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Abstract. This study explores the values threshold of physical loads (air temperature, 

illumination, and sound level) applied in the urban space that represents the limits of human 

comfort, as well as the effect of the urban environment in terms of the density of buildings on 

those loads and help to provide ultimate comfort. The methodology of this study was founded on 
field experiments to obtain the physical load’s data for three consecutive days during the summer 

season’s peak. Then, this data is to be studied and analyzed through a comprehensive approach 

of the physical loads and according to the comfort levels of each load. The results proved the 

failure of the urban environment of the measurement stations to keep all the physical loads below 

the comfort threshold, except for the wind and sound loads that were below the comfort 

threshold. The air temperature and illumination were far from the comfort threshold, especially 

at midday and peak time. There were also differences in the values of the recorded loads between 

the measurement samples that reached a degree and a half for the air temperature, 8000 lux for 

illumination, and 7 dB for sound level. This remarkable difference explained the role of building 

density in the physical loads found in the open urban space, and the reduction of those loads to 

be within the required range of the physical comfort threshold.  

Keywords. Physical Comfort; Physical Loads; Building Density; Outdoor Comfort Threshold 

1. Introduction 

The concept of comfort in outdoor spaces has grained the attention of many researchers 

belonging to the scientific domain of architecture and buildings studies. The study of physical 

comfort within the space occupied by humans is the ultimate goal of the architectural designers 

who strive to design an architectural space and succeed to control its environmental physical 

loads [1] The comfort in urban public spaces has become increasingly important for improving 

environmental quality and encouraging people spend more time in outdoor activities[2], such 

as the air temperature, illuminance level, the amount of noise and the wind speed. This 

comprehensive approach to the physical loads is indispensable to the study of the effectiveness 

of the architectural and urban space in achieving comfort of the physical loads in the indoor 

environments, which is called physical comfort [3]. This approach depends on linking loads of 

the natural environment to each other and studying them according to their comfort limits. 
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The study of the concept of physical comfort is undeniably important as it represents 

a crucial point of view of the comfort definition. An example that illustrates this idea is that 

looking from the ground to the sky is very different from looking from the sky to the ground. 

Although the vision path is the same, the viewing direction is different, which produces a 

different vision. Similarly, human comfort within the urban space cannot be viewed from the 

point of thermal and optical comfort only, but there must be a comprehensive view of physical 

comfort that includes all the other influencing loads. The present research study provides a 

comprehensive analysis of the concept of physical comfort and identifies its main dimensions. 

It also defines the values at which the human comfort threshold is in the direction of the 

environmental physical loads, which allows the definition of the loads applied towards the 

outdoor physical comfort threshold. Thus, we will be able to determine the position of the 

architectural space towards those loads, that is to say, when these loads are below the comfort 

threshold, they reflect a good architectural performance; yet, when they are above that 

threshold, they would eventually threaten the human wellbeing, and negatively affect his health 

condition[4]. 

 

2.Physical comfort 

The concept of physical comfort takes part of a more comprehensive concept that 

includes psychological comfort that involves color, place, and music; and physical comfort that 

embraces natural physical loads and comfort applied in the urban construction [1-5]. These 

loads are divided into four main categories, 1- air convection 2- illumination 3- wind load 4- 

acoustic load [4-6].. While extreme loads threaten human wellbeing, moderate loads are human-

friendly. This latter is called ‘physical comfort’ [6]., meaning that there is a state of complete 

convenience with the different natural physical loads. Nevertheless, the fifth type, called 

‘olfactory load’ cannot be measured by numerical values as it depends on the human mind map, 

in which tastes differ from one person to another according to their cultural background, unlike 

other loads that represent a physical truth that affects the human body physically and has 

nothing to do with human culture, gender, or belief [4-7]. 

 

3.The environmental physical loads 

3.1. Air convection 

 Air temperature is produced from the interaction of several common factors of the 

natural and the urban environment [8]. Air temperature is the most perceptible element by 

humans and through which the extent of a person’s thermal comfort in relation to the urban 

space is measured, even though the air temperature is a result of thermal interaction between 

the natural and urban environmental components constructed from humidity and wind 

movement and the temperature of the surfaces ... etc. [9]. In this regard, the level of human 

thermal comfort is primarily determined by the air temperature in contact with his body. Air 

particles play an intermediate role in the transfer and the loss of thermal energy between the 

physical surfaces of the urban environment by conduction, where the warm air layer rises until 

the air temperature is inconvenient with the surface environment [10]. The air temperature is 

also affected by wind speed and humidity rate, so that the air movement speeds up the heat 

exchange process between the human body and its environment, and helps relative humidity 

found in air particles increase the rates of reflection of thermal rays towards the sky[3]. The air 

temperature is measured by a thermometer. 
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3.2. Light load 

Light rays belong to the general solar rays beam, which constitutes 46% of its total 

[11] is responsible for human vision within the free urban space during daytime. These rays 

also carry light energy - similar to thermal rays- responsible for the light levels produced in the 

space. In this regard, light rays adopt the same technique as solar radiation, as the direct rays 

are accompanied by large light energy coming from the center of the sun while the indirect and 

dispersed rays are generated from the sky, clouds, buildings, asphalt ... etc. [12]. The light rays 

are closely related to the geographical location, the state of clouds, and the height above the sea 

level so that all these factors directly affect the strength of the light radiation in contact with the 

ground. [9-13]. 

 

3.3. Wind load 

One of the most important characteristics of the wind is its direction, speed, strength, 

and rotation of static. The wind or air movement has a great influence on the heat equation that 

creates comfort, as it can determine the rates of heat exchange of the human body and the natural 

climate, as well as the rate of sweat evaporation on human skin [9-14]. In this regard, air 

movement is regarded as an essential element for the occurrence of the thermal equilibrium 

process between the air and the surfaces forming the constructed physical environment, so that 

it can affect the speed of heat loss from the built surfaces with the air through conduction [15]. 

3.4.Acoustic load 

Sound is a natural physical phenomenon that is formed according to the three basic 

principles of the source, the medium, the receiver. The sound moves from the source through 

‘sound waves’ that have different lengths. The length of the sound wave is the distance between 

two successive centers and it is also related to the frequency of the sound wave identified by 

the number of vibrations per second with which air particles vibrate as a result of the vibrations 

of an object [16]. Accordingly, high-frequency sounds have a short wavelength while low-

frequency sounds have a long wavelength. Hence, the sound is controlled by technical 

characteristics that can directly affect the acoustic environment of the urban environment, which 

is always taken into account when studying the concept of the sound [17]. 

 

4.The physical comfort range  

4.1. Comfort Range for Convection 

The effect of urban overheating on human health is well-documented [18]. The 

American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE), 

defines the range of thermal comfort as the period in which a person and all his senses feel 

completely satisfied with his surrounding environment [9-18]. It plays a most important role to 

encourage people for using outdoor spaces [19].  Researchers conducted several field 

experiments in different regions of the world to determine an area or a range of human thermal. 

Yet, they couldn’t limit the number of the discovered areas or the uniform range of human 

thermal comfort, due to several reasons, including the differences in location, geography, 

age...etc. [20]. In light of the above, we can briefly review some of the experiments’ results 

related to the requirements of thermal and human comfort in some countries mentioned in the 

previous table: 
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Table 1. Comfort range for convection 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2.Comfort range for illuminance load 

Several studies on lighting conditions in indoor environments showed that specific 

illuminance conditions may encourage human performance [21], it’s the same think for outdoor 

spaces. The field of visual comfort is physically determined according to the levels of light rays, 

which help to determine the luminous environment and produce human visual perception. In 

this regard, scientists agree that the range of light rays required in achieving comfortable visual 

perception and visual comfort is between 200 to 1000 lux [22]. This field can reach up to 2000 

lux in the open urban space, including the shaded and sunny spaces, as the values of the light 

ray levels facilitate the performance of tasks and visual functions within the urban fabric [23]. 

This field may decrease at dawn or at sunset or in spaces with high urban density; thus, 

illumination levels become insufficient to perform visual functions within the urban space. On 

the contrary, this field may increase in low-density urban spaces where there is a high 

illumination level as well as a high level of reflection of those rays on the roofs, building 

facades, and floors, which may produce a better glow condition [24]. 

 

4.3. Comfort range for wind load 

Wind comfort inside the urban open space mainly consists of avoiding the wind’s high 

speed, especially when it is loaded with sand [25]. Hence, the protection of the urban space 

from the wind’s force implies redirecting the wind away from the open space by reducing its 

speed as much as possible while maintaining its movement within the required range that does 

not exceed 13 m / s, due to the importance of wind movement in the thermal equilibrium 

responsible for thermal comfort [26]. Winds are classified according to their speed as follows: 

- Breeze at speed of less than 5 m / s; 

 - Gusts at speed from 13.8 to 24.5 m / s; 

-Whirlwind winds gusting from 24.5 to 32.7 m / s; 

- The hurricane with a speed of more than 32.7 m / s. 

 

4.4. Comfort range for acoustic load 

Acoustic comfort implies the protection from disturbances, noise, high sound levels in 

the external [27-28] and internal sphere, and quality in the internal acoustic vitality [29]. The 

scientific and technical standards for acoustic well-being in the urban environment aim to 

Country Comfort range References 

British 17 – 20° (vanstraaten ،1967 ) 

Canada 19° (vanstraaten ،1967 ) 

far East 22 – 23 ° (vanstraaten ،1967 ) 

Iran 25° (vanstraaten ،1967 ) 

South Africa 19 – 22 ° (vanstraaten ،1967 ) 

United State 20 – 23° (vanstraaten ،1967 ) 

Tropical 

regions 
22- 27° (koenigsberger et al. ،1973) 

Singapore 25 – 27° (koenigsberger et al. ،1973) 

Australia 19- 27 ° (koenigsberger et al. ،1973) 

Nigeria 23 – 26.5° (koenigsberger et al. ،1973) 
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determine the optimal field for human acoustic well-being and to ensure a sound and noise-free 

acoustic environment, in order to protect humans from any kind of health problems [16-30]. 

The standard values proposed by the World Health Organization (WHO) should be respected 

by all countries when planning their acoustic environments. Through these reference values, 

WHO aims to protect human health in a comprehensive manner. At the international level, the 

organization collected scientifically proven materials and analyzed all interview and 

questionnaire indicators to set the best level of human vocal well-being. Accordingly, scholars 

define the concept of health as not merely the absence of disease or disability by also a state of 

complete physical, mental and social safety [17]. Noises harm the human body and mind and 

hinder him from performing his duties properly. The previous table shows the approved values 

of the World Health Organization. 

 

Table 2. Comfort range for acoustic load 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Determining the physical comfort threshold 

Our research study is based on the idea that humans are always surrounded by different 

physical loads in their daily life, such as air, light rays, and sound waves. That is why the human 

body must feel completely comfortable when getting exposed to these loads. Through our 

research paper, we tried to develop a graphic visualization that collects all the physical loads 

and studies them on the basis of the common values representing the threshold of human 

comfort. Combining the different comfort loads and connecting them can be considered a real 

threshold for physical comfort. This technique provides those interested in the urban space with 

an accurate assessment of the extent of the reached human physical comfort. It can also help to 

perform the urban tasks in a better way, thus, according to the criteria related to the comfort 

range for each load, the physical comfort range can be precisely defined by compiling the 

comfort values of all physical loads. The following diagram shows the threshold that includes 

the different load values that represent the limits of physical comfort. This latter can range from 

17 min. to 27 ° C as a maximum air temperature [31], 200 lux to 2000 lux for illumination level 

[32], from 0 to 55dB for sound level [22], and from 0 to 5 m / s for wind speed [26]. As shown 

in the following image, the line at the top of the indicator defines the maximum limits of the 

physical load comfort i.e. The limits of the comfort threshold, while the line at the bottom 

timing Place 

 

 night time AM / PM 

40 dB(A) (8h)  

 

 (A) 16 = 50 dB  

hours 

External area of a residential 

neighborhood 

 55 dB(A) (8h) 

 

 

 

 

55 dB(A) External area of  schools and 

playgrounds 

 playing time 

70 dB(A) (8h) 70 dB(A) (16h) External area of the industrial 

zone 110 dB(A) 110 dB(A) 
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represents the minimum limits for the previous values. Thus, we can determine the position of 

the physical loads applied within the space. If the physical loads are in a low position below the 

line, they are not regarded as a burden for human wellbeing, but if they are in a high position 

above the line, they turn out to be a real threat to humans. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The physical comfort threshold. 

 

6. Materials and Methods 

6.1. The physical environment of the research sample 

The urban environment under study is the city of Biskra, which is located southeast of 

the city of Algiers, at a distance of 430 km, and geographically located in the east of the 

Greenwich line between longitude 5 ° and north-east between 34 ° and 35 ° N. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The city of Biskra. 
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6.2.Measurement stations and site description 

The two measurement stations are located on Palestine Street in a downtown 

neighborhood located in the city center which enjoys constant movements throughout the 

daytime due to its location and diverse services. The neighborhood also includes several types 

of medium and high building density.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.The site of measurement stations. 

6.3.Technical card 

 

    Table 3.Technical card for measurement stations 

 

 

 

 

 

 

 

 

6.4. Description of measurement stations 

The two measurement stations are represented in two types of street. The first type is 

the equal street type (L = W) with an openness coefficient of (S.V.F = 0.39) while the second 

type is the deep street type (L≥ 2W) with an openness coefficient of (S.V.F = 0.22) 

S 02 S 01  

4 2 Building density 

4 2 the number of floors 

2.25 1.1 The ratio between  the facade height and the street width 

0.22 0.39 Sky openness coefficient (SVF) 

S 01 S 02 
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Figure 4. Description of measurement stations. 

 

6.5.Describing measuring stations by images. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. (a) measurement station n° 01  ; (b) measurement station n° 02. 

tech the fish's eye.   

 

 

(a) 

(b) 
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Figure 6. (a) measurement station n° 01 ; (b) measurement station n° 02. 

 

6.6.The registered values (study the sample) 

The following table shows the registered average values of the physical loads from the 

measurement stations during three consecutive days at 6 AM, 12 PM, and 4 PM.3. 

 

Table 4.The registered values form measurement stations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

  

STETION 

02 

STETION 

01 
TIME 

30.4 30.7 C° 

6.00 AM 
1400 1890 LUX 

0.4 1 M/S 

40.8 47.9 dB 

38,6 39,4 C° 

12.00 PM 
7895 8167 LUX 

0,9 1,3 M/S 

52 53,36 dB 

39,5 41,0 C° 

16.00 PM 
4660 12833 LUX 

0,9 1,3 M/S 

46,1 48,9 dB 

(a) 
(b) 
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7.Results 

 

7.1. At the timing of the measurement 6.00 

 

Figure 7. The physical loads at the timing of the measurement 6.00 AM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. The physical loads at the timing of the measurement 6.00 AM. 

 

This indicator shows that all the values of the physical loads at the measurement 

stations are below the comfort threshold line or close to it, which means that the values recorded 

at this time are low and do not harm the human being; therefore, they fall within the range of 

the human physical comfort. Yet, a difference in the values of the light load between the two 

stations was registered. The first station registered 1890 lux while the second one registered 

1400 lux. As for the air convection, the second station registered a slight increase above the 

comfort limits, as the first station registered 30.7 degrees while the second one registered 30.4 

degrees. The acoustic load was in the ultimate comfort range, as the first station registered 47.9 

dB while the second one registered 40.8 dB. The wind movement was completely static in the 

two stations. 

 

7.2. At the timing of the measurement 12.00 

At this measurement timing, we noticed that air convection and the illuminance load 

in the two stations exceeded the comfort threshold, whereas the wind and the sound loads 

remain below the line and in the human comfort range. Air temperature registered in the first 

station was at 38.66 degrees and 38.63 degrees in the second station. The illumination level 

recorded in the first station was at 8167 lux and 7895 lux in the second station. 
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Figure 8. The physical loads at the timing of the measurement 12.00 PM. 

 

7.3. At the timing of the measurement 16.00 

Exactly at the human comfort range, the wind values recorded at the two stations were 

relatively close to 1 m / s. The acoustic load was 53.36 db. at the first station and 52 dB in the 

second station.  We can notice that the sound values are in contact with the comfort limit line, 

meaning that they represent the maximum values for acoustic comfort. Therefore, this result 

clearly indicates the presence of an imbalance in physical comfort, which means that the urban 

space does not provide physical comfort at this period due to the rise in the values of air 

convection and illuminance load. 

This timing is considered as the end of the peak time as the solar angle begins to refract. 

In this measurement, the values of air and illuminance loads are still very high and would 

eventually reach their peak, but with a clear discrepancy between the two stations, as the first 

station registered an air temperature of 41.06, while the second registered an air temperature of  

39.5. The illuminance load registered in the first station was at 12833 lux, while it 

registered4660 lux in the second station. The thermal and optical load values represent a clear 

risk to human wellbeing. Yet, the acoustic load was within the acceptable limits of the comfort 

threshold, as the first station registered 48.9 dB and the second station registered 46.1 dB, with 

a static air movement recorded at the two stations, estimated at 1 m / s. Thus, these results 

clearly indicate an imbalance in physical comfort, which means that the urban space at this time 

does not provide human physical comfort due to a rise in the values of the air convection and 

the illuminance load and the registered difference between the two stations. 
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Figure 9. The physical loads at the timing of the measurement 16.00 PM. 

 

After analyzing the given data, we conclude that there was a physical comfort within 

the urban space during the first hours of the day due to the decrease of the values of all physical 

loads applied in the urban space, which was showed by the graphical indicator. All the values 

were below the comfort threshold line on the indicator, except for a slight increase in the heat 

load. 

Consequently, the physical loads present in the urban space were all comfortable and 

didn’t present any kind of human risk. Yet, during daylight hours, there was an increase in loads 

due to the rise of the sun disk in the sky. These informations were deduced from the analysis of 

the values at the timing of the measurement in the middle of the day as the indicator showed 

the inability of the urban fabric to maintain all the load values according to the physical comfort 

threshold, because there was a significant increase in the values of the air convection and the 

illuminance level that push them outside the comfort limits. Therefore, the user of this urban 

space will feel uncomfortable at this period of time towards the air temperature and the level of 

the natural elevated light, with a registered difference in all values between the two 

measurement stations. 

We also conclude that there was a difference in the values of all physical loads between 

the two stations during the peak time. The heat and illuminance level were also outside the 

comfort limits with a discrepancy between the two stations, as the first station (lower building 

density) registered the largest values for the thermal and illuminance loads compared to the 

second station (greater structural density) that registered closer values to the limits of physical 

comfort. We also conclude that the wind and sound load were below the comfort threshold line 

during the three measurement times as their values were low and did not constitute any human 

risk. In this regard, we can say that the urban fabric provided comfort towards all physical loads 

only during the first hours of the day. However, when the physical loads intensified at midday 

and peak time, the wind and sound loads remained below the comfort threshold, but the air 
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temperature and illuminance loads were far from the comfort threshold with remarkable 

differences between them. Thus, we can say that the urban fabric did not succeed in maintaining 

all loads below the comfort threshold during the day in the two measuring stations, especially 

for the light load and air temperature, with registered differences between the values in the two 

stations, as the obtained results showed a difference in the values of the physical loads between 

the two stations, represented in 1.5 degrees for air temperature, 8000 lux for illuminance and 7 

dB for sound level. 

 

8. Discussion 

We should discuss the reason behind the failure of the urban fabric of the two 

measuring stations in maintaining the comfort threshold of the physical loads, especially the 

heat and illuminance load, is the occurrence of direct  insolation as a result of the rise of the 

solar angle, which was close to perpendicular to 83 degrees. At this angle, the urban fabric could 

provide shade in the open urban space and has become completely exposed to short-term solar 

radiation that carries large energy of heat and daylight, which led to the deviation of the values 

of heat and daylight convection completely beyond the threshold of physical comfort. During 

the daytime, the gradual refraction of the solar angle at 4 pm led to the emergence of sunny and 

shaded environments. This condition indicates that the building’s height was not sufficient to 

cover the solar angle at this time of the day in the first environment and thus the open urban 

space was sunny. In the second environment, the building height was sufficient to cover the 

solar angle and provide alternating shade for the open urban space. Thus, a clear decrease in the 

thermal and illuminance values was recorded as a result of exposure to scattered solar radiation 

with weak thermal and light energy. The sound level was kept below the comfort threshold in 

the two environments because of the height of the buildings, which provided an adequate 

acoustic screen to repel the sound waves coming from the source and disperse a large part of 

them outside the open urban space. In addition to the difference in the structural density, there 

was a difference in the heights of the buildings surrounding the open space and also a difference 

in the amount of openness towards the sky, which resulted in a clear variation in the amount of 

thermal, illuminance, sound and wind energy getting into the urban space. The transformed 

energy into numerical values reflect its real amount and power. This interpretation depends 

mainly on the tangible results recorded on the field experiment related to the study of the 

building density variable while fixing all the other variables such as street direction, building 

materials, and their thermal, optical, and acoustic properties, flooring type ... etc. The only 

variable under study was the building density of the buildings. Therefore, the difference in the 

obtained data from the field was solely due to the difference in the building density of the urban 

fabric. The obtained results have also proven that the urban environment of the second 

measuring station with the highest density and the lowest openness factor towards the sky was 

the closest to the comfort threshold from physical loads compared to the recorded values to the 

urban environment of the primary measurement station. Hence, the urban environment of the 

second station provided a greater alternating shadow during the day from thermal and light rays. 

It also provided shade from sound waves and wind movement, meaning that the building density 

of buildings can form a shadow of all physical loads. 

 

9. Conclusions 

The physical comfort threshold is regarded as an important tool that helps to develop 

a definition of physical loads in relation to human comfort, as the threshold constitutes the limits 

of the comfort range of those loads. Therefore, these loads can be either in the comfortable 
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range, that is, they are below the comfort threshold and do not threaten human health, or outside 

the comfort threshold which constitutes real human wellbeing and may cause serious health 

complications, meaning that the comfort threshold represents the line that separates the 

comfortable and uncomfortable values of all physical loads. 

The obtained results showed that the dense urban construction environment could 

provide a better level of physical loads within the comfort threshold than the less dense 

environment. Through our field experiment, we found out that despite the timing of the 

experiment, which was at the peak of the summer season, the luminous and thermal load values 

closest to the comfort threshold were the densest. The values of acoustic and wind loads were 

lower than those recorded in the least dense environment. Thus, the building density of 

buildings greatly affects the level of physical loads as to be within or close to the comfort 

threshold, meaning that the greater the building density is the less the physical loads are and 

within the limits of the comfort threshold. 

 

10. The scientific contribution of this research study 

This research study provided a good definition of the concept of physical comfort for 

the urban and architectural space, as it identifies a clearly defined range of this type of comfort. 

The study represents a new scientific building block for those interested in studying the physical 

loads within the architectural and urban space and paves the way for future studies related to 

the effects of physical loads on architectural and urban functions. 
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