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�o general o��ecti�e of t�e researc� 
re�uests a preli�inary study on ris� 
categories and �� �orp�ology� ��e 
acti�ities are di�ided in t�o parts� so 
as to outline a consolidated state of 
t�e art on t�e t�o issues� and a first 
c�aracteri�ation of �ain factors 
c�aracteri�ing t�e relation �et�een 
��s� t�eir co�posing ele�ents and 
t�e ris�s �i�e� SUODs��
� first part of t�e in�estigation 
in�ol�es t�e detection and 
transposition of t�e �arious 
classification of ris�s of t�e scientific 
literature and international disaster 
ris� reduction and assess�ent 
organi�ations� � second step 
interested t�e ��� ��ic� can �e 
defined as �u�an��ade 
surroundings t�at pro�ide a setting 
for �u�an acti�ity� ranging in scale 
fro� personal s�elter to 
neig��our�oods� and large�scale 
ci�ic surroundings� 
��e Sudden�onset disasters are t�ose 
e�ents� ��ose occurrence cannot �e 
predicted far in ad�ance �e�g� fro� 
seconds for eart��ua�es� to �ee�s or 
�ont�s for �olcanos acti�ities�� as an 
alternati�e definition� ��ic� ta�e a 
s�ort ti�e to produce e�ergency 
conditions� 

One of t�e �ost significant 
categori�ations of disasters 
distinguis�es �et�een SUOD and 
S�OD �Slo��Onset Disasters� 
according to t�e ti�ing of t�e 
conse�uences� ��ile ot�er 
ratings consider source� 
fre�uency� scale� and 
predicta�ility� ��en considering 
t�e ris� associated �it� Sudden�
onset disasters �SUOD� in t�e 
�uilt �n�iron�ent ���� it is 
essential to in�estigate �u�an 
�e�a�iour� 

�onsidering natural and 
tec�nological disasters� t�e 
SUOD affecting �� are organi�ed 
on� predicta�ility reaction ti�e 
to alar�� source of ris� for 
�u�ans� influence �et�een �uilt 
en�iron�ent and safety� and t�e 
reciprocal correlation �et�een a 
couple of SUODs 
�pri�ary�secondary�� ��e tas� 
�roug�t to t�e identification of 
�real �� ��eside� and �inear ��� 
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Open spaces �� ��� ����� ����������� ���� �������
���������� �� �������� ��� �������������� �� ����� ��
����� ���� �� ������� �� ��� �������� ��������� ������ ���
��� ��������� �� ��� ��� ������ � ���������� ��������� �� �����
�� ��� ��� ������������ ��� ���� �������� ��� ����� �����
����� ������� �������� ����� ������� �� ��� ������� �����
��������� �������� ���������� ����� ��������� ���������� �� ���
������� ��� ����� ����� ������� ��������� ��� ������
������ ���� ��������� ��������������� �� ����� �� ���� ������
�� ��� ��� �� ��������� �� �������� ��� �orp�ological
syste�s of �� open space �������������� �� ��� ��������� ��
����� ������� ���� �������� ���� ��� ���������� ����� ������
��� criteria ��� ��������� ��������������� �����������
������������ ���������������� ��������������� �� ����
������������� ���������������� �������� ��� ���� ����� �� ��
���������� ���� ���� ���������� ��� ������� ���� ���
����������� �real �� ���������� �� ����� ����� ��� �inear ��
�������� �� ����������� ������ �� ���� ������������ ��� ����
���� �� ��� �������� ���� ��� ���� ���������� �� ����� �������
�� ��� ���������������� �� ����������� ���� ������������� ���
�� ��������� ���� ������� ��� ������ ������� ��� ����������
�� ������������� ����� �� �����
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Assessing the seismic damage of URM 
buildings has an indirect origin in the 
definition of macroseismic scales star-
ting from the damage observed by bu-
ildings in the event of an earthquake. 
From these studies, methods have been 
developed that use different approaches 
dedicated to the evaluation of the buil-
ding heritage located in a certain part of 
the urban territory (Macroseismic expe-
ditious approaches) or focused on the 
behavior of individual buildings, with 
more complex analytical approaches 
(Mechanical or Kinematic).

The macroseismic approach constitutes 
the first level of the relationship betwe-
en cause (earthquake intensity) and 
effects on buildings (levels of damage), 
considering the concept of vulnerability 
and thereby of their building characte-
ristics. Subsequently, analytical approa-
ches are based on the overall behavior 
of buildings performed through fragi-
lity curves and models. The kinematic 
approach relies on the real behavior of 
traditional buildings considering failu-
re machanisms due to the lack of “clo-
se-box” behavior.

T1.2 - SoA of earthquake (SUOD) impact on BE and related earthquake-induced modifications due to building/aggregate and aggre-
gate/public spaces interfering conditions. Current risk-reduction strategies analysis. Definition of human behavior including crowding 

conditions by combining SoA data and real-world events analysis

D1.2.2 - Factors influencing buildings/aggregates, surrounding outdoor BE,
modifications during the event

WP 1    BE and SUOD: State of the Art (SoA), risks and human behaviour

This deliverable presents a synthesis of the state of the art of 
the scientific literature concerning the preventive evaluation of 
the seismic damage of masonry buildings built with traditional 
techniques (unreinforced masonry - URM). The review of litera-
ture on this topic proposes significant contributions regarding 
analytical - experimental approaches and expeditious approa-
ches, the latter more useful for studying large areas such as an 
entire historical center.

Furthermore, a topic of interest for the development of rese-
arch in BE S2ECURE is the evaluation of how seismic damage 
to buildings can cause the fall of debris, creating an obstacle to 

circulation in the streets and squares of historic centers. This 
assessment is very important since streets and squares per-
form an important function as elements that enable the sa-
fety of the inhabitants and the rescue of victims in the inha-
bited centers in case of natural disasters. With this regard, a 
state of the art of the main studies are presented providing 
elements for the definition of the tools to be used in order to 
preventively evaluate the changes that the earthquake pro-
duces on the built environment. it is possible identify two 
main category of methods: (i) analytical and experimental 
procedures, which require the use of specific fragility curves 
obtained through analytical assessment methods of vulnera-

Analytical - experimental 
approach

Expeditious approach

Seismic damage of 
traditional masonry 

buildings

bility; (ii) and expeditious approaches.
Since the field of interest of the project concerns large areas 
of historical centres of Italian cities,  methods based on detai-
led mechanical analyzes do not constitute a useful solution 
since, although more precise, they require high computatio-
nal effort and time for the survey campaign. On the other 
hand, expeditious methods have sufficient reliability for the 
characterization of the behavior of a large number of buildin-
gs, although tend to present limitations for analysis focused 
on small and well-defined portions of the environment built.
So that, a positive solution could be the application of 
analytical methods (performed for specific and relevant case 
studies) for evaluating corrections to be made to the expedi-
tious procedures.

The problem of quantifing debris

EMPIRICAL 
APPROACH

Macroseismic

Mechanical

Kinematic or
Macro-element

ANALYTICAL 
APPROACH

SEISMIC 
DAMAGE

Source: Anelli, A., Mori, F., Vona, M. (2020) Fragility Curves of the Urban Road Network Based on 
the Debris Distributions of Interfering Buildings

Source: Bernardini, G., Lucesoli, M., Quagliarini, E. (2020) Sustainable planning of seismic 
emergency in historic centres through semeiotic tools: Comparison of different existing methods 
through real case studies

Source: EMS-98 Macroseismic scale (Grünthal, 1998)


