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Abstract

The settlement of structures in low compressibility soils, in regulating vessels, has
an impact on the degradation of structural integrity in reinforced concrete buildings,
due to the severe seismic load; drastically altering the distribution of stresses, due to
the inability of the structure to withstand seismic displacements, in response, structural
failures of settlements, fissures, fractures, tension, bending, torsion occur, due to the loss
of hypoplasticity. Furthermore, the depth of vertical displacement of the buildings seated
in regulating vessels generates the dimensions of width and thickness of the cracks with
incidences of fractures that are indications of unstable stresses, at which the structure
was analyzed, presenting the critical level state collapse in structural disaster, due to high
structural risk, causing loss of life and considerable material costs. This work is based on
the Ansys methodology, for the analysis of the intensity of efforts and the rate of energy
release, which generates the structural displacement of the building due to the action of
seismic excitation, dissipating in seam due to the tensions and compressions to quantify the
stochastic probability of severe risks of buildings displaced in regulatory vessels. Results
show that the stochastic probability of disaster occurrence of buildings seated in regulatory
vessels due to seismic action is 66.56 %, and it is also demonstrated that the displacement
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reinforcement is insufficient due to the energy release rate of the building.
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Introduction

In ancient and modern times, several constructions, such as large
monuments, towers, cathedrals; were built on soils not appropriate to
their loads, representing causes of settlements in their supports being
one of the most complex problems to solve, with loss of stability of
the structure. In spite of the advances obtained in soil mechanics and
structural engineering, these problems continue to persist, being the
fracture of soils the most common cause of settlements in buildings
due to the excess of load that it supports, causing the displacement of
the structures; in tendencies to cracking and fissure in its structural
elements. The filling of regulating vessels could cause damages,
economic losses and in some cases loss of human lives, due to
structural collapse by settlements. The collapse of a structure is the
loss of capacity to support the gravitational action, as a response to
the exhaustion of the resistance of the material; as what happened
with the 2017 earthquake, which caused the collapse of 46 structures
in Mexico City with 219 deaths; since these structures were deployed
in artificially filled soils as a result of the urban development of the
city.!”

Structural robustness and resilience has been demonstrated
in the structures deployed in filled regulating vessels in the face
of a catastrophic event, natural of an earthquake that has been
inappropriate to set a minimum safety level of these constructions;
due to the large deformations and the non-linearity of the materials as
a consequence of the stresses exceeding their resistant capacity, which
define the level of structural safety. There are insufficient studies of the
constructions deployed in regulating vessels, where the performance
of the structures predominates negatively and places the population
in high danger due to the filling of the regulating vessels, of which
its behavior before the seismic impact in the buildings constructed
of reinforced concrete is complex, It is worth mentioning that the
last seismic catastrophes have exposed their seismic vulnerability
due to the deficiency of the design criteria and the construction

practices used. The seismic vulnerability of reinforced concrete
constructions are exposed to the predisposition to suffer damage due
to seismic occurrence; vulnerability is necessary for the knowledge
of seismic risk and seismic disaster mitigation; seismic risk is the
degree of expected loss suffered by structures during the period of
the useful life of the structure that remains exposed to seismic action,
usually the seismic capacity of a structure is estimated by non-linear
static analysis; seismic disaster affects large populations producing
social inequality.*'> The objective of this work is to contribute and
consolidate the knowledge of the structural integrity of reinforced
concrete buildings, deployed in regulating vessels subject to seismic
action and to know the structural fragility to avoid costly maintenance,
in addition to their resistance and ductility of the structures.

Mathematical analysis of filled regulatory
vessels

Clay coated regulating vessel

Flood control is a global and historically considered challenge.
Development in flood areas increases economic damages and puts
the health and safety of inhabitants at risk. The earth’s structure has
geographic contours that exhibit an innate center. In this innate center,
rainfall has the effect of changing the environment, bringing about
new conditions. The consequence of this pluvial precipitation triggers
runoff from the elevated areas to the low areas; causing the formation
of different volumes of water, such as streams and from these the
rivers, with the diversity of conditions of the terrestrial area in the
formation of lakes and lagoons; regulating the flow of water. This flow
of water when passing over volumes of water to lakes and lagoons;
causes abnegations; from which arises the need for the construction of
the regulating vessel, as the catchment to contain and regulate the flow
of water that by the orography of the valley are channeled naturally,
otherwise it would cause enormous damage to the surroundings of
human settlements. A regulating basin is a rainwater collector as an
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essential drainage system, channeling them to prevent the abnegation
of certain areas in times of rain, thus avoiding flooding, minimizing
damage to businesses, homes and roads, Figure 1 shows the schematic
shape of the regulating basin.'¢"?

Water level

Regulating vessel

Figure | River regulating vessel.

Economic change in a region is very robust and has significant
social and environmental consequences. As a result of these changes,
there is an accelerated demographic and urban growth with the
consequence of the expansion of the urban sprawl towards lands
vulnerable to flooding, the emergence of areas of high socioeconomic
marginality, invasion of private and public land by people looking for
spaces to build houses or fill water bodies and buffer areas also called
regulating vessels, which generates an atmosphere of tension and
uncertainty among the population bordering the lagoon bodies, Figure
2 shows the erection of buildings as a solution to the demographic
expansion of the population.?
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Figure 2 Regulating vessel filled to accommodate dwelling.

When filling a body of water, it is exposed to permeability, a term
associated with the conductivity of the PM (Porous Medium) with
respect to a fluid and indicates how easily a fluid flows through a
porous medium. The complexity of the porous medium lies in the
description of a medium where two very different materials coexist.
On the one hand, there is a solid deformable matrix and on the other
hand, the fluid that occupies the pores. According to Darcy the soil
is a permeable material and is expressed by the following equation.

ov
q=—=kid [1]
ot
AH
g=k—A4 [2]
AL
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Where ¢ is the flow rate per unit time, 0V volume variation in a
time differential, Ot time differential, & is the permeability coefficient,
i is the hydraulic gradient, 4 is the area of the section, AH increase in
height of water rising, AL increase in length, see Figure 2.

Permeability in concrete is the exodus of water or other liquid
element through the pores of the material in a defined time. The pores
in concrete determine the environmental exposure of the material and
damages coming from liquids, with more critical consequences to
the corrosion of the constructive steel; in some cases, the condition
of the concrete cooperates to the deterioration phenomenon, leading
to structural restoration or replacement. Darcy’s law shows the
particularity of the displacement of the liquid through the pores.*'*

Hypoplasticity

Volumetric changes induced in expansive clayey soils due to
variations in their moisture content have resulted in significant
structural damage. A reduction in the bearing capacity of the soil
can cause expansion when the soil is saturated. The most susceptible
soils may be normally consolidated clays and silts and certain types
of saturated fills have generated significant structural damage;
hypoplasticity, a theory created in 1977 by Dimitrios Kolymbas,
explains the behavior of soil in a simple tensor relationship without
requiring the elastoplastic theory to explain the same behavior of soil
bearing capacity reduction. Hypoplasticity admits the occurrence of
inelastic deformations from the beginning of the loading process. The
parameters i and ¢ describe the stress-strain curves with constant
strain rate. g It reflects the compression curvature by the following
equation.

ln 61/7

el
p=—"—~ [3]

i Ps/

psl

Where e, is the void ratio of loose material, e, void ratio with
compacted material, 4, vertical displacement by loose material, 4,
vertical displacement by compacted material, p_ pressure load of
loose material, p_, pressure load of compacted material 7 (granular
hardness) is the only constant that has a stress dimension (Figure 3),
the following mathematical expression is shown.?2

h, =3p (pell) [4]
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Figure 3 Compression of the foundation in a filled regulating vessel.
Settlement fracture

On the type of soil of the filled regulating vessel a structure is
placed, it is possible that it suffers settlement due to the load that is
added when expelling the water contained in the pores, as shown in
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Figure 3; in addition, this type of soil has a very low permeability
coefficient of the order of 10-7 cm/sec, the settlement occurs very
slowly. Excessive settlements can cause damage to the structure,
especially if the settlements occur rapidly, such as excessive bending
compression and buckling of the reinforcing steel in the lower bed of
the beams, inclination of the beams in the proximity of their ends due
to diagonal tension with the appearance of cracks due to the inversion
of the reinforcement, inclined cracking of the columns caused by
diagonal tension (Figure 4,5).7%

A

Fracture

Fracture

Fracture

Figure 4 Diagonal settlement stress cracking in beams and columns.
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Figure 5 Proportion of soil fracture by settlement in the structural element.

Where T is the tensile stress of the crack contour, a is the depth
of the crack, b is the thickness of the element, 2« is the length of the
crack, ds is the length of the contour increment, # is the component
of the unit normal vector and o is the stress in the crack. In fracture
mechanics, two methods of cracking are proposed; the energy
criterion, which reveals the cracking which occurs when the energy
available for crack growth is sufficient to overcome the strength of
the material, and the stress intensity, which mentions that cracking
occurs when the stress intensity factor is equal to or greater than the
toughness of the material strength.?%3!

T =0on [5]
Structural integrity

Structural integrity is the part that studies structural safety in
disaster prevention. Being the integrity of a structure, as the ability
to carry out its functions effectively and efficiently in a defined period
of time, without compromising the health, safety of its occupants and
the environment; which comprises a wide range of disciplines such
as: strength of materials, fracture mechanics, inspection techniques,
repair of structural components, adaptable to industries such as power
generation and transportation; referring to the evaluation of defects by
non-destructive testing (NDE); facing the four main failure modes:
fracture-plastic collapse, fatigue, creep and corrosion. The essential
part of fracture mechanics is to define if the crack that appears in
the structural element will remain stable or will be prolonged under
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certain stress condition due to the load, with incidence in the integrity
of the structural element. Figure 6 shows the fracture propagation by
correlation of the soil fracture due to settlement in one of its supports
by the filled regulating vessel, generating tensile stresses in the
structural elements, whose structural mechanical properties lack the
load capacity due to settlement, presenting fractures in its area and
perimeter; the analysis of stresses in the crack tip is proposed as a
plastic zone with a tendency to infinity, because part of the elastic
energy is consumed in the plastic deformation of the material near
the tip, regardless of the magnitude of the applied load (Figure 6).3>3¢
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Figure 6 Fracture propagation by soil settling.

Where G, is the energy release rate, E’is the plane strain
coefficient, E elasticity of the material, v Poisson’s coefficient of the
material, K. is the fracture toughness of the material in plane strain
conditions, B is the thickness of the structural element, C is the elastic
flexibility, P is the tensile load and & is the displacement.>™*
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Critical state of mild collapse

The strengths of structural elements are designed and analyzed
to withstand seismic actions as a safety requirement, in columns or
beams calculated to the limit, retaining their structural integrity and
capacity to withstand residual load after the seismic event. The limit
state of resistance prevents the possibility of collapse of the structure
and the damage that can occur without endangering the lives of its
occupants. Damage such as stress cracking in the structural elements
settled in the backfilled regulating vessel, with the possibility of
suffering settlement due to the load added by expelling the water
content in the pores, generating instability and structural fragility in
the event of any seismic event. Structural fragility is related to seismic
vulnerability and can be quantified by means of fragility curves; and is
defined as the representation of the cumulative distribution function,
of the probability of obtaining or exceeding or exceeding the specific
damage limit state, as a structural response to a seismic action.**

1 Sd
P[ED2 ED,|=®| —.In| ——

Bep Sd g,

Where Sd,,, is the mean spectral shift for which the probability

of exceedance is 50%. £ It is the variability associated with the

damage state, @ it is the”’%umulative standard normal distribution

function, Sd it is the spectral shift. £D It indicates the state of damage

and is defined as: 1 for the state of slight damage, 2 for moderate, 3

for severe and 4 indicates the state of complete damage. The expected

damage in a building depends on its capacity and fragility, although

they are not independent concepts, they are closely related to each
other.

[15]

Results

Table 1 shows the displacements due to seismic action, as well as
the compressive and tensile stresses to which the structural elements
of the building under study are subjected. It is worth mentioning that
these tensile and compressive stresses are obtained from the complete
simulation of the building.

Table | Tensile and compressive stresses due to seismic displacements in
the building

ot (kg- oc(kg- CS (kg-

cm?) cm?) cm?) t(min) A (cm) Kl

28.852 -28.852 1,27735 0.1 0.4791 0.33834688
21.656 -21.656 1,276.73 0.2 0.4631 0.4782464
21.655 -21.655 1,19269 0.3 0.4471 0.58542617
21.655 -21.655 1,17402 04 04312 0.67564189
21.655 -21.655 1,099.66 0.5 0.4152 0.75499993
21.655 -21.655 804.22 0.6 0.3992 0.82663377
21.654 -21.654 792.76 0.7 0.3833 0.89240586
21.653 -21.653 751.21 0.8 0.3673 0.95353037
21.653 -21.653 741.83 0.9 0.3513 1.01085114
21.653 -21.653 741.74 1.0 0.3354 1.06498289
21.653 -21.653 734.20 I.1 0.3194 1.11638997
21.652 -21.652 719.46 1.2 0.3034 1.16543331
21.652 -21.652 719.45 1.3 0.2874 1.2124001 |
18.872 -18.872 719.32 1.4 0.2715 1.25752337
18.823 -18.823 718.58 1.5 0.2555 1.30099522
17.887 -17.887 710.12 1.6 0.2395 1.34297632
17.736 -17.736 709.36 1.7 0.2236 1.38360265
17.654 -17.654 708.84 1.8 0.2076 1.42299052
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The building under study, being subjected to stresses due to
seismic action and specifically in regulating vessels, these have
unstable tendencies in principle as shown in Figure 8, of which
being housed the structure in the type of soft soil, there is a slight
instability curve of which as the stresses increase, its displacement
grows polynomially, as can be seen in the equation of compressive
stress and the least squares in the range of 0. 92 %, which in Figure
4 and 5, show the structural instability in this type of soft soil, which
does not rule out the possibility of the appearance of cracks in the
elements that degrade the structural integrity and therefore the risk
of a possible structural disaster as shown in Figure 7, the plastic
deformation of the structure in its structural buckling, as shown in
Figure 9, the intensity of deformation and crack growth due to stress
subsidence, this stress subsidence is the very representation of the
stress intensity that guarantees the structural integrity as shown in
Figure 10; However, this integrity is totally uncertain in these types of
soil due to the porosity according to Darcy’s law, as shown in Figure
10. As time goes by and the structure is exposed to seismic action,
the resistance of the structural elements decreases until cracks appear
because the structural elements that make up the building exceed their
safety limit state as shown in Figure 11; The probabilistic tendency of
slight collapse is in the order of 0.45 probability as shown in the bell;
when the structure is subjected to the seismic force, a slight drastic
impulse is observed that tends to grow from 0.66 impulse generated
by its seismic spectrum as a structural response to seismic action, as
shown in Figure 12. 66 of impulse that is generated by its seismic
spectrum as a structural response to the seismic action, as shown in
Figure 12, with the spectrum, slightly presents at the beginning a
curve of the order of 1.8 which indicates that the structure is housed in
an extremely unstable soil as shown in the structural seismic response
due to its growing period with the lateral tension stress.
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Figure 7 Building model generated by the ANSYS software.
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Figure 8 Deformation in structural elements.
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Figure 11 Structural safety response to seismic action in regulating vessel.

SESMIC PECTRUM INREGULATING VESSEL STRUCTURAL SEISMICRESPONSE

18
16

sagm/=)
Pariod (s)

perod(s) at (kg-m')
Figure 12 Structural seismic response in regulating vessels

Conclusion

It is concluded that the structural integrity of buildings that
are deployed in regulating vessels are seriously in a critical state
of risk with a tendency to disaster, as shown in Figure 7 and with
a probability of failure presenting damages ranging from fissures,
cracks, settlements of foundations, as shown in Figure 11, of which
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a probability of failure of 66.56% is estimated in its elements,
which could present sudden total collapse. This work is developed
with the purpose of contributing and consolidating the knoswledge
of the structural integrity of reinforced concrete buildings deployed
in regulating vessels; more research is necessary to strengthen and
enrich the results that, among others, invite reflection.

Acknowledgments

We are grateful for the support of the Universidad Juarez Autonoma
de Tabasco and people who directly and indirectly participated/
contributed and facilitated the development of this research.

References

1. Burland J, Wroth C. Settlement of Buildings and Associated Damage.
Building Research Establishment; 1965.

2. Jazcilevich Diamant A, Siebe C, Estrada C, et al. Boletin de la Sociedad
Geologica Mexicana. Bol Soc Geol Mex. 1904;67:145-166.

3. Rivera Vazquez I. Determinacion de asentamientos tedricos en rellenos
sanitarios. Repositorio Institucional del Instituto Tecnolégico de Costa
Rica.

4. Galvis F, Miranda E, Heresi P, et al. Preliminary statistics of collapsed
buildings in Mexico City in the September 19, 2017 Puebla—Morelos ear-
thquake. Department of Civil and Environmental Engineering, Stanford
University.

5. Buendia Sanchez LM, Reinoso Angulo E, Buendia Sanchez LM, et al.
Analisis de los dafos en viviendas y edificios comerciales durante la
ocurrencia del sismo del 19 de septiembre de 2017. Rev Ing Sismica.
2019:19-35.

6. Toirac J. Patologia de la construccion: grietas y fisuras en obras de hormi-
gon; origen y prevencion. Cienc Soc. 2004;29:72—-114.

7. Hernandez F, Astroza R, Ochoa Cornejo F, et al. Razones estructurales del
colapso de edificios debido al terremoto de Puebla—Morelos (Mw 7.1).
Congreso Chileno de Sismologia e Ingenieria Sismica; 4.

8. Adam JM, Parisi F, Sagaseta J, et al. Research and practice on progressive
collapse and robustness of building structures in the 21st century. Eng
Struct. 2018;173:122-149.

9. Fernandez Sola LR, Avilés Lopez J. Revista de Ingenieria Sismica Méxi-
co. Ing Sismica. 2002:71-90.

10. Tena A, Juarez G, Ruiz M, et al. Revision de la seguridad sismica de un
edificio de concreto reforzado de mediana altura fuertemente irregular
existente en la Ciudad de México. Rev Int Ing Estructuras. 22.

11. Pérez—Gavilan JJ, Aguirre J, Ramirez L, et al. Sismicidad y seguridad
estructural en las construcciones: lecciones aprendidas en México. Salud
Publica Mex. 2018;60:41.

12. Caicedo Caicedo C, Barbat HA, Canas Torres JA, et al. Vulnerabilidad
sismica de edificios. Barcelona; 1994.

13. Moreno Gonzalez R, Bairan Garcia JM. Revista de la Facultad de Inge-
nieria. Rev Fac Ing Univ Cent Venez. 198AD;25:61-71.

14. Velazquez Gutiérrez M, Velazquez Gutiérrez M. Desastres sociales: sis-
mos, reconstruccion e igualdad de género. Rev Mex Sociol. 2018;80:149—
158.

15. Bradshaw S. Gender, Development and Disasters. Edward Elgar Publish-
ing; 2013.

16. Rippl W. The capacity of storage-reservoirs for water—supply (including
plate). Minutes Proc Inst Civ Eng. 1883;71:270-278.

17. Ferguson BK. Introduction to storm water: concept, purpose, design. 1st
ed. United States of America; 1998.

Citation: Rodriguez AJ, Hernandez JLF. Analysis of the structural integrity of a reinforced concrete building placed on regulating vessels. Phys Astron Int |.

2025;9(3):208-213. DOI: 10.15406/paij.2025.09.00390


https://doi.org/10.15406//paij.2025.09.00390
https://trid.trb.org/View/29202
https://trid.trb.org/View/29202
https://www.biodiversitylibrary.org/bibliography/44233
https://www.biodiversitylibrary.org/bibliography/44233
https://core.ac.uk/download/pdf/61000729.pdf
https://core.ac.uk/download/pdf/61000729.pdf
https://core.ac.uk/download/pdf/61000729.pdf
https://learningfromearthquakes.org/resources/preliminary-statistics-of-collapsed-buildings-in-mexico-city-in-the-september-19-2017-puebla-morelos-earthquake/
https://learningfromearthquakes.org/resources/preliminary-statistics-of-collapsed-buildings-in-mexico-city-in-the-september-19-2017-puebla-morelos-earthquake/
https://learningfromearthquakes.org/resources/preliminary-statistics-of-collapsed-buildings-in-mexico-city-in-the-september-19-2017-puebla-morelos-earthquake/
https://learningfromearthquakes.org/resources/preliminary-statistics-of-collapsed-buildings-in-mexico-city-in-the-september-19-2017-puebla-morelos-earthquake/
https://smis.mx/index.php/RIS/article/view/RIS-101-2
https://smis.mx/index.php/RIS/article/view/RIS-101-2
https://smis.mx/index.php/RIS/article/view/RIS-101-2
https://smis.mx/index.php/RIS/article/view/RIS-101-2
https://www.redalyc.org/pdf/870/87029104.pdf
https://www.redalyc.org/pdf/870/87029104.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0141029618306849
https://www.sciencedirect.com/science/article/abs/pii/S0141029618306849
https://www.sciencedirect.com/science/article/abs/pii/S0141029618306849
https://www.redalyc.org/revista.oa?id=618
https://www.redalyc.org/revista.oa?id=618
https://journal.espe.edu.ec/ojs/index.php/riie/article/view/647
https://journal.espe.edu.ec/ojs/index.php/riie/article/view/647
https://journal.espe.edu.ec/ojs/index.php/riie/article/view/647
https://www.saludpublica.mx/index.php/spm/article/view/9300
https://www.saludpublica.mx/index.php/spm/article/view/9300
https://www.saludpublica.mx/index.php/spm/article/view/9300
https://upcommons.upc.edu/entities/publication/ab0f3a78-316f-461c-8863-9c43a0588e48
https://upcommons.upc.edu/entities/publication/ab0f3a78-316f-461c-8863-9c43a0588e48
https://revistas.uptc.edu.co/index.php/ingenieria
https://revistas.uptc.edu.co/index.php/ingenieria
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0188-25032018000500149
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0188-25032018000500149
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0188-25032018000500149
https://www.emerald.com/jmipi/article-abstract/71/1883/270/414156/THE-CAPACITY-OF-STORAGE-RESERVOIRS-FOR-WATER?redirectedFrom=fulltext
https://www.emerald.com/jmipi/article-abstract/71/1883/270/414156/THE-CAPACITY-OF-STORAGE-RESERVOIRS-FOR-WATER?redirectedFrom=fulltext
https://www.wiley.com/en-ae/Introduction+to+Stormwater%3A+Concept%2C+Purpose%2C+Design+-p-9780471165286
https://www.wiley.com/en-ae/Introduction+to+Stormwater%3A+Concept%2C+Purpose%2C+Design+-p-9780471165286

Analysis of the structural integrity of a reinforced concrete building placed on regulating vessels

18.

20.

21.

22.

23.

24.

25.

26.
217.

28.

29.

30.
31.

Hung YT, Aziz HA, Murshed MF. Stormwater management planning and
design. In: Handbook of Environment and Waste Management. World
Scientific; 2012:405-429.

. Porse E. Risk-based zoning for urbanizing floodplains. Water Sci Tech-

nol. 2014;70:1755-1763.

Capdepont—Ballina JL, Marin—Olan P. La economia de Tabasco y su
impacto en el crecimiento urbano de la ciudad de Villahermosa (1960—
2010). LiminaR. 2014;12:144—-160.

Das B. Soil Mechanics Laboratory Manual. Austin, TX; 1997.

Torres J, Mejia de Gutiérrez R, Puertas F. Effect of kaolin treatment tem-
perature on mortar chloride permeability. Mater Construcc. 2007;57:61—
69.

Keck R. Improving concrete durability with cementitious materials. Con-
cr Int. 2001;23:47-51.

Rodriguez PCA. Un método simplificado de prediccion de hinchamien-
to de arcillas expansivas debido a cambios de humedad. Obras Proy.
2020:35-44.

Raman V. Identification of expansive soils from the plasticity index and
the shrinkage index data. Indian Eng. 1967;11:17-22.

Kolymbas D. Introduction to Hypoplasticity. CRC Press; 2000.

Duncan JM. Limitations of conventional analysis of consolidation settle-
ment. J Geotech Eng. 1993;119:1333-1359.

Sanhueza C, Palma J, Valenzuela P, et al. Evaluacion del comportamien-
to geotécnico de suelos volcanicos chilenos para su uso como material
de filtro en la depuracion de aguas residuales domésticas. Rev Constr.
2011;10:66-81.

Franco MF, Cuestas GA, Rinaldi V. Estudio de permeabilidad en limos
loéssicos.

Arana JL, Gonzalez JJ. Mecanica de fractura. 2002.

Irwin GR. Analysis of stresses and strains near the end of a crack travers-
ing a plate. J Appl Mech. 1957;24:361-364.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Copyright:

©2025 Rodriguez etal. 213

American Society of Civil Engineers (ASCE). Minimum Design Loads
for Buildings and Other Structures. Reston, VA; 2010.

Codigo Técnico de la Edificacion (CTE). 2019.

Gayton N, Mohamed A, Sorensen JD, et al. Calibration methods for reli-
ability—based design codes. Struct Saf. 2004;26:91-121.

Félix JL. Seguridad e integridad estructural de plataformas marinas. Insti-
tuto Politécnico Nacional; 2011.

Alvarez JA, Gutiérrez—Solana F, Ciceron S. Evaluacion de la integridad
estructural de componentes frente a procesos de fisuracion inducida por
el ambiente. An Mec Fractura. 2006;2:440-445.

Vargas M, Silveira T, TSEC—Brasil, et al. Metodologia para el analisis
de integridad estructural de rodetes Pelton en la central de San Carlos/
ISAGEN (Colombia). Rev CIER. 2008;15:31-36.

Webster S, Bannister A. Structural integrity assessment procedure
for Europe — overview of the SINTAP programme. Eng Fract Mech.
2000;67:481-514.

Hernandez JLF, Alvarado—Corona R, Mota—Hernandez CI, et al. Analisis
estructural de integridad en puente por carga lateral sismica. Acta Nova.
2018;8:593-603.

Broek D. Elementary Engineering Fracture Mechanics. 3rd ed. 1984.

Pérez G, Hernandez A, Martin P, et al. Revision de las investigaciones del
colapso progresivo. Cienc Constr. 2021;2:6-20.

Ibarra LF, Krawinkler H. Global collapse of frame structures under seis-
mic excitations. 2005.

Federal Emergency Management Agency (FEMA). Guidelines for the
Seismic Rehabilitation of Buildings. Washington, DC; 1996.

Federal Emergency Management Agency (FEMA). Commentary on the
Guidelines for the Seismic Rehabilitation of Buildings. Washington, DC;
1997.

Citation: Rodriguez AJ, Hernandez JLF. Analysis of the structural integrity of a reinforced concrete building placed on regulating vessels. Phys Astron Int |.
2025;9(3):208-213. DOI: 10.15406/paij.2025.09.00390


https://doi.org/10.15406//paij.2025.09.00390
https://www.worldscientific.com/doi/abs/10.1142/9789814327701_0011?srsltid=AfmBOooGLmwlF3asM9bFww410A8TzX5HbQERiDG9WVFGlJZJM7klEjnE
https://www.worldscientific.com/doi/abs/10.1142/9789814327701_0011?srsltid=AfmBOooGLmwlF3asM9bFww410A8TzX5HbQERiDG9WVFGlJZJM7klEjnE
https://www.worldscientific.com/doi/abs/10.1142/9789814327701_0011?srsltid=AfmBOooGLmwlF3asM9bFww410A8TzX5HbQERiDG9WVFGlJZJM7klEjnE
https://iwaponline.com/wst/article-abstract/70/11/1755/18505/Risk-based-zoning-for-urbanizing-floodplains?redirectedFrom=fulltext
https://iwaponline.com/wst/article-abstract/70/11/1755/18505/Risk-based-zoning-for-urbanizing-floodplains?redirectedFrom=fulltext
https://www.scielo.org.mx/scielo.php?pid=S1665-80272014000100010&script=sci_abstract
https://www.scielo.org.mx/scielo.php?pid=S1665-80272014000100010&script=sci_abstract
https://www.scielo.org.mx/scielo.php?pid=S1665-80272014000100010&script=sci_abstract
https://materconstrucc.revistas.csic.es/index.php/materconstrucc/article/view/39
https://materconstrucc.revistas.csic.es/index.php/materconstrucc/article/view/39
https://materconstrucc.revistas.csic.es/index.php/materconstrucc/article/view/39
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0718-28132020000200035
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0718-28132020000200035
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0718-28132020000200035
https://ascelibrary.org/doi/10.1061/%28ASCE%290733-9410%281993%29119%3A9%281333%29
https://ascelibrary.org/doi/10.1061/%28ASCE%290733-9410%281993%29119%3A9%281333%29
https://www.scielo.cl/scielo.php?pid=S0718-915X2011000200007&script=sci_abstract
https://www.scielo.cl/scielo.php?pid=S0718-915X2011000200007&script=sci_abstract
https://www.scielo.cl/scielo.php?pid=S0718-915X2011000200007&script=sci_abstract
https://www.scielo.cl/scielo.php?pid=S0718-915X2011000200007&script=sci_abstract
https://asmedigitalcollection.asme.org/appliedmechanics/article-abstract/24/3/361/1111028/Analysis-of-Stresses-and-Strains-Near-the-End-of-a?redirectedFrom=fulltext
https://asmedigitalcollection.asme.org/appliedmechanics/article-abstract/24/3/361/1111028/Analysis-of-Stresses-and-Strains-Near-the-End-of-a?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/abs/pii/S0167473003000249
https://www.sciencedirect.com/science/article/abs/pii/S0167473003000249
http://sg.cier.org.uy/Publicaciones/Revista.nsf/0a293b20eacdf8a903257133003ea67d/6ca3e107578233388325740a00663bad/$FILE/05_MetodologiaparaelAnalisis.pdf
http://sg.cier.org.uy/Publicaciones/Revista.nsf/0a293b20eacdf8a903257133003ea67d/6ca3e107578233388325740a00663bad/$FILE/05_MetodologiaparaelAnalisis.pdf
http://sg.cier.org.uy/Publicaciones/Revista.nsf/0a293b20eacdf8a903257133003ea67d/6ca3e107578233388325740a00663bad/$FILE/05_MetodologiaparaelAnalisis.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0013794400000709
https://www.sciencedirect.com/science/article/abs/pii/S0013794400000709
https://www.sciencedirect.com/science/article/abs/pii/S0013794400000709
http://www.scielo.org.bo/scielo.php?script=sci_abstract&pid=S1683-07892018000200007&lng=es&nrm=iso
http://www.scielo.org.bo/scielo.php?script=sci_abstract&pid=S1683-07892018000200007&lng=es&nrm=iso
http://www.scielo.org.bo/scielo.php?script=sci_abstract&pid=S1683-07892018000200007&lng=es&nrm=iso

	Title
	Abstract 
	Keywords
	Introduction 
	Mathematical analysis of filled regulatory vessels
	Clay coated regulating vessel 
	Hypoplasticity 
	Settlement fracture  
	Structural integrity 
	Critical state of mild collapse 

	 Results  
	Conclusion 
	Acknowledgments 
	References 
	Figure 1-12
	Table 1

