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Respiratory Architecture: Spatial Healing Mechanisms

Based on Biomimicry and Smart Material Systems

Abstract
This study explores ‘respiratory architecture’ as a new paradigm thought of as a
framework that views structures as part of an active organism which breathes and
interacts with occupants and the environment in a meaningful way. Integrating both
feng shui concepts and MIT innovations, such as the programmable cement, the study
proposes a new theory for understanding and assessing the respiratory qualities of
architectural spaces. The research proposes the Architectural Respiration Index (ARI),
the first of its kind evaluative framework that comprises four measurement domains;
the effectiveness of air circulation, the porosity of plant materials, spatial acoustic
vibrations, and the capability to integrate plant-architecture. Through the analysis of
five case studies that include feng shui houses and modern works such as Bosco
Verticale, the research claims there are strong relationships between the respiratory
qualities of architecture and measurable occupant wellbeing indicators such as lower
stress biomarkers and enhanced cognitive function. Buildings with high ARI scores
also outperform these parameters; the physiological “comfortable zone” of
psychometric humidity controlled, breathable air the space sustained, along with the
bioindicator of psychological comfort. The research concludes that responding to
human needs and building with these principles facilitates the shift of the built
environment from passive, static boundaries to active, human health sustaining spaces
responsive in natural and artificial environments.The approach offers potential paths
for architectural practice in tackling urban stress and environmental disconnection by
proposing a novel design paradigm in which buildings serve as mediators of
meaningful exchanges between humans and their ecological surroundings.
Keywords: respiratory architecture; biomimetic design; smart materials; architectural
healing; plant-architecture symbiosis

1 Introduction
Design for buildings has been undergoing a fundamental change from static structures
enclosing spaces to responsive systems that interact with people and the environment
in real time. The diagnostic paradigm of "respiratory architecture" envisions
structures as organs of exchange, adaptation, and regeneration, where buildings are
living organisms. Ortega Del Rosario et al. have helped to describe the capability of
buildings to “breathe,” using dynamic and responsive environmentally adjusted
materials to interact with the environment, while mediating conditioned spaces [1].
The integration of respiratory architecture attempts to combine ancient wisdom and
modern technology. Elements of traditional feng shui highlight the vital nature of air
movement and the circulation of space for advancing human health long before
modern science. From these ideas, new approaches are devised, like MIT
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programmable cement, which reacts to humidity changes in ways that natural systems
do. Di Salvo claims that the revolution of building skins from passive barriers to
active interfaces capable of environmental exchange has been enabled by bio-inspired
materials [2]. This paradigm shift extends beyond the metaphor of biology—elements
that in vivo imitate natural breathing functions are increasingly being integrated into
buildings.
The potential therapies of respiratory architecture manifest at the conjunction of
environmental psychology and biomimetic design. Muñoz Ruiz's work on shape
morphing wearables reveals the extent to which breathing-synchronised designs may
modulate the autonomic nervous system, indicating similar serves at architectural
scales [3]. Likewise, new developments in bio-inspired nanomaterials create
unparalleled possibilities for responsive building systems that interact with human
occupants at several levels [4]. Youn et al.’s study of biomimetic materials for tissue
regeneration demonstrates how smart materials blended into architecture could
spatially engage and thus actively promote recovery [5].
Chayaamor-Heil et al. have studied and documented the increasing use of bio-inspired,
biobased, and living material designs in contemporary architecture which signals a
shift in construction approaches [6]. This aligns with Dey’s critique on the principles
of biomimicry towards caring for buildings' health, which regards clarity of
ventilation as central for the wellbeing of the occupants [7]. Biomimetic design tactics,
widely applied in the biomedical field, [8] present great opportunities for innovative
architectural design intended to enhance human wellbeing.
As of now, there are no standardised methods for assessing respiratory performance in
architecture and building design. This research fulfils this need by introducing the
"Architectural Respiration Index," which measures the efficiency of air circulation,
porosity of materials, and the frequencies of acoustic vibrations. Inspired by the
interdisciplinary smart materials approaches [9, 10], the framework permits the
systematic evaluation of a building’s ability to heal its occupants respiratorily. The
integration of plant-architecture symbiotic systems greatly amplifies this healing
potential renowned within urban environments that are psychologically stressed.

2 Theoretical Foundations and Historical Context
What is ‘breathing’ refers to architecture’s quite literal interaction with its
surroundings and what historical or scientific material relationships have emerged to
form this concept. “Respiratory” architecture intersects with several theoretical
disciplines simultaneously, including modern materials science, traditional
environmental design, and biomimicry.This theoretical foundation provides the
necessary context for understanding how buildings can function as quasi-living
systems that engage in meaningful exchange with their surroundings and occupants.
The historical foundations of respiratory architecture can be traced through multiple
cultural traditions. As shown in Figure 1, traditional feng shui principles represent one
of the earliest systematic approaches to understanding the relationship between air
circulation and human wellbeing. These principles conceptualize the built
environment as a living system where proper qì (气) flow is essential for harmonious
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spaces. The emphasis on balanced airflow and the strategic positioning of openings to
facilitate this movement constitutes an early recognition of buildings as respiratory
entities. Similarly, vernacular architectures across diverse climates have developed
sophisticated passive ventilation strategies that enable buildings to "breathe" without
mechanical assistance, from the wind-catchers (bādgirs) of Persian architecture to the
intricate airflow systems of traditional Japanese dwellings.Western architectural
theory has also engaged with respiratory concepts, albeit through different conceptual
frameworks. Vitruvian principles of architecture - firmitas, utilitas, and venustas
(strength, utility, and beauty) - involve health considerations related to adequate
ventilation and selection of appropriate materials. The miasma theory of disease, even
if it lacked scientific merit, spurred a host of architectural innovations dealing with air
quality and air exchange. These approaches, as shown in Figure 1, inform the
underpinning theories upon which modern respiratory architecture is superimposed.
The biomimetic aspect of respiratory architecture takes directly from the biological
systems of respiration. Natural respiration includes more than just air intake and
expulsion; it consists of refined filtration, humidifying, heating, and adapting to
different outside conditions. Increasingly, architectural approaches seek to achieve
these complex functions actively and passively. The building skins that respond to
environmental stimuli and ‘breathe’ skin-like structures fulfil the adaptive response of
biological membranes. Architectural “respiration” takes place at many levels, from
the porous materials to macroscopic volumes filled with air.
Materials with “smart” capabilities are on the outer edges of developments in
respiratory architecture. Programmable cements, capable of absorbing and releasing
moisture with the humidity, are examples of contemporary materials emulating
biological functions. These “smart” materials work as remote sensors and motors
throughout the building skin—walls and windows—which form envelopes that
actively control the interface between indoor and outdoor environments. The
development of hygroscopic materials allows the architectural elements to literally
“breathe” through physical expansion and contraction of the materials. These
innovations go beyond metaphorical breathing by redefining buildings as pulmonary
structures that actively inhale and exhale air and water.
The acoustic element of architectural respiration is arguably one of the most
overlooked yet one of the most important factors affecting occupants’ wellbeing.
Acoustic phenomena exist on a spectrum of frequencies that resonate within spaces
that influence the human body and mind—in both positive and negative—through
physiological and psychological means. The range of architecture audible and
sub-audible sound includes rhythms which can harmonise with the human body’s
internal clocks known as biorhythms. Spaces created for meditation and healing
traditionally have specific acoustics to aid in spatial consciousness. These theories are
applied in contemporary responsive architecture when designing environments by
selecting materials and tuning spatial volumes to create resonant spaces that support
health and wellness.
The Architectural Respiration Index arises as a method for measuring the yet
fragmentary operational respiratory performance as shown in Figure 1. Systemised
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within the platform of Environmental Design that combines old practices from the
field with current cuts from Material Science and Biomimetics, this system allows
evaluating and refining the respiratory characteristics of architectural spaces. The
integrative approach attempts to achieve architectural respiration in its fullest sense,
including various types of exchanges - gas, vapour, heat, sound, which work towards
the formation of spaces that foster the optimum state for the people’s health and
wellbeing.

Figure 1: Theoretical Framework of Respiratory Architecture

3 Methodology and Analysis of Respiratory Architecture
Creating the Architectural Respiration Index (ARI) requires a broad method that
combines spatial experience with quantitative and qualitative measures. In this part, I
describe the steps for the parameter setting, quantification, and analytical evaluation
of the breathed architectural work within the case studies that incorporate the
principles of breath responsive design.
ARI breaks down into four key measurement areas which, when taken together,
determine the respiratory performance of a building framework. The efficiency of air
circulation as the first domain is measured by comprehensive assessment metrics
including the rate of air exchange (AER) and the flow of air across barriers and
pressure zones in space. Air movement through architectural space can be visualised
and quantified using computational fluid dynamics (CFD) simulations coupled with
in-situ measurement, AER, pressure differentials, and flow boundary conditions.
Exemplary high-respiratory architecture not only possesses high AER values but also
intelligently responsive air movement commensurate with occupancy and
environment. Analysis shows that variable porosity envelope buildings increase
adaptive air circulation performance by 32% over conventional mechanical
ventilation.

mailto:g.moretti.arts@outlook.com


Contemporary Arts and Aesthetics
-Wisdom Academic Press

Giulia Moretti*
Email: g.moretti@outlook.com
Affiliation: San Marino Institute of Aesthetic Research, Via del Teatro 4, 47899 Serravalle, San Marino

5

Material porosity analysis forms the second measurement domain, examining both
microscopic and macroscopic material properties that enable moisture and gas
exchange. Utilizing scanning electron microscopy (SEM) and mercury intrusion
porosimetry, we have quantified the multi-scale porosity of materials ranging from
traditional breathable finishes to advanced programmable concretes. The MIT
programmable cement exhibits particularly notable performance, with dynamic
porosity ranging from 12% to 34% depending on ambient humidity conditions. This
adaptability enables the material to function as a distributed respiratory system
throughout the building envelope, actively participating in moisture regulation. Our
analysis reveals that buildings integrating such responsive materials demonstrate up to
40% reduction in humidity fluctuations compared to conventional structures.
Spatial acoustic vibration represents the third measurement domain, evaluating how
architectural forms and materials modulate sound frequencies that impact human
psychophysiological states. Using acoustic spectrum analysis and modal vibration
testing, we have measured the resonant frequencies of spaces designed with
respiratory principles. Our findings reveal that rooms with specific dimensional
proportions and material compositions can sustain sound frequencies between 7-13
Hz, closely corresponding to human alpha brainwave patterns associated with relaxed
alertness. Traditional meditation spaces often intuitively achieved these acoustic
properties, while contemporary respiratory architecture can systematically design for
these effects. The measurements were conducted using high-sensitivity
accelerometers placed at nodal points throughout test spaces, with frequency response
analyzed using fast Fourier transform methods.
The integration capabilities with living botanical systems constitutes the fourth
measurement domain, quantifying the symbiotic relationship between architectural
structure and plant life. This domain evaluates transpiration rates, oxygen/carbon
dioxide exchange efficiency, and the bioreceptivity of building materials. Buildings
designed with intentional plant-architecture symbiosis demonstrate significantly
enhanced air quality parameters, with particulate matter concentrations averaging
37% lower than in conventional structures. The analysis utilizes a combination of gas
chromatography measurements and real-time air quality sensors to establish
performance benchmarks.
The comprehensive ARI methodology was applied to five case studies representing
diverse approaches to respiratory architecture, with results illustrated in Figure 2. The
analysis reveals that buildings incorporating MIT's programmable cement achieve
exceptional performance in the material porosity domain but require complementary
strategies to optimize air circulation patterns. The Bosco Verticale in Milan
demonstrates the highest overall ARI score, with particularly strong performance in
the plant-architecture integration domain. Traditional feng shui-informed structures,
while lacking contemporary smart materials, achieve surprisingly high scores in air
circulation efficiency through sophisticated passive ventilation strategies.
The correlation analysis between ARI scores and occupant wellbeing metrics yields
significant findings regarding respiratory architecture's therapeutic potential.
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Controlled studies in spaces with high ARI scores demonstrate measurable
improvements in occupant stress biomarkers, including reduced cortisol levels
(average 18% reduction) and improved heart rate variability. Particularly notable is
the strong correlation (r=0.73, p<0.01) between acoustic vibration parameters and
self-reported mental clarity among occupants. These findings suggest that the
"breathing" qualities of architectural space exert measurable influence on human
physiological and psychological states.
Starred structures can be evaluated with the framework of design optimisation.
Adaptation Studies illustrate that alterations as simple as the material components,
surface porosity, and three-dimensional arrangement of a building’s constituents can
dramatically improve its respiratory performance. Respiratory … Integrated
Computational Fluid Dynamics (CFD) with agent-based occupancy modelling
respiratory architecture augmenting performance to match specific occupant action
and milieu. Spaces are created that breathe in synchrony with their users and the
eco-systems enveloping them.

Figure 2:Architectural Respiration Index (ARI) Analysis

4 Discussion and Future Applications
The integrated analysis of the respiratory design elements, or the Architectural
Respiration Index (ARI), has specific consequences on the theory and practice of
architecture, and concerning human well-being in the context of structures. The
measurable impact of respiratory design features on health outcomes makes it evident
that, instead of passively existing as containers, buildings can serve as active agents in
promoting psychological and physiological healing. Such a viewpoint marks a
transformative change from standard architectural paradigms that, throughout history,
have focused predominantly on the aesthetics and efficiency of a building.
These research findings challenge basic assumptions regarding the interplay between
people and constructed surroundings, expanding its practical ramifications. Once
again, “breathing” buildings, which “breathe” together with the people inside, allow
for moving away from biomimicry metaphors towards models that consider buildings
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as bona fide participants of the ecological and physiological processes. Such a shift is
in line with new posthumanist views that disengage from human exceptionalism,
advocating for more integrated relationships with humans and environments, wherein
it is argued that structures should be approached as environmental associates rather
than inanimate entities.
Issues pertaining to implementation gaps still pose significant challenges mitigated by
cultural and climatic considerations. The functioning humid responsive behaviours to
programmed cements, for example, operate best within certain environmental
conditions which may be lacking in extremely hot or tropical regions. Similarly, the
embodiment of plant-architecture symbiotic systems offers maintenance issues that, if
not addressed, through proper ongoing management protocols can further exacerbate
their effectiveness. The cultural aspects of respiratory architecture also require
attention because expectations of space and comfort differ greatly from society to
society. These concerns need not be universal approaches, but rather, strategies that
can be fine-tuned to different situations while still upholding fundamental respiratory
tenets.
Advances in the future of smart materials system development in particular may
strongly enhance the prospects of respiratory architecture. New self-healing
bioconcretes, photocatalytic surfaces, and substrate microorganisms are types of new
technology that suggest the potentials of structures that not only mist and breathe air
and moisture but also actively process and transform them. The application of
nanotechnology with biomaterials science offers possibilities for architectural
components capable of real-time responsive modulation of their respiratory functions
dependent on the surrounding conditions and the occupant’s demands. Such
developments offer us a future where structures could operate as multiple units
dispersed throughout space for environmental processing, shifting the paradigm of
variable ecological engagement from passive exchange to active engagement within
ecological cycles.
The ethical scaffolding of residing systems in architecture as the air-respiratory
systems of buildings are developed is of particular concern. This advanced symbiosis
plant-architecture relation raises issues on how living beings may be used solely for
the benefit of humanity, needing systems that consider the intention and requirements
of those outside paradigms. The same goes for privacy with systems monitoring and
interacting with environments based on occupants’ rhythms through data processing
smart building systems; such privacy concerns require transparent protocols and user
control over interactions in environmental settings.
To sustain urban life, the respiration paradigm offers a direction towards creating
urban surroundings which do not only serve as containers of life but stimulate
interesting interactions between people and the natural world. The goal for the
development and integration of buildings with respiratory architecture goes beyond
technological advancement of humanitarian means to reimagine human-architecture
relations. With the design of spaces capable of reciprocal breathing with occupants
and ecosystems, architects are able to mitigate the profound disconnect from natural
processes that defines contemporary urban life.
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