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Abstract. In the context of the existing buildings, along the recent years the concept of maintenance has
changed from corrective maintenance to preventive maintenance, which is based in part on periodic
inspections. There is ample evidence that preventive maintenance is more efficient than corrective
maintenance, since severe deteriorations that may represent danger to people are avoided, and also
money is saved. To make periodic inspections of the buildings is useful to quantify the extent to which
deficiencies are severe or not, in order to facilitate decision making and prioritize therapeutic
interventions. To this purpose many scales have been used and are used to assess the degree of gravity
of the damages in constructive elements. But it is important to say that there is no common consensus
and these scales are different between them according to the study to which they belong. Thus, the main
goal of this article is to propose a methodology for calculating the degree of severity of damages in
buildings, which is of widespread use. This calculation method, which is in distribution and in scalar,
lets to calculate the severity index of systems and of the entire building, and it is easy to use and flexible.
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1 Introduction

The rapid industrialization and population migration of the last 30 years, has led to a fast
growing urbanization, doubling the building and partially the infrastructure stocks in very short
periods (20-30 years) (Yang, 2006). In this context, the crucial indicator is the state of
degradation of the different components of the stock (Kohler and Yang, 2007). Likewise, "What
is not defined can not be measured. What is not measured can not be improved. What is not
improved, it is always degraded”. This phrase is from Sir William Thomson, Baron Kelvin of
Largs. Although the phrase is from the nineteenth century, it is fully in force, and we are well
aware of the importance of performing preventive maintenance in buildings in order to prevent
their degradation and the appearance of severe deteriorations. In the framework of maintenance
is true that to make periodic inspections of buildings, is useful to quantify the extent to which
deteriorations are severe or not, in order to facilitate decision making and prioritize therapeutic
interventions. In fact many scales have been used and are used to assess the degree of gravity
of the constructive elements. But there is no common consensus and these scales are different
from each other according to the study to which they belong (Ruiz, 2014).

All the referred shows the need to propose and validate a scale, in order to assess the severity
index of constructive elements in buildings, which is of widespread use. Thus, the main goal of
this article is to propose a calculation method, in distribution and in scalar, to calculate the
degree of severity of systems and of the entire building, easy to use and flexible.
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2 Methodology

In most of the known scales, there is not any method to calculate the degree of severity of a
system or of the entire building. In the few scales where there is a method, the output values
are scalars, which do not show the variability of the distribution of severities. The proposed
methodology in this paper aims to add the variability of the distribution of severities in the
resulting vector scale. It is also remarkable to highlight that unlike what happens in other areas
of science where there are scales widely used and commonly accepted, in the field of the
buildings there is not a common scale for assessing the degree of severity of the constructive
elements, and there are many different scales. There is no doubt that in building engineering
would be very useful to have a common scale and a methodology widely used to assess the
degree of severity of the buildings.

2.1 Application Levels

In this section the proposed methodology for calculating the degree of severity of damages in
buildings as a whole (biggest proposed unit) or parts thereof, which will be called systems (S)
is introduced. It is considered appropriate to propose a reasonable division of building into
systems, which is presented in Table 1. In order to provide flexibility to the methodology it
allows that the total number of systems and the definition of them can be chosen by the
technician that develops the study of the building, thus the proposed method is of general
application. Therefore, the building as a whole is the sum of the systems that constitute it, as
indicated in Equation (1):

n

Building: (B) = Z} (S), (1)
i—
Table 1. Proposal of building systems.
System Description Main constituent parts
1 Facades Claddings, base‘ materigl, cantilevers, cornices, windows and other
practicable openings, railings, balustrades, ornamental elements, etc.
2 Vertical structure Pillars, load walls, foundation, etc.
3 Horizontal structure Beams, beam filling, vaults, arches, etc.
4 Roofs and inner Roof t.iles, pavements in ﬂaF roofs, watc?rprooﬁr.lg, thermal insulations,
courtyards skylights, walls and practicable openings for inner courtyards, etc.
5 Interior building Partitions, interior walls, practiqable openings, pavements, interior
elements claddings, etc.
6 Staircases Walls, stair structure, steps, railings, etc.
7 Sewer facilities Downpipes, drains, gutters, etc.
8 Other facilities Electricity, water, gas, elevators, etc.
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Each system can be divided into zones which constitute the last and smallest proposed unit
to value. A zone is defined as a specific part of a constructive element, as for example an area
of a wood beams floor, an area of a fagade, an area of a reinforced concrete beam floor, an area
of a balcony, etc. Figure 1 shows some images that represent what is named zone.

13/07/2007
Figure 1. Images of four zones of construction elements.

Thus, the set of zones into which the system has been divided (p), constitutes the entire
system, as shown in Equation (2):

p
System: (S)i= Y (Z), Q)
Jj=1

One important point is that this methodology can be applied to any kind of existing scale of
severity of damages in buildings, regardless they are based in direct assignment method (DA)
or application of mathematical functions or algorithms method, or in both.

The proposed scale in this paper ranges from value 0 (zero gravity and the constructive
element is in perfect condition) to value 10 (extreme gravity; it is not conceivable a greater
gravity; pathology in terminal phase; collapse may occur at any time). Due to the scale is
applicable to any type of constructive element (walls, beams, columns, bearing walls, facades,
etc.), definitions are necessarily generic. These definitions can be seen in Ruiz et al. (2019).

2.2 A Vector Scale of Severity of Damages in Buildings

The proposed methodology, which is schematically presented in Figure 2, it is initiated by the
direct assignment method (DA) based on the generic definitions of the reference scale, through
which the grade or index of severity, G, is assigned to zones, j, of the building. In the variant
called (a), the process ends at this level, which is in cases where the object of study is assessing
the gravity of different zones of the building, but it is not necessary to evaluate the overall
gravity of a system or of the whole building.

The next step of the methodology, when required, is to assess the severity of one or more
systems, for which there are the variants called (b) and (c). In variant (b) DA method based on
the generic definitions of the proposed scale is used, through which the degree of severity of
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the considered system is assigned. In variant (c) the calculation method that it is proposed in
the next subsection is used, applying it to the G; values comprising the zones of the system,
which allows to calculate the degree of severity of the considered system.

Direct assignment method (DA) based on the generic definitions of the
proposed scale

\ 4
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Figure 2. Methodology of application of the proposed scale

The variant (b) is of application in cases where the object of the study is such that it is necessary
to spend a short time. Some of these cases may be the following: i) Global study of an urban
area, in which it is necessary to assess the grade of gravity of hundreds or thousands of facades;
1) Emergency interventions, such as civil service technicians or firemen in cases of sever
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deteriorations with potential risk for people. The variant (¢) will be of application in the
remaining cases in which is required to determine the grade of gravity of a system or building.

2.2.1 Definitions and computations at system level

Within the framework of variant (c) in Figure 2, first it should be said that to obtain the resultant
severity of a system based on the summation of the G; values of that system, applying a weight
w; that is based on the area or proportion of the zone j (4,) regarding the area or whole unit (47)
of the considered system, gives adequate results only for cases that severity of the system is
homogeneous, for example if the entire system is heavily degraded or everything is in good
condition. However, it gives inadequate results in cases where there is a significant variability
of severity in the system, especially in cases of extreme dispersion.

For this reason, after discarding the previous method of calculation for being inadequate, in
order to calculate the resulting severity of a system s it is proposed a method based on statistical
quantiles. In this case quartiles are used as well as the minimum and maximum values of G; of
the analyzed system, allowing to define the distribution of severity of system s, Gg(,s) , as follows
in Equation (3):

GO (a 452 aSh | ass,alon) ®

() ) .
where, 90 ~and 91.00 are the minimum and maximum value, respectively, of G; of the system

s, and QO 25 , Q(()gs)o and qO 75 are the maximum value of G; corresponding to the 25%, 50%,

75% less degraded, respectively, of the system s.

With this methodology can be directly observed the highest value of G; of each of the
evaluated systems of the building (4 100 ). Similarly can be directly establish whether the
extension of the pathologies is generalized or localized in function of the G; values, which are
derived from analyzing the 25%, 50% or 75% of the system.

The resulting vector of a system s allows to determine the priority of intervention of the
system s, which is determined by the value of Gux, corresponding to the last value of the vector.

fo)also allows to establish the extension of the corresponding dysfunction to G , €xtension
that it is denoted by e(.,G,,,
Gmax value appears. Formally, it is defined in Equation (4):

e(G,(is), Gmax) 4, where q is the smallest gx such that gr = Gax 4)

), that evaluates the position of the minimum quartile in which the

Thus, it should be emphasized that the proposed vector Gd )= (‘I(()S) 5 q(()sz) 5‘1355) oq(()s7) 5%( So) )1

gives a lot of information about the severity of the system s, since besides it shows the minimum
and maximum severity of the system, it shows the distribution of severities thereof. It must be

said that while the vector fo) describes numerically the grade of gravity of a system with
sufficient accuracy, the distribution can be interesting to be summarized in a single value. To
this end, we propose a method that transforms the vector Gﬂ(;) € {0 | 0}5 into a scalar

Gﬁs) € [0, 10], which it is named resulting severity of the system, and it is denoted by G,(“)
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To estimate the mean value of the distribution and using the relationship E(X) = IR( g2)dg that

calculates the expectancy of a positive random variable X (in our case between 0 and 10) as the
area under the complementary function of the distribution function (R(g) = 1-F(g)), where F

denotes the distribution function, it is proposed that Gr(s) is obtained as the first order
approximation of the area under the empirical distribution of R from the distribution G&'). By

construction it takes the values R(qo) =1—-0=1; R(go25) =1—-0,25=10,75 ; R(go.50) = 1 — 0,50
=0,50; R(qo.75) =1—0,75= 0,25 y R(g1.00) = 1 — 1 = 0. Figure 3 illustrates this calculation for

the numerical example G'=(0, 2, 5, 5, 8).
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Figure 3. Function to determine the G

So,

gl +2q0) +2q5) +2q8); +4 )
8 b
or equivalently
g_wm
G =2 (6)

where m") are the midpoints between the components of Gf,“').

i
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In order to have a greater sensitivity over the parts of the building with greater severity, it is
proposed to generalize the Equation (6), so it could be applied a set of coefficients wf“'), which
allows, among other possibilities, give more weight to the components on the right, which are
those corresponding to the highest values G; of the system. In order to provide flexibility to the
methodology, it is proposed that the technician can determine the relative weights w to give

1

4
to each coefficient, under the condition that Z w'®) = 1. These coefficients act on the midpoints
i=1

mf“') between components q,(f) , which allows to obtain fov) (Gr(s)weighted) defined as

Gl =Y wl-m! )

i=1

2.2.2 Definitions and computations at building level

After obtaining vectors Ga(f) , 8 = 1,..., S, representing the distribution of the gravity of each

system s, it is defined the distribution of severity of the building ( G, ), as follows:

M Q) Q)] Q)] @ @)
G, 9o 9025 9050 o715 4100

(2) (2) (2) (2) (2) (2)

. G, 9, oas  Ydos0 Yo75s Y9100
G, = - (8)

($) (S) ($) ($) ) )

G, 9 9025 Yos0 4o75 9100

Therefore, G, is a Sx5 matrix, stacking by rows the severity distributions of each system.

Similarly than before, matrix G, can be summarized to a single value G" € [0,10] by defining

S
G, =+ : )

> g

s=1

where
o wY: coefficient for each of the S systems of the building, in order to give more weight
to the most important systems.
* Wy : coefficient for each of the S systems of the building, in order to give more weight

to those systems that are in worse condition, which numerically means to give more
weight to those highest values ij'v).

3 Conclusion

It should be noted that the proposed methodology can be easy applied by a technician. Just determining
the G; severity (through DA method) and the 4; surfaces of different areas j, it is possible to obtain

automatically the resulting severities of each system G") and the resulting severity of the building, by

w

using a spreadsheet. Likewise, when applying the methodology to real cases, consistent results have
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been obtained, confirming the validation of the proposed methodology. Finally, it has been proven that
this vector scale is an efficient tool as support to the technician in decision making.
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