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Summary

This work delves into the complexities of urban noise pollution and its impact on building
facades, emphasizing the critical importance of acoustic considerations in architectural design.
The study begins by examining the intricate dynamics of sound propagation in outdoor
environments, focusing on how geographical landscape relief, atmospheric absorption, and
meteorological conditions influence sound behaviour. This foundational knowledge is crucial
for addressing the attenuation of sound over distances and its interaction with environmental
elements.

The research identifies the significant effects of urban noise on the structural integrity and
aesthetic quality of building facades, highlighting how noise pollution accelerates the wear and
tear of facades, impacting the longevity and visual appeal of urban architecture. Utilizing the
advanced acoustic modelling tool “Acous”, the study initially assesses noise levels impacting
building facades, revealing that they significantly exceed recommended standards, this initial
assessment underscores the urgent need for effective noise mitigation strategies in urban
environments. Based on Acous's recommendations, various noise mitigation measures are
implemented, including the use of specific materials and design modifications.

The study emphasizes the necessity of integrating acoustic considerations into the
architectural design process from the outset, advocating for a multidisciplinary approach that
combines environmental science, architecture, public health, and urban planning to create
acoustically balanced urban spaces. A detailed analysis of the city of Biskra's climatic
conditions and urban context is conducted to inform the design choices, including a bioclimatic
analysis and a field study, aiming to align the design strategies with the specific climatic and
morphological characteristics of the region.

The study concludes with the presentation of a proposed program for a library project,
incorporating the findings and strategies developed throughout the research. This proposal
highlights the practical application of the theoretical and analytical insights gained, aiming to
enhance acoustic comfort and overall urban well-being. In summary, this work provides a
comprehensive framework for addressing urban noise pollution through innovative facade
design and strategic noise mitigation. By integrating advanced acoustic modelling and a holistic
design approach, it offers valuable insights and practical solutions for creating sustainable and
comfortable urban environments.

Key-words: Urban noise pollution, Building facades, Acoustic considerations,
Architectural design, Sound propagation, Environmental elements, Structural integrity,
Aesthetic quality, Acoustic modelling tool (Acous), Noise mitigation, Public health, Urban
planning, Sustainable urban environments.
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Introductory Chapter

I- General Introduction

In the nuanced exploration of urban living, the harmony of acoustic landscapes and the
pursuit of acoustic comfort stand as foundational pillars. The interplay of sound within our
environments, particularly concerning urban acoustics and architectural acoustics, has
garnered increasing attention as we recognize the profound impact it has on our well-being.
As we delve into the complexities of noise dynamics, the infiltration of urban noise into
building facades emerges as a significant challenge, prompting a revaluation of design and
construction practices. This imperative arises not only to mitigate the effects of noise
pollution but also to create acoustically balanced environments that contribute to a broader
sense of urban well-being (Magrini & Lisot, 2016; Renterghem & Botteldooren, 2012;
Eltarabily et al., 2016, p12).

Within this symphony of urban sounds, the concept of a serene facade becomes a crucial
component in fostering acoustic comfort for residents navigating through elevated noise
levels. This strategic approach empowers inhabitants to selectively retreat from excessive
noise based on their activities or designate specific spaces within dwellings for specialized
purposes, creating pockets of tranquillity amidst the urban cacophony (Fuhong & Li, 2020,
p25). Complementary strategies, ranging from integrating green spaces to deploying porous
asphalt and implementing building refurbishments, have been proposed to not only mitigate
noise pollution but also enhance acoustic comfort around building facades (Renterghem et
al., 2015, p5). However, the impact of urban noise on building facades is a critical aspect
that warrants attention. The constant barrage of noise can not only compromise the
structural integrity of facades but also influence the overall aesthetic and functional aspects
of urban architecture. Noise-induced vibrations and reverberations on building surfaces
may lead to accelerated wear and tear, impacting the longevity of structures. Moreover, the
visual and auditory aspects of facades, which contribute significantly to the character of
urban spaces, can be disrupted by the relentless intrusion of noise.

The recognition of the urban acoustic environment, particularly noise pollution, as an
outgrowth of rapid urban development necessitates comprehensive strategies to navigate
this intricate soundscape while prioritizing the well-being and comfort of urban dwellers.

Despite these pressing challenges, the disregard for urban acoustics as a critical
environmental and public health concern raises significant alarm due to its far-reaching
impact on human well-being. The deleterious effects of noise pollution, spanning

annoyance, stress, and disruptions in daily activities, underscore the urgent need for
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intervention and mitigation (Magrini & Lisot, 2016, p20). Furthermore, the reverberations
of noise pollution on the workforce, particularly in diverse industrial settings, intensify the
call for comprehensive strategies to harmonize the complex dynamics of urban acoustics
(Renterghem & Botteldooren, 2012,p13).

In conclusion, the symphony of urban acoustics and architectural acoustics, with a
focus on acoustic comfort, demands immediate attention and the deployment of nuanced
mitigation strategies. This interdisciplinary challenge spans environmental science,
architecture, public health, and urban planning, urging collaborative efforts to decipher and
address the multifaceted challenges embedded in urban noise pollution while championing
the quest for acoustic well-being in our cities. As we strive to navigate the intricate
soundscape of urban life, the resilience and integrity of building facades stand as crucial
elements in preserving both the physical and aesthetic fabric of our evolving urban

environments.

II-  Problematic
In the intricate tapestry of architectural design, the pursuit of comfort emerges as a

foundational pillar, encompassing thermal, visual, and acoustic dimensions. Despite this
holistic approach, a noteworthy imbalance exists, particularly in the domain of acoustic
considerations. The prevalent trend among architects and engineers to prioritize thermal
and visual comfort often results in a disregard for the acoustic realm, a facet acknowledged
for its inherent complexity. This oversight becomes pronounced when confronting the
escalating challenges posed by noise pollution in urban and architectural spaces.
Originating from diverse sources such as transportation, human activities, and the
surrounding environment, these acoustic disturbances significantly impact building
facades. Drawing inspiration from recent findings, noise pollution stands out as a pressing
concern for public health and well-being. Paradoxically, the acoustic performance of
facades, especially in outdoor spaces, is routinely neglected, despite their pivotal role in
shaping the urban soundscape. The effects of facades on the urban acoustic environment
encompass a range of dynamics, including sound-reflecting, sound-absorbing, and sound-
producing effects. The facade, acting as both a mediator and amplifier of environmental
noise, influences not only sound pressure levels and reverberation time but also people’s
perception of the acoustic environment. Examining real-world scenarios, a report by the
European Environment Agency indicates a worrisome trend. Despite efforts to control
environmental noise, an increase in the number of individuals exposed to high noise levels

is evident. This reinforces the urgency of addressing acoustic challenges, with researchers
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directing significant attention to the role of building facades. The facade, as a key player in
the transmission and reflection of environmental noise, demands a more comprehensive
integration of acoustic considerations in design practices. Accurately predicting and
addressing noise issues early in a project's design phase remains a key challenge. To enable
effective acoustic solutions, comprehensive expertise must complement predictive models
early in the design process. Reliance on simulations without a nuanced understanding of
acoustics can lead to ineffective noise control and discomfort once a project is built. By
prioritizing accurate modelling alongside expert guidance, noise issues can be proactively
addressed to create comfortable spaces aligned with project goals. Transitioning from the
macrocosm of urban acoustics, to the microcosm of architectural spaces, with a specific
emphasis on facades. The architectural facade, a crucial interface between the exterior and
interior realms, becomes a canvas upon which external noise insidiously leaves its mark.

However, a critical observation reveals a prevalent oversight of acoustic exigencies in the

design of architectural facades, unravelling a gap in the holistic approach to architectural

comfort. This lacuna not only diminishes the efficacy of architectural design but also
amplifies the need for innovative strategies that seamlessly integrate acoustic
considerations into the very fabric of facade design.

- What strategic initiatives and actionable steps can be taken to rectify the prevalent
oversight of acoustic considerations in architectural facades, ensuring a more balanced
and holistic approach to architectural comfort that effectively mitigates the challenges
posed by noise pollution in urban environments?

- What are the specific sources and characteristics of acoustic disturbances in urban
environments, and how do these disturbances impact the acoustic performance of
building facades?

- How can innovative design strategies be developed to seamlessly integrate acoustic
considerations into the architectural facade, addressing the current gap in the holistic
approach to architectural comfort?

I11- Hypothesis
The questions posed in this study prompted the formulation of hypotheses, seeking

innovative solutions for integrating acoustic considerations into architectural design. The
aim is to achieve a comprehensive approach to architectural comfort, effectively addressing
the challenges posed by noise pollution in urban settings.

- If urban planners and architects prioritize the integration of acoustic considerations

early in the design phase, including consideration of fagade shapes and materials, a
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more balanced and holistic approach to architectural comfort will be achieved,

effectively mitigating the challenges posed by noise pollution in urban environments.

IV-  Objectives
The objective of our study is to address the oversight of acoustic considerations in

building facades within the context of urban acoustics and architectural design. Our goals

encompass a comprehensive understanding of the sources and characteristics of acoustic

disturbances in urban environments. We aim to explore the impact of noise on building

facades and develop innovative design strategies to achieve architectural comfort. The

study pursues the following specific objectives :

- Explore the nuanced interplay of sound in urban environments, emphasizing its impact
on well-being.

- Investigate the challenge of urban noise infiltration into building facades and its
implications for design and construction.

- Highlight the importance of creating acoustically balanced environments for broader
urban well-being.

- Examine the effects of noise pollution on building facades and its impact on the urban
soundscape.

- Address the oversight of acoustic exigencies in architectural facade design,

emphasizing the need for holistic approaches.

V- Research Methodology
In this research, we conducted a comprehensive literature review by consulting

books, documents, reports, theses, and websites to deepen our understanding of the study
theme and address the posed problem. This approach aimed to grasp the various concepts,
notions, and techniques related to the acoustic considerations in architectural facades within
the context of urban acoustics and design.

The research will be organized into four main chapters:
Introductory Chapter: This chapter will provide a general introduction, including the
problem statement, the hypothesis and the research objectives.
Theoretical Chapter: This section will be divided into two parts. The first part will focus
on factors influencing sound propagation in the outdoor environment, spanning from the
source to the receiver. The second part of this chapter will determine the exposure to
environmental noise through strategic noise mapping of noise sources.
Analytical Chapter: This section will involve the analysis of examples to understand

various parameters of projects, including formal, functional, constructive, structural

v
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aspects, and others. Additionally, we will analyse the site and its climatic parameters using
specialized software for climate analysis that aids in the design process.

Architectural Chapter: This chapter will be dedicated to the proposed project, detailing
the project program, the methodology through which the project took shape, various
graphical representations, and the functioning of the project.

Acoustic chapter: this chapter will be dedicated to the application “Acous”, a

comprehensive guide to acoustic modelling from inception to implementation.

Thesis structure

General introduction

Problematic

Introductory Chapter
Hypothesis

Objecives
Research methodology

factors influencing sound propagation
in the outdoor environment

Theoretical Cha pter —|  the exposure to environmental noise
through strategic noise mapping

‘ Exemple analysis
Analytical Chapter ‘

Site analysis

Conclusion

Programmatic aproach
— architectural Chapter

Conceptual aproach

Comprehensive Guide to Acoustic Modeling:
From Inception to Implementation —

Acoustic chapter
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Theoretical Chapter

First part : sound noise propagation

I- Introduction

With the problematic of propagation of sound in outdoors are already address the several
world authors, e.g., (Harris, C., p. 40) (Ingard, U, p. 25). Also on the basis of their knowledge
and scientific outputs, it is clear that sound propagation outdoors is affected by several main
factors such as geographical landscape relief, atmospheric sound absorption, weather
conditions and the occurrence of various obstacles. Regarding the meteorological conditions,
they need to divide and describe their effect individually. Among the most significant
meteorological conditions that affect sound propagation in the external environment are: air
temperature, air speed and direction, atmospheric pressure and relative humidity as well as the
turbulent effect (o). The sound that propagate in the atmosphere is attenuate depending on the
distance. The attenuation due to distance varies for different kinds of sound sources. Most of
the sounds with which they come into contact, are point and line sources. For point and line
sources it is true that sound pressure level is reduced by 6 dB for every doubling of distance
from it. The purpose of this chapter is to identify, all factors that effect and attenuate sound
propagation in outdoors environment.

I-1 Atmospheric Absorption of Sound

The attenuation of sound in the atmosphere is influenced by various factors, with
atmospheric absorption being dependent on four key variables. These include the frequency of
the sound, ranging from 50 Hz to 10 KHz, the temperature of the air within the span of -20 °C
to +50 °C, relative humidity varying from 10% to 100%, and the pressure of the air at 101.325
KPa 4. In addition to these variables, the propagation of sound is significantly affected by
specific types of atmospheric conditions:

- Under downward-refraction propagation conditions, characterized by a positive vertical
gradient of effective sound celerity from the source to the receiver, sound waves exhibit
distinct behaviour.

- Homogeneous atmospheric conditions, characterized by a null vertical gradient of
effective sound celerity over the entire area of propagation, play a crucial role in the
overall sound propagation process. These atmospheric conditions contribute to the
complex interplay of factors influencing the attenuation and propagation of sound in
the environment.

It's important to note that there are two mechanisms by which acoustic energy is absorbed
by the atmosphere—molecular relaxation and viscosity effects. Molecular relaxation is the
more dominant mechanism, particularly influencing high frequencies more than low
frequencies. The amount of absorption depends on the temperature and humidity of the
atmosphere, as illustrated by figures showing the variation of absorption with temperature and
relative humidity.
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Figure 1: (left) Frequency dependence of attenuation as a function of relative humidity- (right)
Attenuation as a function of temperature for various percentages of relative humidity. Source [2]

I-1-1 effect of temperature of the air

Temperature gradients play a crucial role in shaping the propagation of sound waves
within the atmosphere. As a common atmospheric occurrence, a negative temperature
gradient often characterizes sunny afternoons when intense solar radiation leads to elevated
surface temperatures and significant heat transfer from the ground to the surrounding air.
This condition, known as a super-adiabatic or positive lapse, causes sound waves to bend
upward in all directions, forming a circular shadow zone. Conversely, during nights, a
positive temperature gradient is prevalent due to rapid surface cooling as heat is absorbed
by the ground. Referred to as an inversion or negative lapse, this condition results in the
downward bending of sound waves.
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Figure 2: Effects of temperature gradients on sound propagation. (Top): In the case of positive
lapse. (Bottom) : in the case of negative lapse. Source : [8]

The influence of temperature on sound propagation extends beyond these occurrences.
Temperature influences air density, subsequently affecting the speed of sound. In a gas,
like air, higher temperatures lead to higher sound speeds. This variation in temperature and
density causes sound waves to refract, altering their trajectory. The phenomenon of sound
refraction is comparable to the refraction of light. Furthermore, under temperature inversion
conditions, where temperatures increase with altitude, sound waves may refract downward,
allowing them to be heard over more extensive distances, particularly in winter and during
sundown. These interactions showcase the intricate relationship between temperature and
the behaviour of sound waves in the atmosphere.
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Figure 3: Refraction of sound waves by two layers of air at different temperatures as a result of
the change of speed of the sound. Source : [3]

Relative humidity also has influence on sound waves, particularly in the case of high-
frequency sound propagation (> 1000 Hz) 9. Optimal sound propagation occurs in high
humidity conditions, while lower humidity levels can negatively impact the efficiency of
sound transmission in certain conditions. Moisture is constantly being absorbed into the air
from the sea, lakes, rivers, and moist ground by the process of evaporation. There is a limit
to the amount of water vapour that a given mass or 'parcel’ of air can contain, and the
amount actually present at any given time is expressed as a percentage of that limit. This
percentage is known as the relative humidity of the air. For example, if the water vapour
content is half the amount of vapour the mass of air can hold, then the relative humidity is
50%. The effect of temperature on relative humidity is critical. If air is warmed, the relative
humidity will decrease as the parcel of air becomes capable of holding a greater amount of
water vapour. Conversely, if the temperature drops, the air will be unable to hold as much
water vapour, and so the existing vapour, which remains the same, will represent a greater
proportion of the maximum limit.

B
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Figure 4 : Dependence of the sound attenuation [dB/km] on the relative humidity at different
frequencies. Source : [9]

I-2 meteorological conditions (weather conditions)

Meteorological conditions exert a profound influence on the propagation of sound,
encompassing a range of factors that collectively shape the acoustic environment. Elements
such as temperature gradients, wind speeds, wind directions, cloud cover, snow, and
precipitation play crucial roles in determining how sound travels through the atmosphere.
Among these variables, wind stands out as the most significant contributor to sound
propagation dynamics (Kephalopoulos, S., Paviotti, M., Anfosso-Lédée, F, 2012, p. 25). The speed and
direction of the wind profoundly affect the movement of sound waves, influencing their
trajectory, dispersion, and overall efficiency of transmission. Wind speed, in particular, can
introduce rapid variations in the soundscape, impacting the distance and direction over



Theoretical Chapter

which sound travels. Understanding the complex interplay of meteorological conditions is
vital for accurately predicting noise levels in diverse settings. While temperature,
precipitation, and other factors certainly contribute to the overall acoustic environment,
recognizing the paramount importance of wind allows for a more comprehensive
consideration of the factors that shape sound propagation in varying weather conditions

I-2-1 effect of the wind

Wind plays a crucial role in sound propagation, particularly over extended distances.
While wind alone has minimal effects on sound levels at short distances up to 50m [10], its
impact becomes more pronounced over longer distances, especially over open ground.
Vertical wind velocity gradients, influenced by factors like friction and solar radiation,
contribute to bending sound waves. Wind speed profiles, varying with the time of day,
weather conditions, and surface characteristics, lead to fluctuations in sound transmission.
In practical scenarios, wind speeds are higher above the ground, causing wind speed
gradients that "bend"” sound waves over large distances. The wind's variability at different
heights results in distinct downwind and upwind effects.

a- Downwind Effects:

During downwind situations, sound waves are bent towards the Earth's surface,
enhancing audibility over larger distances. The combined velocity increase with height
results in sound waves refracting towards the ground, mitigating some of the attenuating
effects of terrain, vegetation, or barriers that would typically intercept the sound path.
Downwind measurements are normally preferred by acoustical consultants as the
variability is smaller and the result is viewed as conservative and “worst case”.

WIND DIRECTION
—_— -

Figure 5: illustrates the principle of downwind sound propagation .source: [13]

b- Upwind Effects

On the contrary, upwind conditions refract sound waves away from the Earth's
surface, creating shadow zones. The combined velocity decrease with height leads to areas
where sound waves are deflected, resulting in reduced sound levels. Persistent upwind
conditions can cast a shadow zone, causing sound level reductions of up to about 20dB.
This phenomenon occurs at distances greater than approximately 1000 feet (300m) for wind
speeds above 10 to 15 mph (16 to 24 km/hr).

10
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WIND DIRECTION

S0UND PATHS

Figure 6 : illustrates the principle of up-wind sound propagation. Source: [10]

Understanding the influence of wind conditions on sound propagation is essential
for assessing sound level variations over different distances. The impact of wind becomes
more pronounced at greater distances from the sound source. At 1000m, downwind
scenarios show reductions of up to 5dB (potentially influenced by distance effects), side
wind conditions result in reductions of up to —11dB, and the most substantial reduction
occurs in upwind measurements, reaching up to —20dB (Nijs, L., & Wapenaar, C.P.A, 1990, p. 50).
Consideration of wind direction and distance is crucial for evaluating potential sound level
variations in a given environment see figure.
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Figure 7 : Potential sound level reductions in terms of dBA relative to a down wind, side wind or upwind
situation versus distance traveled from the sound source: 1111

I-3 geographical landscape relief

The impact of geographical landscape relief on sound propagation is a multifaceted
consideration that significantly influences how sound waves travel through the environment.
This influence can be broadly categorized into two main components: geometrical divergence
and ground effect (Kephalopoulos, S., Paviotti, M., Anfosso-Lédée, F, . "Noise Assessment Methods in Europe
(CNOSSOS-EU).", 2012, p. 24). Geometrical divergence refers to the spreading of sound waves as they
move away from the source, influenced by the three-dimensional nature of the terrain. Ground
effect, on the other hand, is concerned with how the physical characteristics of the ground, such
as its composition and topography, interact with sound waves, either enhancing or impeding
their transmission. This dual perspective, encompassing both geometrical divergence and
ground effect, offers a comprehensive understanding of how the geographical landscape relief
shapes the propagation of sound in diverse outdoor environments.

11
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I-3-1 geometrical divergence

Geometrical divergence refers to the spreading of sound waves as they move away from
the source due to the three-dimensional nature of the terrain. It is a phenomenon that has a
significant impact on sound propagation and is influenced by the geometric characteristics of
the environment. Two main types of geometrical divergence are spherical divergence and
cylindrical divergence.

a- Spherical divergence

Spherical divergence occurs in three-dimensional spaces and is typical of sound waves
radiating from a point source. As sound waves propagate outward, they spread spherically
in all directions, resulting in a decrease in sound intensity proportional to the square of the
distance from the source. For example, in the case of spherical spreading from a point
source, the sound level is reduced by 6 dB for each doubling of distance from the source.
See figure

b- Cylindrical divergence

Cylindrical divergence, on the other hand, occurs when sound waves propagate along a
cylindrical shape. This is observed in situations where sound is radiated along an elongated
source or travels within a confined space. Sound waves spread outward in a cylindrical
pattern, and the decrease in intensity with distance follows an inverse relationship between
sound intensity and distance. Unlike spherical divergence, cylindrical divergence results in
a slower rate of intensity decrease. See figure

Line Source

Figure 8 : (left) Attenuation from a point source where the intensity decreases according to the square
of the distance from the source (note increasing cone area) - (right) and from a line source where the
intensity decreases directly according to the distance from the source. Radii A and B indicate a doubling
of distance.source: [71

The effect of geometrical divergence on sound propagation leads to a natural
attenuation of sound as it travels away from the source. In open spaces, such as fields or
flat terrains, spherical divergence is more prominent, and sound waves spread uniformly in
all directions. In confined spaces or areas with elongated sound sources, cylindrical
divergence may be more relevant, affecting the distribution of sound.

I-3-2 ground effect on sound propagation

The attenuation due to the ground effect is primarily a result of the interference
between the reflected sound and the directly propagated sound from the source to the
receiver. This phenomenon is closely tied to the acoustic absorption properties of the
ground, influenced by its porosity. Generally, compact ground tends to be reflective, while

12
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porous ground exhibits absorptive properties. The acoustical characteristics of each ground
region are considered through a ground factor (G), categorizing surfaces into reflecting and
absorbing categories. The attenuation depends on the surface type, with smooth, hard
surfaces leading to minimal absorption and thick grass causing reductions in sound levels
up to about 10 dB per 100 meters at 2000 Hz (wiener, & Keast, p. 31), particularly at higher
frequencies. Moreover, the ground effect becomes more or less significant depending on
atmospheric conditions during propagation, affecting the height of the sound path above
the ground and the overall attenuation of sound levels.

Direct "Wasve
SOURCE Cj s D RECEIVER

- /
\\/ﬂ, Fieflected Wave

GROLND

Figure 9 : illustrate ground effect on Sound propagation. Source : [12]

a- Acoustic characterisation of ground

The acoustic absorption properties of the ground are primarily associated with its
porosity. Compact ground generally exhibits reflective characteristics, while porous
ground tends to be absorbent. The acoustical properties of each ground region are
considered by incorporating a ground factor denoted as G (1so 9613-2, 199, p. 12). Three
categories of reflecting surfaces are specified as follows

- Hard ground, which includes paving, water, ice, concrete and all other ground surfaces
having a low porosity. Tamped ground, for example, as often occurs around industrial
sites, can be considered hard. For hard ground G = 0.

- Porous ground, which includes ground covered by grass, trees or other vegetation, and
all other ground surfaces suitable for the growth of vegetation, such as farming land.
For porous ground G = 1.

- Mixed ground: if the surface consists of both hard and porous ground, then G takes on
values ranging from 0 to 1, the value being the fraction of the region that is porous.

The acoustic absorption of a ground is represented by a dimensionless coefficient G,
between 0 and 1. G is independent of the frequency. Tablel gives the G values for the
ground outdoors. In general, the average of the coefficient G over a path takes values
between 0 and 1. Here the mean G represents the absorbent fraction along the path.
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Description type | (KPa.s/m2) | G value | Description type | (KPa.s/m2) | G value
Very soft(show | A 12.5 1 Soft forest floor | B 315 1
or moss-like) (short, dense
heather-like or
thick moss
Uncompacted , C 80 1 Normal D 200 1
loose uncompacted
ground(turf, ground ( forest floor
grass, loose soil) pasture field)
Compacted field | £ 500 0.7 Compacted dense | F 2000 0.3
and gravel ground ( gravel
( compacted road, car park
lawns, park area)
Hard surfaces G 20 000 0 Very hard and H 20000010
(' most normal dense surfaces
asphalt, ( dense asphalt,
concrete) concrete, water)

Tablel: G values for different types of ground. Source: [6] [8]

I-4 obstacles and barriers

The attenuation or diffraction due to barriers in sound propagation is influenced by
several factors. Solid barriers can significantly attenuate sound, with the effectiveness
depending on their height. The barrier should be tall enough to obscure the 'line of sight’
between the noise source and the receiver. However, barriers smaller than this may have a
negative effect by eliminating the destructive interference phenomenon. Barriers are most
effective for high frequencies; as low frequencies are more easily diffracted around the
edges of a barrier. The maximum performance of a barrier is limited to around 40 dB due
to scattering by the atmosphere [1]. The placement of a barrier is crucial for its effectiveness,
with optimal results achieved when placed either very close to the source or the receiver.
It's important to note that a barrier's performance can be adversely affected by temperature
and wind gradients. When multiple obstacles contribute to diffraction, they are treated
collectively as a single multiple diffraction.

~ i NIAT I LA T TN L A TL LA LA LA LN AL TL LT LA LA LA L LA i A AL L LA LA LT L

Figure 10: (Left) the path length difference in the case of single diffraction. (Right) the path
length difference in the case of multiple diffraction. Source: [5]

Diffraction of low-frequency sound waves around a barrier is illustrated, showing that
the barrier does not create a sound shadow in the area of the lower right-hand corner. In
sound propagation situations, barriers not specifically built for acoustical purposes, such as
hills and buildings, are common. Buildings in urban situations can serve as effective
barriers, although they may produce different acoustical effects.
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Figure 11: Diffraction of a low frequency sound wave around a barrier. Note that the barrier does not
create a sound shadow in the area of the lower right-hand corner. Source: [1]

I1-4-1 the conditions of obstacle

An object shall be taken into account as a screening obstacle (often called a barrier) if it
meets the following requirements:

- The surface density is at least 10 kg/m2.
- The object has a closed surface without large cracks or gaps (consequently process

installations in chemical plants, for example, are ignored).
- The horizontal dimension of the object normal to the source-receiver line is larger than
the acoustic wavelength A at the nominal midband frequency for the octave band of

interest (1ISO 9613-2, 1996, p. 15).

1-5 reflection

When sound encounters a surface that neither absorbs nor transmits it, the result is
reflection. This reflection adheres to the same law as light, wherein the angle of incidence
of a sound wave equals the angle of reflection, akin to a 'mirror image.' This principle holds
when the wavelength of the sound is small compared to the dimensions of the reflecting
surface. Sound reflection contributes to phenomena such as diffusion, reverberation, and
echo. Various surfaces exhibit different reflecting powers, quantified by absorption or
reflection coefficients. Concave surfaces focus sound waves, concentrating them in specific
areas, while convex shapes scatter sound, promoting effective diffusion. Symmetrical
surfaces produce symmetrical reflections, exemplified in phenomena like the whispering
gallery. Moreover, in outdoor settings, reflections from ceilings and vertical surfaces, such
as building facades, can elevate sound pressure levels at the receiver through the

consideration of image sources.

original wave

o ;
> ;
o /
R ! .
imagert!, | source
ame
Ll \

. .
™~ reflected wave
k

4— barrier

Figure 12: Reflection of a sound wave at a barrier, as if from an imaginary source at an equal distance
behind the barrier. Source: [12]
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I-5-1 Attenuation through absorption

Sound reflections from vertical obstacles, such as building facades and noise barriers, are
addressed through image sources. An obstacle is classified as vertical if its slope concerning
the vertical is less than 15°. In cases of reflections on notably sloping obstacles, a 3D approach
is employed. Obstacles with at least one dimension less than 0.5 m are typically excluded from
reflection conditions (Kephalopoulos, S., Paviotti, M., Anfosso-Lédée, F., 2012, p. 94).

/

R 1
/

Figurel3: Specular reflection on an obstacle dealt with by the image source method (S: source, S":
image source, R: receiver). Source: [6]

I-5-2 Attenuation through retro-diffraction

In the geometrical research of sound paths, during reflection on a vertical obstacle
(barrier wall, building), the position of the impact of the ray in relation to the upper edge
of this obstacle determines the more or less significant proportion of energy effectively
reflected. This loss of acoustic energy when the ray undergoes a reflection is called
attenuation through retro-diffraction.

=
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Figure 14: illustrate the attenuation through retro-diffraction phenomena. Source: [6]
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Second part : noise sources

I. Road traffic noise source emission
I-1 classification of vehicles

The source of road traffic noise can be attributed to the cumulative effect of noise
emissions from individual vehicles composing the traffic flow. These vehicles can be
categorized into four distinct classes based on their noise emission profiles:

- Category 1: Light motor vehicles.

- Category 2: Medium heavy vehicles.

- Category 3: Heavy vehicles.

- Category 4: Motorized two-wheelers.
Within the motorized two-wheeler category, further sub classification into mopeds and
motorcycles is necessary due to their significantly different driving patterns and often
contrasting prevalence.

Category Name Description
01 Light motor vehicles Passenger cars, delivery vans < 3.5 tons,
SUVs,MPVs, including trailers and caravans
02 Medium heavy vehicles | Medium heavy vehicles, delivery vans > 3.5 tons,

buses, touring cars, etc. with two axles and twin
tyre mounting on rear axle

03 Heavy vehicles Heavy duty vehicles, touring cars, buses, with three
or more axles
04 Powered two- wheelers 4a mopeds, tricycles or quads <50 cc

4b motorcycles, tricycles or quads > 50 cc

Table2 : classification of vehicles. Source : [10]

I-2 Number and position of equivalent sound sources
For the calculation of noise propagation and for the determination of sound power
emission, it is necessary to describe the source with one or several point sources. each
vehicle (category 1, 2, 3 and 4) is represented by one single point source. As depicted in
Figure 15, this point source is placed 0.05 m above the road surface
Equivalent source |

quiulﬂfl mé\:: (LS m hiﬂl]\ ;
O=—0Y ~—00
[] )

Equivaleni soajTe |

®

Figure 15: Number and position of equivalent sound sources. Source: [10]

O
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Each road vehicle generates noise from two primary sources:
- Rolling noise: This originates from the interaction between the tires and the
road surface.
- Propulsion noise: This stems from the vehicle's drivetrain, including the
engine, exhaust system, and other components.

railway traffic noise source emission

11-1 classification of vehicles

Railway and tram noise generation involves a complex interplay of various track-
vehicle system components. These components include: the rails and sleepers/slabs, the
wheels, fans, compressors, and engines (if applicable), electrical equipment, exhaust
systems (for diesel locomotives), superstructure of freight trains.

At high speeds, aerodynamic factors also come into play, including the bogies,
pantograph, and train body. The relative contribution of each source varies depending
on the speed. Therefore, excluding any source upfront is not feasible.

Furthermore, these noise sources are primarily determined by the specific features
of individual train subunits rather than being uniform across the entire train. For this
reason, a more accurate approach involves classifying each subunit and summing their
contribution on a specific track section, rather than relying solely on overall train type
classifications.

metro self- propelled
and non-self-propelled
coach

Descriptor Vehicle type Number of axles Brake type Wheel
per vehicle measure
Explanation of the A letter that describes The actual number of | A letter that describes A letter that
descriptor the type axles the brake type describes the noise
reduction measure
type
h 01 c n
high speed vehicle cast-iron block no measure
L (>200km/h)
o 2 m 02 K d
P % self- propelled Composite or sinter dampers
71 2 passenger coaches metal block
8 = P 03 n s
Hauled passenger non-tread braked, like screens
coaches disc, drum, magnetic
C 04 / 0
City tram or light other

d
diesel loco

e
electric loco

a
any generic freight
vehicle

0
other (i.e.
maintenance vehicles
etc)

Table3 : classification of vehicles. Source : [10]
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h high-speed vehicles

£ | I Il c![
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m self-propelled vehicles o< <
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Figure 16: classification of vehicles. Source: [10]

11-2 Number and position of equivalent sound sources

) L

= [

0.5m-A

L7777 777

Figure 17: Number and position of equivalent sound sources. Source: [10]
Tralmn NoIse 1S MOdelTed USINg Several Imaginary noise sources placed at different
heights along the train track. These sources represent various physical mechanisms that
generate noise, such as:
- Rolling noise (0.5m height): This comes from the roughness of wheels and
rails.
- Traction noise (0.5m and 4.0m heights): This originates from engines,
transmissions, and other equipment, depending on their location (axles vs. roof).
- Aerodynamic noise (0.5m and 4.0m heights): This is caused by air flow
around the train, including pantographs.
- Impact noise (0.5m height): This comes from crossings, switches, and
junctions.
- Squeal noise (0.5m height): This is a separate category from other noises.
- Bridge noise (0.5m height): This noise is caused by the train traveling over
bridges.
1. Industrial noise source emission
I11-1 Classification of source types (point, line, area)
Industrial noise sources come in various sizes, from large factories to small machines.
To accurately model their noise impact, different techniques are needed depending on the
source's dimensions:
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- Point sources: Suitable for small, concentrated sources like machines.
- Line sources: Represent noise extending over a line, like a conveyor belt.
- Area sources: Model noise originating from a broad area, like a large factory
floor.
I11-2 Number and position of equivalent sound sources

Modelling real noise sources involves using one or more imaginary point sources.
These point sources should represent the total sound power of the real source. Here's a
guideline for choosing the number of point sources:

- Small sources (largest dimension less than half the distance to the receiver):
Use a single point source.
- Larger sources (largest dimension more than half the distance to the receiver):
Split the source into a line or area of point sources, each fulfilling the "half
distance” rule.
- Sources with large height variations (>2m or near ground): Doubling point
sources vertically may not improve accuracy significantly.
IV. Elementary propagation paths
In general, four types of paths can be considered
IV-1Typel
These are ‘direct’ paths from the source to the receiver, which are straight paths in plane
view and which may nevertheless include diffractions on the horizontal edges of obstacles.
These are the easiest scenarios to deal with

Figure 18: type path 01. Source: [10]

V-2 Type 2
These are paths reflected on vertical or slightly sloping (< 15°) obstacles, which may
also include diffractions on the horizontal edges of obstacles

Figure 19: type path 02. Source: [10]
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V-3 Type 3
These are the paths diffracted by the lateral edges of obstacles

Figure 20: type path 03. Source: [10]

IV-4 Type 4
These are mixed paths which are diffracted by the lateral edges of obstacles and reflected
by vertical surfaces (< 15°).

Figure 21: type path 04. Source: [10]
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Conclusion

The dynamics of sound propagation in outdoor environments and the acoustic design of
building facades highlight the significant influence of geographical landscape relief,
atmospheric sound absorption, and meteorological conditions on sound behavior. This
understanding is crucial for addressing sound attenuation over distance and its interaction with
environmental elements. The findings underscore the importance of integrating acoustic
considerations into architectural design to enhance environmental comfort and mitigate noise
pollution. By delving into existing theories and concepts related to facade acoustics,
emphasizing the need for a multidisciplinary approach in architectural design, where acoustic
considerations are integral to achieving a balanced and comfortable urban environment.
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I. Introduction

In this chapter, we will focus on the analytical approach to the three aspects of our work.
We will analyze several literary and existing examples of libraries to better understand the
functioning of these spaces. Then, we will analyze the context, specifically the data from the
city of Biskra, including a climate analysis (a bioclimatic analysis) and a field analysis. The
aim of this analysis is to take into consideration the specific climatic data of the region and the
morphological data to better define the strategic choices in the design phase.

Il.  The liste of exemples

Stuttgart city library Free University's

Philology Library

Vennesla city Library Aarhus city Library

the national library of Algeria.

the public library of Jijel

Figure 1: represent the list of the chosen projects to be analysed. Source: author.

I11.  The elements to be analyzed

Project data I

Motivation of choice

Technical and
functional

Environmental
aspect

m—— | Architectural —

aspec}/ﬁ

Urban aspect
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IV. literary examples

The project Project data Situation Motivation of
choice

Eree

University's

Vennesla city Library

Aarhus city Library



https://www.archdaily.com/tag/aarhus
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The project

Distant environment of the project

Stuttgart city library
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The design concept

The volumetry

The project
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The project

Roads and accessibility
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The project

Circulation

German

Stuttgart city library

The project is distinguished
by its magnificent spiralling
circulation. Paired staircases
create  fluid  walkways
between the floors, and the
interior  circulation is
elegantly arranged in a spiral
configuration around the
reading gallery areas

German

Philology Library
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The circulation of the library
acts in layers, with the outer
most containing workspaces,
then stacks, then service
spaces, and at the core,
stairs. In between each layer
is room for circulation,
allowing for fluid movement
throughout each floor of the
library.

rwa

Vennesla city Library

aarhus city Library
Denmark

The library's circulation
flows seamlessly due to
its open space design.
This architectural choice
promotes a dynamic and
interconnected
environment, fostering
easy movement and
accessibility throughout
the library for visitors.

The circulation of the
library is a free and
open circulation
system, allowing
visitors to move
easily between
different areas and
engage with
information

seamlessly.
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The project

Spatial and functional organization

Stuttgart city library — Germany

I ) ....._..H.\(‘ [ cnce - Pv— zg—

%3 /The library features &

square-shaped  plan
that mirrors the cubic
exterior of the
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Philology Library- Germany
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Fourth floor Level +4
The library's brain-inspired design, featuring an inner membrane and air chamber, organizes into five levels
mirroring cerebral structure. With undulating upper levels akin to cerebral lobes, it optimizes space for readers to
comprehend, process, and store information in a compact, well-structured environment
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Vennesla city Library - Norway
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The project

Acoustic feature

Lighting feature

Stuttgart city library
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E Aree effective methods contribute to acoustic comfort in the library. Thi
53 first involves a double facade, featuring glass bricks on the outer layer and
O glass blocks on the inner layer. This design isolates the educational and
cultural spaces from external noise while providing a versatile space for
visitors. The second method incorporates water features inside the building
to absorb and minimize noise. Additionally, the third method focuses on the T T X )
shape of the space, utilizing gradations and angles to both absorb and || Natural light is maximized in the library through the recessed
transmit sound effectively. The facade space serves as a buffer, providing | | floor design, which opens the space to the ceiling, and the
library visitors and staff with the option to use it as a leisurely walkway or || ' inclusion of open facades with windows on all sides of the
alcony envelope
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V. Analytical synthesis of literary examples

Synthesis

The libraries are strategically situated within urban landscapes, each blending

Situation into its unigque surroundings—Dbe it a city center, a university district, a central
city location, or a scenic riverfront in Aarhus
. The libraries demonstrate diverse environmental integration: one seamlessly
Distant

environment

fits into a compact site, another becomes an integral part of a university
campus, one adapts to a diverse urban setting, and the last connects the city
with the port and water, surrounded by forests.

Immediate
environment

The libraries strategically position themselves within their urban
surroundings, fostering dynamic and interconnected environments. They
benefit from diverse elements, creating comprehensive support systems for
academic and daily needs, promoting collaboration, accessibility, and
community engagement.

Plot

The libraries vary in plot utilization, with one emphasizing green space (60%
plot with a cube structure), another combining 80% occupation with dark
green lawns and cubes, a third fully occupying the plot, and the fourth utilizing
80% with an emphasis on open concrete space.

Volumetry

The libraries showcase diverse volumetric approaches: one adopts a square-
shaped cube with labeled faces; another integrates a spherical shape to
maximize floor area and courtyard space; a third embraces irregular terrain
influence for a unique design; and the fourth employs a dynamic stack of
volumes for a visually compelling structure.

Design
concept

Each library manifests a unique design concept: one prioritizes simplicity and
geometric precision with a pantheon-like structure; another incorporates a
metaphorical "brain” concept with an air chamber for natural ventilation; a
third draws inspiration from ribs, integrating them structurally and
aesthetically; and the fourth embraces a glass building with a multi-edged top
slice, creating a sense of rotation and movement

Accessibility

Each library prioritizes accessibility: one strategically situated in the city,
ensuring diverse access points; another enjoying proximity within a university,
facilitating easy access by both transportation and foot; the third centrally
located for easy access from all directions; and the fourth strategically and
conveniently positioned to ensure excellent connectivity and accessibility for
diverse users.

Entrees

The libraries exhibit diverse entrance strategies: the first, with four uniform
entrances on each side, ensures accessibility from all directions; the second,
featuring two entrances connected through the university's institute; the third,
boasting two entries for accessibility from the town square and the south; and
the fourth, designed with four large staircases around the perimeter, aiming
for a building without a clear front or back.

Circulation

Circulation in the libraries varies: the first showcases a magnificent spiralling
arrangement, creating fluid walkways around reading galleries; the second
employs a layered approach with workspaces, stacks, service spaces, and
stairs; the third ensures seamless flow through open space design, promoting
dynamism; and the fourth adopts a free and open circulation system,
facilitating easy movement and engagement with information.

Spatial and
functional
organisation

The libraries' organization displays unique approaches: the first is structured
around a central heart and reading room on various floors; the second, inspired
by the brain, mirrors cerebral lobes to optimize space for comprehension; the
third links community spaces, consolidating main functions with personal
study zones; and the fourth adopts an open layout with staggered platforms
fostering easy access, social interaction, and information exchange.
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Acoustic
feature

The libraries feature innovative acoustic designs. One employs a double
facade with glass blocks for insulation and adaptable space, while another
utilizes water features and spatial shapes with gradations. The spherical shape
of one library scatters sound waves effectively, and timber ribs in another
serve as spatial interfaces and acoustic absorbents. Additionally, a library with
a polygonal floor shape and strategic ceiling objects achieves a balanced
acoustic environment. These varied approaches ensure optimal sound control
and contribute to harmonious auditory experiences.

Lighting
feature

The libraries prioritize natural light, employing various methods. Recessed
floor designs and open facades with windows maximize sunlight, ensuring a
well-lit interior. Translucent glass fiber in one library filters sunlight, creating
a focused atmosphere, while another strategically places openings in the roof
to enhance natural light. These designs contribute to inviting and well-
illuminated library spaces.
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VI.

Existing example

The project

Project data

Situation

Motivation of
choice

The national library of
Algeria El Hamma

@tegory: national Iibram

Date of realisation: 1986-
1994.

Architect; Italian company.
Area: 67 000m2.

N° of storeys: 13 storeys,
two underground and 11

{toreys above ground. /

@ National Library of AIQQ
is centrally positioned in
Algiers, situated on Boulevard
Mohamed Belouizdad (formerly
Belcourt) to the south, below
Anassers hill, connecting the
east to the west. It offers a
panoramic view from the north,
overlooking Hassiba Ben Bouali
Boulevard, and is adjacent to the

renowned Essay Garden.

'ﬂe selection of the Natich

Library for study provides a
unique lens into  the
convergence of architecture,
cultural preservation, and
community engagement,
offering an insightful case
study on the pivotal role
libraries play in shaping
national identity and cultural
evelooment

Public Library of Jijel

étegory: city Iibrary.\

Date of realisation:
1980-1990.

Area: 321m2.

N° of storeys: 5 storey

A 4

@e library is Iocatedm

the chief town of Jijel,
situated on Abd El
Hamid Ben Badis
Avenue at the southern
boundary of the old
historical triangle; this
is the city's prime

location.
A 4

@ selection of @

Library of Jijel is
motivated by several
factors, including its
exposure  to  various
sources of external and
internal noise, and its
prior utilization by

UKSEI'S. /

The project

The national library of Algeria
El Hamma

The project environment

- Construction site
- Parking

- Deposit place

y - The shrine of the martyr
¥ <GVl - museum
P LA~ il

Garden

mall

Collective habitat

The library, situated in a compact site surrounded by a diverse urban setting, provides
accessibility, cultural richness, and a dynamic environment, making it an attractive and
strategic location to engage a wide range of visitors and serve as a cultural and educational
hub.

Public Library of Jijel

Individuel housing

B cotlective habitat
- Hotel

- Primary school
- Social security service

The library, located in a residential environment, offers a tranquil an
accessible space, enhancing community engagement and serving as
cultural and educational hub for local residents.
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The project

The project plot

“ P

The

ry

i
© i
> \
s E s ..
E @© \~ | =
= I (& ‘ ﬁe national library of Algeria's architectunm
< W L& | presence is characterized by stacked
S o] I || rectangular  parallelepipeds,  symbolizing
= ' 2 strength and stability. The conceptual idea
g s AT - ; emphasizes massiveness to create a building
v The City Library utilizes 50% of the plot, with the | || adaptable to future development, showcasing a
< = remaining unbuilt section designated as green | || forward-looking and expansive architectural
= G5 space, providing a welcoming area for people to | || vision.
\sn and access parking facilities. \
K T
:% _;+.§1 : »y
) SNt
‘5 / ? o > ("
> =
© - (The building is a single compact volume,
_S ingeniously maximizes land use and integrates
i seamlessly with the triangular shape, overcoming
O - challenges of the reduced terrain. Its design, with
5 The |ibrary occupies 100% of the | | three symmetri_cal and vertically_ emphasized
S t . facades, strategically employs awnings to break
o \erraln. \verticality and define the entrance.

The project Accessibility Entrees
- -F;__—-—
©
S £
g £ — T
o ] : i r
= I ; 3 z
c_u m = “ l -i’
C Ighwan L T
9 g -hgh i Mechanical %
4= Primary street access
© D)
c E - Secondary street pedestrian
[«b] artiary street access . .
= f e The library contains three entrances:
= S Being located in the center of Algeria gives the| || 0One main entry situated in the center,
library an advantage as it is accessible from all one for employees in the north, and
dlrecftlor}s anq various modes of transportation, another for readers in the south.
making it easily reachable.
[«B] z 7
=
) =
> ) Mechanical
E - Primary street e
._5 Secondary street access
— The library has only one
) Being situated next to a primary street in a .
% residential environment gives the library easy entrance, Strateglca"y |0Cf;1t?d _On
S access from various parts of the city, and || the secondary street to minimize
o

making it convenient for individuals to reach
it on foot.

traffic interference.
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The project

Circulation

ma

The national library
of Algeria EI Ham

)
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he library, with its open circulation design, creates a welcoming environment,
allowing patrons to freely explore diverse sections. This approach fosters a dynamic
and inclusive experience, emphasizing accessibility and adaptability within the library's
unigue setting.

Public Library
of Jijel

The circulation within the
library is restricted due to the
limited space of the building.

The project

The national library
of Algeria EI Hamma

workshes. Sricasia swive e
| [t

[ monlE- SRS “mm e
E‘..,.@.» g — e —{ e . i
Basement 1 ground floor

i,g prreTy —
T . : ————
= = el :,:Irﬂt
| e il p R 1
Mezzanine floor first floor second floor
= ERESESRRSSE=
X o

Fourth floo

The organization of the library is intricately tied to the circulation of
books, which must precede and accompany the movement of people.

Public Library
of Jijel

first floor

The library's  organization
demonstrates a  thoughtful
distribution of functions across
its levels, providing a well-
defined layout for diverse
activities and services.

Second floor
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The project Acoustic feature Light feature
T
[ Utilizing recesses in the
> © ceiling acts as effective
= A -
E acoustic absorbers, capturing
o e and damping sound waves to
Qo © reduce reverberation.
- I Similarly, incorporating
© m degradations or irregularities
c i i . :
S ® 1?aj;:fori?s°fprg\',:’t?; :c?:g:: /The project embraces ample natural light,
b= 5 and con{ributing to al|l through strategically placed large openings
c ©© controlled acoustic| || across all facades. This design approach
& q<£ Eg‘é;“;g;‘:;”;w:‘;n dpgma’;:gg floods the interior with sunlight, creating a
= o e — 'prhe library further| || Well-lit and_ inviting space that sea_mlessly
enhances  its  acoustic| || connects with the outdoors, enhancing both
endVif%fllmelm bz ;nCO(;POfaﬁ"G visual comfort and the overall atmosphere
\aou e-glazed Tacade. / \{fthe project /
P
S
©
23
_ = . . . . - - - -y - -
45 @rgom'ls equipped with acoustic treatm® Iﬁe library did not prioritize ||ghth
é 5 fegturmg_ interior partition walls made _of 15cm features, employing standard and
o) bricks with 5cm straw panels. The exterior walls| | | . listi ] ales o o
03_ consist of a double layer with a thickness of| | SIMPIISUC WINdow designs similar to
32cm: an outer wall of 15cm and an inner wall| | [conventional projects. The approach to
of 10cm with 7cm cork insulation. The floors,| | |lighting lacks distinctive or innovative
._:onstructed with 2_2cm fesin-filled voids, elements, reflecting a more
include a 2cm cork insulation layer, and the Tl d d i s
@ng is made of perforated plywood. / ilillg orward and ordinary design
rategy.

Official programme of spaces

a- The national library of Algeria El Hamma

Space Area
Reception and Information 1,680m2
Reading Rooms 14,600m2
Related Reading Room Services 1,600m2
Training and Internship 1,000m2
Administration 900m2
Restaurant 1,100m2
Technical Areas 1,250m2
General Storage and On-call Housing 28,000m2
On-call Housing 370m2
Total 50 000 m2
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b- The public library of Jijel

Space Area
Exhibition Hall 91m?2
Foyer + Bureau 52m?2

Discothéque 15m2

Bureau 18.50m2

Hall + Réception 37.50m2
Dépot 6m?2
Theater Room 77.50m2
Conservation Space 13m2
Offices 78m?2
Reading Room (Boys) 135m2
Reading Room 28m2
Shelving 66m2
Reading Room (Primary) 17m2
Librarian's Office 10.50m2
Restrooms 12m2
Music Room 65m2
Archives Room 24.40m2
Laboratory 24m2
Administration Office 77.50m2
Total 847.9m2

VII.  Analytical synthesis of Existing examples
Synthesis
. . The libraries are strategically situated within compact residential surrounding
Situation
Envi The libraries strategically position themselves within their urban
nvironment surroundings, fostering dynamic and interconnected environments.
The libraries vary in plot utilization, with one emphasizing green space (50%),
Plot and the other fully occupying the plot.
Design Each library manifests a unique design concept: one prioritizes strength and
concept stability for its importance and the other prioritizes simplicitY
Each library prioritizes accessibility: both of theme located in the city most
Accessibility | dynamic area
Entrees The libraries exhibit diverse entrance strategies: the first one with three
entrance and the second with only one entrance
Circulation in the libraries varies: the first showcases an open circulation and
Circulation the second one is restricted due to the limited space of the building.
Spatial and The libraries' organization displays unique approaches: with one intricately
functional tied to the circulation of books while the second library tied to the function of
.. spaces
organisation P
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The libraries shows a varies of acoustic innovative designs. One employs
Acoustic recesses, degradations and double-glazed facade while the second library
feature employs acoustic treatment in all structure
The libraries shows a distinct whene it comes to light feature with one
Lighting embracing natural light due to its huge space while the second library
employing standard and simplistic window designs similar to conventional
viil.  Contexte analysis

Introduction

This analysis is composed of two parts: In the first part, we will analyze the data of the city
Biskra, a climatological and bioclimatic analysis that will be organized into two sections: the
first is an analysis of the climate of the city of Biskra, and the second is the analysis of the
chosen site. The purpose of this analysis is to take into consideration the specific climatic data
of the region and the morphological data to better define the choices of strategies at the design
level.

Presentation of the city Biskra

The gateway to the desert, the capital of Zibans, Biskra, is located in the southeast of
Algeria, in the eastern part of the northern Sahara. It serves as the transition between the
folded Atlas Mountains in the north and the flat, desert expanses in the south.

Geographic location

Biskra is a municipality in the northeastern Algerian Sahara. It covers an area of 22,379.95
km2,

e Geographical coordinates of Biskra, Algeria:
e Latitude: 34°51'1" N
e Longitude: 5°43'40" E

Figure 20 :(a)et(b), Situation géographique de la ville de Biskra ; (c) carte de découpage
administratif, wilaya

Climatological analysis

The city's average altitude is 88 meters above sea level. Biskra has a subtropical desert
climate, characterized by mild winters (with the potential for cold nights) and very hot, dry,
and sunny summers.
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Observation

It is noted that two types of temperatures
primarily characterize this city. Very high
temperatures persist during a long, hot period,
while low temperatures occur during a short,
cold period. This significantly influences the
Fig. : Average monthly temperature under shelter of the thermal behavior of construction, particularly

city of Biskra (Biskra Meteorological Station, 2016) during the summer.

Température ('C)
~2gcad3%8838

Temnerature

6 7
Mois

80

The total annual precipitation amounts to
155 millimeters, indicating a desertic
level of precipitation. In the least rainy
month (August), precipitation reaches 2
mm, while in the most rainy month
(September), it increases to 25 mm. Here
is the average precipitation

Jww | 2944

Precipitation

Jan  Fév Mar Aw  Mai  Juin Aol Sep Dot Nov Déc

Fig: average monthly precipitation diagramme

In June, the highest number of daily sunshine hours on
average is measured in Biskra. In June, there is an
average of 12.8 hours of sunshine per day and a total of
396.79 hours of sunshine in the month.

Conversely, in January, the lowest number of daily
sunshine hours on average is recorded in Biskra. In
January, there is an average of 8.27 hours of sunshine
per day, with a total of 256.29 hours of sunshine for the
month.

Approximately 3900.03 hours of daylight are recorded
in Biskra throughout the year. On average, there are
128.15 hours of daylight per month.

Sunhours

Average daly surhours per Month

Fig: average daily sunhours per month
T The winds are frequent during two
periods of the vyear: relatively humid

winds during the winter, and sand winds

- = during the spring. The dominant wind
7 directions are from the southeast and
northwest

Fig: wind rose of Biskra with climat consltant

Bioclimatic analysis

The bioclimatic analysis of the city of Biskra are primarily based on the examination of
climatic data, utilizing Mahoney's tables and Givoni's diagram. This approach provides
recommendations that assist in the design process.( see annex A).
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IX. Site analysis
1. site location in relation to the city

he project site is located in the western expansion area of the city of Biskra, ‘’the new urban
development area’ ’It is 3.66Km away from the city center (10min by car).

Strategically situated along major intercity roads, the project offers unparalleled accessibility,
visibility, and economic potential for businesses and travellers alike

2. why this land

e the site is proposed for a library in land occupation plan

e For future western expansion, No0.01 agreed upon in 2015.

e The site is strategically located along major intercity roads.

e The project site is situated in an administrative neighbourhood
Close to housing, educational and university facilities.

e The project’s location within a new urban development

Opens the door to a host of opportunities and growth potential.

3. site morphology

BTN

The site boasts a naturally flat terrain, with a regular rectangular shape, having two halves, one of
theme is flat which minimizes excavation efforts, simplifying realisation, while the other half,
featuring gradients, demands strategic optimization for an overall efficient project implementation
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4. environment of the project

Urban fabric

A multi-facated urban
fabric, ensuring a
comprehensive and
vibrant community
experience.

The projects are part of the
competition portfolio sourced from
DUCH, including a curated list of
projects and their respective architect
offices named few ( Qaqi Nour al-din /
Belmasoud Abbas

Primary roads

- secondary roads
- Tertiary roads

- Important flow

Less dense flow

In terms of servitude, two main roads cross the selected area: the western Biskra
bypass to the west and NO3 to the north.
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The site is well served by public
transport (bus) which make it
easy to access from all the
directions as we can see in the
figure .

Bl [ Junbuit

The unbuilt

Topological relationship:

By studying the built space we notice
-Joining continuous frame. a high density of buildings compared
to non-built areas, after using the
Photopea software (equivalent to
Photoshop) to define the number of

-linear frames.

Geometric relationship:

-parallel or perpendicular axes. pixels on the PDAU map, we found
. ) 79% built and 21% of unbuilt for this
-regular figures relatively .
homogeneous. study area which concludes that
statistically folded spaces are the

Dimensional relationship:

majority.

-not very significant variation.

The unbuilt section,
constituting 21% of
the area,
predominantly
represents green
spaces and vegetation
within the study area
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8. (Green spaces

The green spaces in our study
area are characterized by small
pockets dedicated to the
inhabitants, with only three
significant green spaces,
indicating a limited proportion of
greenery in the overall area

The dominant wind directions are
from the southeast and northwest

The project is encompassed
by a diverse array of noise
sources emanating from all
direction contributing to a
multifaceted acoustic
environment

@ Major acoustic effect

@ Middle acoustic effect

@ sSmall acoustic effect
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4

Sun in different period time of day in spring

The site maximizes sunlight exposure during winter by strategically leveraging available sunlight from the south
and west, while neighbouring buildings shield it from the east and north. In contrast, during summer, the project
benefits from sunlight in all directions, taking advantage of the higher sun position in the sky

annual sun path

The site strategically engages with the sun's path in relation to the cardinal directions—north, east,
west, and south—allowing for meticulous planning of sunlight exposure and shading considerations
across the site
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12.Shadow

Shadow range in all time of the day

The analysis of figures reveals that the site is sheltered from shadows cast by surrounding buildings
at the periphery, while the central area remains unobstructed throughout various periods of the
dav

13.Urban facade

Facades follow Concrete white — smoth horizantal
different and bricks  gray — pink

styles,covering

and colors

Facades follow Concrete - white — smoth horizantal
different . bricks - yellow — area—and
styles,covering glass brown-pink  rough area

and colors
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aaaao00 8

Facades follow Concrete - white — smoth horizantal
different . bricks — bleu -

styles,covering glass- wood brown-pink

and colors

14. Network and sanitation

The figures illustrate a distinct distribution of
utilities on the site, with electricity
infrastructure located on the east side, gas
facilities situated on the west side, and
wastewater and potable water
infrastructure positioned to the north. This
organized allocation of utilities ensures a
systematic and efficient distribution
network, contributing to the overall
functionality and planning of the site

fas

‘:’4’ : 7\ Despite the area's relative
i Yahia complere | isolation and limited existing
S iy constructions, the site offers a
viable and easily implementable
space for the project. The
strategic placement of the first
topography point is readily
identifiable, contributing to the
ease of project implementation
within the surroundings
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Synthesis

To conclude the analysis of the study area, we summarize the most prominent features
within our study area on a single map, accompanied by a SWOT analysis table (Strengths,
Weaknesses, Opportunities, and Threats).
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Strength

Weakness

- Strategically located along major intercity
roads.

- Situated in an administrative
neighborhood.

- Proximity to housing, educational and
university facilities.

- Multi-faceted urban fabric, ensuring a
comprehensive community experience.

- Being the site proposed In the western
expansion area of the city of Biskra.

- Well-served by public transport (bus)
from all directions.

- Strategic engagement with the sun's path,
allowing for meticulous planning of sunlight
exposure and shading considerations.

- Distinct distribution of utilities, organized
for a systematic and efficient network.

- High density of buildings compared to
non-built areas.

- Limited proportion of greenery in the
overall area.

- Diverse array of noise sources
contributing to a multifaceted acoustic
environment

Opportunities

Threats

- Location within a new urban development
opens opportunities for growth.

- The large surface area provides potential
for diverse development.

- Proximity to major intercity roads and
public transport enhances accessibility

- Noise from diverse sources may pose
challenges for a peaceful environment.
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l. Introduction

Architectural programming is part of a broader and complex set of stages essential for the
realization of building construction. It is a crucial element in the implementation process, often
positioned at the very beginning, and in many cases, as the first step. Architectural
programming's primary objective is to anticipate, ahead of project design, the essential and
constitutive elements of good architecture.

I. Programmatic approach

After analyzing various libraries, conducting extensive research on library spaces, and
studying the differences in layouts among different libraries, we have successfully derived the
ideal library program that encompasses all necessary spaces and more.

Function Space N SU |ST(mM2)
reception Entrance and reception area 1 150 150
Exhibition hall 1 300 |300
4 Foyer and waiting area 1 100 | 100
S Multi-purpose 1 200 200
o Cafeteria. 1 50 50
= Audio and visual room 1 50 50
T
Total 1100
5 Quiet reading space 2 100 200
= Group study space 2 100 200
o £ Individual study carrels 4 50 200
° 2 Newspaper and magazine area | 1 100 100
x 2 Digital media stations 2 50 100
Total 800
General collection 1 200 200
= Specialized collection 1 100 100
2 Children’s collection 1 50 50
3D Teen collection 1 50 50
L_O) Popular collection 1 50 50
Periodicals section 1 100 100
Total 550
S Computer station 1 150 150
§ g Media production rooms 2 50 100
2 £ Virtual reality station 1 50 50
E S Innovation lab 2 50 100
& Total 400
Children Children’s reading area 1 100 100
and teen | Teen lounge 1 100 100
spaces Gaming area 1 50 50
Total 250
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Educational Workshop rooms 25 50
spaces Training rooms 25 50
Conference rooms 250 250
Total 300
N _ Administrative offices 25 100
Administration | Staff break room 30 30
Storage and archives 100 100
Total 230
Outdoor Reading garden 100 100
spaces Outdoor seating areas 100 100
Total 200
Accessibility Spaces for disabilities 50 50
and Multi-lingual services 50 50
Inclusivity Total 150
Sanitary Restrooms 50 200
Circulation Efficient shelving layout 300 300
and shelving Check-out and return station 50 50
Total 500
Atrium Open space for event 100 100
Art display areas 50 50
Total 150
Security Security measures 50 50
Culture Chapel 25 50
Total 5030

I1l. Conceptual approach

Idea :

“Library as a wonderland”, the idea behind this library is to redefine the conventional notion
of a library, transcending its traditional role solely focused on reading and studying. My vision
is to transform the library into a captivating world filled with wonders, enticing individuals

with the excitement of endless discoveries.

Objectives

- Utilize the building's form and orientation to facilitate natural ventilation pathways,
promoting cross-ventilation and passive cooling to enhance indoor air quality and
reduce the need for mechanical systems.

- Plan the layout to establish distinct thermal zones within the library, optimizing areas
for different comfort levels and activities, and promoting energy-efficient climate
control.

- Integrate bioclimatic principles into the design, considering local climatic conditions
to inform decisions on building form, orientation, and material selection for enhanced
energy efficiency.
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Incorporate passive solar design features, such as maximizing south-facing glazing for
winter heat gain and minimizing west-facing glazing to reduce overheating in the
afternoons

Incorporate thermal mass elements, such as exposed concrete or stone, to absorb,
store, and release heat, stabilizing indoor temperatures and contributing to passive
heating and cooling.

Implement sound-absorbing materials and strategic spatial planning to ensure optimal
acoustic comfort, creating quiet zones for focused activities and vibrant spaces for
interactive events.

Concept design

First part
First step: “been a part of the urban”, recognizing the circulation challenges faced by
residents in the area who currently need to navigate extensively to reach the other side.

- Creating a central street

- Integrating the library with its surrounding

- Offering a welcoming path to people to walk
through and interact with the space

T
\ — _Dl:—“l
_teaal L
BIEAEA  —
‘::’I:I{:—l
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» Second step: “programme”, from the programme we recognize three majors’ section,
adults’ section, kids’ section and annex section

SU [ST(md) SU [STmy
5 G 100

g8
g8z

g
EEEEEEE

A

E

B -~
2

Central street

C

- Each section will be unique and have its own identity, tailored to different age groups,
mentalities, perspectives, and other factors.

- Optimizes space usage by ensuring each area is specifically designed for its intended
purpose.

- Each section hosts specialized activities and programs tailored to its audience.

- Custom design elements and layouts enhance the user experience for each
demographic.

» Third step: “living room”, At the intersection of the adults' and kids' sections in the
library, a unique space emerges, aptly named the living room.

&
EEEFF £ FPEp
i
’gég
his

Central street

. ,’// (::

- avibrant “HUB” serves as the heart and life of the library.

- Featuring multiple public area

- Creating visual and tactical distinction with open circulation serving the ambiance.

- Fostering a unique microclimate with the integration of mineral and vegetation
elements.
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» Fourth step: “adults’ section”, contains collection, reading and study areas.

Periodicals collection .~

General collection . Popular collection

Y

Reading and study area:

From the programme, the reading
and study area is divided into three
sections group study area,
individual study area and quiet
study area.

The shape of the adult’s section

57
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Collection: according to the programme the
collection  contains,  general  collection
specialized collection, popular collection and
periodicals collection.

Group study area ‘ Individual study

\ . area

Quiet study area

The form of the adults' section is a
direct response to the programmatic
and functional needs of the space.
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» Fifth step: “kids’ section”, integrates spaces for both teenagers and younger children,

accommodating their needs through designated areas for collections, reading, studying,
as well as playing and games. The arrangement of these diverse spaces is achieved

through a hierarchical organization of functions. Inspired by the “pyramid shape”.

at the top symbolizes the culmination of
their learning experience, where they
can apply their knowledge in a creative
and interactive manner.

in the middle signifies the growth
and development that occurs as
children delve deeper into learning
and understanding

at the base represents the foundation of
knowledge, where children start their
exploration by discovering books and

resources.

> Sixth step: “annex section”, includes four main areas, conference space, technology

and innovation spaces, educational spaces, and multipurpose spaces.
Conference space: with its spherical shape inspired from the Las Vegas sphere.

Picture: Las Vegas sphere. Source: / http: google.com.

The sphere shape allows for cutting-edge technology to be integrated into the entire
surface, creating a massive digital display.
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The entire spherical facade acts as a giant
s s screen, fitted LED screen, which can be
2 programmed to display dynamic images and
animations, transforming the building into an
attraction point in Biskra, the Sphere will be
; illuminated day and night, with the displays
© adapted to fit the season and noteworthy
X events.

el e

e

- The shape of the annex section

sloping roof to visually differentiate and
break away the design of the library

- incorporating degradation to the roof to create a space where people can gather and
linger, encourages interaction and engagement with the library

» Result of the first part

G-
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e Second part

» Seventh step: “light feature”

- Adults section: For the reading and study area, the best choice for light direction is

zenith light

- Provides even and uniform lighting

- Reduces shadows and glare

- Eases eye strain during prolonged reading or studying

- Full spectrum of natural light is more comfortable for the eyes

- Helps maintain circadian rhythms

- Improves concentration and mood

- Ensures well-lit reading surfaces without discomfort

- Reduces the need for artificial lighting during daylight hours
Since the reading and study area is not fully oriented to the north. I had to adjust the height of
the space to align it better with the northern orientation

Daylight Analysis
Dayiight Factor o

BEHBERS: ¢

- kids’ section: two types of lighting were used in this section, lateral light to
illuminate the spaces and zenith light with colored glass for the circulation
areas, with one passive solution for both of theme to reduce sun exposure which

is “double curtain wall”
And the use of colored glass, besides its aesthetic and ambiance benefits, is because it
offers these qualities

- Absorbs and reflects a greater portion of sunlight

- Reduces glare and heat transmission

- Offers better UV protection

- Provides better overall protection from harmful UV rays

- Helps manage interior temperature and improves comfort
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Daylight Analysis
Daylight Factor
Vi Fange. 2600 1080 %

BEEHEEE: : | -

- Annex section: The annex section, facing south and west, presented a significant
challenge due to sun exposure. To address this, two solutions were integrated into the
design: a double-glazed facade and panels, along with a sloping wall design in the space
to reduce sun exposure.

Daylight Analysis
Daylight Factor
Valee Range: 5800 - 10000 %

> Eighth step: “thermal feature”, two solutions were used in the project when it comes
to thermal comfort, double fagade and and evaporative cooling technique.
- Double fagade: were used in kids ‘section, living room and the annex section.

A
|
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- Evaporative cooling technique: were used in the annex section facing the south
facade.

> Ninth step: “acoustic feature”, Initially, | input the project data into an acoustic
modelling tool “Acous”, and determined that the noise level reaching the North facade
is 84 dB, and the noise level reaching the South facade is 93dB which exceeds the
recommended levels specified in the DTR.

’ * Nain Applcaton
|
2 g Acd

Recommendstons  Genente Report

After implementing some of the recommendations proposed by the application, I re-
entered the project data and conducted another simulation for the noise level. The
results showed a decrease to 61 dB, for the South facade.

Senhsasen

Recemmednors Geneereptt
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Project presentation
Location plan
AN

Tl

L)

—5)

Figure 1: location plan ,scale 1/500. Source:

Masse plan

LT 18 Ay

ST AT

Figure 2: masse plan, scale 1/200. Source: author
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Architecture layouts
- Adults section

Ground floor first floor mezzanine

Figure 3: adult’s section layouts, scale 1/100. Source: author

- Kids section
-

S

O 43

D 0 w

= O

-<‘

N

Ground floor first floor second floor
Figure 4: kids section layouts, scale 1/100. Source: author

- Annexe section

e rwg;( k@

U.'\\‘_ .

underground floor first floor second floor

Figure 5: annexe section layouts, scale 1/100. Source:
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assembly plan

Elevation

NORTH WEST

A

f‘i

/
pad
/

SOUTH EST SOUTH WEST

Figure 7: elevations of the projects, scale 1/100. Source:
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Section

/\\

/ \

/ VAL i ' LAy
A i [ =
Section A-A Section B-B

Figure 7: sections of the projects, scale 1/100. Source:

66



Architectural Chapter

Conclusion

In this chapter, we presented the fruit of our work of research, and how we reflected all of
our objectives in the project.
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Acoustic Chapter

I. Acous “acoustic solution”, acoustic calculator
|I.1Part one

- First step: As the initial step, you need to input the project name into the application.
This is crucial because each project has distinct acoustic requirements. When the project
name "library" is entered, the application's database will retrieve the relevant acoustic
criteria specific to a library.

R
(il

Acoustic Caicullator

Project Information

Project Name: Library
Description of the exterior Environment:

Description of the facade:

Start

- Second step: “ description of the exterior environment”and *“ description of the fagade”,
the purpose of entering this information is to provide the application with a
comprehensive understanding of the contextual and structural factors that influence the
acoustic characteristics of the building.

® Acoustic Calculator - m} X @ Acoustic Calculator = u] X

N N

7, 7,
(il (il
\ ’ 2 4
Acoustic Calculistor Acoustic Cakcultor
Project Information Project Information
Project Name: Library Project Name: Library
| ’
Description of the exterior Environment: | the library is located in R BT Description of the exterior Environment: | the library is located in
~ urban area, surrounded by T | 5. The project features a
Description of the facade: | ’ residential  buildings  and Description of the facade: | the facade contain an| 1~/ contemporary design with a |
N \_ combination of brick and large
is a park with dense tree co glass panels. The facade includes
Start the north, Start several recesses and overhangs .
south is Double-glazed  windows
traffic noi strategically placed in the first floor.
peak hours. y Acoustic insulation panels are
- integrated within the walls.

- First step: “ building location”, The purpose of entering the building's location is to
provide geographical context, which helps in analyzing environmental factors that
affect acoustic performance. Factors such as surrounding noise sources, proximity to
major roads, and the general urban or rural setting. By pinpointing the location on
Google Maps, the application can incorporate these contextual elements into its
analysis, ensuring that the acoustic recommendations are tailored to the specific
environmental conditions of the site.

69



Acoustic Chapter

‘Saing Lacsion J
[N pr— [sewen e | botinens i
[—

lllllllllll

’

d

Second step: “ upload masse plan”, for the current phase, the master plan needs to be
uploaded in a DXF file for now, but in the next development of the application, it will

be in 3D.

DXF Drawing

i yahia bizirs
Reod DIF fle

Recomenendativns | | Generate Report

I-3 Part three
First step: “ select facade”, as a first step, you need to select which facade you will be

calculating the sound emission level for. The selection of the facade is related to the

noise source.

* Msin Appicaton
DIF Drawing

Saarch Address

Flead DXF file

[]  set Facade Settings

Recommendaticns  Genesate Report
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- Once you select the facade, you will need to provide additional details to ensure the
calculation is accurate.

a. Set facade elemetns

DXF Drewing

¥ Facede Elements - 0 X
Does your facade contain ths element?

) Gresrery

(0] Neise arier

(01 Paving and sutace

(] Landszaging

(0] Acousiclowvers ings
(1) Curved sment

(0] Angula hape

Tetal Nose Calculaton (] Double sinfacace

Chrmate Dsta Fun
7

ecsted fgode sreen
(0] Acousic panet
Resuts ) suition

Save Elements

| ] ] ol

b. Add noise source
- Road traffic

OXFDuswiog -

Setctionnesletype desource e nuisnce
Reod Tt
Confemer

Resmmetiions | G Rigot

- Railway traffic

.
ﬁ OXF Draming

i’

Search Aderess
Select barrier type:

® Single diffracticn i

CIDIREAR e Selectionner le type de source de nuisance

i r—

Select types of attenuation: 5
O Falisge Confimes || § Detsi pour Radway Taffic -NomhSide  — O X
O Housing ; ~
| 5ol propelied passenger <
Save Settings.
ST Diestl loco tran
" Total Noise Calculation

Blectric loce train
lany genic froght vehick|

)
for Yorth Side: 84.04
Recommendstions  Generste Report
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Industrial area

.
ONF Drwing
] e 5e
SetFecase Cemems | Adi Heise Source. | Ground Seting
arih ez
Seectbametpe
) Single détraction ¢ -
O e e
T —
Selec types of smenuation A
— Confrmer ¢ Ot pourlodstio Arca-Norhsde — O X
© Housng s 1 manafctsig encivanmers
01 Mt ki
Paerplants
Seve Setings =
L1 Mining squipment
Total Noie Calculaton L1 Chamicalane procassing plarts
IC] Weossorking spipment /
CimeeDas Fn 0] Construction ste %
Dutston of cperstion (o dayl
Reciks

Dvstance to the recsrvs 1

Caleulate ndustral Noise

19962€55925, 94.0411996:
o neise level (Lde:

Recommendations | Generate Report

Building

o3 Dsuing

]
SuFacaeShrerts | | Add s Souce | | Gtound St

.
FrEm——
® sngaamsain ¥ s
SLTE D Séeonnezlepe e e de i

[t o

o LS e —— -
© thowing Guethe g height:
Sevesetings

Guethe e e

Cimeeons A

Givethe rumbircf oo

(e

10180357471

01, 16562585450265,

(e for Bazen sider 8164

[

wrtutivns | | Girmsanapant

c. Ground setting

[ —

ot Facate emares | | daoke surce | | Greuna seting
St bii b
@ Siale difaction

) Dontie fcion

Selctypos o attrnkice:

O einge
& Howim
5 Hovimg
¥ s s
[Compics e gound [Ervrrerr—|
s v » ot gun

[Hord moccs st i

Toal Hoie Caciion
Cimmetme | R

o aidi yahis bisks

7950422

5 ssee zace
Rocemmerstatons | Geneate Fagt

d. Select barriere type

o Drasing

¥ ot S etings -~ o x
prrmens f o | Ferren|
fhsses
s

@ sngesnnaon
O Doutte atesction

Seect types o tznuntce,

Cmate s wn

Single diffraction

265, 75.584122145378
o4119982655935]
frir moues 1evel (Lgen) £z Rorm S

sa0e
Hecommendstion:  Geneste gt
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e. Select type of the attenuation

Facad Setion

Seect Tacade: [ 50 | S Facade i

Tota e Caewition
Chmsebots T—Fw— # dmewpmsmm - O X
| Tempeatie

B

Second step: “RUN calculation”, After uploading all the project inputs correctly, the
application will start calculating the sound emission level of your selected facade.

0 Lramg

Bednglocean
Eeter g Asdrez: search dacvess

| tettacate ttings

Pecemmendsions  GensoteRepit
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I-4Fourth part
- First step: “recommendation”, After the sound emission level of your facade is
calculated, the application will provide recommendations suited to your specific case.

- Second step: “generate report”, After everything is completed, the application will
generate a report that includes all the information about your project.

"l *mimi rapport.bxt - Bloc-nates

Fichier Edition Format Affichage Aide

Project Name: library

Description of the exterior Environment: noisy environment
Description of the facade: clear

Selected Facade Elements:
Facade Settings and MNoise Sources:

Facade: North Side

Barrier Type: Single diffraction

Attenuation Type:

Ground Effect:
- Type: Compacted field and gravel (compacted lawns, park area), Length: 6 m
- Type: Very soft (snow or moss-like), Length: 3 m

Noise Sources:
- Type: Road Traffic, Value: 84.84119982655925 dB

Results:
Address: sidi yahia biskra
Coordinates: 34.8648337, 5.69421818@957471
Distance type: 6 3 1@ m
Road noise levels: [81.16562585458265, 79.5841221493761, 71.84119982655925, 84.84119982655925]
Road traffic noise level (Lden) for North Side: 84.84 dB
Ground effect added: [{’'ground type’: "Compacted field and gravel (compacted lawns, park area)’, “length’: "6°}]
Ground effect added: [{'ground type': 'Compacted field and gravel (compacted lawns, park area)', 'length’': '6'}, {'ground type': 'Very soft (snow or moss-like)', 'lengt
Atmospheric absorption: ©.867388 dB/m
Barrier type: Single diffraction
Ground type: Compacted field and gravel (compacted launs, park area), Length: 6.8, G value: 0.7
G_path: 4.199999999999999, lengthT: 6.0
Ground type: Very soft (snow or moss-like), Length: 3.8, G value: 1
G_path: 7.199999999999999, lengthT: 9.0
Final G_path: @.7999999999999999, lengthT: 9.8
Gs: 8
G_p_path: ©.85333333333333333
A_ground_H: -8.6600008608880082
A effect North Side: 49.4849166807365
Lft North Side: [84.55628314577275]
Total Noise Level for Horth Side: 93.8728996964787 dB v
<
Ln1, Col23 90% Windows (CRLF) ANSI
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General conclusion

At the end of this work, a comprehensive exploration of the acoustic challenges and
solutions within urban environments, particularly focusing on the impact of noise pollution
on building facades, was achieved. Through an extensive literature review and practical
application, the study examined the intricate interplay between urban noise and
architectural acoustics, highlighting the critical need for integrated acoustic considerations
in building design. The study reveals that noise pollution significantly affects the structural
integrity and aesthetic quality of building facades, leading to accelerated wear and tear and
decreased lifespan of structures. Additionally, noise pollution impacts the acoustic comfort
of urban dwellers, causing various health and well-being issues.

In response to these challenges, the study utilized advanced acoustic modelling tools to
assess the current noise levels impacting building facades. Initial findings revealed that
noise levels were significantly higher than recommended standards, with facades
experiencing levels up to 84 dB to mitigate this issue, various strategies recommended by
the modelling tool were implemented, including the use of specific materials, facade design
modifications, and other noise mitigation measures. After applying these recommended
strategies, a re-evaluation of the noise levels showed a substantial reduction to 61 dB,
demonstrating the effectiveness of the acoustic modelling tool and the proposed
interventions.

This significant improvement underscores the value of incorporating advanced
modelling tools and expert guidance in addressing urban acoustic challenges. The findings
emphasize the necessity of a holistic

approach that integrates acoustic considerations into the design process from the outset.
Creating acoustically balanced environments is crucial for urban well-being, and facades
play a pivotal role in mediating the effects of urban noise.

The use of the acoustic modelling tool was particularly impactful in our project. It
provided a detailed analysis of noise levels and offered actionable recommendations,
which, when implemented, led to a significant improvement in the acoustic environment.
This demonstrates that integrating advanced acoustic modelling into the design and
planning phases can effectively mitigate noise pollution, enhance acoustic comfort, and
contribute positively to the overall quality of urban living.

In conclusion, this work underscores the importance of addressing acoustic challenges
in urban environments to improve the well-being of residents. It highlights that noise
pollution is not just an environmental concern but also a significant factor affecting the
structural and aesthetic aspects of urban architecture. By leveraging advanced modelling
tools and adopting a comprehensive, interdisciplinary approach, it is possible to create more
acoustically comfortable and sustainable urban spaces. This study serves as a foundational
reference for future research and practical applications in the field of urban acoustics and
architectural design.
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Annexe —A
Givoni’s diagram

a- Temperature

I F M A M | ] A S (0] M D
Temp.Moy.Max 18 19 23 27 31 i7 a1 40 34 28 22 18
Temp.Moy.Min 2 8 11 15 19 25 29 28 24 17 12 8

b- Humidity

J F M A M J J A 5 [0 M D
Hurnidité Rel.Max 61 56 51 47 44 40 35 38 47 55 57 B0
Humidité Rel.Min 60 51 46 42 36 31 26 31 42 50 55 59
W January .
. February - - Vai
@ March < September
e : e

December

T: © 0

Recommendations drawn from givoni diagrams

T

Month recommandations Month recommandations Month recommandations
january H1, Gl mai V.1, INV, AC Septembre V,I,INV, AC, DH
february H1, Gl june V,1,INV, AC SO Gl,C,V, I

H1,GI,C . july V,I,INV,AC Novembre H1, Gl
march

april Gl.C.V august V,I,INV,AC,DH december H1,Gl

H2: Active solar heating I Strong inertia DH: dehumidification

H1: Passive solar heating H: heating INV: Very high inertia and
" night ventilation

¢: Comfort GI: Internal gain &

V:ventilation AC: cooling RE: Ventilation cooling



Mahoney's tables

a- Temperature

I F M A M) I A 5 O N D La+haute TAM
Temp.Moy.Max |18 (19 (23 |27 |31 (37 (41 |40 |34 |28 |22 |18 41 24.5
Temp.Moy.Min 8 8 11 |15 (19 |25 |29 |28 (24 |17 |12 |& a8 33
E.DT 10 (11 (12 (12 12 (12 (12 |12 |10 |11 |10 |10 La+basse EAT

b- Humidity , rain and wind

] F M A M I J A S [8] M D Total
Humidite Rel Max 61 56 51 47 44 a0 35 3B a7 55 57 &0 annuel
Hurmidité Rel.Min 60 51 46 42 36 31 26 31 42 50 55 59 pluie
Humidité Rel Moy p0.5 |53.5 (485 |445 (40 355 |305 (345 |[445 (525 |56 59.5 185.5
Groupe(G.H) 3 3 2 2 2 2 2 2 2 3 3 3
Pluie(mm) 159 |17.5 |24.7 |22.6 |57 236 |00.0 |37 10.4 1163 [44.8 |03
Vent  Dominent 45 4.7 5 4 5.2 4.6 29 249 249 3.4 38 3.2
Vent Secondaire
G.H
< 30% 1
30-50 2
50-70 3
=70 4
c- Comfort
J F M A M 1 ] A S (0] N 0
G.H 3 3 2 2 2 z 1 s 2 3 3 3
-Température:
Moy.Mens.Max 18 19 23 27 31 37 41 40 34 28 22 18
Confort  Maxi 29 29 X 31 31 31 34 EXl EX 29 29 29
diurme Mini 23 23 23 23 23 23 26 23 23 23 23 23
Moy.Mens.Min 8 8 11 15 19 25 29 28 24 17 12 8
Confort Maxi 23 23 24 24 24 24 25 24 24 23 23 23
nocturne Mini 17 17 17 17 17 17 17 17 17 17 17 17
-Stress thermique:
lour f f / C /! f f
Muit f f f f ! J / f t
d- Indicators
1 F M iy ] 1 I A 5 0] M D
H1
HZ2
H3 X b X
Al )
A2 X X
A3 N N ks X L




Architectural recommendations for Algeria (N.Ould Hnia)

a- summer climate zones

According to the summer climatic zones which were defined by Ould Hnia, the wilaya of
Biskra is located in zone E3 ( pre-Sahara tassili), this zone is characterized by a very hot and
dry summer.

Recommandations Les principes dans la période d'été
1.0rientation Mord-sud ( est et ouest a proscrire).
2 Espacement entre |les Plan compact en diminuant I'exposition des murs avec l'extérieur
batiments

3.Ventilation ou aération d'ete | Ventilation nocturne
4,Quvertures/fenetres Moyenne 25 a 40 %

5. Murs et planchers Murs et planchers massifs. Forte inertie thermique multi journaliére
{hors période surchauffe) avec couleurs claires.

B.toiture Massive. Forte inertie thermique multi journaliére (hors période
surchauffe) avec couleurs claires,

7.Isolation thermique Toiture isolée

8.protection Protection d'éte. Occultation totale des ouvertures, ouvertures nord-sud
9.Espaces extérieurs Emplacement pour le sommeil en plein air. Cuisine a I'extérieur

10. Végetation Vegetation ombrage murs et fenetres.
11. Chauffage passif / g . 4

b- winter climate zones

According to the winter climatic zones, which were defined by Ould Hnia, the wilaya of Biskra
is located in zone H3a, this zone is characterized by an altitude between 500-1000.

Recommandations Les principes dans la période d'hiver
1.0rientation Nord-sud souhaitée avec occupation Verticale des espaces.
2.Espacement entre les Plan compact en diminuant I"exposition des murs en contact avec
batiments I'extérieur

3 Ventilation ou aération d'éte |/

4.0uvertures/fenetres Sur surface totale ouvertures prévues,affecter pour captage soleil hiver
surface vitrage sud égale & 0.15 par m?* plancher,
5. Murs et planchers Murs et planchers massif-inertie thermique journaliere>8 heures
compromis a prendre avec I'été,
6.toiture Toiture massive et isolée.
7.1solation thermique Isolation thermique par toiture.
8.protection D'hiver des vents de sable par plantation a feuilles persistantes qui
poussent dans le sud .
9.Espaces extérieurs /
10. Végétation Végétation a feuilles persistantes pour vents dominants froids et surtout
de sable. -
11. Chauffage passif Chauffage passif par stackage murs massifs inertie déphasage 84 12 .
heures ou vitrage sud. %

i
12.Climatisation / ‘ y_“g
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® AcouS: Acoustic Solution = m] X

Project Information

Project Name:
‘ Description of the exterior Environment:

Description of the facade:

‘ Start

[ o wain Apgiication
|
| DXF Drawing

Building Location

Enter Building Address: Sesich Address

Read DXF file:

Facade Selection

Select facade: [Select facadi Side ~ || SetFacade settings

Total Moise Colevletion

Climate Data Run

Resuts

Recommendstions | Generste Report

¢ Guideline and Image = o X

Composite material based on paper waste, palm
leaf, waste and polystyrene

=

Entreprise: MCM isolation
Localisation: Touggourt, Algérie
Contact: 0667901023
Prix: 70,00 DA
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