate. The value of those forces 
depends on the displacements of the floor itself during the oscillation. Generally, for traditional 
buildings, in which the mass and the stiffness does not change in height, the forces (and 
displacements) rise as the height increases. 

a 

F 
m 
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