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Abstract  This research is devoted to carry out thermal 
performance analyses of building walls in terms of the 
thermal properties of the construction materials in Jordan. 
Field measurements were conducted between August 
2019 and August 2020 to evaluate indoor thermal 
parameters in the experimented building. The building is 
located in a region characterized with hot climate in 
Al-Karama town in Jordan Valley. During the 
measurement period, the project was unoccupied and no 
HVAC system was on. Four data loggers were used in the 
space to record the thermal and humidity values. The 
study shows that the wall inner surface temperature has 
little correlation with outside temperature because of the 
thickness and high heat capacity of the external wall. It 
also establishes that the decrement factor of the external 
walls is low compared to that of modern buildings in the 
region. The findings of this study are potentially 
applicable to all buildings in Jordan Valley, as long as they 
have the same building parameters of the case study. The 
findings of this research about the natural stone and 
building methods, along with contemporary treatments, 
can be used to achieve thermal comfort in hot regions. 

Keywords  Hot Climate, Building Parameters, 
Thermal Properties, Construction Materials, High Heat 
Capacity, Thermal Comfort 

1. Introduction
An important characteristic of any structure is its ability 

to protect the interior from the influence of external factors, 
such as heat, wind, etc. One of the traditional elements of 
the building, which performs this function, is the enclosing 
structure [1]. Enclosing structures are quite diverse, but the 
perfect option remains a structure that provides protection 
of the interior, and at the same time is environmentally 
friendly and durable [2-4]. One important issue that must 
be dealt with logically is heat transfer. The process when 
heat is transferred from one object to another, and at the 
same time they have different temperatures, is called heat 
transfer. It is the proceeding of transfusing force from the 
high temperature force to a low temperature force [5, 6]. 
This leads to the term of “Thermal Comfort”. Each 
structure must meet thermal comfort conditions for mortal 
residency. Thermal comfort describes a physiological state 
of mind, frequently expressing a sensation of considerable 
heat or cold wave. Factors impacting thermal comfort duly 
delved internal design conditions can give the stylish 
thermal comfort conditions for its inhabitants [7, 8]. 

For architects who design buildings in hot regions, the 
selection of the necessary materials for the appropriate 
climatic conditions, as well as the calculation of the 
installation of windows, according to the position of the 
sun, are two important stages [9-11]. Building envelope is 
described as “the climate moderator, also provides the first 
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line of defense against the impact of the external climate on 
the indoor environment” [12, 13]. The fenced structure's 
elements include the roof slope, wall materials, window 
and door dimensions, and building material features that 
regulate room temperature [14]. The larger part of the 
building envelope is the outer walls which act as the main 
barriers for the protection of the building interior from the 
outside conditions [15]. Consequently, the forms and 
materials of building envelopes organize the interface 
between external and internal environments, and give each 
building special visual character [16]. Most of heat leakage 
in buildings results from walls and ceilings with poor 
thermal insulation, besides transparent glass windows and 
openings. Other building elements result in more heat leaks 
if they are not properly insulated, which cause thermal 
bridges [17, 18]. Control of the thermal influence of the 
external environment on the inner part of the building 
occurs due to correctly composed elements of the cladding 
structure. The amount of heat exposure is determined by a 
number of design factors [19, 20]. 

Heat inflow through conduction is affected by wall 
material and consistency, difference of temperatures on 
both sides of the wall, and wall thermal conductivity 
measure (k) [21]. The effect of temperature over a certain 
amount of time is a measure of thermal conductivity. The 
index k may vary depending on the properties of the 
material and the volume of water contained in it [22, 23]. 
Thus, taking into account these data, it is possible to 
determine the heat transfer coefficient (U-value). This is 
the property of the construction material to pass high 
temperature through itself [24]. U-value is the thermal 
conductance of a compound structure rudiments. The 
lower the U-value the better isolated the structure element 
is [25]. Components that influence thermal properties and 
change depending on various types of influences, while not 
changing their own chemical properties, are called 
thermos-physical components [26, 27]. 

The main goal of this study is to investigate the effect of 
the use of massive natural stone in the enclosing structure 
on maintaining a comfortable temperature inside the room 
in regions with a hot climate. 

2. Materials and Methods 
This study deals with locally designed and constructed 

project, “Jordan Agricultural Engineers Association 
Station for Research, Training and Sustainable 
Agriculture”, located in Al-Karama town – Jordan Valley. 
The climate of this region is characterized by long hot 
summers, with substantial cooling requirements. This 
research discusses the usage of thermal mass of 
construction materials to reach a good level of thermal 
comfort inside the space to reduce energy consumption 
used for cooling and heating. Basically, the experiment 
deals with heat transferee coefficient, time lag and 
decrement factor [15]. The time lag is estimated by the 
following equations (1): 

φ max = t Ti,max – t To,max         (1) 
where: t To,max and t Ti,max are the times when exterior 
and interior surface temperatures reach their minimum and 
maximum [15]. 

The decrement factor which is related to the time lag is 
estimated by the following equation (2): 

f = Ti,max – Ti,min / To,max – To,min    (2) 
where: To,min, Ti,min, To,max and Ti,max are the 
minimum and maximum surface temperatures on the 
interior and exterior sides [15]. 

The project built-area is about 3.434 m2, and the total 
outdoor and indoor area is about 30.000 m2 [28]. Figures 1, 
2 and 3 illustrate the project south elevation, north 
elevation, and the courtyard respectively. The main zones 
of the project-built area are shown in Figure 4. 

The field measurements and tests were performed in the 
meeting hall. It is the largest part in this project with area of 
400 m2, and with aproxamate 7.00 m height, and it has a 
dome in the Southern part with 16.50 m height. As shown 
in Figure 4, the meeting hall is located in the North and 
West external elevations of the project, and both South and 
East elevations are facing semi-outdoor spaces. Figures 5 
and 6 display the meeting hall North and South internal 
elevations. Figure 7 until Figure 12 show the hall plan and 
four elevations. 

 
Figure 1.  Project South elevation 

 
Figure 2.  Project north elevation 

 
Figure 3.  Project courtyard 
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Source: the designer, edited by the researchers. 
Figure 4.  Site Plan displays the main zones of the project 

 
Figure 5.  Meeting Hall internal-north elevation 

 
Figure 6.  Meeting Hall internal-south elevation 
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Figure 7.  Ground floor plan 
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Figure 8.  East elevation, with 4 circular lexan windows, 3 large lexan openings in the lower left side and single wooden door. The other windows are 
glass windows 

 

Figure 9.  West elevation, all windows in this elevation are glass windows 
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Figure 10.  North elevation, all openings are glass windows except the lexan rectangles at the right and left of the circular opening 

 

Figure 11.  South elevation, with two wooden circular main doors, other openings are glass windows 
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The main building material is “natural stone”; all walls 
are constructed of stone with different thicknesses (50 60, 
and 100 cm); the stone is the main structural material. 
Arches and vaults are used as structural and roofing 
systems, with a small amount of concrete and steel. Thus, 
this building is classified as a Neo-Vernacular building. 
Neo-Vernacular architecture refers to a contemporary 
architectural style that draws inspiration from traditional, 
local building styles and materials. It is a style that 
emerged as a response to the growing interest in 
sustainable and regional architecture, as well as a desire to 
create buildings that reflect the cultural heritage of a place. 
Neo-Vernacular buildings are designed to be functional 
and sustainable, using locally-sourced materials and 
traditional construction techniques to create a sense of 
place and authenticity. They often incorporate features 
such as steeply pitched roofs, exposed timber framing, and 
natural stone or brick walls. One of the goals of 
Neo-Vernacular architecture is to create buildings that are 
in harmony with their surroundings, both visually and 
ecologically. This means using materials that are 
appropriate for the local climate and topography, and 
designing buildings that blend in with the natural 

landscape. 
The main building material is Ajlun natural limestone. 

Ajlun natural limestone is a type of sedimentary rock that is 
quarried in the Ajlun region of Jordan. It is a dense and 
durable limestone that is well-suited for use in building and 
construction. The color of Ajlun natural limestone varies 
from light beige to golden yellow, with occasional veins of 
darker brown or grey. Its texture is generally smooth and 
even, with some occasional fossils or shells visible on its 
surface. Ajlun natural limestone has been used in a variety 
of applications, including as a building material for facades, 
cladding, and flooring. Its durability and resistance to 
weathering make it a popular choice for exterior 
applications, while its aesthetic qualities make it a 
desirable option for interior design as well. 

Thick walls are built of this limestone. The external 
walls are 60 cm thick, and the internal walls are 50 cm 
thick. Arches, vaults, columns and construction elements 
are also built of stone. Single glazed windows and wooden 
doors are used for opennigs. Contemporary materials are 
used as well; concrete and steel are used in the big dome 
and the floor, and shaded lexan is used for skylight and 
fixed opennings (Figure 12). 

 
Figure 12.  Building materials with different thicknesses 
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A stone sample was taken from the project and tested in 
the Royal Scientific Society to explore the physical and 
chemical properties of stone as shown in Table 1. 

Table 1.  Stone Specifications as tested in The Royal Scientific Society 
[29] 

Thermo-physical properties Value 

1 Thermal conductivity (k) [W/mK] 1.773 

Physical properties Value 

1 Absorption [%] 0.76 

2 Specific Gravity 2.641 

3 Density [kg/m3] 2641 

4 Modules of Rapture [N/mm2] 12.57 

5 Compressive Strength [N/mm2] 69.93 

Figure 13 shows single layer stone walls. Layer stone 
walls, also known as dry stone walls or stacked stone walls, 
are a type of construction where stones are stacked on top 
of each other without the use of mortar or cement. The 
stones used in layer stone walls are carefully chosen and 
fitted together to create a stable and strong structure. The 
weight of the stones, as well as the way they are interlocked, 
provides stability and allow the wall to withstand lateral 
forces like wind and earthquakes. One of the main 
advantages of layer stone walls is that they are relatively 
low-maintenance, as there is no need to worry about mortar 
joints deteriorating over time. They also have a natural, 
rustic appearance that can enhance the aesthetic appeal of a 
landscape or outdoor space. The k-value of the stone used 
in this project is 1.773 W/m2. K/m. The U – value was 
calculated, as shown in Table 2 for all stone walls with 
different thicknesses: 

Table 2.  Limestone U-values (calculated by the researcher) 

Limestone wall thickness U-value [W/m2 K] 

1 External walls- 60 cm 2.96 

2 Internal walls- 50 cm 3.54 

3 Structural elements and columns 
100-150 cm. 

– 1.18 

 
Figure 13.  Walls thicknesses 

The outdoor and indoor air temperatures were measured 
on site. Data loggers – CEM DT-171 CE certified digital 
temperature and humidity data loggers – were installed in 
the main meeting hall; the air temperature was measured all 
over one-year. The readings of the indoor air temperatures 
were compared with the outdoor air temperature to find the 
time lag, decrement factor and the correlation between 
outdoor and indoor temperature under periodic conditions. 
Four data loggers were installed on the four elevations of 
the main conference hall at a height of 1.80 m. Another 
data logger was installed outdoor on the West elevation as 
shown in Figure 14. The outside face was exposed and 
subordinated to the sol- air temperature. The sol – air 
temperature included the concerted effect of the outside air 
temperature and solar radiation. The inside wall face was in 
contact with constant room air temperature. 
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Figure 14.  Locations of data loggers in the experimental setting 
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Hourly air temperatures of wall surfaces were measured 
using data loggers for a whole year period under certain 
conditions from the 4th of August 2019 to the 27th of 
August 2020. During the measurement period, the 
building- conference hall – was unoccupied and no heating 
or cooling systems were turned on. The field measurements 
were conducted for this building during a long period of 
time as follows: 

1. First, during months (June, July, August, 
September, October and November): Three 
sequences (scenarios) were performed in each 
month; closed windows, open windows and closed 
windows during the day – from sunshine to sunset, 
alongside with open windows during night time- 

from sunset to sunshine (passive cooling strategy). 
2. Second, during months (December, January, 

February, March, April and May): Closed windows 
sequence (scenario) was performed during these 
months. 

3. Results and Discussion 
Tables 3 and 4 show the average measurements of 

temperatures for the whole experimental period according 
to the previous sequences (from the 4th of August 2019 to 
the 27th of August 2020): 

Table 3.  Temperature readings for indoor and outdoor 

Year Month Windows Indoor 
max. t. 

Indoor 
min. t. 

Outdoor 
max. t. 

Outdoor 
min. t. 

Indoor max 
t.- min t. 

Outdoor max 
t.-min t. 

2019 

August 

closed 36.7 34.1 55.4 28.1 2.8 28.4 

opened 37.5 33.3 57.6 28.9 4.1 29.0 

both 36.9 33.3 50.0 29.1 3.7 20.9 

September 

closed 34.6 32.4 44.9 27.7 2.2 17.2 

opened 36.0 32.2 47.8 28.4 3.8 19.5 

both 34.1 31.1 41.9 26.4 3.0 15.5 

October 

closed 32.3 30.9 41.0 27.0 1.4 14.0 

opened 33.0 29.3 41.2 25.5 3.8 15.6 

both 29.9 28.1 36.4 23.8 1.9 12.5 

November 
closed 23.5 22.2 30.7 17.2 1.3 13.5 

opened 29.7 27.1 36.8 23.9 2.5 12.8 

December closed 21.6 20.6 25.9 16.0 1.0 9.9 

2020 

January closed 16.9 15.9 22.0 12.7 1.0 9.4 

February closed 17.5 16.1 25.0 13.1 1.4 12.0 

March closed 20.7 19.3 29.1 15.9 1.4 13.2 

April closed 24.3 23.0 36.7 18.0 1.4 17.9 

May closed 30.6 28.9 48.5 23.8 1.7 29.6 

June 

closed 29.9 28.1 36.4 23.8 1.3 24.7 

opened 34.0 29.5 50.3 26.0 4.5 24.4 

both 34.0 30.2 52.3 27.0 3.83 25.29 

July 

closed 35.3 32.7 53.6 28.6 3.4 25.5 

opened 37.3 32.0 53.2 28.7 5.3 24.5 

both 37.3 33.9 52.2 30.0 3.4 22.2 

Aug 

closed 36.9 34.5 54.5 29.9 2.4 24.6 

opened 37.2 32.9 56.0 29.8 4.4 26.2 

both 36.0 33.7 49.0 29.4 2.3 19.7 
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Table 4.  Time lag and decrement factor results 

Year Month Windows Time Lag 
max. 

Time Lag 
min. 

Decrement 
factor 

Correlation 
Coefficient. 

Max. t. 
out-in 

Min. t. 
out-in 

2019 

August 

closed 2:00 h 1:00 h 0.099 0.738 20.4 -5.2 

opened 3:00 h 2:00 h 0.141 0.723 20.1 -4.8 

both 2:00 h 1:00 h 0.180 0.785 13.1 -4.2 

September 

closed 3:00 h 2:00 h 0.127 0.633 10.4 -4.7 

opened 2:00 h 1:00 h 0.197 0.866 11.8 -3.9 

both 3:00 h 2:00 h 0.194 0.825 7.8 -4.7 

October 

closed 3:00 h 2:00 h 0.100 0.631 8.7 -3.9 

opened 3:00 h 1:00 h 0.242 0.798 8.1 -3.8 

both 3:00 h 2:00 h 0.150 0.716 6.4 -4.2 

November 
opened 2:00 h 1:00 h 0.098 0.838 7.1 -5.0 

both 3:00 h 2:00 h 0.196 0.474 7.4 -3.8 

December closed 2:00 h 2:00 h 0.100 0.545 4.3 -4.6 

2020 

January closed 2:00 h 2:00 h 0.105 0.558 5.1 -3.2 

February closed 2:00 h 1:00 h 0.112 0.727 7.5 -3.1 

March closed 2:00 h 1:00 h 0.114 0.717 8.4 -3.4 

April closed - - - - 12.4 -4.1 

May closed - - - - 22.6 -5.4 

June 

closed - - - - 18.3 -5.1 

opened 3:00 h 2:00 h 0.188 0.828 16.4 -3.5 

both 3:00 h 2:00 h 0.153 0.549 18.3 -3.2 

July 

closed 2:00 h 1:00 h 0.134 0.911 18.1 -4.0 

opened 2:00 h 1:00 h 0.217 0.927 15.9 -3.3 

both 2:00 h 1:00 h 0.157 0.900 14.9 -3.9 

August 

closed 1:00 h 2:00 h 0.099 0.841 17.6 -4.6 

opened 3:00 h 1:00 h 0.177 0.869 18.7 -3.1 

both 2:00 h 1:00 h 0.116 0.853 13.0 -4.4 

 

The results of the experimental method showed low 
decrement factor all over the year (0.099-0.242), on the 
other hand, low time lag results were measured (2-3 hours). 
Furthermore, high correlation coefficient totals during hot 
months were documented (0.631-0.927), while medium to 
high correlation coefficient results were documented 
during cold and warm months (0.474-0.838). Low 
differences between indoor high and low temperatures 
during hot months were noticed (1.4-5.3 degrees), although 
outdoor differences were high (12.5-29 degrees). On the 
other hand, very low differences between indoor high and 
low temperatures during cold and warm months were 
found (1-2.5 degrees), although outdoor deference is high 
(9.4-17.9 degrees). Finally opening- closing the windows 
did not cause obvious differences in total results, although 
wind circulation inside the hall improved the indoor 
thermal comfort sensation, as well as higher indoor 
temperatures than outdoor temperatures at night were 
recorded, even though when windows were opened. 

According to the daily sample charts as shown in 
Figures 15-16, which represent the whole year thermal 
performance, and referenced to the total experimental 
temperature records all over the year, it is found that the 
indoor temperatures are approximately stable during 24 
hours of the day, while outdoor temperatures are swinging 
clearly among day and night hours. Furthermore, the 
outdoor temperatures are higher than the indoor 
temperatures during the day, and lower at night and early 
morning hours. Moreover, the difference between the 
maximum outdoor temperatures and indoor temperatures 
at night is less than the difference between them at day time; 
this leads to record a maximum Time lag about 3 hours. 

According to the experimental results the decrement 
factors of the external walls were very low which is a good 
indicator about the low conductivity of the limestone used 
for wall construction. This was obvious in the big variation 
between the outside temperature and the inside temperature. 
Rarely the outside variation affects the internal temperature 
as the decrement factor is low. 
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Figure 15.  Daily temperatures and time lag chart, shows the difference between indoor and outdoor temperatures on June, 11th 2020 

 
Figure 16.  Daily temperature and time lag chart, shows the difference between indoor and outdoor temperatures on October, 3rd 2019 
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Low decrement factor occurred since the differences 
between indoor high and low temperatures were low, while 
the differences between outdoor high and low temperatures 
were high, since the decrement factor is the ratio between 
these two measurements. This is attributed to the high 
intensity of solar radiation in this region, which raises the 
outdoor temperatures. Furthermore, stone thick envelope, 
with high thermal mass and heat capacity, allows storing 
more heat and preventing most of the solar heat from 
passing to the inner side. It is also noticed that there is a 
high correlation coefficient during summer and medium to 
high correlation coefficient during winter; when outdoor 
temperatures rise after sunrise during daytime, indoor 
temperatures rise as well, and when outdoor temperatures 
drop after sunset indoor temperatures also drop. This is due 
to high heat transfer from outdoor to indoor spaces, as it 
was discussed before. 

The low difference between indoor high and low 
temperatures during summer, as well as very low 
difference between indoor high and low temperatures 
during winter is due to the massive stone envelope with 
high thermal mass that slows down the response to the 
swinging of the outdoor temperature between day and 
night, therefore, stone walls with high heat capacity 
exposed to sun absorb most of the heat at daytime and 
minimize the amount of heat transferred from outside to 
inside. Furthermore, stone has capacity to absorb, store and 
release heat; massive stone envelope acts as heat collector 
in this building due to its thermo-physical properties; it 
absorbs and stores heat at morning, transfers it by radiation 
and convection to the indoor space at night and during cold 
season, consequently keeping the indoor temperatures 
almost stable. 

It was clear from the measurements that opening and 
closing the windows did not cause obvious differences in 
total results; this is because the movement of wind inside 
the room causes thermal comfort feeling for the 
occupancies without changing the temperatures. In 
addition, the data loggers were placed on the four walls of 
the meeting hall, not in the middle of the hall, in order to 
find wall thermal inertia factors, so opening and closing 
windows will affect mostly the inner side of the room in 
case of receiving cold wind. 

According to the designer and from the stand point of 
architecture, this building is mainly designed to achieve 
heritage revival, and in materials and building methods, 
spirit does not deal with environmental issues. Besides, the 
conference hall area is huge compared to vernacular 
architecture spaces in this region. Thus, contemporary 
materials are used in roof, dome and floor. This region is 
characterized by high-pressure as it is under the sea level 

(-250 m), high air temperatures, as well as high solar 
radiation, which causes the quick rise of indoor 
temperature during day time. Consequently, the sol-air 
temperatures are higher than the actual air temperatures. 

Building material with lower thermal transmittance 
(U-value) has better capability to reduce indoor surface 
temperature variations. This study shows that although 
most external stone walls are about 60 cm in thickness, 
natural limestone is used alone without any additional 
materials such as adobe or insulation. This causes the 
limestone walls of 60 cm thickness to have high U-value 
rate (2.96 W/m2 K), which means high heat transfer; 
therefore, it is appropriate to use additional material to 
decrease the U-value and minimize the heat loss. High 
density of limestone that equals to 2641 kg/m3, will fasten 
heat transfer through stone walls, since stone U-value is 
high. On the other hand, high density materials coupled 
with thick walls increase thermal mass. The higher thermal 
mass of the wall slows down the response to the swinging 
of the outdoor temperature (stable indoor temperatures). 

In addition to stone, contemporary materials are used in 
the building envelope; cement and steel are used in the 
main dome, cement is used for flooring, Lexan and glass 
are used for openings and sky light, and stone and concrete 
are used in constructing the roof. These materials have high 
heat transmittance such as glass, concrete and reinforced 
concrete. Furthermore, these materials are characterized as 
low thermal mass materials since they are used with small 
thicknesses; this causes heat transfer to be faster in speed 
and larger in quantities, from outside to inside, by radiation 
and convection, especially in hot periods during day time. 
Single glazed windows are used in this building (steel and 
glass), Figure 17. Window face temperature frequently 
fluctuates further than other shells in a room, due to its 
lower thermal resistance, high thermal transmittance and 
also lower heat capacity. 

Large proportion of glass and Lexan openings specially 
in the east and north elevations, Figure 18, cause high heat 
transfer, by radiation from outdoor to indoor, due to their 
transparency, low thermal resistance, high thermal 
transmittance and low heat capacity. 

Due to the finishing process, grooves are found between 
stone pieces in external walls specially in the north 
elevation, where the absence of mortar between stone 
pieces can be obviously seen, Figure 19. 

Furthermore, installing some elements to the envelope is 
not properly accomplished, so air bridges are found and 
this can be seen in the installation of the skylight at the top 
of the dome as shown in Figure 20. 
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Figure 17.  Single glazed windows used in this project, which causes heat transmittance 

 

Figure 18.  Building east elevation with large openings. The arch single glazed large windows above, are subjected to direct sun radiation starting from 
sunshine until noon hours 

 

Figure 19.  Grooves between stone tiles in the north elevation 

 
Figure 20.  Skylight improper installation, causes infiltration 
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The topic of increasing protection against heat has 
always been relevant for peoples living in a region with hot 
climate. Now this topic is quite debatable, since there are 
many new technologies that can replace the method of 
fencing with natural stones. A number of scientists 
expressed their opinions on this issue. 

Researcher J. Barrelas [30] investigated the issue of 
maintaining a comfortable temperature in the room in his 
scientific article. Thus, one of his conclusions was that the 
creation of external cladding structures was not effective, 
since heat entered the premises not only by hitting the sun's 
rays, but also due to the penetration of hot air. However, 
this opinion is not correct, because as it was experimentally 
shown in the present research, the cladding of the building 
from the outside has an effect on the temperature from the 
inside; in addition, it was stated that in order to increase the 
efficiency of maintaining the temperature background, it 
was necessary to close all windows and doors. It should be 
understood that J. Barrelas [30] examines the topic of 
construction structures using the example of Italy in his 
article, so it is also worth considering that the climatic 
features of different regions of the world affect the features 
of construction. 

In his study, M. William [31] claims that the cladding of 
buildings is an effective means of maintaining a 
comfortable temperature in the room, but only if certain 
materials are used. He calls these materials photovoltaic 
technologies and claims that structures made of these 
materials are effective in the sense of protecting buildings 
from the effects of solar heat. The author claims that the 
biggest source of heat is the sun's rays, so materials must 
reflect them to maintain a comfortable temperature inside 
the building. However, it should be said that the author is 
too unequivocal and claims that only such materials are 
effective, so it must be emphasized that this opinion is not 
entirely true, since natural stones are also a good material 
that allows maintaining a comfortable temperature in the 
room. 

The opinion discussed above is quite popular. In 
particular, B. Alshuraiaan [32] takes a similar position as 
the previous author and argues that only structures made of 
PCM are effective in maintaining a cool temperature in the 
middle of the building. A phase change material (PCM) is a 
substance which releases/absorbs sufficient energy at 
phase transition to provide useful heat or cooling. On the 
one hand, of course, structures made of these materials 
have a high heat-absorbing capacity, but it is worth 
understanding that such materials are very expensive, due 
to which their use cannot be widespread. 

Therefore, a number of scientists researched the topic of 
maintaining a comfortable temperature in the room due to 
the construction of enclosure structures, and proved the 
ineffectiveness thereof, or high efficiency only under the 
condition of using certain special materials, which differ in 
particularly high prices. However, there are researchers 
who, on the contrary, considered the effectiveness of 
fencing structures built specifically from natural stone. In 

particular, F. Rosso [33] claims that the use of fine-grained 
stones in buildings allows reflecting the rays of light and 
thus maintaining a comfortable temperature in the room. 
This material is also effective when used as a roof on 
footpaths. 

M. Hatia [34] demonstrated the results of a study in 
which natural stone was compared with other materials in 
his scientific article. In particular, there was a comparison 
between concrete and clay bricks. Various criteria of these 
materials were studied, one of which was thermal 
conductivity. Thus, as a result of studying this topic, the 
author came to the conclusion that natural stones had lower 
thermal conductivity, due to which the use of that material 
allowed maintaining a cool temperature in the room even in 
intense heat. 

However, the above-mentioned advantage of natural 
stones, compared to other materials, is not the only one. 
Other researchers also studied how the use of natural stone 
affects the temperature background inside the room. Thus, 
T. Goncalves [35] describes the phenomenon of 
evaporative cooling in his article. This is a process during 
which excess moisture evaporates from the middle of the 
material and enters the room, due to which a decrease in 
temperature inside may be observed. In the course of the 
research, it was found out that natural stones, which had a 
porous structure, had a high coefficient of evaporative 
cooling, that is, the use of such materials in the 
construction of structures allowed maintaining a 
comfortable temperature inside the room. In addition, 
construction using natural materials is quite ecological, 
which is an important factor in today's world. 

Another author C. Lisci [36] studied the phenomenon of 
photodegradation in his scientific work. This is the process 
of deformation or deterioration of certain materials under 
the influence of sunlight and temperature. Thus, the author 
established that hard rocks of natural stones were the most 
resistant to that process. In addition, the researcher found 
out what other natural factors natural stones are effective 
against, in particular, strong winds and high humidity. The 
author claims that buildings made of stone are not 
threatened by the influence of the mentioned factors. 

C. Ferreira [37] studied the role of cladding structures in 
modern construction in his research. Thus, he argues that 
stone cladding is ineffective in the context that such 
structures are not tall and therefore cannot be suitable for 
tall building structures. In addition, researchers claim that 
an important factor in the context of maintaining a 
comfortable temperature inside the building is a 
high-quality ventilation system. On the one hand, it is 
possible to agree with the author, since the construction of 
massive structures from natural stones around skyscrapers 
is not appropriate, but if talking about the construction of 
low-rise buildings, this method is quite effective. 

As for the ventilation system, this issue was investigated 
by K. Mousli [38]. The object of this author's research was 
traditional buildings in Damascus, which, due to their 
special shape of massive fireplace walls, provide effective 
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natural ventilation. In view of this, it is possible to deny the 
thesis of the previous author that natural stone structures do 
not provide effective ventilation in the room. 

Thus, it can be said that the construction of enclosures 
around buildings in the hot regions of the Middle East is an 
effective way of maintaining a comfortable temperature in 
the middle of the room. However, you should pay attention 
to a number of certain factors. 

4. Conclusions 
In the course of the research, it was considered what 

influence on the temperature in the room is created by the 
enclosing structures around the building, made of natural 
stone, using the example of buildings in the Jordan Valley. 
As a result of the study, the following conclusions were 
reached: the high heat capacity of stones can be used to 
prevent temperature rising in the middle of the room; stone 
in the Jordan Valley is a very common and inexpensive 
resource, so it can easily be used to build structures in this 
region; the use of natural stone in construction is relevant 
in the world of today, because this type of construction is 
quite ecological. 

In addition to specific conclusions, as a result of the 
analysis of this topic, a number of tips for the future 
construction of buildings and enclosing structures made of 
natural stone were derived: the use of modern insulating 
materials together with natural stones in order to increase 
the thermal characteristics of the building; use of materials 
with high thermal mass in particularly hot buildings; do not 
install a large number of windows, because due to them, 
the heat gets inside more easily; build buildings of such a 
shape that natural ventilation is provided. 

The topic of using modern natural materials requires 
further research in the context of maintaining a 
comfortable temperature in the room due to the 
construction of buildings made of natural stone. It is 
necessary to study in more detail which modern materials 
in combination with natural stones allow to increase the 
heat capacity of the walls. Thus, it is necessary to 
determine which insulating materials are the most 
economical and ecological, in order to widely use them. 
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