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Resumen

Introduccion— Las investigaciones recientes han
demostrado la probabilidad de cambios desfavorables
en el comportamiento sismico de algunas edificaciones
construidas en Santiago de Cuba, con el sistema pre-
fabricado Gran Panel Soviético. A causa, de los dafos
patologicos en elementos y juntas estructurales, segui-
dos de las transformaciones de pesos y de rigidez. Por
lo tanto, es conveniente realizar una evaluacién de
los dafios sismicos potenciales, de forma rapida, en la
mayor cantidad de edificaciones, sin tener que realizar
obligadamente la modelacién estructural. Sin embargo,
las diferentes metodologias para evaluar la vulnerabi-
lidad sismica, que se han consultado, no integran una
detallada y precisa evaluacién de dafos patolégicos
como punto de partida de la evaluacién de los danos
sismicos potenciales.

Objetivo— Se concreta elaborar un procedimiento
que permita evaluar los dafos sismicos potenciales
en el sistema prefabricado Gran Panel Soviético que
se sustenta en un conjunto de variables, indicadores y
subindicadores.

Metodologia— La validaciéon del procedimiento se
realiza a través del método Delphi.

Resultados— Este procedimiento tiene como punto
de partida en una primera etapa, la evaluaciéon de
los danos patologicos, de acuerdo a su incidencia en
el comportamiento estructural, el cual se articula en
una segunda etapa, con otros aspectos causantes de
vulnerabilidad sismica.

Conclusiones— El procedimiento disenado es un
instrumento para el soporte de decisiones en materia
de la rehabilitacion sismorresistente del sistema Gran
Panel Soviético. Se puede aplicar de forma rapida, en
un analisis primario, en todas las edificaciones exis-
tentes en la ciudad de Santiago de Cuba.

Palabras clave— Danos sismicos potenciales; dafios
patologicos; gran panel soviético; hormigén prefabri-
cado; evaluacion

Abstract

Introduction— Recent research has shown the
probability of unfavorable changes in the seismic
behavior of some buildings built in Santiago de
Cuba, with the prefabricated Great Panel Soviet
system. Due to pathological damage to structural
elements and joints, followed by weight and stiff-
ness transformations. Therefore, it is convenient
to carry out an evaluation of the potential seis-
mic damages, quickly, in the largest number of
buildings, without having to carry out structural
modeling. However, the different methodologies for
evaluating seismic vulnerability, which have been
consulted, do not integrate a detailed and precise
evaluation of pathological damages as a starting
point for the evaluation of potential seismic dam-
ages.

Objective— It is specified to elaborate a proce-
dure that allows evaluating the potential seismic
damages in the prefabricated Soviet Great Panel
system based on a set of variables, indicators and
sub-indicators.

Methodology— The validation of the procedure is
carried out through the Delphi method.

Results— This procedure has as a starting point
in a first stage, the evaluation of the pathologi-
cal damages, according to their incidence in the
structural behavior, that 1s articulated in a sec-
ond stage, with other aspects that cause seismic
vulnerability.

Conclusions— The designed procedure is an
instrument for decision support regarding the
earthquake-resistant rehabilitation of the Soviet
Grand Panel system. It can be applied quickly, in
a primary analysis, in all existing buildings in the
city of Santiago de Cuba.

Keywords— Potential seismic damage; pathologi-

cal damage; great soviet panel; precast concrete;
evaluation
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EVALUATION OF POTENTIAL SEISMIC DAMAGE IN THE GREAT SOVIET PANEL PRECAST SYSTEM

[. INTRODUCTION

In Santiago the Cuba, the area of greatest seismic danger in the country, 665 buildings were
built with the prefabricated I-464 system, popularly known as the Great Soviet Panel. This
prefabricated system due to its own structural conception and the type of both horizontal and
vertical joints between the precast elements, which are of the wet type, has shown adequate
behavior in the event of high intensity earthquakes in Chile and Armenia (ex-Soviet republic)
[1]-[2].

In Chile, it is considered that these buildings of a social nature have shown good earthquake-
resistant behavior under adequate maintenance conditions, which is why it 1s recommended
that their construction be resumed [3]. In the former Union of Soviet Socialist Republics, the
situation is different, after so many years of implementation of the prefabricated system, many
buildings have poor construction quality, inadequate maintenance and, in general, lack of com-
fort [4]. The replacement of many of these buildings began in the 1990s.

In Santiago de Cuba, these buildings, with more than 50 years of operation, without a sys-
tematic conservation and maintenance policy, present several aspects that can lead to potential
seismic damage. Among them, we can mention the pathological damages in levels of affectation
that compromise its structural response to strong earthquakes, as well as structural modifica-
tions due to the violations of the inhabitants [5]. For this reason, the community of specialists
in the territory has been concerned about these buildings for some time.

To carry out more in-depth studies, research has been carried out so far, ranging from the
characterization of the materials in the current operating conditions to the prediction of the
seismic behavior of some buildings built with the prefabricated GPS system. The investigations
have found that in elements with pathological deterioration, poor concrete quality and compres-
sive strength decreases by 25.78% with respect to that prescribed in the original project [6]-[7].
Equally, evaluate the impact of some structural transformations [8].

On the other hand, they also conclude that, in three instrumented buildings, the values
of the periods as a function of ambient vibrations correspond to periods in the range of those
expected before the design seismic action, due to the deterioration of the stiffness [9]. Other
studies validate these results, through the analytical path, using structural modeling [10].
They suggest that pathological damage to structural elements and joints, followed by weight
and rigidity transformations, are the main aspects that affect the change in seismic behavior
of said buildings, estimating potential seismic damage to them. Likewise, assess the seismic
behavior in relation to soil factors and the possibility of overturning is appreciated [11].

Based on the above, it is necessary to define the probable structural performance of the entire
sample of diagnosed buildings, through an evaluation of potential seismic damage. At the same
time, it 1s convenient to carry out this evaluation quickly in the largest number of buildings,
without having to carry out structural modeling.

At the international level there are various methodologies used to assess seismic vulner-
ability that could serve these purposes. Some revisions compare some of them, in terms of
descriptions of pathological damage, the modifiers based on them, among other aspects. Con-
cluding that they do not integrate a detailed and precise evaluation of pathological damages
as a starting point for the evaluation of potential seismic damages, therefore, they do not fit
the intended purpose [12].

These aspects are the basis for the proposal for a procedure for evaluating potential seismic
damage in buildings built with the Great Soviet Panel prefabricated system. Which has as a
starting point, in a first stage, the evaluation of pathological damage, according to its incidence
in structural behavior; that is articulated in a second stage, with other aspects that cause seis-
mic vulnerability. Likewise, the evaluation of pathological damage, in a detailed analysis, 1s
embedded in the analysis of structural behavior.

I1I. METHODOLOGY

To propose the variables, indicators and sub-indicators that support the evaluation procedure
of potential seismic damages in buildings built with the Great Soviet Panel prefabricated sys-
tem, the primary analysis must be:
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1. Define the pathological damages and their levels of affectation in the buildings.
2. Specify the aspects causing potential seismic damage in buildings.

3. Delimit the tasks that a detailed analysis must contemplate, with the aim of defining the
incidence of aspects leading to potential seismic damage on the behavior and resistance of
buildings.

In defining the pathological damages that affect precast concrete structures, there are dif-
ferent theories [13]-[15]. Among these authors there is consensus regarding the damages that
affect cast-in-situ concrete structures, which are common to precast concrete structures, which
are common to precast concrete structures because they are subject to the same requirements
of structural mechanics and exposure to the environment.

There are pathological damages that in its initial stages can compromise SLS, such as
humidity and organisms, however, when these are in an advanced stage, they can compromise
ULS. For example, the appearance of organisms only affects the aesthetics and functionality
of the structure in the initial stages of appearance, but in advanced stages they can affect its
strength and rigidity, causing cracks to disintegration of the concrete.

Other damages, such as deformations, will always compromise the ULS, since residual dis-
placements or slides, buckling or deflection, and possible distortions are the imminent cause of
structural collapse. At the same time, if the structure already shows evidence of pathological
damage such as corrosion or cracking, in its different levels of affectation, both its resistance
and its rigidity will be affected to resist seismic action, therefore, they will to be damages that
always compromise the ULS.

For the definition of the levels of affectation of pathological damages, various contributions
were also evaluated [15]-[21], such as the methods for the evaluation of post-earthquake struc-
tures, as well as the damage indices [22]-[25].

It is considered in this research that, as a result of humidity, the level of affectation I, is
manifested by humidity spots and small cracks with a width of less than 0.1 mm. The level of
affectation II is when cracks with width between 0.1 mm-1 mm and efflorescence can appear,
already in the level of affectation III the phenomenon of corrosion and mechanisms of disin-
tegration of the concrete begins.

In the case of dirt and organisms, it is thought that they will have a level of affectation
I, when they affect only the paint, with a change in color of the surface and accumulation of
dust and soot. If mold and fungus are seen, the level of affectation is already II. When plant
species appear that generate cracks and disintegration of the concrete, and even the corrosion
of the steel can be generated, the level of affectation is I1I. But if these damages that are part
of the SLS are in a level of affectation II or III, they already have manifestations that must
be evaluated as damages that compromise the ULS, because the concrete begins to decrease
its resistance.

As in the methods of evaluating post-earthquake structures, whenever deformations and
inclinations, buckling of walls or columns, inclination of the floor system are observed, the
damages are valued as severe; the deformations will always be evaluated for a level of affecta-
tion III, because as long as this damage exists, the structure may be close to collapse.

The cracks produced by the action of the loads, are characteristics of the concrete in the
hardened state, being important the determination of the causes that cause them to define the
suitable therapy. Likewise, there are hydraulic shrinkage and setting cracks, which appear in
the plastic stage of concrete, just hours, days or weeks after the casting of the elements. But
taking into account the exploitation time of these structures, it is considered that these cracks
in such case, if they had their appearance, are no longer at a primary level of affectation. So
for any type of cracks regardless of the origin, when assessing the damage, the same levels of
damage are considered.

On the other hand, all the processes of deterioration of the reinforced concrete, indepen-
dently if they cause alterations in the concrete (attacks of sulfates, attacks of acids, alkali-
aggregates among others) or in the steel (corrosion by carbonation and diffusion of chlorides),
give as a result, the decrease in the cross section of the steels, loss of mass, decrease in the
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mechanical resistance of steel and concrete, among others. Likewise, the manifestations of
damage due to the disintegration mechanisms of concrete and corrosion of steel will be the
same, since the evidences of these processes in advanced stages of damage are cracking of
concrete, delamination of steel, disintegration of concrete. and decreased adhesion between
concrete and steel. It is considered for a level of affectation I, the change of coloration, erosion
of the surface, crisscross and small fissures with width less than 0.1 mm and rust spots. At
level 11, there is evidence of exposure of aggregates and cracks with a width of up to 1 mm and
at level I1I, cracks with a width greater than 1 mm, detachment or bending of the concrete,
delamination of the steel, loss of adhesion of the concrete with the steel bars.

The definition of the aspects that condition seismic vulnerability or potential seismic dam-
age 1s based on taking into consideration the adjustments to large panel structures [26]-[30].
These factors are organized into two groups: soil conditions and pre-existing conditions. Soil
conditions are evaluated through indicators such as: susceptibility to induced physical-geolog-
ical phenomena (landslide and liquefaction), soil type and possibility of resonance. Within the
pre-existing conditions, pathological damage to structural elements and structural joints, the
quality of the elements and the execution, the type of structuring, the type of joints (form of
realization, structural work and continuity), geometric configuration is contemplated, trans-
formation in weight and stiffness, transformation in stiffness, transformation in weight and
knocking effect. For the classification of potential seismic damage, the post-earthquake dam-
age evaluation methods were taken into consideration [22], [25], [31]-[32].

In this way, there is the theoretical support, of the primary analysis, to assess the reper-
cussion of the pathological damages and other aspects that lead to potential seismic dam-
ages, present in the buildings built with the Great Soviet Panel prefabricated system, in the
structural response to an earthquake of great intensity. Likewise, in the diagnosis made by
UNAICC (Cuba) to a sample of 200 buildings, it was evidenced that the pathological damages
previously addressed appear, generating the same consequences [5]. Among the remaining
aspects that condition potential seismic damage is those related to weight and rigidity trans-
formations due to: panel and slab openings; elimination of panels, addition of dividing walls,
water tanks and cisterns in mezzanines, also water tanks attached to the facades, filling of
the latticework of facade panels, among others.

To validate the proposed procedure, the Delphi method was applied, with the participation
of 15 specialists. All are civil engineers, 6 hold the scientific degree of doctors of science (40%),
6 have a master’s degree in science (40%) and 2 have degrees in Earthquake Engineering
(13.33%). Table 1 shows the distribution by institution and country.

TABLE 1.
DISTRIBUTION OF EXPERTS BY INSTITUTION AND COUNTRY.

Institution Country Quantity
Faculty of Civil Engineering of the Technological University of Havana Cuba 1
Center for Seismological Research of Cuba (CENAIS) Cuba 2
Project Company # 15 of Santiago de Cuba (EMPROY-15) Cuba 2
Matanzas Projects Company (EMPAI) Cuba 1
Faculty of Constructions. University of Oriente Cuba 4
National Applied Research Company (ENIA) Cuba 1
Associated Consultants CONAS Cuba 1
Berkeley University USA 1
Cruceiro University. Do Sur. Brazil 1
REM+E INGENIERIA WTC. Mexico City 1

Source: Authors.

To delimit the tasks that a detailed analysis must contemplate, the Rapid Assessment by
Dynamic Analysis methodology is taken into account [33]. It is concluded that the key aspects
that distinguish the detailed analysis are:
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* The calibration of the structural model considering the fundamental periods according to
the environmental vibrations.

+ Use of flexural stiffness modifiers according to regulations FEMA 273 [26] and code ACI
318-19 [34].

* The check of the joints between the structural elements.

+ Reduction of the resistance of concrete and steel in elements with pathological damage.
III. ResuLts

The bibliographic study and the validation with the experts, facilitated to achieve a procedure
for the evaluation of potential seismic damages for the Great Soviet Panel prefabricated system
where several aspects leading to potential seismic damages in the prefabricated structures are
involved, including pathological damages in the joints and in the elements. structural. These
pathological damages are evaluated according to the importance of the damaged joint or ele-
ment, in the structural response of the building. Thus, even without performing a detailed
analysis applying structural modeling, it is possible to obtain an evaluation that reflects the
probable structural performance of the building.

The procedure consists of two stages. Stage I is the evaluation of pathological damage. Stage
IT is developed for two levels of analysis, primary and detailed, as shown in Fig. 1.

..................................................................................................

Lifting of pathological damages by elements and joints.

Definition of pathological damages that compromise
the Ultimate Limit State or Service Limit State,
according to levels of affectation.

Classification and evaluation of pathological damage
according to level of affectation, and percentage of
the element or joint affected.

SLIGHT MODERATE SEVERE
PATHOLOGICAL PATHOLOGICAL PATHOLOGICAL
DAMAGE DAMAGE DAMAGE

STABE I.
EVALUATION OF PATHOLOGICAL DAMAGES

Analysis and evaluation of aspects leading to potential seismic

: i mul zones, check deformation, stiffness, P-A effect,

I Evaluate the seismic safety of the structure.

i Assess the incidence of aspects leading to potential seismic
: damages.

..... damages .
Soil conditions Pre-existing conditions :
H - H Classification of potential seismic damages
& :
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Fig. 1. Procedure for the evaluation of potential seismic damages for the earthquake-resistant

rehabilitation of the Great Soviet Panel prefabricated system.
Source: [35].
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The development of each stage is explained below.
A. Stage I: Evaluation of the pathological damage in the building.

It starts from the evaluation, by means of a score, of the pathological damages that each
one of the structural components present. This score takes into account the percentage weight
according to the importance of the structural components in the earthquake-resistant behav-
1or. The structural components, their percentage weight and the maximum score that they can
receive depending on the classification of the pathological damage they present, are detailed
in Table 2.

TABLE 2.
SCORES ASSIGNED BY ELEMENT OR BOARD.

Classification of pathological damage
Structural Component ZZ‘Z}%EE;]I% Slight Moderate Severe
Assigned scores
Panels and baseboards 20 % 7 14 20
Mezzanine* and/or deck slabs 17 % 6 11 17
Horizontal joints 23 % 8 15 23
Vertical joints 23 % 8 15 23
Foundation 17 % 6 11 17
Maximum score per classification 35 66 100

*The + 0.00 level slab is also structural.
Source: Authors

Once the scores assigned independently for each of the structural elements and structural
joints have been defined, these points are added to carry out the evaluation of the pathological
damage in accordance with the provisions of Table 3.

TABLE 3.
EVALUATION OF PATHOLOGICAL DAMAGE.

Assessment of Pathological Damage
Structural elements Score obtained

Slight <19
Moderate 20 - 36
Severe > 36
Structural joints Score obtained
Slight <16
Moderate 17 - 30
Severe > 30
Building Score obtained
Slight <35
Moderate 36 - 66
Severe > 66

Source: Authors.

1) General indications for the evaluation of pathological damage

1. Thoroughly examine each component of the superstructure at all structural levels and define
pathological damage to them.

Table 4 shows a categorization of pathological damage to the superstructure, according to
its impact on SLS and ULS, as well as the levels of structural involvement. In Fig. 2 some
of them are observed.
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TABLE 4.
PATHOLOGICAL DAMAGE TO THE SUPERSTRUCTURE AND LEVELS OF INVOLVEMENT..

Pathological Damage

Levels of affectation

I

II

I11

a) Moisture*

Moisture stains, small
cracks with width less

Cracks with width
between 0.10 mm -

See e) or f)

SLS than 0.10 mm. 1 mm Efflorescence.
Change in color of the
b) Dirt and organisms | surface, accumulation of Mold and fungi. Plant species.
dust and grime.
. Fissures or cracking mainly due to
¢) Deformations . . . . .
. cutting, crushing or flaking, distortions
(arrows, buckling, . 1.
. up to buckling or fracture of longitudinal
warping and/or .
collapses) and'l / or trgnsverse relnforcement,
residual displacements and slides.
Fissures with width greater than 1
mm, detachment or bending of concrete,
Fissures with width up to Fissures with delamination of steel, loss of adhesion of
ULS | d) Cracks or fissures* P width between concrete with steel bars.

0.10 mm.

0.10 mm - 1 mm.

Exposure of the longitudinal
reinforcement with or without buckling of
it, crushing of the concrete.

e) Mechanisms of
concrete decomposition

f) Corrosion of armor

Color change, surface
erosion, criss-cross and /
or small fissures less than
0.10 mm wide, rust spots.

Exposure of
aggregates and
cracks with width
up to 1 mm.

Cracks with width greater than 1 mm.
Detachment or buckling of concrete,
delamination of steel, loss of adhesion of
concrete to steel bars.

*They can also appear in the components of the superstructure due to problems in the foundations (See indication 5 of stage I).
Source: Authors.

a) Moisture(Level II)

b) Dirt and organisms (Level IIT)

d) Mechanisms of concrete decomposition and Corrosion of armor (Level IIT)

Fig. 2. Examples of pathological damage and levels of involvement.
Source: Authors.
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The damages that compromise the ULS are those that will be taken into account in the
classification, the rest define the therapeutic measures from the diagnosis stage. Unless
these damages are in levels II and III or affect more than 50% of the elements, and are
taken into account in the classification.

As the buildings are multilevel, it is recommended to define and quantify the pathological
damage in each component of the superstructure for each level. When pathological dama-
ges appear with a level of affectation III, the entire area of the element or joint length,
respectively, 1s taken as the affected surface or length. Then it is quantified throughout
the building in order to define the classification of pathological damage for each type of
component.

If several types of damage converge in one type of superstructure component, the classifi-

cation is made according to representative damage. To define representative damage, the one
with the highest level of damage or the one that affects the highest percentage of the compo-
nent must be analyzed, taking the highest score. In the event that damages coincide with the
same levels of affectation and percentage of the affected component, these will affect in the
same way, and any of them may be representative.

4.

The classification of pathological damage in the components of the superstructure is made
according to the level of affectation and the percentage of affected surface of the element or
percentage of the affected length of the joint.

Slight pathological damage: A good condition predominates, the damages have a level of
affectation I up to 50% and damage with a level of affectation II can occasionally appear
in less than 20% of the area of the element or joint length.

Moderate pathological damage: There are damages with a level of affectation I in more
than 50% of the elements or joints; a level of affectation 11 between 20% - 50% of the ele-
ment or joint; damage with an impact level III in less than 20% of the element area or
joint length.

Severe pathological damage: Damage with a level of affectation II predominates in more
than 50% of the element area or joint length; Level 111 damage in more than 20% of the
element area or joint length.

The classification of pathological damage to the foundation is carried out according to the
damage observed in the superstructure (in case it is proven to be the cause), because many
times the damage to the foundation is not directly appreciated.

Slight pathological damage: If punctual damp spots appear on 1st level panels, due to as-
cending capillarity.

Moderate pathological damage: In the event of occasional settlements, vertical cracks in
the panels and in the vertical joints. Generalized wet spots.

Severe pathological damage: Collapse and horizontal cracks in the panels. Water penetra-
tion.

When pathological damage corresponding to three or two classifications occurs, their assess-

ment will be determined by the higher classifications.

6.

If the building does not show any pathological damage to the structural components, it goes
directly to stage II. If pathological damage appears in the superstructure, which regardless
of its extension creates instability and there are generalized settlements in the foundation,
the classification of pathological damage in the structural components should be taken as
severe.

If the exterior transverse panels of the 1st and 2nd structural levels and the vertical joints
between them, present pathological damages that compromise the ULS, the classification
of the pathological damage in the panels and the vertical joints will be determined for a
category higher than that obtained when applying the procedure.
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B. Stage II: Evaluation of the potential seismic damage of the building
1) Primary analysis

It starts with the evaluation by means of scoring the different aspects that lead to potential
seismic damages, which are broken down into indicators and sub-indicators. This score takes
into account the percentage weight according to its incidence in seismic vulnerability. The maxi-
mum score that they can receive is detailed in Table 5. Once each one has been evaluated, these
points are added to carry out the classification of potential seismic damage in the building, in
accordance with the provisions of Table 6.

TABLE 5.
SCORES ASSIGNED BY INDICATORS AND / OR SUB-INDICATORS.

Varlables‘(aspe‘cts ‘that generate Indicators and sub-indicators Assigned
potential seismic damage) scores
Insignificant 0
Susceptibility to induced Medium 3
physical - geological phenomena Hich 6
(landslide and liquefaction) 18 -
Very high 10
Soil conditions “So?ls A and B” (competent rock) |0
Soil tvpe Soils C and D” (soft rock) 7
yP “Soils E” (soft clays) 14
“F soils” (liquefiable soils) 20
S Te #Ts * 0
Possibility of
ossibility of resonance Te = Ts 10
Severe damage 15
Pathological damage to Moderate damage 10
structural joints Slight damage 5
No harm 0
Severe damage 10
Pathological damage to Moderate damage
structural elements Slight damage
No harm
lity of elements and Bad
Quality o elements an Regular
workmanship
Good
Crossed
Structure type Transversal
Longitudinal
Joint form Seca
Damp
. Articulated
Joint structural work
Recessed

Pre-existing conditions Vertical or horizontal

Position of continuous joints - -
Horizontal and vertical

Asymmetry in plan

Geometric configuration Elevation asymmetry

Symmetry in plan and elevation

Insignificant

Transformation in weight and Medium
stiffness High

Very high
Insignificant
Medium
High

Very high
Insignificant
Medium
High

Very high

Transformation in stiffness

Transformation in weight

N|IWINH|OH|WINIC|WIN|FHO|IC|WIN| — INNWIN|W|WIN|H Ok |J|O|w|o

Tapping possibilities

Maximum score 100

*The term Te is the fundamental period of the building and the term Ts is the period of the ground. To the extent that the
two periods equal their values and their relationship approaches unity, the building enters into resonance. With only a few
thousandths of a second difference, the possibility of the occurrence of the phenomenon must be assessed. Source: Authors.

217



EVALUATION OF POTENTIAL SEISMIC DAMAGE IN THE GREAT SOVIET PANEL PRECAST SYSTEM

TABLE 6.
CLASSIFICATION OF POTENTIAL SEISMIC DAMAGE.

Structuring of Large Panels
Classification of potential seismic damage Score Obtained
Slight <25
Moderate 26 - 45
Severe 46 - 100

Source: Authors.

2) General guidelines for evaluating potential seismic damage

1. Inspect the entire building and verify if it presents structural modifications as detailed below:

* Weight transformations (addition of water tanks, addition of masonry dividing walls in the
multipurpose area, among others).

Insignificant: Weight increase up to 95 kN.
Medium: Weight increase between 96 kN - 190 kN.
High: Weight increase between 191 kN - 285 kN.

Very high: Weight increase of more than 285 kN. Also when the location of the elements that
generate weight increase have asymmetry in plan and elevation, as well as concentrations
of weight in upper floors.

+ Stiffness transformations (elimination and opening of panels and slabs). The panel openings
that are considered are those made for door openings and those of the slabs to place interior
stairs.

Insignificant: No panel or slab opening or removal.
Medium: Interior cross panel openings and slab openings.
High: Longitudinal panel openings.

Very high: Exterior cross panel openings. Elimination of panels and slabs.

+ Weight and stiffness transformations (closing of lattices and doors with masonry or concrete).
Insignificant: In less than 12% of the apartments.
Medium: When between 13% - 50% of the apartments.
High: When between 51% - 75% of the apartments.
Very high: between 76% - 100% of the apartments.

2. When pathological damage to elements or joints causes collapse or is close to it, the maximum
score for potential seismic damage will be 100.
According to the classification of potential seismic damages, its evaluation is carried out:

« Slight potential seismic damage: The structure substantially maintains the original strength
and stiffness. There are no permanent drifts. Fine cracking in walls < 1.0 mm wide. Coupling
beams experience cracking < 3.0mm wide. Cracks < 1.0 mm wide in the joints between walls.
Cracking less than 1.0 mm along joints between slabs. Small settlements (< 10 cm) and ne-
gligible slopes (< 1°).

* Moderate potential seismic damage: The structure retains residual stiffness and strength at
all levels. Permanent drifts and slippage appear at the joints between slabs, with local crus-
hing and spalling at the joints. Cracks < 2.00 mm around openings. Crushing and cracking
< 2.00 mm 1in panels. Coupling beams with extensive (< 6.00 mm) bending and shear cracking
and / or crushing, although concrete generally remains in place. Total settlements between 10
and 20 cm. Inclinations between 1st - 2nd. Extensive cracking of the slabs (< 6.00 mm wide),
with local crushing and spalling. Building repair can be financially difficult.
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 Potential severe seismic damage: The structure has low residual strength and stiffness.
Permanent drifts. Cracks > 2. 00 mm due to bending and shear. Extensive crushing and
buckling of the reinforcement of the panels and coupling beams. Slippage and failure in
joints. Crushing in joints between slabs. Cracks > 2.00 mm around openings. Large settle-
ments (> 20 cm) and slopes greater than 2°. The building is close to collapse.

3) Detailed analysis

You can decide to develop this analysis directly on a particular building or depending on
the results of the classification of potential seismic damage (moderate or severe) in the pri-
mary analysis. It is mandatory to have developed stage I, which would provide a detailed
survey of pathological damage in the building. The structural model is generated with any
computer software and different linear analysis procedures can be used to calculate the
seismic force. The possibility of using non-linear analysis procedures in particular cases is
not ruled out.

The tasks that make up this detailed analysis are:

B.1. Definition of the seismic danger and characteristics of the soil.

B.2. Generation of the building variant, evaluating the modifications to the construction
system.

The project data relative to the geometry (modulations in plan, number of floors, props) must
be known; permanent loads and temporary loads. It is necessary to include in the model, all
the structural elements or not, that provide rigidity and mass. Likewise, the characteristics of
the construction materials must be specified. The modulus of elasticity of precast concrete can
be calculated by the expression recommended by the code ACI 318-19 [34], but with a reduction
greater than 40%, for buildings made of precast panels [36], on the other hand, it can increase
by 20% as the seismic action is of short duration. The shear modulus G is obtained from the
modulus of elasticity E, assuming a Poisson’s coefficient = 0.17 for concrete.

When a non-linear analysis procedure is used, it is essential to characterize the materials,
through a destructive and non-destructive testing plan, of the concrete and steel. If a linear
analysis 1s performed, material properties predefined by historical data or information avail-
able in the original drawings can be used. Likewise, the rigidity of the structural elements
must be reduced, taking into account the cracking of the sections during the initial stage of
the seismic force action [26], [34].

The assessment of the modifications to the construction system, which may be related to
weight transformations and rigidity transformations, as well as the pathological damages
detected, allow defining a set of parameters, whose variations will influence the dynamic
behavior of the variant of edifice. For the inclusion of pathological damage, several routes can
be used, assessed in each particular case:

+ Apply stiffness reductions to damaged elements iteratively and assume cracked sections.

+ Elements with moderate or severe pathological damage must be decoupled from the struc-
tural model.

* Release of degrees of freedom in the elements that have pathological damage in levels of
affectation III in the areas of the joints.

+ Redefine the geometry of the damaged sections.

* To be able to reproduce the damages that the structure presents through specialized soft-
ware.

Calibration can be done through iterative or non-iterative methods, manual or computerized.
In the model calibration process, in a building with pathological damage and transformations
in weight and rigidity, it must be obtained that the period of the generated model (7" gener-
ated model) in relation to the period according to environmental vibrations (7' environmental
vibration) is:

T generated model =~ (1.02 ~ 1.15) T environmental vibration, as it is a building of large
prefabricated panels [37]-[38].
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B.3. Influence of the selected variable parameters on the dynamic behavior of the building
variant. Global control parameters such as:

Building weight.

Basal shear and seismic coefficient, corresponding to the two main directions of seismic
action.

Reactions at the base of the structure.

B.4. Analysis of the critical areas of the structure, by checking the normal and tangential
stresses and checking the structural joints.

B.5. Check for deformation and stiffness.
B.6. Evaluation of seismic safety.

B.7. Assessment of the incidence of aspects leading to potential seismic damage on behavior
and resistance.

I'V. CoNCLUSIONS

From all the analysis carried out, it can be concluded that:

The set of variables, indicators and sub-indicators contemplated by the procedure in
the primary analysis; classifications of pathological damage to the superstructure; the
weighting factors by structural component to evaluate the pathological damage, as well
as the aspects that condition potential seismic damage; they were validated through the
Delphi Method.

The designed procedure is an instrument for decision support regarding the earthquake-
resistant rehabilitation of the Great Soviet Panel prefabricated system. The inclusion of
a first stage focused on the evaluation of pathological damage in structural elements and
joints 1s an essential feature that distinguishes it from conventional approaches to assess
potential seismic damage. In the evaluation of pathological damage, the importance of the
element or joint affected in the seismic response of the building is taken into account.

The checking of the structural joints and the calibration of the models considering the fun-
damental periods according to the environmental vibrations, are cardinal aspects to assess
the incidence of the aspects conducive to potential seismic damages, on the resistance or
rigidity of the structure.

The adaptation of the procedure for the evaluation of potential seismic damages in other
prefabricated systems based on large panels can be considered. The modification should
focus fundamentally on redefining the weighting factors according to the importance of the
structural component in the seismic response of the structure.

ACKNOWLEDGEMENTS

We thank all the specialists who made up the panel of experts and who contributed their opin-
ions to validate this procedure. Likewise, Lic. Cecilia Maria Halley Gonzalez for the reading
and perfection of the manuscript.

[1]
2]
[3]

[4]

REFERENCES

G. Salgado, “La KPD conquista Leon de Plata en la Bienal de Venecia”, Colegio de Arquitectos de Chile,
Jun. 14, 2014. [Online]. Disponible en https://colegioarquitectos.com/noticias/?p=5300

N. Salinas, “KPD en imagenes: antes y después de 1973”, in Monolith controversies, P. Alonso & H. Pal-
marola, BER, DE: Hatje Cantz Verlag, 2014, pp. 105—-111.

A. Brignardello, “KPD Nuevo Documental de Andrés Brignardello”, blogspot, 29 de diciembre, 2010.
[Online]. Disponible en www.andresbrignardello.blogspot.com/2010/12/kpd-nuevo-documental-de-an-
dres.html

P. Mora, “PANEL / Pedro Alonso-Hugo Palmarola”, Archdaily, 26 de mayo, 2014. [Online]. Disponible en
https://www.archdaily.co/co/02-364319/panel-pedro-alonso-nil-hugo-palmarola

220


https://colegioarquitectos.com/noticias/?p=5300
http://www.andresbrignardello.blogspot.com/2010/12/kpd-nuevo-documental-de-andres.html
http://www.andresbrignardello.blogspot.com/2010/12/kpd-nuevo-documental-de-andres.html
https://www.archdaily.co/co/02-364319/panel-pedro-alonso-nil-hugo-palmarola

Socarras Cordobi / INGE CUC, vol. 18, no. 2, pp. 209-222. July - December, 2022

[5] Y. Socarrasy E. Alvarez, “Factores causantes de dafios potenciales en el Gran Panel Soviético,” presen-
tado al VI Jornada Internacional de Ingenigria Civil, UNAICC, HO, CU, 20-23 Nov. 2019.

[6] Y. Socarras-Cordovi, L. Gonzalez-Diaz, E. Alvarez-Deulofeu, M. Gonzalez-Fernandez, E. Roca-Fernan-
dez & R.Torres-Shoembert, “Valuation of the Durability of the Concrete Used in the Precast Great So-
viet Panel System”, Rev. Fac. Ing., vol. 29, no. 54, pp. 1-20, Dec. 2019. https://doi.org/10.19053/01211129.
v29.n54.2020.10486 )

[7] Y. Socarras-Cordovi, L. Gonzalez-Diaz, E. Alvarez-Deulofeu, M. Gonzalez-Fernandez y E. Roca-Fer-
nandez, “Evaluacion de la calidad del hormigén en edificaciones construidas con el sistema prefabricado
gran panel soviético”, TQ, vol. 40, no. 2, pp. 264-277, Sept. 2019. https://tecnologiaquimica.uo.edu.cu/
index.php/tq/article/view/5149

[8] Y. Socarras, E. Alvarez y E. Moreno, “Repercusiones de las contravenciones estructurales e incremen-
to de peso en el Sistema Gran Panel Soviético en Santiago de Cuba”, ROP, no. 3623. pp.74—82, Sept.
2020. Recuperado de https://idus.us.es/bitstream/handle/11441/103705/2020_ROP-septiembre_3623-
Leon-Gamiz.pdf?sequence=1&isAllowed=y

[9] Y. Socarras-Cordovi, E. Alvarez-Deulofeu & F. Lora-Alonso, “Forecasts on the seismic behavior of buil-
dings constructed with the Great Soviet Panel”, DYNA, vol. 88, no. 216, pp. 145-151, Jun. 2020. https:/
doi.org/10.15446/dyna.v88n216.87946

[10] Y. Socarras-Cordovi, E. Alvarez-Deulofeu & F. Lora-Alonso, “Changes in the fundamental periods of
buildings constructed with the great soviet panel”’, ESTOA, vol. 10, no. 19, pp. 220-235, Jan. 2021.
https://do1.org/10.18537/est.v010.n019.a12

[11] Y. Socarras-Cordovi, E. Alvarez-Deulofeu y L. Galban-Rodriguez, “Comportamiento sismico de edifi-
cios del sistema prefabricado Gran Panel Soviético en relaciéon a factores del suelo”, M&G, vol. 37, no.
2, pp. 214-230, Abr. 2021. Disponible en http://revista.ismm.edu.cu/index.php/revistamg/article/view/
artl_No2_ 2021

[12] Y. Socarras y E. Alvarez, “Problematica actual de los edificios Gran Panel Soviético en Santiago de
Cuba,” presentado al VI Evento Nacional: La prefabricaciéon en las Construcciones, CI, CU, Nov.
2018.

[13] A. Carreno, “Estudio de la prefabricacion en concreto reforzado y su influencia en la construccién de
estructuras en Colombia”, Tesis de Maestria, ECI Julio Garavito, BO, CO, 2015. Disponible en https:/
repositorio.escuelaing.edu.co/handle/001/188

[14] Y. Socarras y M. Socarras. “Patologias en Edificios construidos con el Gran Panel IV en Caimanera”,
presentado al VI Conferencia Internacional de Peligrosidad, Riesgo Geoldgico e Ingenieria Sismica vy
Desastres, SISMOS, SC, CU, Jun. 2016.

[15] S. Fernandez, “Corrosiéon de armaduras en el hormigén armado en ambiente marino aéreo,” tesis docto-
ral, ETSI, UPM, MAD, ES, 2016. https://doi.org/10.20868/UPM.thesis.39374

[16] P. Tejera, y O. Alvarez, Conservacion de Edificaciones. HAB, CU: Editorial Universitaria Félix Varela,
2013.

[17] J. Marquez, “Mecanismos de Biodeterioro del Concreto Reforzado,” presentado a la II Semana Inter-
nacional. X Semana de Ciencia, Tecnologia e Innovacion, UFPS, CUC, CO, 20-23 Oct. 2015. Disponible
en http://repositorio.ufps.edu.co/handle/ufps/6393

[18] R. Berenguer, J. Ramos, F. Carneiro, E. Monteiro, F. Silva, & R. De Oliveira, “Discussion on Patholo-
gical Manifestations in Reinforced Concrete Buildings and Their Relations with the Construction Pro-
cess”, EJGE., vol. 21, no. 11, pp. 4163—4178, 2016.

[19] E. Maldonado-Bandala, D. Nieves-Mendoza, J. Vela-Jimenez y P. Castro-Borges, “Evaluacion de proble-
mas patologicos asociados a carbonatacién y sulfatos en una torre de concreto con mas de 50 anos de
servicio”’, Rev. ALCONPAT, vol. 8, no. 1, pp. 94-107, Dic. 2017. http://dx.doi.org/10.21041/ra.v811.284

[20] H. Lima, R. Ribeiro, A. Palhares, y G. Melo, “Analisis de manifestaciones patoldgicas del concreto en
viaductos urbanos”, Rev. ALCONPAT, vol. 9, no. 2, pp. 247-259, Abr. 2019. https://doi.org/10.21041/
ra.v9i2.308

[21] J. De Morais, A. Da Silva, E. Barboza, E. Da Silva & B. De Oliveira, “Analysis of pathological manifes-
tations in reinforced concrete structures: a review”, RSD, vol. 9, no. 7, pp. 1-32, Jun. 2020. https://doi.
org/10.33448/rsd-v917.4964

[22] Normas para la Rehabilitacion Sismica de edificios de concreto danados por el Sismo del 19 de septiem-
bre de 2017, Gobierno CDMX, SEDUVI, CDMX, MX, 2017. Recuperado de http:/www3.contraloriadf.
gob.mx/prontuario/index.php/normativas/Template/ver_mas/65825/39/1/

[23] Gobierno de Chile, DA, Ficha de evaluaciéon de danos para inspeccion rapida de edificios pablicos, Ficha,
MOP, STGO, CL, 2014. Recuperado de https://arquitectura.mop.gob.cl/emergencias/Documents/Ficha_
Evaluacion_Danos_Inspeccion_Rapida_Edificios_ Publicos.pdf

[24] J. Andrade, M. Ponton, A. Robalino, T. Sanchez, F. Moya y PCH, Inspeccién y Evaluacion Rapida de
Estructuras Post-Evento Sismico. QUI, EC: SGR, PNUD, ECHO. 2016. Recuperado de https://biblio.
flacsoandes.edu.ec/libros/digital/56734.pdf

[25] E. Hurtado, “Fichas de lesiones tipicas de darnos por terremotos en inmuebles Para uso con Ficha de
Inspeccion Rapida Desarrollada por la Direccion de Arquitectura”, dossier, Sub Depto Ing Const, DEPU,
DA, MOP, STGO, CL, 2014. Recuperado de https:/arquitectura.mop.gob.cl/emergencias/Documents/
Guia_de_lesiones_inspeccion_rapida_edificacion.pdf

[26] NEHRP Guidelines for the Seismic Rehabilitation of Buildings, FEMA 273, Federal Emergency Mana-
gement Agency, FEMA, WAS. D.C., DC, USA, 1997. Available from https:/www.scinc.co.jp/nanken/pdf/
fema273.pdf

221


https://doi.org/10.19053/01211129.v29.n54.2020.10486
https://doi.org/10.19053/01211129.v29.n54.2020.10486
https://tecnologiaquimica.uo.edu.cu/index.php/tq/article/view/5149
https://tecnologiaquimica.uo.edu.cu/index.php/tq/article/view/5149
https://idus.us.es/bitstream/handle/11441/103705/2020_ROP-septiembre_3623-Leon-Gamiz.pdf?sequence=1&isAllowed=y
https://idus.us.es/bitstream/handle/11441/103705/2020_ROP-septiembre_3623-Leon-Gamiz.pdf?sequence=1&isAllowed=y
https://doi.org/10.15446/dyna.v88n216.87946
https://doi.org/10.18537/est.v010.n019.a12
http://revista.ismm.edu.cu/index.php/revistamg/article/view/art1_No2_2021
http://revista.ismm.edu.cu/index.php/revistamg/article/view/art1_No2_2021
https://repositorio.escuelaing.edu.co/handle/001/188
https://repositorio.escuelaing.edu.co/handle/001/188
https://doi.org/10.20868/UPM.thesis.39374
http://repositorio.ufps.edu.co/handle/ufps/6393
http://dx.doi.org/10.21041/ra.v8i1.284
https://doi.org/10.21041/ra.v9i2.308
https://doi.org/10.21041/ra.v9i2.308
https://doi.org/10.33448/rsd-v9i7.4964
http://www3.contraloriadf.gob.mx/prontuario/index.php/normativas/Template/ver_mas/65825/39/1/
http://www3.contraloriadf.gob.mx/prontuario/index.php/normativas/Template/ver_mas/65825/39/1/
https://arquitectura.mop.gob.cl/emergencias/Documents/Ficha_Evaluacion_Danos_Inspeccion_Rapida_Edifi
https://arquitectura.mop.gob.cl/emergencias/Documents/Ficha_Evaluacion_Danos_Inspeccion_Rapida_Edifi
https://biblio.flacsoandes.edu.ec/libros/digital/56734.pdf
https://biblio.flacsoandes.edu.ec/libros/digital/56734.pdf
https://arquitectura.mop.gob.cl/emergencias/Documents/Guia_de_lesiones_inspeccion_rapida_edificacion.pdf
https://arquitectura.mop.gob.cl/emergencias/Documents/Guia_de_lesiones_inspeccion_rapida_edificacion.pdf
https://www.scinc.co.jp/nanken/pdf/fema273.pdf
https://www.scinc.co.jp/nanken/pdf/fema273.pdf

EVALUATION OF POTENTIAL SEISMIC DAMAGE IN THE GREAT SOVIET PANEL PRECAST SYSTEM

[27] Seismic Evaluation and Retrofit of Existing Buildings, ASCE/SEI 7-05, American Society of Civil En-
gineers, ASCE, RST, VG, USA. 2013. Available: https://ascelibrary.org/doi/epdf/10.1061/9780784412855

[28] C. Moreno, “Analisis de dafios estructurales causados por sismos en escuelas publicas de Republica Do-
minicana: reparaciéon y propuesta de mejora de elementos estructurales de hormigén armado antes y
después de un sismo,” Tesis de Maestria, ETSAB, UPC, BAR, ES, 2014. Disponible en http://hdl.handle.
net/2099.1/24633

[29] M. Moufid, F. Nazri & E. Norrozinejad, “The seismic vulnerability assessment methodologies: A state-of-
the-art Review”, ASEJ, vol. 11, no. 4, pp. 849—864, Dec. 2020. https://doi.org/10.1016/j.ase).2020.04.001

[30] Y. Socarras y E. Alvarez. “Pautas ineludibles para evaluar la vulnerabilidad sismica de edificaciones
prefabricadas,” presentado al VI Evento Nacional: La prefabricacién en las Construcciones, CI, CU, Jul.
2021.

[31] T. Aksu, A. Kurtbeyoglu, M. Borekci, B. Zengin & A. Kocak, “Effect of shear wall on seismic perfor-
mance of RC frame buildings”, Eng Fail Anal, vol. 100, pp. 60-75, Nov. 2017. https://doi.org/10.1016/;.
engfailanal.2019.02.032

[32] F. Yerlikaya-Ozkurt & A. Askan, “Prediction of potential seismic damage using classification and re-
gression trees: a case study on earthquake damage databases from Turkey”, Nat Hazards, vol. 103, no.
3, pp. 3163-3180, Jun. 2020. https://do1.org/10.1007/s11069-020-04125-2

[33] E. Alvarez, Metodologia avanzada para mitigar danos sismicos en edificios: Introduccion de Sistemas
Constructivos Prefabricados en Zonas de Alta Peligrosidad Sismica. SCN, DE: EAE, 2012.

[34] Building Code Requirements for Structural Concrete, ACI 318-19, American Concrete Institute,
ACI, FARM. HL, MI, USA, 2019. Available from https:/www.concrete.org/Portals/0/Files/PDF/Pre-
views/318-19_preview.pdf

[35] Y. Socarras. “Procedimiento para la evaluacion de danos sismicos potenciales en el sistema prefabricado
Gran Panel Soviético,” Disertacion Doctoral, Fac Const, UO, SC, CU, 2020.

[36] B. Lewicki, Edificios de viviendas prefabricadas con elementos de grandes dimensiones. WAR, PL:
Wydawnictwo ARKADY, 1968.

[37] S. Polyakov, Design of earthquake resistant structures. MOW, RU: MIR Publishers, 1983.

[38] A. Chopra, Dinamica de Estructuras. CDMX, MX: Pearson Educacion, 2014.

Yamila Concepcion Socarras Cordobi. Graduated from Civil Engineering. Master of Sci-
ence. Doctor of Technical Sciences, all of them from the University of Oriente (Cuba). From
1992 to 2001 he worked in the Company of Various Works Projects, initially attached to the
State Committee for Economic Collaboration and later to the Ministry of Construction. From
2001 to date she is a professor at the Universidad de Oriente. Currently belongs to the Faculty
of Construction. His research interests include: precast, earthquake resistant structures, and
construction pathology. https://orcid.org/0000-0002-3198-3543

222


https://ascelibrary.org/doi/epdf/10.1061/9780784412855
http://hdl.handle.net/2099.1/24633
http://hdl.handle.net/2099.1/24633
https://doi.org/10.1016/j.asej.2020.04.001
https://doi.org/10.1016/j.engfailanal.2019.02.032
https://doi.org/10.1016/j.engfailanal.2019.02.032
https://doi.org/10.1007/s11069-020-04125-2
https://www.concrete.org/Portals/0/Files/PDF/Previews/318-19_preview.pdf
https://www.concrete.org/Portals/0/Files/PDF/Previews/318-19_preview.pdf
https://orcid.org/0000-0002-3198-3543

	_GoBack

