
28 Técnica Industrial, diciembre 2018, 321: 28-33 | doi:10.23800/10064

Damages that can occur 
in a structure due to an 
inappropriate design

ORIGINAL      

Daños que pueden producirse en una estructura por un diseño inadecuado

Luis Manuel Villa García1

Abstract
Currently, the power of structural calculation offered by com-
mercial programs for finite element structural calculation and 
matrix calculation of bar structures make it possible to mo-
del and analyze complex structural forms, both linearly and 
non-linearly, solving the problem of obtaining the loads exer-
ted and displacements experienced with very high accuracy.
Nevertheless, the misuse that is made nowadays of the cal-
culation programs mentioned above is frequent, the simplest 
fundamentals of structural mechanics being ignored, in what 
is beginning to be called “The Computer Pathology in the De-
sign and Analysis of Structures”.
This power of structural calculation has resulted in the design 
of more slender and lightweight structures, but new problems 
are derived from this, both present and future, which can be 
classified into two groups: On the one hand, all those problems 
emanating from dynamic processes (earthquakes, wind, etc.) 
and even associated with fatigue (machinery, elevators, etc.), 
and on the other hand, those related with non-optimal design, 
motivated by some structural computer pathology. These de-
sign defects can accentuate the negative behaviour of struc-
tures subjected to dynamic loads of seismic type.
In this paper, some frequent cases are mentioned which are 
illustrated by photographs, comments and related recom-
mendations.
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Resumen
En la actualidad, la potencia de cálculo estructural que ofre-
cen los programas comerciales de cálculo de estructuras por 
elementos finitos y cálculo matricial de estructuras de barras 
hace posible modelizar y analizar, tanto de forma lineal como 
no lineal, formas estructurales complejas, resolviendo el pro-
blema de obtener los esfuerzos que soportan y los desplaza-
mientos que experimentan, con una exactitud muy alta.
A pesar de todo, es frecuente comprobar el mal uso que se 
hace hoy en día de los programas de cálculo citados, de es-
paldas a los fundamentos más simples de la mecánica es-
tructural, en lo que se está comenzando a llamar como “la pa-
tología del ordenador en el diseño y análisis de estructuras”.
Esta potencia de cálculo estructural, ha dado lugar a la con-
cepción de estructuras más esbeltas y ligeras. Sin embargo, 
de las mismas se derivan nuevos problemas, presentes y fu-
turos, los cuales se pueden clasificar en dos grandes grupos.  
Por una parte, estarían todos los que emanan de procesos 
dinámicos (terremotos, viento, etc.) e incluso asociados a fati-
ga (maquinaria, ascensores, etc.), y por otra, los relacionados 
con un diseño no óptimo, motivados por una cierta patolo-
gía informática estructural. Estos defectos de diseño pueden 
acentuar el comportamiento negativo de estructuras someti-
das a acciones dinámicas de tipo sísmico.
En el presente trabajo, se mencionan algunos casos frecuen-
tes, los cuales se ilustran mediante fotografías, comentarios y 
algunas recomendaciones.
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 Introduction
“Plan first; then build”. Even though 
it may seem logical, this approach in 
the completion of the execution of all 
types of buildings and civil works is 
entirely false, being that, even for the 
most common buildings, form plot-
ting requires prior knowledge of the 
means of execution.

The completed work must verify 
certain structural criteria:
•	 Stability.
•	 Resistance.
•	 Deformation.
Habitability can also be included, 

and the entire set of facilities that are 
part of the building. The structural 
designer conceives these criteria ba-
sed on two fundamental factors: shape 
and materials; if it is not possible to 
conceive an optimal design, then it is 
necessary to use the material strength 
to achieve balance and harmony in the 
stability of the structure against the 
external actions that act upon it (Re-
galado, 1998).

Currently, the second option has 
become overused, resulting in desig-
ns –not only construction designs, but 
mainly structural– conceived with a 
lack of technical common sense.

On the other hand, and on the sub-

ject of pathology of structures in ge-
neral, it seems to be confirmed that 
project errors are the main reason for 
this damage and, out of these, calcu-
lation errors are not the most signifi-
cant ones, but instead, as it has been 
mentioned, the most influential errors 
come from wrong design and cons-
truction concepts and the lack of de-
finition of the work to be done with 
sufficient detail.

The introduction into the lexicon 
of the term constructive pathology is 
very recent, originating in the mid-
90s. Unfortunately though, it is some-
times used incorrectly. It is a source 
of surprise and confusion to see some 
professionals refer to the faults or fai-
lures in structure in the following way: 
“pathologies present in the structure 
...” or when speaking of a building: “the 
pathologies observed in the building ... 
“, forgetting that pathology is a part of 
science that deals with the study of di-
seases, and not the diseases themselves. 
Prof. Lozano Martínez-Luengas 
(Martínez, 1999), with respect to the 
methodology of the previous diagno-
sis of the pathology of structures and 
construction, indicates that:

The disease of a living being or a 
construction is a pathological process 

Figure 1.  Methodology of prior diagnosis, pathology in the design and analysis of 
structures using computers.

that begins with a sickness, which later 
evolves and manifests itself through a 
series of symptoms and that, if it is not 
tackled promptly, ends in injury. This 
process has been synthesized in Figu-
re 1.

Once the injuries appear, but prefe-
rably once the symptoms are detected, 
the pathologist works in the pathology 
or pathological study. Following a re-
verse process to the one described, he 
studies the nature of the disease: that 
is to derive the origin of the evil from 
the injuries and symptoms detected 
(Fig. 1).

This analysis, called pathological 
study or pathology, acquires a signifi-
cant importance when it comes to ru-
ling on the design of a structure (Villa, 
2013) located in an area with a certain 
seismic risk, through a first visual ins-
pection of its structural skeleton.

To illustrate this work, we have 
chosen an expert opinion regarding a 
building with a rather particular skele-
ton design. A summary of a biased ex-
tract of this expert opinion related to 
the topic at hand is presented here. 
Obviously, names of people and pla-
ces have been omitted and/or altered. 
Likewise, the checks described in the 
annexes are not shown here.

Figure 2.  Building site.

Foto: Shutterstock.
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It is a building erected in 2012 that 
mainly consists of beach-front luxury 
homes. It has 9 floors above ground le-
vel and 2 underground floors reserved 
for parking space. There are shops in 
the ground and first floors, offices also 
in the first floor, and there are homes 
in the rest of the building.

The floor plan of the block is subs-
tantially trapezoidal (Fig. 2), with its 
height matching one of the sides, co-
rresponding to a partition wall per-
pendicular to both bases. The opposite 
corner at its longest base has a certain 
radius of curvature. Therefore, it pos-
sesses no floor plan axis of symmetry. 

The main facade (facing south) over-
looks the promenade (Fig. 3) and the 
back facade (facing north) overlooks 
calle Paz. In the latter, the building 
joins with an area of arcades for pe-
destrians (about 5.5 m wide), which ex-
tends along its entire length, all around 
the building to the promenade (Fig. 2).

The supporting structure, which 
is highly partitioned, as corresponds 
to a housing building, is made up 
of reinforced concrete frames. The 
slabs are one-way, made from cera-
mic reinforced in the perpendicu-
lar direction to the main facades. 
The foundations of the infrastructure 

are semi-deep, made from reinforced 
concrete; their perimeter is deter-
mined by basement walls and strip 
footing, while inside this perimeter, 
pillars rest on isolated footings. The 
bracing of all the footing is entrusted 
to the tie beams that follow two ortho-
gonal directions to the floor plan.
Depending on the location of the 

construction, a basic seismic accele-
ration ab/g = 0.17 will correspond to it 
in the seismic hazard map (NCSE-02, 
2002); being g the gravity acceleration.

Items affected by the vertical 
component of the seismic action
Since the direction of occurrence of an 
earthquake can be completely arbitrary 
with respect to the structure, in order 
to study its effects normally the ground 
acceleration is decomposed into three 
components: two horizontal directions 
orthogonal to each other (horizontal 
longitudinal and horizontal transver-
se to the floor of the building) and a 
third vertical direction, perpendicu-
lar to both of the above (Villa, 2004a; 
Ramírez, 2002). Peak vertical accele-
rations are often between 1/3 and 2/3 
of the value of peak horizontal accele-
ration. In turn, typical accelerations 
may exceed gravity. To date, stresses 

Figure 1. Methodology of prior diagnosis, pathology in the design and analysis of structures using computers.

Figure 2.  Building site.
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caused by the vertical seismic forces 
have generally been ignored, with the 
exception of beams of large spans and 
cantilever beams -their own periods of 
vertical oscillation are close to those of 
quakes- (EAE, 2011; NCSP-07, 2007; 
UNE-EN 1998-2: 2012); undoubtedly 
because of being unknown, because if 
the magnitude of the vertical compo-
nent of the earthquake has an appre-
ciable value, it can generate significant 
vertical forces (Villa, 2002).
Both the Spanish seismic regula-

tions NCSE-02, and the document 
that will replace the Eurocode 8, re-
present the vertical component of the 
seismic action with the response spec-
trum, as defined for the horizontal 
seismic action, but with the ordinates 
reduced (Villa, 2006):
•	 Eurocode 8: spectral ordinates are 

reduced between 30% and 50%, de-
pending on the period of vibration 
(Villa, 2004b).

•	 NCSE-02: prescribes the reduc-
tion of spectral ordinates down to 
70% regardless of the period (Villa, 
2004c).
Figure 4 shows how the entry to the 

parking space in the lower floors is re-
solved. By cutting two rows of pillars, 
the vertical forces accumulated in them 
in the top 8 floors are transmitted to a 
large edge beam, which supports large 
concentrations of stress according to 
its main axis of inertia, and which has 
greater flexural stiffness.

This situation is worsened by the 
horizontal thrust that the slab can 
exert on the head of the large edge 
beam.

For the calculation of deep beams 
(or wall beams) formulas used in or-
dinary beams are not valid, as the 
assumptions that were used for their 
deduction (Bernoulli’s plane stra-
in, Saint-Venant’s Principle) are not 
applicable to the deep beams, as their 

resistance mechanism is totally diffe-
rent. The flexural strength of these is 
usually much larger than necessary, 
while their resistance to shear or the 
possibility of transverse buckling of 
the compressed head may impose li-
mitations on their width (UNE-EN 
1998-1:2011/A1:2013).

In turn, the pillars in V (Fig. 4) 
transmit a huge horizontal component 
to the bottom of the large edge beam, 
conditioned by the 8 floors they are 
supporting above them.

In Figure 5, you can see the lack of 
continuity of a pillar on the ground 
floor, which supports the loads trans-
mitted by another, 8 floors above it, 
with a certain eccentricity, and wor-
king as a cantilever.

The most significant negative con-
sequences of this design, focusing on 
seismic resistance, are:
•	 The deep beams and cantilevered 

pillars create a discontinuity in the 

Figure 3. General view of the building under construction (northwest view).

Figure 4. Parking entrance (corner of the main facade with the dividing wall). Figure 5. Ground floor pillar supporting another pillar eccentrically.
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vertical stiffness of the resistant fra-
mework (Villa, 2004a).

•	 Both solutions -as well as the pi-
llars supported by beams- induce 
vertical loads on these elements, re-
gardless of whether the earthquake 
has a vertical component, but being 
substantially more significant in the 
case that it does (Villa, 2009).
In Figure 6, an alignment of pillars 

on the facade is interrupted in the first 
floor by a large edge beam, supported 
in turn by pillars on the ground floor, 
which do not match those from the 
upper floors, is shown.

The stiffness present in these de-
signs against fragile fatigue means 
that they should be totally banned in 
seismic zones.

Vertical layout
The beginning of the line of arcades 
which provide cover for pedestrian tra-
ffic in the side wall is shown in Figure 
7. One aspect of particular importance 
in order to avoid stress concentrations 
is to avoid sudden changes in elevation 
stiffness (NCSE-02, 2002); i.e. the 
geometric arrangement at great hei-
ghts should be as regular as possible, 
carrying out gradually the transitions 
of shape and/or stiffness, where appro-
priate, between one floor and the next. 
Thus, the emergence of local damages 
from the quake which are motivated by 
these stress concentrations (UNE-EN 
1998-3:2012/AC:2014) is avoided. In 
this regard, designs with intermediate 
ground floors where pillars of different 
lengths would be present (UNE-EN 
1998-5:2011) should be avoided.

If the horizontal direction of os-
cillation of the earthquake coincides 
with the alignment of the pillars of the 
arcades, greater displacements should 
be expected along this direction as a 
result of a greater flexibility (Bozzo y 
Barbat, 1995). A solution of this kind 
may require a ductility of the columns 
so high that it could even exceed their 
capacity. In earthquake engineering, 
this case is known as weak floor (Villa, 
2004a).

Vertical expansion joints
In Figure 8, pillars which do not coin-
cide vertically with the deep beam, nor 
with the vertical expansion joint, can 
be seen. This last element has an ec-
centricity of around 1 m, separated in 
two different planes.

Figure 6.  Side facade (northwest view).

Figure 7. Start of arcade area from the promenade.
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In order to avoid stress concen-
trations and local damage from the 
earthquake,  geometric arrangements 
at great heights should be as regu-
lar as possible; in this regard, the ex-
pansion joints must be contained in 
a single vertical plane (Fig. 8) (EAE, 
2011; UNE-EN 1998-1:2011/A1:2013; 
UNE-EN 1998-3:2012/AC:2014).

Supports rotated with respect to 
the main directions of the slabs
As it has been mentioned, the floor 
plan of the building studied presents, 
along part of its perimeter, a segment 
with a certain radius of curvature (Fig. 
9). On that circular segment, the ro-
tated placement of the columns with 
respect to the main directions of the 
slabs on the path in which the main 
horizontal displacement is presumed 
to appear in case of an earthquake, 
increases the seismic vulnerability the 
building (Villa, 2004a; Villa, 2009; 
UNE-EN 1998-3:2012/AC:2014).

Conclusions
Specialists in design agree unani-
mously in that, in the design of ear-
thquake-resistant buildings, typolo-

gies applied should have the highest 
possible ductility; i.e. they should 
deform easily, without suffering a 
significant decrease in resistance. 
The solutions analyzed generate a se-
rious intrinsic predisposition to suffer 
damage upon the occurrence of an 
earthquake of a certain severity, i.e., 
they constitute a structural vulnerabi-
lity and should not be allowed in seis-
mic areas.
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