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 In recent years, commercial buildings and shopping centers to attract customers to buy 
and welfare of people in the areas used of HVAC systems, lighting, heating, cooling, 

etc. This is necessary to review the practices of planning, design and construction of 

these spaces needed for sustainable urban development. The architecture of the desert, 
when the harmony of the climate, the soil was an important part of the building, In the 

heat of summer to 10 degrees cooler than the ambient temperature of the underground 

part of it because the ground temperature at different depths are uniform throughout the 
year The underground buildings cooler in summer and warmer in winter homes on the 

planet. This article deals with the analytic expression of the benefits of using 

underground architecture, a further step, the temperature at a depth of 2, 4, 6 and 8 
meters earns above the ground in the city of Yazd and to examine the idea of 

underground shopping centers. 
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INTRODUCTION 

 

 The energy crisis of the human world to seek ideas for saving energy in different areas, particularly in the 

building, energy saving in buildings, can compensate for a large part of the energy shortage in the world. For 

decades, the underground structures as the idea are new to many people. While living in the basement of the 

century is a difficult phenomenon, but history shows that the underground spaces in different periods of human 

life has always been used as a residence and is not a new idea. early humans Shelters, earth sheltered caves and 

underground structures built during human history To meet the needs of humanity in order to achieve good 

indoor air in areas with severe weather, Structures such as sunken garden and yard and traditional houses is 

made in the villages like Meymand and Kandovan We can say that the main reason to go to the basement has 

been difficult weather conditions. 

 

 
(1) Energy consumption in 2011 
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Energy consumption in Iran: 

 According to statistics, 40% of commercial energy consumption is in the household sector, transport 28%, 

industry 28%, agriculture 4 percent. In other words, the highest energy consumption belongs to the residential 

and commercial sector whereas in developed countries this share is accounted much lower than the industrial 

sector (Statistical Center of Iran).  

 Check the status on balance sheet power 2007, shows that in the period 1980 to 1990, 1991 to 2000, 2000 to 

2006, almost always the energy consumption in Iran has to be controlled and optimized triple time more than 

world consumption. 

 

 
 

Fig. 2: Energy consumption in the world. 

 

The benefits of the use of underground space: 

 This part of the architecture in terms of environmental issues, human, economic, aesthetic and deals. 

 

Environmental Issues: 

 Land resource that simply cannot be recycled. Although the construction of a monument erected on the 

ruins of a thing is possible, but the quality of its soil and its related biological environment by recycling 

depreciate. Underground development of the architecture is inherently ecological Architecture. By restoring the 

earth's crust in nature rather than using it as a base structure that minimizes the potential for biotic and abiotic 

degradation of performance. In fact, the building is integrated with the architectural conservation Architecture 

called Kaviani, 2001, 29-33).This architecture has entire environmental benefits and should be said that its 

effects on the macro scale or in combination with conventional buildings, however, may be different but would 

be great. Even reduce the need for fuel in underground buildings in the equilibrium temperature of the 

environment and reduce energy consumption is very efficient. 

 

Humanitarian issues: 

 The urban structure of the ground work for most functions, entertainment and the settlement. In fact, the 

plan of the two layers can be implemented in two ways, One of the characteristics of the plan and the plan below 

are completely unrelated, A good example of the urban development ideas by separating commercial and 

transport services, human services and is walking. It is able to benefit public safety and privacy. Another 

construction to communicate with the surface. 

 In fact, the plan of the two layers can be implemented in two ways, one of the characteristics of the plan and 

the plan below are completely unrelated, A good example of the urban development ideas by separating 

commercial and transport services, human services and is walking. It is able to benefit public safety and privacy. 

Another construction is to communicate with the surface. 

 

Aesthetic issues: 

 Another issue discussed in the basement of the building is its aesthetic, especially when the building is 

placed in relation to the urban form. Gunar Birkerts says following statement about the physical presence of the 

building offers:  

 There are many buildings in a single building. All physical and functional needs not only to a visual object 

on the ground, no perspective the right to occupy a portion of land and destruction of visual effects, it is not. In 
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fact, their presence is not necessary to form the backbone of our city. First we need a better plan for the 

construction of buildings and other constructions, we So we can avoid ugly city. 

 

Economic issues: 
 The architecture of the underground economy has a lot of advantages: 

(A) The financial resources, release to be used in another place rather than other place. 

(B): this motion release the space with extending and interrelatedness and make cities valued,. 

(C) Development of underground spaces, greater flexibility and increased options in an effort to achieve a 

sustainable balance in the process of urbanization offers. 

D: development and strategic use of underground space to store important human asset, it means cause the time. 

 

Role of underground architecture to optimize power consumption: 

 Because the building's residents live underground in the past with a history of over 2,000 years. Any 

attempt to change their residence from the scorching desert sunny days and cold nights are safe, This is the 

underground structures of the territory covered by the walls and ceilings that are protected from direct sunlight, 

The depth of approximately 2.5 meters from the ground, the soil temperature is substantially constant Average 

annual temperature stays at about The relative heat in winter and cold in summer due to the time lag relative 

quarterly result [3]. Underground structures has less heat than conventional buildings lose ground. Typical heat 

buildings in winter and in summer it will be lost. Soil that surrounds the buildings acted as moderator 

temperature and the heat of summer and in winter it will reduce the loss. Due to the relatively constant 

temperature of the soil, so that the heat from the surrounding air in the summer instead be transferred to the cold 

earth. The relatively warm winter soil temperatures below zero temperature environment more favorable to the 

cause. This idea is based on daily and annual fluctuations in soil temperature at various depths acts. Daily 

fluctuations in soil temperature at a depth of 20 cm can be removed. More deep soil temperature according to 

seasonal changes and temperature changes occur after a considerable time lag head. Slowly the soil temperature 

thermal cycle, which is mainly underground structures are effective in saving energy. In Minnesota, for 

example, at a depth of 3 meters, the coldest month of the year wasn’t in the middle of winter and early spring 

pass, when temperatures begin to warm up. According to the characteristics of the soil in early November (mid-

November to mid-December), the outside temperature drops sharply, begin warming the According to studies at 

the University of Minnesota, 75 percent of the energy stored underground houses were predicted. Because of 

high energy storage by building underground soil or ground insulation characteristic, it must be said that the soil 

or ground insulation is poor. Orton foam is 10 to 20 times better. The moderating soil temperature change for 

the better so that the heat it will stay hot for a long time. The response to temperature change quickly and 

drastically change the temperature of the air. That means that if the temperature at between -18 ° C (zero degree 

F) to 35 ° C (95 ° F), approximately it is 4 meter down, the soil temperature is between 10 ° C (50 ° F) to 18 ° C 

(65 ° F) is variable. Earth warmer in winter and cooler in summer and to have an interesting time can reduce 

heating and air conditioning system. The main reason is to reduce energy consumption in buildings, 

underground. The following table shows Compares the heat loss in buildings and building common ground a 

good example of Ray Sterling Professor of Underground Space Association of America in this regard. He notes 

that in Minnesota annual temperature change of 1 ° C in winter to 38 ° C (30 to 100 ° F) in summer there but 

dirt when only 3 meters (10 feet) deep, the Only 12 ° C (20 ° F) fluctuates. From 4 to 16 ° C (40 to 60 ° F). 

 
Table 1: Comparison of heat loss in buildings and building common ground shelter in Minneapolis 

 The surface structures Underground structures 

The loss of heat in winter (BTU per hour) 39/927 720/12 

Gain heat in the summer (BTU per hour) 44/650 0 

 

Conditions for thermal comfort: 

 Terms of thermal comfort, a range of temperature and humidity in which the body's thermoregulatory 

mechanism is at work. Thermal comfort conditions in the building thermal calculation, measurement devices, 

Thermal insulation thickness and type of material and generally has a direct impact on energy consumption and 

waste. And the fact that people feel comfortable temperature in the same climatic conditions are similar is 

required for each region, Thermal comfort accurately determined.  

 Five climatic factors such as temperature, humidity, water vapor pressure, air velocity (wind) and radiation 

from the inner wall of the thermal comfort conditions are considered And other factors, including type of 

coverage, age and gender because they cannot control, are assumed to be constant [5].  

 In countries with cold climates to reduce the range of tolerable comfort to the people, the amount of energy 

needed for heating is reduced And in warm climates near the boundaries of comfort to feel the heat and cold, the 

energy consumption for heating and cooling throughout the year to deliver optimal. In our country borders 

thermal comfort in the management of energy consumption, especially consumption of fossil fuels will have a 

great impact. 
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Thermal comfort conditions in Yazd: 

 Geographic situation of Yazd is 54, ͦ31 north latitude and 24, ͦ54 east longitude and altitude of 1230 meters 

above the sea, the climate is hot and dry in the most obvious example. To determine the thermal comfort zones 

in Yazd, with a view to reducing energy consumption in buildings, it is necessary to suit the range of thermal 

conditions in summer and winter, the city offered. Yazd in warm climates because of the time required for 

cooling and heating in the cold is needed. By comparison charts for their thermal comfort zone is specified, a 

graph in which Oleg adaptable for latitudes below 40 degrees is predicted. Therefore, for determining the 

thermal comfort conditions of Yazd of this diagram is used. 

 With monthly and annual mean relative humidity and dry monthly and annual mean temperature during the 

past 10 years, Yazd station (2006-1997) (Table 2) Determine the monthly and annual thermal comfort station on 

the chart above (points 1 to 12) (Figure 1), according to Oleg, high and low thermal comfort in the summer, was 

amended, for this purpose, since the low and high thermal comfort Yazd, according to Oleg diagram (Figure 1) 

in the summer c ͨͦ
ͨ ͨ
2 / 21 and is c ͦ 28 Because the city of Yazd in 54, ͦ31 north latitude, and thus the difference in 

latitude longitude location of the base (40 ͦ N), ͦ1 / 8 is, should the model Oleg 0/65 ͦ c summer heat is added to 

the bottom and top comfort, so the lower limit and upper limit of the thermal comfort in summer 21/8 ͦ c 28/65 ͦ c 

will be low as well as high thermal comfort in winter 20/4 ͦ c and 24 / 8 ͦ c is. 

 
Table 2: Average monthly and annual temperature and relative humidity drying station Yazd (from 2006 to 1997 ((Statistical Yearbook  

Meteorological Organization). 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Temperature drying 6/49 9/98 14/62 20/84 26/28 31/18 33/44 31/54 27/66 21/39 12/89 8/1 20/34 

Relative humidity 

(%) 

52/8 36/3 30/4 25/6 18/9 13/6 14/5 13/3 14/6 21/8 37/5 50/6 26/9 

 

 
 

Fig. 3: Oleg climate graphs (Olgyay, 1973) monthly breakdown of thermal comfort station of Yazd. 

 

 By observing the monthly Yazd station on the chart Bioclimatic Oleg (Figure 1) The results of the three 

months of April, May and October (points 4, 5 and 10) in the range of thermal comfort and the four months of 

June, July, August and September (points 6, 7, 8 and 9) are positioned Without airflow and cooling caused by 

the evaporation of particles, the feeling of comfort for people. In the five months of the year, the months of 

January, February, March, November and December (points 1, 2, 3, 11 and 12), in a situation that they feel 

comfortable without being exposed to radiant heat (sun or source other). At 10 years of meteorological data 

(2006-1997) show that almost from the beginning of June the temperature is between 28 to 29 ° C. (28/65 ͦ c is 

the upper limit of thermal comfort in summer)And at the same time cooling devices are used in many buildings. 

Therefore, the upper limit being reduced summer . In the table above , reduced summer comfort . too high for 

comfort assumed in summer 27 ͦ c for Yazd. Especially as the temperatures in May and in the interior of the 

means of cryogenic rarely used. Also, most people will not feel the temperature with light clothing . The lower 

limit of the Yazd in winter comfort is 20/4 ͦ c the monthly weather data for the month of April , which is the 

optimum temperature for thermal comfort . Winter comfort as high as 24/8 ͦ c According to the weather , the 

temperature is related to early May . Given that these conditions have a temperature of 23 ͦ c and yet there is a 

sense of thermal comfort , So, to save heating energy consumption can be reduced by 1/8 ͦ c at the comfort of 

winter, as these bring to 23 ͦ c. So we can say that the summer thermal comfort in Yazd 21/8 ͦ c-27 ͦ c and Winter 

Thermal comfort is 20/4 ͦ c-23 ͦ according to Oleg model, to determine the limits of thermal comfort in addition 

to relative humidity and air temperature must be determined. According to Oleg offer good relative humidity 

range, 65% -30%, based on the standard United States of America (ASHRAE) This limit is 80% -20%. Given 
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that the average annual relative humidity of Yazd,% 26/9 is the highest average relative humidity,% 50/6% and 

52/8, respectively, in the months of November and December will rise, and the average minimum relative 

humidity, which create thermal comfort is equivalent to 18% / 9 in may expressed. Therefore, the upper limit 

and lower limit of the 53% relative humidity with respect to the proposed thermal comfort levels of 18% is 

offered. According to the evaluation of thermal comfort conditions of Yazd for summer and winter conditions 

21/8 ͦ c-27 ͦ c 20/4 ͦ c-23 ͦ c and optimal relative humidity range of 53% -18% respectively. The proposed thermal 

limits while providing appropriate conditions inside, the dissipation of energy, i.e. the energy consumption can 

prevent unstable. 

 

 
 

Fig. 4: Table climate in summer and winter thermal comfort for Yazd. 

 

The soil temperature at different depths of the earth in Yazd: 

 As the most important factor, the annual pattern of land surface temperature can be a sine wave of the 

annual average ambient air temperature considered. The main feature is the wave amplitude reflectivity of the 

surface temperature and soil spread is in place. In most cases, the daily changes of the temperature wave in the 

summer, at a depth of 30 cm will be more than 5 ° C. The waves of heat and cold, lasting only a few days to a 

depth of about 60 cm more influence them. Depths greater than 60 cm only notable pattern of annual 

temperatures and mean monthly temperature alone can be used to predict the temperature underground. As 

mentioned above, the soil temperature at various depths as a function of temperature during the year. Layers of 

soil temperature numerically is based on the theory of heat transfer in semi-infinite solid. 

 

 
 

Fig. 5: Figure sinusoidal temperature in the last 60 years. 

 

 
 

Fig. 6: Mean air temperature of Yazd in the past 10 years (Source: Author, based on 10 years of data (2010- 

2001) Meteorological Organization Yazd, Yazd station) 
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  In addition to factors such as soil temperature and the depth of investigation depends on factors such as soil 

thermal spread (α) which is a function of density, specific heat and thermal conductivity of the soil depends 

(Kusuda etal, 1983). 

 The thermal conductivity of the soil can be expressed by the equation of heat in the form below: 

 
 According to the analytical solution of this equation, soil temperature at a depth of soil and at any time can 

be calculated by the following expression: 

 
 Average annual air temperature (° C) 

 Tₒ- time of the hottest days of the year from January (h) 

 A- Amplitude of temperature during 10 years (C) 

 Z- Height from the ground surface (m) 

 Frequency ω- annual air temperature () 

 Soil thermal spread α- (square meters per hour) = = α 

 C- Soil specific heat () 

 Soil density ρ- 

 The following table: 

 
Table 3: Parameters required for soil temperature at various depths obtained in 10 years, according to the weather in Yazd 

Soil thermal 
spread 

Average annual air 
temperature 

Amplitude of the 
temperature 

Since the hottest day of 
the year from January to 

watch 

Frequency of annual 
air temperature 

 

()α 
(cͦ)T mean (cͦ)A (h)ₒt 

()𝜔 
 
1.57 

0.00089 20/4 17.85 4680 7/17  

 

 Based on the above data, we can use the formula above diagram soil temperature at depths of 2, 4, 6 and 8 

yards gained and using the temperature and comfort, deep underground designated for construction. 

 
Table 4: Soft sandy soil temperature throughout the year for various depths. 

T=350 T=300 T=250 T=200 T=150 T=100 T=50 T=0 Time / Depth 

20/18 20/36 20/42 20/49 20/57 20/64 20/71 20/78 2 M 

20/34 20/75 21/16 21/57 21/98 22/39 22/81 23/17 4M 

21/47 22/17 22/92 23/68 24/42 25/18 25/93 27/13 6 M 

23/57 24/58 25/68 26/77 27/85 28/94 30/03 31/11 8 M 

 
Table 5: A mixture of sand and soil temperature throughout the year for various depths 

T=350 T=300 T=250 T=200 T=150 T=100 T=50 T=0 Time / Depth 

20/34 20/37 20/40 20/43 20/46 20/49 20/52 20/55 2 M 

20/25 20/55 20/88 21/21 21/53 21/86 22/18 22/51 4 M 

20/92 21/51 22/13 22/75 23/37 23/99 24/61 25/23 6 M 

22/34 23/19 24/10 25/01 25/91 26/81 27/72 28/62 8 M 

 

 
 

Fig. 7: Soft sandy soil temperature throughout the year for various depths. 
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Fig. 8: Mixed sand soil temperature throughout the year for various depths = 0.00117 (α 

 

 
 

Fig. 9: Gunar birckert architectural idea, a system of underground tunnels. 

 

Provide guidelines for the design of underground shopping centers: 

1. The environmental benefits resulting from the use of the underground city known by architects and urban 

planning experts recommend an architect Gunar Birckert for underground ducts. It is 300 meters long and 60 

meters wide spaces with a linear kernel for distribution lines provide transportation and utilities. Birckert 

intended to improve the efficiency of internal communication in terms of time, energy, and land use and open 

the floor for critical applications (parks, settlements, schools) is simultaneously. On the luminal surface of the 

excavated soil is covered and a large park. The output of industrial spaces and other habitable spaces through a 

vertical core of the Earth's surface is protected. Light nuclei and roof skylights, light and consciousness of outer 

space are low. Employees in the following spaces can be used for the rest of the spaces. Residential areas, 

schools, libraries and other cultural and public buildings can be built along the length of the park. (Laba 2008: 

64-65) 

2. one way to measure due to the possibility that this type of construction to create an urban space becomes 

denser. To protect the identity of the city as a center of cultural, social, economic, there is a need for greater 

compression. Efficient use of space in future cities are growing in other words, use a ground layer (Multilayered 

Land Use), especially in the city center that is most needed, require. Put some functions such as traffic, 

shopping, food and nutrition services, cinemas, theaters and museums) in the basement space for recreation and 

social activities on the ground near residential areas will be established and also allows for the development of 

new residential areas This method can be efficiently to be used by integrating the vertical line of the 

underground network of underground spaces. 
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Fig. 10: Integrated into the building through various methods. 

 

3. Placement of shopping at a depth of several meters from the ground due to the thermal comfort zone 

Temperature and depth of field are considered in Yazd and free up the floor plan for the park, makes Favorable 

and unfavorable climatic conditions in the park. Always seek the opportunity to buy land at a constant 

temperature to optimize energy consumption.  

 

 
 

Fig. 11: Mall of the floor plan: Plan basement Park- performance. 

 

Design of underground buildings and commercial complexes: 

 Territory of the many facets of building a shelter soil cover provides insulation effect. The insulating 

properties of a small amount of insulation required is difficult to several meters of soil. Actual capabilities as 

well as saving energy stored in the earth sheltered building, according to several physical characteristics. The 

soil is a good insulator. 22.1 cm of soil is typical thermal resistance equal to 54/2 cm polystyrene foam 

compression is achieved Soil strength increases as a thermal insulation thickness is greater. In winter this energy 

loss compared to downplay the energy loss near the surface and no insulation value. In summer the interior 

surfaces are a good source of cold basement dwellers are familiar with it. Do insulation is necessary. Often 

thought to be a kind of underground structures using passive solar energy are incompatible. The use of solar 

energy, being built above or below ground level assumes a decisive role. However, foundations, floor layer and 

the adjacent soil thermal storage cost for building the proper orientation relative to the sun, they are. Strength 

needed to withstand hydrostatic pressure and load weight of soil, underground buildings cost more than building 

on the ground raises. 

 This problem may be partially offset by the elimination of the exterior joinery. According to the 

underground storm damage compared to conventional buildings more resistant (Watson, 1997, 124) - If 

underground structures not designed properly, such as humidity, condensation inside, reflecting inadequate and 

poor quality sound internal air can occur. A similar problem is the stability of the building. Earth sheltered 

buildings often require building construction are typically heavier than technology. Water intrusion around areas 

that have discrete layers of sealing occurs Valves and ducts that come out of the roof can be a particular problem 

in order to move the probable cause, precast concrete panels, when the earth or soil, it is on the floor Can have a 

deviation of approximately 3 cm or more, when valves and ducts are kept constant during deformation in their 

place, the failure of the sealing layer can be seen. To avoid this problem, the valve can be on the other side of 

the building near the ceiling, are necessary or as separate components installed pipe. 
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 Diameter pipes under the roof that can be easily fitted, can be used in large parts of the expansion joint is 

necessary in this case. Site excavation work is very important and time-consuming operation. Compared to 

conventional buildings sheltered soil structures require the least amount of joinery and privacy issues are more 

important than the lowest rate. The condensation and internal adverse weather or ground using pipes or pumps 

geothermal ground heat pump is what is known, can be resolved. Common experience, because the ground is a 

good sound insulation. These buildings are completely safe and sound pollution can be used in close proximity 

to high traffic routes. The construction of the basement, prevent tissue damage of residential land and urban land 

use leads most. Water and moisture from the pore sealing layer is where the problems occurred can be followed 

 One can also take advantage of the phenomenon of geothermal heating problems to be solved inside the 

buildings, So that the phenomenon of the chimney during a particular process, the desired air into the exhaust 

port at the top of the building and the building evacuation shelter soil. 

- Materials used in building materials, soil, shelter should be irresolvable. The materials required for the 

placement of water, usually made of plastic. Concrete and other materials that are used in large scale. 

Replacement of cement with fly ash concrete for the sustainable production of such experiments are well 

reinforced concrete act. Building materials for all types of structures, depending on the type of site, climate, soil 

and different design. Although the buildings are placed at a greater depth, stronger and stronger materials are 

needed. Materials and insulation resistance against pressure and humidity level should be around the ground. 

When the soil is wet or freeze, increasing pressure on the walls and floor. Pressure increases with depth. Thus, 

materials such as concrete, masonry materials, concrete, wood and steel can be useful.  

- In light of the creation of underground shopping centers gaining light from the ground that it is possible to use 

as a park. 

 

 
 

Fig. 12: lighting and ventilation solutions for all types of buildings taken refuge on Earth. 

 

- Potential energy absorbing fiber concrete, these materials as a suitable option for a variety of uses proposed 

this is especially useful in environments with significant deformation and displacement such as underground 

structures is more important. By providing higher energy absorption capacity, flexibility and thickness of the 

structure and the materials needed to cover increased maintenance is reduced and a more economic structure is 

obtained. To increase the energy absorption capacity of fiber reinforced composites, on normal mode fiber 

content more is needed. This makes the use of these materials is faced with economic constraints. 

Conclusion: 

 And the fact that the climatic characteristics of the desert, is essential, it can always be considered as an 

idea of the architects and urban planners The research was conducted in the city of Yazd , Yazd comfort zones 

and temperatures in summer (21/8 ͦ c- 27 ͦ c) and winter (20/4 ͦ c- 23 ͦ c) and volatility temperature at different 

depths of the earth, it was conclude The best depth for construction of commercial complex and reach the 

desired temperature, which is 2 to 6 meters deep in the Earth's temperature is in the range of comfort. Finally we 

can say that the construction of an underground shopping center in desert areas, as well as its extension to the 

climate is hot and dry and cold and dry climate, reduce energy consumption, Relieve the pressure on the surface, 

creating a better public transport network, noise reduction, release the spaces in urban centers intact, solve many 

environmental problems, enhance the urban environment and create better public relations with and improves 

the quality of the urban environment. 
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