Journal of Physics: Conference Series

PAPER « OPEN ACCESS You may also like

Analysis of the application of physics in the design 'D_PXO'L%“S??%%‘TL?L?ZL' L‘l’;rire_“s%'Lfg"?J?EL“é
internet of things application

and construction of architectural projects. The Ar Bimo Prakoso, Rusl, Jianxiong Wang
Eiffel Tower

- Sensor placement on Canton Tower for
health monitoring using asynchronous-

climb monkey algorithm
To cite this article: J D Gonzalez-Aimeyda et al 2021 J. Phys.: Conf. Ser. 2118 012021 Ting-Hua Yi, Hong-Nan Li and Xu-Dong

Zhang

- Gravity Compressed -Air- Hydraulic-
Power-Tower Energy Storage Plants

loan David and Camelia Stefnescu

View the article online for updates and enhancements.

The Electrochemical Society

Advancing solid state & electrochemical technology

243rd ECS Meeting with SOFC-XVIII

Boston, MA ¢ May 28 - June 2, 2023

Abstract Submission Extended
Deadline: December 16

Learn more and submit!

This content was downloaded from IP address 200.93.148.104 on 05/12/2022 at 13:53


https://doi.org/10.1088/1742-6596/2118/1/012021
https://iopscience.iop.org/article/10.1088/1361-6641/abbaec
https://iopscience.iop.org/article/10.1088/1361-6641/abbaec
https://iopscience.iop.org/article/10.1088/1361-6641/abbaec
https://iopscience.iop.org/article/10.1088/0964-1726/21/12/125023
https://iopscience.iop.org/article/10.1088/0964-1726/21/12/125023
https://iopscience.iop.org/article/10.1088/0964-1726/21/12/125023
https://iopscience.iop.org/article/10.1088/1757-899X/960/2/022077
https://iopscience.iop.org/article/10.1088/1757-899X/960/2/022077
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsusci-LTwOQILB66y2hY-fujh6QDeT426afEmsVYSdVeAx3FY3vBPRc1WAAFsyB884njPrkoM9RJPzfcDgjROxepwe-14Q0jhW7BURvkmNSRBpbYsuESVh1A4UZg3eF1QX94yNJo_J3RIgm8OZtKSc0N696YCe4xQgBcZ1cO8s24WindCDRlhI26KRVTV_ReWdmRGIARqswtyYuX3_pXF0LqjrH8bLYWX-WB2vThADlwRfnNI3ctgXaLgfx09Jqki-XO-UQs-N1y-9Gcz0wY4bNSQIzL9O4tR07ta2peUz5CQ&sai=AMfl-YRM40z_rERSeCrfLOCpuI2iLVGs4yxbyXnKdu5Sd-XVEmF-BnkG1KD6Tty1El-cTIUi4cFQ1VW0DmOhX6jr8A&sig=Cg0ArKJSzHbja3-bTWRT&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/243/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3D243AbstractExtended

Ist International Conference on Physical Problems of Engineering (1st ICPPE) IOP Publishing
Journal of Physics: Conference Series 2118(2021) 012021  doi:10.1088/1742-6596/2118/1/012021

Analysis of the application of physics in the design and
construction of architectural projects. The Eiffel Tower

J D Gonzilez-Almeyda', E T Ayala-Garcia®, and R Prada-Nuiiez’
! Facultad de Educacion, Artes y Humanidades, Universidad Francisco de Paula
Santander, San José de Cucuta, Colombia

E-mail: erikatatianaayala@ufps.edu.co

Abstract. This article studied the impact and application of physical concepts in the design and
construction of the Eiffel Tower in Paris, an architectural reference that implemented physical
concepts in its structural design. A documentary methodological framework was used to
establish the importance of the Eiffel Tower in the universal exposition of Paris in 1989 and, to
carry out the structural analysis of the work; a quantitative-descriptive approach was used for the
recognition of the basic concepts of physics from architecture according to gender, through a
survey as a research instrument developed under non-probability and convenience sampling,
which was applied to students of Architecture of the Universidad Francisco de Paula Santander,
Colombia, in order to determine the knowledge of basic physics by students. The results of this
research showed that the Eiffel Tower represents a milestone in architecture where physical
concepts such as tension, compression, traction, acrodynamics, and torque were applied. Finally,
it was evidenced that the students who participated in this study recognize the importance of
applying the basic concepts of physics in architecture; fact by which it is recommended to
encourage the study of physics, to strengthen the technological component of Architecture.

1. Introduction

The industrial revolution in Europe in the 19th century brought as a consequence great change of social,
economic, political and cultural order that generated transformations in the cities. The implementation
of new materials such as iron consolidated a dynamization of the economy that generated an acceleration
in its production and use, impacting multiple scenarios in society [1]. Consequently, towards the middle
of the 19th century, with the objective of making visible the technical, technological and scientific
advances of the nations, the universal exhibitions were consolidated [2], which were characterized by
presenting specific large-scale architectural landmarks, which were intended to host the exhibitions and,
to demonstrate the grandeur and national supremacy from the technical and the technological, The first
universal exhibition corresponded to London in 1851 with the Crystal Palace [3].

Between May 6 and October 31, 1889, the universal exhibition that commemorated the centenary of
the French revolution was held in Paris, this exhibition was characterized by presenting the Eiffel Tower
as a landmark or main symbol, a structure through which they were evidenced the advances in the design
and construction of Paris and, which was established as a manifesto of faith in the commitment to
technical progress [4] evidencing the importance of the application of physical concepts in architecture.
The Eiffel Tower project was initially planned under the temporary duration of the universal exhibition,
however, its construction system, its technological advance, hierarchy, and the successful
implementation process next to the Seine River and the Champs de Mars made this project it will last in
time and become a landmark, an urban heritage of humanity [5].
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In this sense, this research posed as research questions: what is the application of physics in the
design and construction of architectural projects? Can the application of physical concepts favor the
structural and morphological design of architectural projects? And is it important that architects in
training (students) recognize the basic concepts of physics and its application in architecture? The
development of this research made it possible to demonstrate the importance of implementing physics
within the design and construction processes of Architecture, highlighting that the relationship between
physics and architecture acquired greater relevance and meaning from the industrial revolution. For this
reason, its study, analysis, understanding, and application are essential elements within the teaching-
learning processes of architecture.

2. Method

The methodological framework of this research work was developed from a documentary study [6] that
established the importance and relevance of the Eiffel Tower for the universal exposition of Paris in
1989 and the technical aspects derived from the physical concepts applied to its design and construction.
Likewise, a descriptive quantitative approach [7] was used that allowed the recognition of perception
and knowledge of the basic concepts of physics implemented in architecture by gender differentiation,
under the application of the survey as a research instrument and data collection from its primary
source [8], its population focused on third-semester students of the Architecture of the Universidad
Francisco de Paula Santander, Colombia, and the sample corresponded to 40 students.

For the selection of the informants, a non-probabilistic convenience sampling [9], was used through
which the physical and architectural concepts of the Eiffel Tower were investigated among the students
who were enrolled as students by the first semester of 2021 active, and that according to the curriculum
of the architecture program they were finishing the basic cycle of academic training. The survey
instrument was designed ad hoc by the researchers, it was composed of five questions posed under the
scheme of the Saber Pro tests; that is, contextualized questions with a multiple-choice option with a
single answer. The instrument incorporated supporting images about the Eiffel Tower into the sentences
in order to provide visual support for reasoning and the subsequent selection of the correct answer.

3. Results

The Eiffel Tower challenges the physical concept of gravity from a false instability and a height
corresponding to 300 meters, which classified it as the tallest element in the world for 41 years, after the
inauguration of the Chrysler Building in New York that surpassed it by 19 meters and, later by the
Empire State Building that surpassed it by 81 meters in height [10,11]. The structure of the Eiffel Tower
is made up of four arched bases that make up a 275-meter-high column and three levels that act as
dividing platforms.

The great structural challenge of the tower consisted in the very weight of the structure and the
handling of the wind. Regarding the weight, the form of an intensive solid is adopted, this refers to the
fact that each section of the solid is subjected to the same tension. As can be seen in Equation (1), it is
verified that the pressure at any height of the tower is constant; next, by clearing the denominator of this
expression, Equation (2) is obtained. This when solved as a differential equation by the method of
separate variables, results in Equation (3), through which the statement is ratified, given that it is a
function exponential.
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Regarding the effect of the wind, the structure was designed in such a way that, for each elevation,
the maximum moment generated by the wind is compensated by the moment of the weight of the tower
(see Figure 1). To achieve this balance, the Eiffel Tower has curved legs, in such a way that its tangents,
drawn at points at the same height, always intersect at the point through which the resulting wind effort
passes, on the part that is above the analyzed points (equality of moments in Equation (4)).

F,*h=Wxb. “)

The structural design of the tower was largely elaborated from mathematical calculations applied to
the arches, which formed the base, and from the implementation of the physical concept of
aerodynamics [12], since the aerodynamic resistance is of vitally important to ensure structural integrity.

Figure 1 shows that the formal aspects that accompany the design of the Eiffel Tower were conceived
from the configuration of an open and self-supporting structure [13], which implemented design
concepts such as symmetry; understood in the project as a balanced structural, formal and visual
arrangement [ 14], the rhythm; established from a prefabrication process but not standardization, because
the variations in the sections of the pieces and the curvatures of the vertices, did not allow the unification
or the interchange of pieces [15], a square pyramid shape with a base of 124.90 meters and a height of
324 meters that affected the balance and the distribution of live and dead loads due to their weight and
height [16].

Eiffel Tower

1
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Figure 1. Physical and design concepts of the Eiffel Tower.

From the structural aspect, it should be mentioned that the tower presents wind and gravitational
loads [17], as well as compression forces in the arches and compression-traction in the metallic
triangular framework, in addition, a distribution of internal forces from the stress of torsion, represented
in the internal rotation of the pillars that join the rest of the metallic structure [18,19]. In Figure 2 it can
be seen that the tower implements the concept of aerodynamics, which allows the circulation of the wind
through the structure [16], finally, it was established that the Eiffel Tower manifests a constant tension
throughout its height, which it allows reducing the upper sections with respect to the lower ones and
also, that from the beams tension can be generated in the upper part and compression in the lower part
of the structure [20].

The Eiffel Tower is presented as a significant reference that allows making visible the importance of
the use of physics in architecture, by considering that the implementation of physical concepts can
strengthen the design, structure, and aspects derived from construction in architecture; for this reason,
the present study considered it important to recognize the level of perception and understanding
manifested by students of the third semester of the architecture program with respect to the basic
concepts of physics applied to architecture.
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In this sense, according to the demographic characteristics of the informants, it was possible to
identify that 59.1% corresponded to the female gender with an average age of 19.6 years, and 40.9% to
the male gender with an average age of 20.1 years. Regardless of gender, 71% come from stratum two
and 29% from stratum three, residing in the San José de Cuicuta, Colombia, and its metropolitan area.
This research was organized as a comparative study based on the gender of the informant that allowed
to recognize the perception and knowledge of the basic concepts of physics with respect to the Eiffel
Tower.
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Figure 2. Physical concepts in the structural component.

Regarding the question, what physical concepts are present in the design of the structure of the Eiffel
Tower? It was determined that 4.5% of the sample (equivalent to 7.7% of the women) assured that the
structural design of the tower presents physical concepts such as: malleability, reciprocal quantities and
the Avogadro principle, a situation that evidenced ignorance of the subject, since Avogadro's principle
is associated with the ideal gas laws, the reciprocal quantities are recognized as scalars and whose
product is the unit and, the malleability that corresponds to a property of metals to assume particular
shapes, this could be associated with the structure but it differs, in the sense that beams of different sizes
were incorporated into the Eiffel Tower.

Regarding the physical concepts associated with the structure, it was identified that 13.6% of the
sample (with relative percentages of 15.4% women and 11.1% men, respectively), assured that the
concepts of rhythm, transmissibility and capillarity, were the ones that influenced the structure of the
Eiffel Tower, which shows a certain level of knowledge of physics, since the principle of
Transmissibility is understood as a force applied to a rigid body, which could be replaced by another
force with equal intensity, meaning and direction of the original force; but the concepts of rhythm and
capillarity, are not located as physical concepts but design.

81.8% of the students in the sample recognized that the concepts of tension, aerodynamics and torsion
were the most influential in the design of the object of study, understanding that a mechanical stress is
exerted on the structure, and that its aerodynamic shape, it facilitates the flow of the wind throughout
the structure, as well as that the torsion is present in the form that the structural elements take (see
Figure 3).

The survey provided to the students the definition of the concepts of hierarchy and asymmetry in
order to identify which of them is associated with the design of the Eiffel Tower. It was determined that
86.4% of the sample considered that the hierarchy is evident in the monumentality of its form. This
response was provided by 92.3% of the total women, while the percentage of men was lower than this
value by 14.5%. The remaining percentage chose to ensure that the concept associated with the design
of the tower was asymmetry, showing that it was men who most favored this response option, surpassing
women in more than 15% of cases.
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Regarding the concept of aerodynamics related to the shape and structure of the Eiffel Tower, it is
highlighted that all the students surveyed defined that the design of the tower facilitates the movement
of air in its interaction with the structure, allowing the circulation of the wind of the place and, in
consideration of its height and weight.

In reference to the types of efforts present in the Eiffel Tower, 68.2% of the informants selected
compression and traction, from the gender perspective, it was observed that 84.6% of the women chose
this answer, compared to 44.4% of men, which made it possible to show that in this item women were
more assertive than men. Finally, the type of effort present in the curved shape of the pillars of the tower
was identified, for which 63.9% of the informants opted for torsion, with 76.9% of the women
recognizing this option compared to 44.4% of men.

Aerodynamics DI Torsion

Figure 3. Influential physical concepts at the Eiffel Tower.

4. Conclusions

The research allowed from the documentary study to recognize the historical importance of the Eiffel
Tower, as a representative and patrimonial element in the urban scale of Paris, which represented the
advances in the design and construction of new structures that bet on the technical progress derived from
the industrial revolution, which consequently managed to change the urban landscape of cities.
Likewise, the documentary study determined the bases and the identification of the concepts associated
with physics that were part of the analysis of the design and construction of the Fiffel Tower.

Regarding the research questions, what is the application of physics in the design and construction
of architectural projects? and can the application of physical concepts favor the structural and
morphological design of architectural projects? Through this research it was possible to establish that
the Eiffel Tower as an object of study allowed to understand the application of physics in architecture
from the implementation of the basic concepts derived from these branches of knowledge, through the
understanding of the complexity of the structure of the Eiffel Tower and the handling of the winds. The
above showed that the application of physics can favor the structural and morphological design of
architectural projects, which in the case of the Eiffel Tower was evidenced in the application of ordering
elements of design such as symmetry, hierarchy, and rhythm and, basic physics concepts such as
aerodynamics, torsion, compression, traction, and tension; correctly balanced within the conception of
the architectural design and the structure of the Eiffel Tower.

Regarding the research question, is it important that architects in training (students) recognize the
basic concepts of physics and their application in architecture? It was confirmed that it is important for
architecture students to recognize the usefulness of the application of physical concepts in architectural
works; this when considering that its implementation can favor the formal, morphological, and structural
aspect of architectural projects. Likewise, through the results obtained from the perception study applied
to the third semester students of the Architecture program of the Universidad Francisco de Paula
Santander, Colombia, it was possible to show that women present a greater recognition of the basic
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concepts of physics implemented in the architecture. The above when considering that the percentage
of women who identified the correct answer was higher than that of men in four of the five items
evaluated.

According to the results obtained within this research, it is recommended that the academic program
review the curriculum with respect to the possibility of including a specific subject for the area of
physics, as well as evaluate the topics addressed from the structures subjects (I and II), in order to
potentiate the recognition, understanding and application of basic knowledge of physics in architecture
in order to strengthen urban-architectural proposals from the technical, technological, material and
formal components, as well as the competences of the sub area of technique present in the profile of the
graduate architect.
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