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Population increase has led to the growth of crowded, dense and congested cities, which
Received: has, in turn, resulted in the development at altitude and underground. Despite the benefits of
04/09/2021 crowded populations, such congestion has posed a threat to human quality of life. The
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14/11/2021 concept of viability, in response to this concern, addresses the objective and subjective
Accepted: qualities that people expect from the environment. New subsurface developments, which
26/12/2021 are mainly due to the increase in density and congestion in cities, has paid less attention to
Publisher online: human biodiversity below the ground but to the functional aspects. Reduction of social
22/06/2022 oversight, security, ventilation, lighting and humidity control, readability, and orientation

are among the most important challenges of this type of development. The need to create
and popularize the use of dynamic and community-oriented public spaces in the subsurface
has been the impetus for this research. In order to provide a model for improving livability
in subterranean public spaces of cities, the collected qualitative data were analyzed
simultaneously by a documentary method (basic analysis) and grounded theory approach
(complementary analysis). The data were collected employing a documentary approach and
semi-structured interview. The Nvivo software was used for qualitative data analysis and
coding. From the combination of baseline and complementary analyses, such elements as
performance-accessibility, perceptual, identity, environment, and resilience components
were identified and studied which are the key components that make up a livable
subsurface. Also, the grounded theory was used to present the model. Based on the
questions raised in the interview process, A4 referrals were made. Following multiple
revisions and integration of codes based on similarity during several stages of data
summarization, Y initial codes and Vaxial codes were extracted and after discovering the
causal relationships, a livable subsurface space model based on the snowflake pattern was
presented.
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Extended Abstract

Introduction

Increasing human population has led to augmenting populated, compressed, and dense cities, which made
development in the height and underground more common. In spite of advantages of compressed living of
human beings close to each other, the chaos induced by overpopulation has got a threat to the quality of their
lives. Livability concept, in response to this concern, deals with both objective and subjective quality of the
environment expected by human. Recent underground developments which are mainly influenced by
overpopulation and chaos in cities , in most of their regular cases, has paid less attention to the quality of
human livability and focused their main concentration on functional aspects. Decreasing social supervision,
security, ventilation, light, temperature, legibility, and routing are among the most significant challenges of this
form of development. The necessity of providing and spreading the use of dynamic and society-centered public
places in lower spaces is the triggering factor grounded the basis of this study.

Therefore, after problem statement and reviewing theoretical principles on underground spaces and livability,
this study evaluate effective factors on livability of underground public spaces in cities.

To explain these components, theoretical content analysis was applied. Through establishing interconnection
among the components of these two concepts, a framework will be presented to elevate livability in
underground public places. To fulfill this framework, following questions are presented:

What are the components of livable underground spaces?

How are these components presented in a framework?

Study Area

This study exclusively deals with explaining involved factors in developing countries located in the Middle
East. Studied population includes 37 experts, specialists, and university professors of urban planning who were
selected using purposive sampling method and snowball sampling technique as the respondents. To collect the
data, semi-structured interview, which is suitable for qualitative researches considering its flexibility and
comprehensiveness, was applied.

Material and Methods

The study procedure in this research is a "Parallel Uni-path” one, performed using Grounded theory. Worth
mentioning that parallel uni-path procedure (like Morse Typology) utilizes two qualitative methods
simultaneously, one of them is the basic method and the other is the complement. Then the results are
combined. Data collecting method focuses on documentary study, viewpoints, definitions, and personal semi-
structures interviews. To analyze qualitative data, coding, and studying the distribution of exploited codes of
questionnaires, NVivo software was applied. Finally, the framework of livable underground space factors is
depicted.
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Result and Discussion

According to the performed studies in different parts of the world and presented samples, the necessity of
studying livable underground spaces to elevate environment quality is duplicated.

By virtue of performed studies on the above-mentioned concepts, it could be concluded that all these studies
agree on the necessity of constructing livable underground spaces.

The key factors of establishing a livable underground space are functional factors- accessibility; conceptual,
identity; environment and resilience.

During the research process, 20 primary codes and 389 references were exploited. Numerous reviews and
assimilating codes due to their similarities in various steps, seven focal codes and five selective codes were
exploited for livable underground space.

The main issue in the above-mentioned framework is" livable underground space” whose key aspects are
conceptual, resilience, functional- accessibility, identity and environment. Each of these factors owns a nested
and hierarchical chain.

Factors like belonging color and legibility are motifs of conceptual aspect in which paying attention to the
citizens' preferences and sense of belonging to the place to characterize the place culminate in making
belonging sense to the place respectively. Regulating drawing framework for legibility of environment and
drawing based on human senses lead to a legible environment, which is of the utmost importance as conceptual
sub motif of conceptual aspect in constructing livable underground spaces.

The second aspect in the above-mentioned framework is resilience that its reconstructing sub motifs are
centered on a hierarchical structure. Locating sub motifs considering the natural crises, optimized management
of crisis, decreasing risk and danger through application type, considering climactic welfare in underground
levels and exact regulation of establishments in lower levels are respectively the complements of resilience
aspect in the snowball framework.

Three other aspects of this framework are identity, environment and function- accessibility. Drawing sub motifs
through considering ecosystem values, respecting culturally valued buildings and permanent drawing elements
(making reminiscent sense) in lower levels lead to constructing a place with an identity, which is one of the
important criteria to make a livable place.

Regulating suitable vegetative palate and its placement, elevating climactic welfare using natural elements like
water, plants, and clean energy (applying solar energy to ventilate lower space) are among the environmental
issues in lower levels that considering them is of utmost importance and leads to habitable space. On
functional aspect, paying attention to hierarchy principle and inclusiveness are other frames of above-
mentioned hierarchical framework. Connecting underground and ground spaces and regulating tree structure in
lower levels culminate in following hierarchy principle in lower levels. The integrity of its attachments from
size, color, material, and inconclusive drawing (connection of local streets) and physical integrity (regulating
uniform color pallet) lead to following unity in diversity principle in lower levels.

Conclusion

Exploiting underground urban spaces can be considered one of important sources of urban and national
economic growth that not only is not one of the motives of urban permanent development, but also its
overlooking makes a critical challenge in this field. On planning of these spaces, three basic steps will be
assumed as follows:

The first step to study the application of underground urban spaces is identifying cities' necessities for the
underground urban space applications. If the cities obligation for these types of spaces is not economical, their
application is not necessary. This analysis will be made possible through having a suitable social, economic,
and social model of cost- profitability and considering studied sub criteria.

The second step is the study of legal foundations and obstacles of providing and growing underground
structures. Legal foundations can be defined in framework of applied law management system in underground
level in accord with upper ground and the ground levels.

The third step is related to the first one. Having a clear prospect of current condition along with considering
past and future condition is one of the specifications of this step. Development of underground urban spaces
must not be occurred randomly. This step deals with administrative and field characteristics of applied projects.
Developing underground spaces is made possible through future development view. Feasibility of future
projects, land ownership and safe regions, categorizing the potentials of urban buildings, identifying evaluation
methods of environmental effects of underground buildings( health status and people condition, biodiversity in
urban ecosystem components, urban landscape, city structure, cultural legacy and using natural resources) |,
comparing underground urban society costs with those in up the ground spaces, application and construction
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costs, maintenance costs , place value of underground urban spaces upon decreasing land grabbing costs,
location value of underground space due to thrifting in transportation costs and producing planning draft of
various levels of the ground are among other specifications of this step.

Key words: Livability, Subsurface Space, Grounded Theory.
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