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In this research, the collapse process of masonry
structures under earthquake is simulated in three dimensions
by the combined methods of finite elements and discrete
elements. The discrete elements method is a numerical
analysis method that determines the position and location
of each element at any moment by solving the equations of
motion. In this method, a masonry structure is modeled by
a set of separate components (i.e. bricks) that are connected
by virtual springs and dampers. First, the validity of this
method is verified by results of experiment on a laboratory
sample. Then, we modelled a masonry building under
different earthquakes and evaluated the damage caused to
the structure by a damage index.

We presented the damage caused to the internal parts by a
score, named w-score 1 criterion and the injuries caused to the
human body through falling of structural components by the
casualty criteria provided in biomechanics and automotive
engineering. In the last stage of this method, relationships
between the intensity of the earthquake, structural damage,
damage to internal parts and casualties are determined and
compared. The above steps are presented in the form of
following chapters:

Inchapter 1, thereis areview of the past statistics regarding
the amount of casualties caused by masonry buildings, and
then the vulnerability of these buildings in the country’s
past earthquakes has been examined, and according to the
field visits, the different states of damage of this building
has been discussed. In chapter 2, the following topics are
discussed: tricks of modeling masonry structures, methods
of analyzing structures of masonry buildings, including
continuous and discrete methods that includes rigid body
and spring method, discontinuous deformation method, non-
smooth contact dynamics method, extended distinct element
method, combined finite-discrete element method, method
of limit analysis models and applied element method. In the
following, LS-DYNA software is introduced and techniques
of crack formation including undetermined crack techniques
and predetermined crack techniques are discussed. In
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chapter 3, steps of making a model for a masonry building
is explained and choosing the appropriate parameters, as
well as the method of verifying the results based on the
laboratory results, are given in detail. Verifications have been
done with the results of static and dynamic tests. Chapter
4 discusses the factors affecting the amount of casualties
in an earthquake including variables related to residents,
seismic variables, variables related to the building, the level
of awareness and preparedness of the people, and conditions
of searching for people under the destroyed building in the
earthquake and rescuing them, as well as first medical aids.
Then, the criteria for measuring building damage, including
the damage index and the damage to the interior parts (i.e.
infills) are discussed. In the next section, the criteria for
measuring human injuries caused by structural damage due
to an earthquake are stated, and the criteria for measuring
injuries to the head area, the criteria for measuring skull
fractures, casualties caused by a direct impact on the chest,
casualties caused by chest compression, pelvic area injury
criteria, abdominal area injuries and arm and leg area injury
criteria, have been discussed. At the end of this chapter, a
method is developed to establish a relationship between the
collapse of masonry structures and losses caused by it is
explained by presenting a numerical example. This method
includes the following four steps:

First step: Choosing a building model and analyzing its

collapse under earthquake load;

Second step: Calculate the amount and level of damage

to the building;

Third step: Calculation of parameters related to casualties;

Fourth step: Calculating the probability of casualties due

to failure and loss criteria.

For example, Figure (1) shows a correlation between
probability of casualties due to skull fracture and W-Score.

In chapter 5, an empirical relationship based on data from
the dual Ahar-Varzaqan earthquakes occurred on 11 August
2012 at 16:53 (Iran standard time) in East Azerbaijan province
of Iran is developed. The two earthquakes measured 6.3 and
6.4 on the moment magnitude scale with the second quake
occurring 11 minutes after the first. Local reports estimated
at least 306 deaths, although official reports stated 229, with
more than 3000 injured. Most casualties occurred in rural and
mountainous areas. The fatalities from the Ahar-Varzaqan
earthquakes have been analyzed and a model is proposed
for estimation of fatalities. The model correlates the fatality
count and intensity measures or distance parameters. The
peak ground acceleration (PGA) in the village was selected
as the intensity measure; thus, the recorded or predicted PGA
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in the locations suffering fatalities was required. Available
ground motion prediction equations (GMPEs) were first
used. Because the GMPEs did not fit the recorded data, a
simple GMPE was developed using the equation best fitted
to the recorded data. The correlations between the number of
fatalities and the PGA or distance from epicenter to village
were assessed by gender. The results show that the number of
fatalities has a stronger relationship with PGA than distance.

Keywords: Analytical model, Human casualty, Collapse,
masonry buildings, Experimental relationship, Earthquake
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Figure 1: Correlation between probability of casualties due to skull fracture and W-Score
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