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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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HAZARD: describes the probability of 
occurrence of an earthquake of a cer-
tain severity, within a specific period 
of time, at a given geographical area by 
appropriate parameters and it is basical-
ly related to the definition of damage 
scenario. The choice of the parameter to 
be employed for the ground motion cha-
racterization depends on the purpose of 
the risk analysis performed and must be 
coherent with the vulnerability asses-
sment method adopted for the seismic 
building behaviour assessment.

VULNERABILITY: The vulnerability as-
sumes great importance, which factor 
that may be easily mitigated within the 
seismic risk analysis, due to the direct 
impacts in the occurrence of a seismic 
event; in fact, the physical damage of 
buildings surrounding the open space 
may obstruct emergency paths and make 
the emergency management difficult. 
For this reason, assessing the building 
vulnerability in a correct way is the first 
step required for quantifying the amount 
of debris. Therefore, the current report 
provides a detailed and comprehensive 
literature review of the vulnerability as-
sessment approaches that allow to de-
tect positive aspects and limitations for 
further applications and improvements. 
In fact, the approach adopted strictly 
depends on the scale of the problem. In 
particular, empirical methods are more 
suitable for large scale investigation be-
cause guarantee accurate results in sta-
tistical terms. Instead, analytical models 
have important implications for providing 
detailed analysis of the structural beha-
viour to be directly correlated to the 
corresponding damage state. Although 
these models require a significant com-
putational effort, a wealth of structural 
data is also necessary for the scoring 
method. In fact, they substantially differ 
in calculation procedure, while often the 
input data may be the same.

HUMAN EXPOSURE: estimates the di-
stribution of people that may be af-
fected by disasters considering the tem-
poral variation related to the occupancy 
of buildings varying between use and 
functions. The exposure assessment 
has a key rule for implementing risk re-
duction strategies, although researchers 
generally model exposure as a minor 
input for risk assessment leading to an 
underrepresentation and a lack of un-
derstanding of its relevance for reducing 
seismic risk.

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

D1.2.1 - MATRIX OF SEISMIC RISK CONDITIONS IN BE PRONE TO EARTHQUAKE

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

The present report deals with the discussion of the seismic risk 
of the BE with the aim of developing a seismic risk matrix that 
encompasses the three factors hazard, exposure and vulnera-
bility, for describing the risk condition of the open space under 
an earthquake. So that, it provides a broad SoA of the main ap-
proaches adopted for assessing and managing the seismic risk 
highlighting positive aspect and limitation of each methods, in 
order to identify which of them are more suitable for the aim of 
evaluating impacts on the BE.

The final step of this deliverable is to carry out a seismic risk as-
sessment aiming at understanding of possible consequences of 
an earthquake in open space. The methodological approach pro-

posed is focused on the assessment of an earthquake impact 
starting from physical damages of BE that may affect people 
living or standing in an open space. So that, the probability 
and the severity of increasing impacts of an earthquake oc-
curring are described by hazard, vulnerability and exposure 
parameters through two different matrices either related: 
the first matrix encompasses hazard (expressed in term of re-
turn period) and vulnerability (classes of buildings or buildin-

Definition of
M1 - Damage matrix

Definition of
M2 - Consequence matrix

gs aggregates performed by specific methods) information in 
order to provide a qualitative assessment of physical damage 
(debris), which will be quantified by geometric methodolo-
gies deeply discussed in §3.2 of D1.2.2. The second matrix 
connects the human exposure, in terms of inhabitants and 
users of buildings and open areas with the possible damage 
scenarios resulted from M1, considering how physical dama-
ges affect the safety of people and the emergency paths.

The outcomes of the M2 describe possible scenarios that 
may be useful to risk management, on the one side, for 
evaluating priority strategies of protection of human life 
and safety during emergency, on the other side for iden-
tifying necessary retrofitting interventions aimed at avoi-
ding building’s failure and damage. The idea behind the 
“consequence matrix” is handling two key factors: robust-
ness of BE and preparedness of community.

SoA and critical 
review

SEISMIC RISK ASSESSMENT ON OS

SEISMIC RISK
R = H x V x E

HAZARD EXPOSURE 
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