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Abstract In ancient Iran, in addition to defensive elements such as castles, fortresses, and
fortifications, there were underground cities called dastkand. These cities had a shelter-
protection function and provided safe space to protect residents when enemies attacked. In
the scope of dastkand architectural studies, form typology, land-use typology, and provision
of thermal comfort have been investigated in various studies but there is no study on dastkand
defensive architecture, which is the main purpose of the present research. The research
method is a mixed method (qualitative-quantitative). The required data are collected through
a survey and then, analyzed using factor analysis in R method. The statistical population in-
cludes Iranian architectural heritage specialists and the sample size is estimated to be 165 per-
sons. Sampling adequacy is confirmed based on the results of KMO test. The samples are
selected using a non-probability sampling method. The obtained results indicate that ten fac-
tors have been effective in the architecture of Iran’s ancient organic shelters. In order from
largest to smallest coefficient of variance, the factors include collective defense, multi-
layered defense, environmental camouflage, path control, self-sufficiency, secret passage,
sustainable architecture, residential values, covert surveillance, and cluster development.
ª 2022 Higher Education Press Limited Company. Publishing services by Elsevier B.V. on behalf
of KeAi Communications Co. Ltd. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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M.S. Taher Tolou Del, Z. Sadooghi and S. Kamali Tabrizi
1. Introduction

The Silk trade road is one of the most important highways
connecting ancient civilizations and in addition to economic
benefits, has played a key role in connecting civilizations
and transmitting different cultures throughout history
(Zekrgoo, 1995). Iran is geographically located on the Silk
trade road, which is one of the important points connecting
the east and the west. In various historical periods, Iranian
governments such as Parthians, Sassanids, Samanids,
Timurids, and Safavids have had greatly contributed to the
development of this road (Frye, 2000). Due to being in such
a sensitive geopolitical position, the Iranians have faced
successive attacks by various ethnic groups in the past. The
Iranians had defended themselves against these threats by
adopting various protection measures. For example, in
addition to defense cities on the ground, underground cities
were established beneath or next to the main cities so that
the inhabitants could take refuge in them in times of
danger and remain hidden from invaders (Biranvand, 2013;
Shekari Nairi and Soltanzadeh, 2020). These underground
cities are called dastkand. Dastkands were established with
the aim of providing security and defending the inhabitants
against the attack of the enemies in the long run. These
cities enabled the inhabitants to live there for months with
no need to leave there to meet their demands. Dastkands
are scattered and distributed close to important cities and
they are all located along the Silk trade road or its branch
roads. Iranian people constructed them in mountainous
areas in rocks, desert areas and flat plains underground.
The construction of these dastkands dates back to the time
of the Arab conquest of Iran during the Sassanid period and
the Mongol conquest of Iran during the Ilkhani period.

In the construction of dastkands, no materials have been
used to make space in them. To create the necessary space,
it is only required to dig, cut the rocks, and excavate, which
is very difficult to do. The main tools used in this method
are picks, hammers, or mallets. This type of architecture
can be considered a kind of space producing by creating
negative spaces inside the mountain and the ground,
combining full and empty masses. The purpose of the initial
construction of the dastkands was to adjustment of climatic
conditions. Over time, more diverse uses, including ritual,
burial, residential and hiding-shelter, were created in the
dastkands (Mohamadifar and Hemati Azandariani, 2017).
This type of architecture is so diverse and complex that
some have called it “The Shine of Civilization in the Depths
of the Earth” (Hashemi, 2013). Another feature of this ar-
chitecture is being hidden and out of reach due to being
executed within the ground or mountains. Despite the
importance of these underground shelters in saving the
lives and property of the people, the exact number of them
is not specified because of the lack of written historical
documents and their unclear locations due to being hidden
in the ground, and most of them have been incidentally
discovered and identified in modern times during con-
struction and excavation operations. For this reason, our
knowledge of their number, history, and architecture is
very limited and there is a need to address them. The
present study aims to recognize the elements of defensive
architecture in Iranian dastkands. In other words, the
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research priority is to study the aspects of passive defense
and architectural ideas that have enabled the inhabitants
of the dastkand to defend themselves. Passive defense
refers to a set of policies and actions that enable in-
dividuals to maintain the security of residents, repel enemy
attacks, and shield themselves from danger without the
need to use military equipment (Sartipi et al., 2022;
Taghipour and Rostami, 2021).

2. Literature review

2.1. In other countries

In other countries, most studies on dastkand architecture
have focused on energy conservation, the human-nature
coexistence, and the durability of this type of architecture.
For example, the annual thermal performance analysis of
Yaodong underground dwellings in China indicated that the
range of temperature fluctuations outside the underground
dwellings during the year is greater compared to the inside.
The reason for this is the building orientation, the presence
of an underground courtyard, and the use of biomass
massive building envelope (Zhu et al., 2020). In the un-
derground spaces in Minya, Egypt, one of the techniques
applied to provide thermal comfort and save energy in hot-
arid climates is the earth-shelter architecture (Heba and
Daisuke, 2018). Natural ventilation can improve thermal
comfort in underground buildings and reduce energy con-
sumption in them (Mukhtar et al., 2019). The underground
dastkand architecture of Cappadocia, Anatolia, Turkey is
one of the best examples of human-nature coexistence. In
this city, accommodation facilities were well provided for
the residents. The sustainability of this city has made it a
world cultural heritage (Erdem, 2008). One of the samples
of underground architecture is Coptic churches in Egypt. In
addition to being a place of worship, these churches also
had a security use in times of danger of attack (Nelly, 2011).
As a contemporary example of the implementation of pas-
sive defense, one can refer to the architectural and ur-
banism underground measures applied in the construction
of the defensive underground tunnels in 1948 for 19 years
by the Vietnamese people, which have enabled them to
resist US military attacks (Fallahi, 2014).

2.2. In Iran

2.2.1. Land-use typology
113 cases of dastkand architecture in the hill-side of Sahand
Mountain, Iran have been identified and explored in five
land-use groups; residential, ritual, protected, public
buildings and miscellaneous buildings (Razani et al., 2017).
Twenty-six cases of dastkand architecture in the hillside of
Taftan Mountain, Iran have been investigated by field
studies and classified based on their external form (posi-
tion), internal spaces and type of use; ritual, residential,
and shelter (Rajpouri, 2018). The Iranian dastkand shave
been classified in terms of architecture according to their
internal spaces and land-uses; funerary, residential and
shelter (Mohamadifar and Hemati Azandariani, 2017). Ac-
cording to the field observations of underground dastkand
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architecture in Iran’s Marghmalek village, it was found that
it has a residential use (Saedi Marghmaleki, 2018).

2.2.2. Form typology
The natural earth topology and the use of dastkand archi-
tecture have been introduced as the most important factors
in its formation (Ashrafi, 2012). The dastkand architecture
in Naein city has been identified in two types of under-
ground buildings and excavated buildings in the clay wall
according to the geological features, layout, and the con-
struction methods of underground spaces (horizontal and
vertical), (Azad et al., 2018). The unique architectural form
of the Iranian religious dastkands has been investigated in
two regions with different climates. It is a linear pattern
emphasizing the end space as the most important place of
worship (Soltani Mohammadi and Azad, 2018).

2.2.3. Thermal comfort
Since Iran is located in a region with hot summers and cold
winters, one of the most cost-effective ways to provide
thermal comfort is to use underground spaces (Biranvand,
2013). The soil temperature is constant at the depth of
6 m (Mukhtar at el., 2019) and this temperature is equal to
the average annual air temperature in that area (Fig. 1).
For this reason, dastkands have a lower temperature in
summer and a higher temperature in winter, compared to
the air temperature on the ground (Barzegar and Mofidi,
2011). Also, in winter, due to its high heat capacity, the
groundmass stored the sun’s heat during the day, and
gradually released the stored heat at night and thereby
warming the air inside the dastkand (Reed et al., 2018). In
summer, the natural ventilation vents on the roofs were
opened, allowing the air flow passing over the ponds and
rivers in the dastkand, and thereby decreasing the ambient
temperature of the dastkand due to the evaporation of
water (Masoudi-nejad et al., 2018). Evaporative cooling is a
process in which evaporation is used as a natural heat
absorber. In this process, the sensible heat of air is absor-
bed and used as the latent heat required for the evapora-
tion of water (Yan et al., 2021; Li et al., 2021).
Fig. 1 The soil temperature at about 20 feet deep is con-
stant, which equals the average annual air temperature of that
region (Mukhtar at el., 2019; Hait, 1983, p. 10).
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2.2.4. Meymand and Kandovan Villages
These villages are a subset of underground architecture and
themajority of studies on this typeof architecture in Iran have
been carried out in these two regions. Habitat and livelihood
have been introduced as the most important influential fac-
tors in the formation of rocky architecture in Kandovan village
(Pourmohammadi and Nasrollahzadeh, 2014). In a study, to
rehabilitate the living-functional spaces of Kandovan village,
its living and functional aspects have been studied
(Mohamadzade and Rezaei, 2019). Comparing two samples of
troglodytic earth-shelter rocky architecture in Kandovan and
Meymand villages in Iran showed that special organization,
climate adaptation, and proper use of geothermal behavior in
Meymand village are better than those in Kandovan village.
While, natural ventilation and the use of daylight in Kandovan
are better because of the isolated forms of the rock
(Khodabakhshian, 2016). In a study on the troglodytic archi-
tecture of Kandovan village, it has been investigated how
architectural elements are placed next to each other,
communicate with nature, and how the residents take
advantage of this architecture to create a better life (Gorji
Mahlabani and Sanai, 2010).

2.2.5. Karafto rock architecture
Ritual use and temporary residence of humans in Karafto Cave
have been studied (Miraskandari andChaychi Amirkhiz, 2019).
The scientific value of the Karafto cave in Kurdistan has been
introduced as one of the geo-tourism poles of Iran to develop
and attract tourists (Jahangir and Mohammadi, 2017).

2.2.6. Factors of formation
The existence of a permanent river next to the dastkand is
a key factor in the formation of the Arzanfoud underground
village (Mohamadifar et al., 2018). Geographical location
and threats have been introduced as the most important
factors in the formation of underground cities (Shekari Nairi
and Soltanzadeh, 2020).

According to the studies carried out in the field of dastkand
architecture from 2010 to 2021 (Table 1), out of 34 articles
reviewed, most of the studies have been done in the scope of
archeology and the least ones in the scopes of history and
tourism (Fig. 2). Most studies have been carried out qualita-
tively (Fig. 3). According to the results obtained, 17.5% of the
studies were related to the scope of architecture. All archi-
tectural studies belong to the dastkands with religious and
residential uses. For the first time, the present study has
investigated those dastkands with shelter-protection use.

3. Research aims

Recognition and study of the various dimensions of the
remaining dastkandswith the shelter-protection use,makes it
possible to conserve this type of architectural heritage. Since
no comprehensive study has not been carried out on the
recognition of defensive factors in the architectural heritage
of Iran’s organic ancient shelters, this is the main purpose of
the present study.

4. Case studies

To recognize dastkands with a capability of being a pro-
tective shelter, first, the relevant literature was reviewed,



Table 1 Summary of the studies on dastkands.

Title Researchers Year Scope Methodology Purpose Outcomes

Virtual reality-
based
digitisation for
endangered
heritage sites:
Theoretical
framework and
application

Hajirasouli et al. 2021 Tourism Mixed method Raise awareness about
the heritage
communities whose
longevity are
endangered by human
activities and tourism
with the approach of
globalization

A digitally integrated
framework was
developed using Virtual
Reality (VR)

Climate
adaptation of
troglodytic
architecture of
meymand to
hot season

Khaksar and
Moradinasab

2021 Historical Qualitative Determine the degree of
adaptation of the
climate element of
temperature to the
architecture of Meymand
Troglodytic

Meymand Troglodytic
village in Iran utilizes
high heat capacity of the
soil. The buildings in
Meymand are associated
with the climate
element of temperature
during the heat period.

Annual thermal
performance
analysis of
underground
cave dwellings
based on
climate
responsive
design

Zhu et al 2020 Energy Mixed method Evaluate the thermal
performance of ancient
cave dwellings

Yaodong dwellings were
adapted well to summer
conditions mainly due to
their good insulation;
however, indoor thermal
comfort was relatively
poor in winter.

Definition of the
defensive
function of
Iranian
underground
settlements
(Case study,
underground
city of Golestan
in the Nir Area)

Shekari Nairi and
Soltanzadeh

2020 Geography Qualitative Investigate the role of
geographical location in
the formation of
underground cities in
Iran

The underground city is
in an environment
surrounded by several
rocky settlements or
underground villages

The Unfolding
Tragedy of
Kandovan: The
Loss of the last
inhabited cone-
shaped
settlement in
the world

Hajirasouli and
Banihashemi

2020 Anthropology Qualitative Classify troglodytic
architecture

This research confirms
the importance of
providing additional
support for the
preservation and
management of the
architectural context
and living traditions of
Kandovan
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The potential
influence of
building
optimization
and passive
design
strategies on
natural
ventilation
systems in
underground
buildings: The
state of the art

Mukhtar et al. 2019 Energy Simulation Design an energy-
efficient underground
building

Natural ventilation can
improve thermal comfort
in underground buildings
and reduce energy
consumption in them.

Thermal
performance
analysis of a
traditional
passive cooling
system in
Dezful, Iran

Sadoughi et al. 2019 Energy Mixed method Investigate the thermal
behavior of a Shavadan
as a traditional passive
cooling system in Iran

The indoor temperature
of the Shavadans
remained stable
compared to the outdoor
temperature

Analysis of
residential
“karaan” in
historical
village of
“Kandovan”
with livelihood
approach

Mohamadzade and
Rezaei

2019 Anthropology Qualitative Investigate the role of
production factors in the
formation of residential
karaans of the historic
villages in Iran

In order to continue
living, one must pay
attention to the
livelihood of the people
in accordance with its
body

The Analysis of
Archeological
Evidence from
the Fourth
Floor (C) of
Karafto Cave in
Northwest of
Iran

Miraskandari and
Chaychi Amirkhiz

2019 Archeology Qualitative Study Karafto Cave in
Northwest of Iran

The ritual use, and
temporary residence of
humans, from prehistoric
times to the present,
were studied.

Investigation of
naturally
ventilated
shavadoons
component:
Architectural
underground
pattern on
ventilation

Mohammadshahi
et al.

2019 Energy Quantitative Examine the naturally
ventilated shavadoons’
components that can
increase the volume of
the stored air and
present an ideal shape of
the shavadoon

Shavadoons without Kats
and with larger foot rests
can be chosen as an
optimal shape of
Shavadoon

(continued on next page)
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Table 1 (continued )

Title Researchers Year Scope Methodology Purpose Outcomes

Earth-Sheltered
Buildings in
Hot-arid
Climates:
Design
Guidelines

Heba and Daisuke 2018 Energy Qualitative Measure the suitability of
applying the Earth
sheltering technique at
hot-arid climates, in
Egypt

Some urban planning
guidelines were
developed for architects
to select appropriate
sites and apply the Earth
sheltering technique for
residential buildings

A study of
handicrafts in
Baluchistan
region, a case
study of Tamin
and Tamandan

Rajpouri 2018 Archeology Qualitative Study the troglodytic
architecture of
Baluchistan region in Iran

The handicrafts were
classified based on their
appearancse (location),
interior of spaces and
type of use (ritual,
residential, and shelter).

Study of the
architecture of
Marghmalek-
Shahrekord
underground
handicraft

Saedi Marghmaleki 2018 Archeology Qualitative Study the underground
handicraft architecture
of Marghmalek-
Shahrekord in Iran

The underground
handicraft architecture
of Marghmalek-
Shahrekord in Iran was
identified to have a
residential use.

A New Look at
Unique
Characteristics
of Iran’s Rock-
Cut
Architecture
Settlements
(Case Study:
The World
Heritage Site of
Meymand
Village, Shahre
Babak)

Mangeli et al. 2018 Architecture Qualitative Study the unique
characteristics of the
rock-cut architecture

Comparing the
characteristics of
traditional architectures
greatly helps to
determine the design
standards forthe
construction of masonry
buildings in the present
era

The Study of the
Thermal
Performance of
Shavadoons,
C.S: The
Souzangar
House in
Dezful, Iran

Masoudi-nejad
et al.

2018 Energy Simulation Examine the thermal
performance of
Shavadoons house in
Dezful, Iran

The impact of air
velocity, which pushes
out humidity from the
shavadoon, is very little,
rather negligible, in
these spaces.
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Characterization
of Historic
Mortar from the
Architectural
Decoration and
Plaster of
Rocky Temple
of Verjuy in
Maragheh

Razani and
Hamzavi

2018 Restoration Qualitative Identify the decorations
in the construction of
Rocky Temple Verjuy in
Iran

Findings showed the
application of the
building during different
periods.

The water
management in
the
underground
troglodytic
structure in
Arzanfoud,
Hamadan

Mohamadifar et al. 2018 Archeology Qualitative Identify the reasons for
the formation of
troglodyte architecture
along with millet
groundwater resources in
Arzanfoud in Iran

It was found that the
water from the nearby
river was directed to the
structure and distributed
among its various space
and water management
system, and the
buildings were
constructed based on a
preplanned design.

Analysis and
Typological
Study of
Troglodytic
Architecture in
the City of
Naein

Azad et al. 2018 Archeology Qualitative Present a template to
document hand dug
architectural spaces

Methods of opening the
underground space, can
be classified into two
types; underground Bins
and dug Bins in clay wall

Comparative
Analysis of a
Special Style in
Religious
Troglodytic
Architecture of
Central Zone in
Iran (Nain
County) and
Three Relics in
North West of
Iran

Soltani
Mohammadi and
Azad

2018 Architecture Qualitative Describe the similarities
and differentiations of
the architectural forms
used to two different
geographic regions in
Iran

The two regions were
compared to explain
their architectures and
spatial structures as well
as to present their
correct conservation

A Study and
Analysis of
Troglodytic
Architecture in
Iran

Mohamadifar and
Hemati
Azandaryani

2017 Archeology Qualitative Explore main factors in
categorizing handmade
troglodytic architectures
in Iran

Troglodytic architecture
depends geographical
conditions, defense,
security, durability,
religion, and its types
are classified in form,
internal space, function
(religious, tombs,
residential, shelter).
(continued on next page)
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Table 1 (continued )

Title Researchers Year Scope Methodology Purpos Outcomes

Classification and
Practical
Analysis of the
Rocky
Architecture in
Skirts of Sahand
Volcano, NW-
IRAN. Iranian
Studies

Razani et al. 2017 Restoration Mixed method Classif analyze
Rock a ectural arrays
at the of Sahand
volcan orthwestern
Iran

In plastering the body,
gypsum and lime have
been used along with
tuff stone powder and
ash, as well as plant
fibers

Some Rock-Cut
Monuments in
Southern Iran,

Warwick 2017 Archeology Qualitative Discus e Rock-Cut
monum in southern
Iran

Both the Nestorians of
the Near East and the
Buddhists of Sind have
Rock-Cut monuments,
and were involved with
trade routes.

Comparative study
on cliff
dwelling earth-
shelter
architecture in
Iran

Khodabakhshian 2016 Architecture Qualitative Invest continuous
Meyma ck
archite and
Kando ock
archite

Special organization,
climatically adaptation,
and use of earth thermal
behavior in Maymand are
better than Kandovan,
while natural ventilation
and use of daylight are
better in Kandovan.

Relationships
Between Place
Attachment
and
Satisfaction in
the Natural and
Historical Site
of Kandovan
Village

Fathebaghali et al. 2016 Anthropology Quantitative Exami man
intera with human-
made atural
enviro ts

The positive and
significant effects of
place attachment
dimensions on place
satisfaction of visitors
were described.

Investigating the
Quality of Earth
Utilization in
Vernacular
Buildings with
an Approach to

Barzegar et al. 2015 Energy Mixed method Study odytic
Archit e and how
the bu deals with
the gr

The drier the area and
the higher the
temperature fluctuation
(such as cold and dry, hot
and dry) the building
sinks into the soil
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Climatic
Parameters
(C.S:
Kandovan,
Dastkand
meymand and
Biahpish)

Reduction of
energy
consumption
using passive
architecture in
hot and humid
climates

Hazbei et al. 2015 Energy Mixed method Present a passive
architecture
(Shavadoon)for hot and
humid climates

To reduce energy
consumption in
buildings, this
architecture has been
proposed.
Using these buildings for
cooling and heating is
economical.

Understanding
subterranean
grain storage
heritage in the
Mediterranean
region: The
Valencian silos
(Spain)

Valls et al. 2015 Archeology Mixed method Analyze the typological
and architectural
characteristics of
underground
Mediterranean granary
structures

Comparative study shows
main Mediterranean silos
share numerous
features.

The Survey of
Intervening
Factors in the
Formation of
Rocky
Architecture in
Rural Area, the
Case Study:
Kandovan
Village in East
Azerbajan

Pourmohammadi
and
Nasrollahzadeh

2014 Geography Quantitative Investigate the role of
nature and geology of
the region in the
formation of settlements

Habitats and livelihood
are the important factors
in the formation of rocky
architecture in Kandovan
village.

Following of
Human
Residences
Positioning and
Form from
Ecological and

Ataei Hamedani
et al.

2014 Architecture Qualitative Investigate the effects of
climate on the similarity
of architectural shapes
in the regions which are
the same in endemic
factors but lack cultural

Incorporating human-
made and natural sites,
using light materials in
human eco, establishing
permanent residences,
and using light materials
(continued on next page)
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Table 1 (continued )

Title Researchers Year Scope Methodology Purpose Outcomes

Climatic
Concepts
Despite of
Cultural
Connections
(Comparative
examination of
Meymand
Village of
Kerman and
Mesa Verde
Village of
Colorado)

relations eymad
village in rman-Iran
and Mesa rde Village in
Colorado A)

for the construction of
shelter are the
similarities between the
two regions studied.

Study and
evaluation of
the ancient
heritage of
Iranian
urbanism,
emphasizing on
the necessity of
recognition of
underground
settlements of
Iran

Biranvand 2013 Archeology Qualitative Survey an evaluate
undergro d settlements
Known in an

Due to the energy crisis,
the experience of using
the principles used in
this architecture can be
very useful.

Defensive
arrangements
in Coptic
architecture

Nelly Shafik 2011 Archeology Qualitative Study Co c defense
religious chitecture

Safekeeping was a
determining factor in
Coptic buildings’ design.

A Qualitative
Research
Illustrated in
Understanding
Emotional
Dimensions of
Place: an
Underground
Space Named
Shavadoon

Sadoughi and
Memarian

2011 Anthropology Qualitative Investiga the
emotiona imensions of
the place the
undergro d space of
Shavadoo

Feelings and emotions of
two groups were
conveyed through on-
physical interaction with
the environment.
The thematic analysis
reveals phenomena such
as distinctiveness,
tranquility, relief as well
as thoughtfulness.
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and then it was consulted with experts. All of the dastkands
studied are in (Table 2).

5. Methodology

The research method is mixed method (qualitative-quan-
titative). This research aims to recognize the effective
factors in the architectural heritage of Iran’s organic
ancient shelters. To this end, the research method includes
three steps, as presented in Fig. 4.

5.1. The first step: identification of variables

First, to identify the defensive factors in the architectural
heritage of Iran’s organic ancient shelters, it is required to
have a complete list of variables affecting the architectural
heritage design process. For this reason, it was decided to
use the results of the research by (Del et al., 2020; Del and
Tabrizi, 2020), which is a systematic review of the litera-
ture on the introduction of architectural heritage vari-
ables. Then, the statistical population, with the ability to
select and confirm the variables effective in designing
Iran’s organic ancient shelters, was selected. The statisti-
cal population included architects who specialized in the
field of Iranian architectural heritage. The architects were
qualified based on four criteria: to have a) knowledge and
experience of the subject, b) a willingness to participate in
the study, c) sufficient time to participate in the stages, d)
effective communication skills (Landeta, 2006; Del et al.,
2021). In the present study, the first sample was selected
using a purposive sampling technique and other samples
were selected using the snowball sampling technique. In
this way, first, the first person was selected based on the
highest scientific competence in the relevant scope by
reviewing the scientific resume, and then, the second
person was identified with the help of the first person. In
the same way, other people were identified and selected.
Selecting the sample population in this way continues
serially until a new sample is found (Dempsey and
Dempsey, 2000). One of the most well-known non-proba-
bility sampling methods is the snowball sampling method.
This method is especially suitable in cases where access to
the relevant population of specialists is difficult (Tansey,
2007; Etikan et al., 2016). In this method, future mem-
bers of the sample are selected by former members of the
sample and the sample becomes larger and larger like a
snowball (Leighton et al., 2021). The sample size of ar-
chitects is equal to 165 persons. To investigate the sample
adequacy, the Kaiser-Meyer-Olkin (KMO) measure of sam-
pling adequacy was used. The sampling adequacy is
confirmed, if the value of this measure is above 0.6 (Kaiser,
1974; Dziuban and Shirkey, 1974; Cerny and Kaiser, 1977).
Since the value of KMO was obtained to be 0.754, as listed
in (Table 3), the adequacy of the sample size is confirmed.

5.2. The second step: verifying of variables

To identify the variables more comprehensively and also to
verify the variables identified in the literature review, a
semi-structured questionnaire was designed to interview
ten architects. The semi-structured questionnaire is



Fig. 2 Frequencies of research scopes.

Fig. 3 Frequencies of research methods.
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composed of open-ended (unstructured) and multiple-
choice (structured) questions (Horton et al., 2004). Open-
ended questions allow new variables to be discovered by
studying the experts’ answers, and act as a brainstorming
strategy, aiming to reveal all the effective variables in this
study (Reja et al., 2003). To conduct the interviews, the
experts were asked to introduce and explain their proposed
variables effective in the dastkand architecture of Iran’s
organic ancient shelters. Multiple-choice questions based
on the variables identified in the first step also verify or
reject the validity of the variables identified in the litera-
ture review with the answers of “Effective” and “Not
effective”. To verify a variable, more than half of the ex-
perts must select the “Effective” option; otherwise, the
variable will be deleted (Joffe, 1992).

5.3. The third step: discovery of factors

To recognize the defensive factors in the architectural
heritage of Iran’s organic ancient shelters, a structured
questionnaire was developed based on the identified vari-
ables verified by the experts in the second step (Table 4).

In this questionnaire, 165 architects were asked to rank
variables and make them quantifiable using a 5-point Likert
scale (Joshi et al., 2015; Babbie, 2007). In the scale, 1 in-
dicates strongly disagree, 5 strongly agree, and 3 neutral or
hesitant towards the variable (Boone and Boone, 2012). The
data obtained from factor analysis in R were classified into
single factors based on the magnitude and proximity of
correlation between the variables. The exploratory factor
analysis consists of two steps: 1) extraction (finding) of the
factors; and 2) rotation of them to make them interpret-
able. The principal component method is one of the widely
720
used methods for factor extraction to perform the first step
of factor analysis in R. The Varimax rotation method is also
a widely used factor rotation method used to make data
more interpretable (Shrestha, 2021; Rummel, 1967). After
the rotation of the components, the factors are named
based on the constituent variables and considering the
magnitude of their correlation coefficients (Yong and
Pearce, 2013; Bandalos and Finney, 2018). Cronbach’s
alpha test was used to evaluate the reliability of the data
obtained in the study. The research data has good reli-
ability if the alpha coefficient is greater than 0.7 (Tavakol
and Dennick, 2011). Since the alpha coefficient was esti-
mated to be 0.862, as listed in (Table 5), the reliability of
the data obtained in the research is confirmed.

6. Results

The eigenvalues and scree test (i.e., Scree plot) are used to
determine (Fig. 5) how many factors to retain. One crite-
rion that can be used to determine the number of factors to
retain is Kaiser’s criterion which is a rule of thumb. This
criterion suggests retaining all factors that are above the
eigenvalue of 1 (Kaiser, 1960; Yong and Pearce, 2013).

The results of R-factor analysis are presented in (Table
6). The initial eigenvalues of 10 factors were significant
and above one. Based on the results, up to 60.4% of
effective factors in the architectural heritage of Iran’s
organic ancient shelters can be identified and interpreted
with certainty according to interviews with architecture
experts. The most important factor identified is the first
factor. This factor explains 19.6% of the total variance.

The Varimax rotation method, which is the widely used
factor rotation method, was used to make factors more
easily interpretable. The variables are classified into single
factors based on the magnitude and proximity of their
correlation coefficients (Table 7). For example, the first
factor includes four variables of VAR10, VAR11, VAR18,
VAR32, that their correlation coefficients are the highest
and also close to each other.

The factors were named based on the variables placed
under them and their correlation coefficients (Table 8). In a
factor, that variable with the greater correlation coeffi-
cient should be more considered in the naming process
(Shrestha, 2021).

7. Discussion

Dastkand architecture shows the proper use of the capacities
of the surroundings in the past, so that over the years, one
can well understand the human adaptation, evolution and
interaction with the environment in these complexes.
Applying passive defense as a way to reduce the risk of at-
tacks and enhance defense capabilities after the occurrence
of danger shows that the dastkand has been a successful
example of designing a place with shelter-protection use in
its time.

Based on the obtained results, there are ten factors
influential in the architectural heritage of Iran’s organic
ancient shelters (Fig. 6). These factors are classified into



Table 2 Iran’s organic shelter (dastkands).

No. Case studies Current
location

Related photo No. Case studies Current
location

Related photo

1 Javin Castle Semnan 9 Khourbas Qeshm

2 Nushabad Kashan 10 Behestan Castle Zanjan

3 Samen Malayer 11 Kafer Culi Mazandaran

4 Bineh Lar Meshkinshahr 12 Arzan Foud Hamedan

5 Kurd Olia Tiran 13 Kakhac Gonabad

6 Nig Ghaenat 14 Dezhmandeh Khoein

7 Ghirikh Kohol Kahjoog 15 Jogh Castle Hamedan

(continued on next page)
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Table 2 (continued )

No. Case studies Current
location

Related photo No. Case studies Current
location

Related photo

8 Golestan Nayer 16 Honame Shirvan

Fig. 4 The methodology steps.

Table 3 KMO and Bartlett’s test.

Kaiser-Meyer-Olkin Measure of
Sampling Adequacy.

0.754

Bartlett’s Test of
Sphericity

Approx.
Chi-Square

1395.060

df 496
Sig. 0.000
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three macro categories. 1) Provision of security using pas-
sive defense in the defensive architecture of the dastkands
such as environmental camouflage, secret passage, path
control, covert surveillance, mass defense, and multi-
Table 4 Identified and verified variables in the architectural h

No. Variable No. Variable

1 Establishment Position 9 Social Classification
2 Indigenous Materials 10 Attention to Center
3 Observation Elements 11 Socializing Space
4 Environmental

Camouflage
12 Spatial Hierarchy

5 Dimensions and
proportions

13 Naturalistic Architecture

6 Service accesses 14 Introversion of Spaces
7 Interface Spaces 15 Environmental landscape
8 Secret entrance 16 Structural System
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layered defense; 2) Provision of self-sufficiency using nat-
ural ventilation, natural light, natural water supply using
groundwater resources and constructing food warehouses;
3) Provision of thermal comfort using sustainable energies
such as Earth’s heat capacity soil, earth’s humidity,
directing natural airflow on the water to create evaporative
cooling.

7.1. First factor: central gathering on the floors
(collective defense)

In dastkand architecture, attention to socializing spaces for
military arrangement on each floor is obvious. These spaces
are usually placed in the center of each floor and are used
as a central space. Creating a central gathering space for
collective defence is usually located near the entrance to
prevent enemy infiltration from the outset. Such spaces
have not very large dimensions and are built at a human
scale (Fig. 7).

7.2. Second factor: introverted and hierarchical
orientation (multi-layered defense)

The architecture of underground cities was introverted (no
visual connection with the outside). Moreover, in the
spatial hierarchy (separation of public and private spaces),
collective defense and residential spaces are the outermost
and innermost defense layers of the complex, respectively
(Fig. 8). The multi-layered defense was established by
aiming to prevent invaders from reaching important areas
such as facilities and the location of residents.
eritage of Iran’s organic ancient shelters.

No. Variable No. Variable

17 Plan Design 25 Residential Value
18 Number of Floors 26 Construction Method
19 Skyline 27 Dastkand Orientation
20 Depth of View 28 Sense of Security

21 Skylights and Openings 29 Environmental Climate

22 Physical Form 30 Controlled Entry
23 Water Supply System 31 Complex Circulation
24 Spiritual Value 32 Human Scale



Table 5 Reliability statistics.

Cronbach’s Alpha No. of Items

0.862 32

Fig. 5 Scree plot.
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7.3. Third factor: structure and landscape in
harmony with the environment (environmental
camouflage)

Since the complex is under the ground (Fig. 9), its structure
is made of natural materials or those materials found in
nature. Landscape and slope, topography, trees,
Table 6 Total variance explained.

Extraction Method: Principal Component Analysis.
Highlighted values indicate significance of acceptable initial eige

723
mountains, etc. provide the camouflage of the defense
structure. This architecture is beyond an earth shelter and
is an organic shelter (Fig. 9). The harmony of the complex
with its surroundings has created integrity, making it
impossible for people to recognize and distinguish the
dastkand as an independent and distinct architecture, from
outside.
7.4. Fourth factor: corridor and controlled
entrance (path control)

Underground cities have controlled entrances to provide
safety for residents. Access to the entrances has been
created in the basements or near the city (Mohamadifar
and Hemati Azandariani, 2017). These entrances were
controlled by the guards and the doors were made of
materials such as stone. They were sliding and could be
opened only from the inside and with the permission of
the guards by moving into the groove. It is noteworthy
that the entrance corridors were narrow and complicated,
and each person only could enter the dastkand individu-
ally. This removed the possibility of group invasions. In
addition, the traps were used in mazes to confuse pur-
suers (Fig. 10). In some cases, the height of the entrance
corridor was short to prevent the attackers from moving
quickly and bringing military equipment. There were also
several entrance corridors, only one of which was the
nvalues of factors (total >1).



Table 7 Rotated component matrixa.

Extraction Method: Principal Component Analysis.Rotation Method: Varimax with Kaiser Normalization.Highlighted values
indicate a high correlation coefficient in each factor.

a Rotation converged in 11 iterations.
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main corridor and the rest were constructed to mislead
the enemy and disperse them. Even the floors of the
corridors have been paved so that the residents do not
leave any footprints.

7.5. Fifth factor: utilization of context-oriented
facilities (self-sufficiency)

In dastkand complexes, the water supply system was pro-
vided through underground water due to the self-sufficiency
of drinking water supply during the siege in the long run.
Access to water is also important defensively. Many under-
ground cities have been developed around subterranean. In
Arzanfoud underground city, the water supply system was
designed in such a way that in cases where the underground
city was attacked, the residents could leave the city through
the designed ponds and water canals. Also, several points
have been carved in the wall to place candles to illuminate
the space for the residents (Fig. 11). In addition, skylights
and vents have been dug in the roof of the entrance corridors
or on the floor to provide ventilation and lighting for the
lowerfloors. Itwas alsonot possible for theattackers toenter
the dastkand through these hidden and narrow openings.
724
Food warehouses were constructed as repositories on the
floor or within the walls that can be used for months without
worrying about food shortages. There were also cooking
ovens and platforms for resting, which were constructed on
the floor or as a half-floor.

7.6. Sixth factor: access to secret entrances and
passages (secret passage)

Tomake the entrance unrecognizable, the underground cities
were accessed secretly from the environment with various
uses. For example, they were accessed through the barn, a
well or a groundwater outlet so that there was no trace left
and possible pursuers could not identify them (Fig. 12). Dast-
kands were accessed from inside the city to allow residents to
escape safely and secretly when the city was besieged. The
emergency exits in the dastkand were connected to the sur-
roundings of the city to provide a safe route to escape to an
area where enemies were not present. These exits were
usually connected to terrains and mountainous areas, which
allowed residents to escape slowly due to their natural cam-
ouflage. Therefore, people easily took refuge behind the
terrain and were not recognized by the enemy.



Table 8 Factors and their variables.

Factor Name Factor Var. No. Variable Correlation
Coefficient

1st Factor Central Gathering
on the Floors
(Collective
Defense)

VAR10 Attention to Center .747
VAR11 Socializing Space .711
VAR18 Number of Floors .510
VAR32 Human Scale .483

2nd Factor Introverted and
Hierarchical
Orientation (Multi-
layered Defense)

VAR12 Spatial Hierarchy .658
VAR27 Dastkand Orientation .645
VAR14 Introversion of Spaces .573
VAR17 Plan Design .565

3rd Factor Structure and
Landscape in
Harmony with the
Environment
(Environmental
camouflage)

VAR19 Skyline .752
VAR16 Structural System .623
VAR15 Environmental landscape .561
VAR20 Depth of View .357

4th Factor Corridor and
Controlled
Entrance (Path
Control)

VAR28 Sense of Security .777
VAR30 Controlled Entry .660
VAR31 Complex Circulation .606

5th Factor Utilization of
Context-Oriented
Facilities (Self-
Sufficiency)

VAR22 Physical Form .723
VAR23 Water Supply System .710
VAR21 Skylights and Openings .571

6th Factor Access to secret
entrances and
passages (Secret
Passage)

VAR02 Indigenous Materials .753
VAR05 Dimensions and proportions .559
VAR08 Secret entrance .554
VAR06 Service accesses .393

7th Factor Adapted to the
Climate and
Environment of
the Region
(Sustainable
Architecture)

VAR29 Environmental Climate .702
VAR04 Environmental Camouflage .689
VAR09 Social Classification .347

8th Factor Pay Attention to
Psychological
Values in
Construction
(Residential
Values)

VAR24 Spiritual Value .703
VAR25 Residential Value .702
VAR26 Construction Method .576

9th Factor Establishment of
Secret
Surveillance
(Covert
Surveillance)

VAR01 Establishment Position .740
VAR03 Observation Elements .442

10th Factor Spatial Expansion
with Cluster
Development
(Cluster
Development)

VAR07 Interface Spaces .779
VAR13 Naturalistic Architecture .365
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7.7. Seventh factor: adapted to the climate and
environment of the region (sustainable
architecture)

Sustainability can be examined from two aspects: 1) From
the inside, the dastkands did not damage the environment
725
and cause environmental pollution; and 2) From the outside,
if a part of the dastkand is destroyed for any reason, the
materials in nature can be used and the damaged part can be
repaired quickly. They were constructed in a way to be
adapted to the climate and the environment, resulting in
their increased lifespan. In addition, they are economical



Fig. 6 Defensive factors.

Fig. 7 Left: The first floor of Javin castle. Right: The second
floor of Javin castle, (Bahr-Ol-Olum et al., 2016).

Fig. 8 Left: Plan of Jogh Cave Castle, Hamedan. Right: Plan
of Nayer underground city, Golestan, adapted from, (Shekari
Nairi and Soltanzadeh, 2020).

Fig. 9 Left: Bineh Lar, Meshkinshahr. Right: East entrance of Narin Castle, Meybod, (Nikzad and Ghafouri, 2015).
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and cost-effective due to no need for special materials. In
mountainous,warmandhumid regions, thefloors of dastkands
wereconstructedwithinthemountainsandhighlands,while in
hot-arid regions, theywereconstructedunder theground,due
to access to groundwater. Also, heat exchange and
726
temperaturefluctuations are less in the underground city than
the highlands (Fig. 13).

7.8. Eighth factor: pay attention to psychological
values in construction (residential values)

In addition to defensive and protective spaces, the
dastkand complex includes worship and residential spaces.
These spaces have been created to enhance the morale of
individuals and strengthen residents psychologically. Also,
the spaces belonging to higher social classes have been
constructed more delicately and precisely (Fig. 14). The
separation of public and private spaces of the rooms with
wooden doors and the presence of numerous candlesticks in
the space implies the attention to the residential values in
the dastkand.
7.9. Ninth factor: establishment of secret
surveillance (covert surveillance)

To be aware of the enemies’ situation, there were aper-
tures for surveillance in different parts of the dastkand
complex, like made openings on the entrance doors or the
walls of highlands (Fig. 15). The provision of surveillance to
identify the situation of the surroundings and environ-
mental threats, requires holes in the wall that are not
recognizable from the outside and located in the strategic
points in the inside so that they provide a wide view of
sensitive areas to residents.

7.10. Tenth factor: spatial expansion with cluster
development (cluster development)

Interface spaces connect different parts. Underground
cities are generally expanded in the form of cluster com-
plexes that are connected by interface spaces such as
corridors. Cluster development itself plays a defensive role
in preventing other complex parts from falling when a part
of the complex is conquered by enemies (Fig. 16). In most
cases, cluster development is both horizontal and vertical
as follows: the defense is done on one floor first, and in the
case of its collapse, the residents go down the stairs or



Fig. 11 Left: water well in Arzanfoud underground city, (Mohamadifar et al., 2018). Right: Triangular holes as places for candles,
in Behestan Castle.

Fig. 12 Left: The secret entrance to residential floors in Nushabad underground city. Right: The entrance to Arzanfoud un-
derground city from the groundwater outlet (Mohamadifar and Hemati Azandariani, 2017).

Fig. 13 Left: Javin Castle, Semnan, (Bahr-Ol-Olum et al., 2016). Right: Underground floors in Noushabad underground city.

Fig. 10 Left: Observation in Dezhmandeh underground city, Khouin. Right: Controlled corridors in Nayer underground city,
Golestan, (Shekari Nairi and Soltanzadeh, 2020).

Frontiers of Architectural Research 11 (2022) 709e730
hidden stairs to the lower floor and prevent the invaders
from entering the next floor.

8. Conclusions

For hundreds of years, Iranian dastkands architecture had
preserved the lives and property of the inhabitants of
wealthy cities when foreigners attacked them. The archi-
tectural and design dimensions of these complexes have
been unknown until now. Dastkand architecture is a spe-
cial type of Iranian architectural heritage in which no
727
materials are used to construct space. To create the
required space, it is adequate to only dig the ground,
carve into rocks, and excavate the ground, but it is very
difficult to do so. Most of the studies on dastkands have
been in the scope of archeology and the least studies have
been in the scopes of history and tourism. The literature
review shows that 17.5% of the studies were related to the
scope of architecture. All architectural studies belong to
the dastkands with religious and residential uses. For the
first time, this research has studied and recognized the
elements of defensive architecture of those daskands with



Fig. 15 Left: Observation in Dezhmandeh underground city, Khouin. Right: Observation in the wall of Khorbas Mountain, Qeshm,
(Mordasangi, 2016).

Fig. 16 Left: Interface space in Noshabad underground city. Right: The plan of a part of Semen underground city, Malayer,
(Mohamadifar et al., 2015).

Fig. 14 Left: The drawings on the wall of Karaftu Cave. Right: Living in a fortress Kurd Olia, Tiran.

M.S. Taher Tolou Del, Z. Sadooghi and S. Kamali Tabrizi
shelter-protection use. In this study, 16 cases of Iranian
defensive dastkands have been studied. All of them were
located on the Silk Road or the roads leading to it. In fact,
in the era of flourishing and prosperity of the silk trade
route, this type of architecture had been formed due to
the need to ensure the security of cities. These complexes
had been dug in mountainous areas in rocks and in desert
areas and flat plains underground. Based on the obtained
results, there are ten factors influential in the architec-
tural heritage of Iran’s organic ancient shelters. These
factors are classified into three macro categories: 1) Pro-
vision of security using passive defense in the defensive
architecture of the dastkands such as environmental
camouflage, secret passage, path control, covert surveil-
lance, mass defense, and multi-layered defense; 2) Pro-
vision of self-sufficiency using natural ventilation, natural
light, natural water supply using groundwater resources
and constructing food warehouses; 3) Provision of thermal
728
comfort using sustainable energies such as Earth’s heat
capacity soil, earth’s humidity, directing natural airflow on
the water to create evaporative cooling. The identified
factors are the secret of the stability and durability of the
underground cities and its benefit by the defenceless
people and its inhabitants for centuries. Valuable
achievements of studying the architecture of Iran’s
organic ancient shelters can promote to the world
knowledge in the field of defence architecture and passive
defence, play an essential role in the sustainability of
modern cities during wars and natural disasters.

8.1. Study limitations

The exact number of dastkands is not specified because of
the lack of written historical documents and their unclear
locations due to being hidden in the ground, and most of
them have been incidentally discovered and identified in
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modern times during construction and excavation opera-
tions. For this reason, our knowledge of their number,
history, and architecture is very limited.

8.2. Future research

For future research, it is suggested to individually
analyze andevaluate all the samples introduced according to
the factors and variables identified in this article, to identify
strengths, weaknesses, threats, and opportunities (SWOT
analysis) of each type of this valuable architecture.
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