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Abstract — Envelope Building materials play an important role in architecture by providing protection
necessities, comfort, and technical performance while promoting an architectural language and an image.
The building envelope represents all the surfaces of a space, which consist of opaque parts such as walls,
floors and roofs and transparent parts such as windows and openings. The building envelope is the
partition between the external and internal environment of the building which influences the heat transfer
between the two environments so it has a direct impact on the thermal comfort sensation which also
influences the energy consumptions. This research focuses on the opaque building materials of the
envelope and their contribution in the thermal comfort and the energy consumption; an investigation of
the impact and the thermal behavior of different envelope configuration materials under the climatic
conditions of Biskra was carried, Algeria a hot and arid climate. The thermal performance of different
materials was compared using in situ measurement using “Testo 480” a hygrothermal scale and by
analyzing the results of a different simulation using “DesignBuilder v5.5” to perform a thermal and
energy analysis. The results show that choosing a multilayered isolated envelope such as double red brick
isolated wall will likely affect positively the level of the indoor thermal comfort.

Keywords — Envelope, Building Materials, Thermal Comfort, Energy Consumption, Hot and Dry Climate.

I. INTRODUCTION [1]. Energy consumption is one of the world's

In the last centuries, the world confronted a
substantial development movement that touched all
aspects of life, a great part of concepts has
changed, hence the concept of architecture has
changed from the art of building to a plastic
practice in another word the focus has shifted to
the image and the aesthetic of the building rather
than the environmental aspect which has
disregarded, Therefore the world now is facing a
double challenge: first, the problem of security of
energy supply and, the fight against climate change

problems, which is the result of the environmental
damages caused by the irrational consumption of
energy. In addition, the global energy crisis has
made the world less inclined to seek alternative
sources. The energy consumption of the building
falls under the many adaptation needs of users
from the air conditioning, heating ventilation and
lighting using HVAC systems in order to reach the
comfort of the user, as a result buildings are
accounted for about 40 % of the global energy use
[2]. As stated by Ould-Henia [3], the new

120



https://as-proceeding.com/index.php/ijanser

International Journal of Advanced Natural Sciences and Engineering Researches

architectural models produced in Algeria during
the last decades which they called modern
constructions are more energy consumers, less
adaptable to their environment and regarding the
climatic aspect. Thermal comfort is a requirement
for the user within the space, hence resorting to the
use of HVAC systems become a necessity for the
user in order to reach and ensure his comfort which
leads to an increase in the energy consumption, it’s
up to the architect during the design phase to reach
the limits of thermal comfort in a passive ways
which can only be achieved through a good
understanding of the climatic conditions and the
environmental context for a good integration of the
building in its location , thus contribute to reducing
the energy consumption of the building. In hot and
dry climates context energy required in the
building goes towards providing thermal comfort,
especially in summer’s sessions thus it’s possible
by a passive architectural disposition, techniques
and a good choice of building materials [3].
According to Gezer [4], Achieving thermal
comfort in a building starts with the knowledge of
the climate in question and passive strategies to
control this climate in order to provide the right
design approaches for maintaining comfort. The
selection of envelope building materials is the
major and prime control in maintaining the thermal
comfort of occupants. The building envelope is the
barrier between the interior and exterior of the
building; therefore it plays an important role in
controlling the climatic factors, either by benefiting
or protecting from them in order to reach thermal
comfort. The Studies have shown that the effect of
the envelope material it is due to their thermal and
physical properties which determine the thermal
efficiency of the materials. Building envelope
materials are one of the elements of the building
that influences directly indoor thermal comfort
because it is a barrier between two environments;
the inside and the outside thus it plays an important
role in controlling climatic factors [4]. Many
researches has found that the impact of building
envelope materials on thermal comfort and heat
transfer is due to its thermo-physical
characteristics, according to Givoni [5] thermo-
physical properties have to be considered while
choosing a building material and decrement factor
should be taken into account. He emphasizes the
combined effect of material properties and color.
The thermal resistance of the materials plays an

important role in heat flow and increasing the total
thermal resistance the envelope; a wall or a roof by
reducing the heat flow through the building.
Therefore this research investigates how to achieve
thermal comfort in a hot climate by making the
right choice of envelope materials that resist and
work well with this type of climate conditions.

A. Indoor Thermal Comfort

Thermal comfort is a necessity in the indoor space
since users are spending the majority of their time
indoors, it become an obligation for architects and
technicians to achieve it with their design, which
has spawned large studies in the scientific literature
to define thermal comfort. According to Givoni
[5], thermal comfort is a state of thermal balance
between the human body and his environment also
is the Conditions for which the body's self-
regulation mechanisms are at a minimum level of
activity. In the Norm “EN ISO, 7730 [6], Thermal
comfort is often defined by the satisfaction
expressed with the thermal environment. In the
ASHRAE Handbook [7] it is defined According to
Moudjalled [8] as the difference between these
definitions is according to the aspect taken into
consideration; the physiological, sensory and
psychological aspect, he mentioned that the
concept of thermal comfort depends on the
physical context and the individual characteristics,”
It is a dynamic adaptive process that integrates the
different physical, physiological and psychological
mechanisms”.

B. Comfort and Energy Consumption

Buildings account for about 40% of the global
energy consumption that is used to ensure users
comfort (Yang et al, 2014) [9]. The building
energy requirement generally is the amount of
energy needed to maintain a suitable indoor
climate for a given period of time. This concern
has led to a number of studies conducted
worldwide to improve building energy efficiency.
Frontczak (2011) [10] has found in a survey of
indoor environmental conditions that thermal
comfort is ranked by building occupants to be the
most important compared with visual and acoustic
comfort and indoor air quality, it’s the most
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influencing ~ factor  in  building  energy
consumptions. According to Yang (2013) [11], a
significant proportion of the increase in energy use
was due to the spread of the HVAC installations in
response to the growing demand for better thermal
comfort within the built environment. In general, in
developed countries HVAC is the largest energy
consumers, accounting for about half of the total
energy consumption. In Algeria, the building sector
residential and tertiary account for about 41 % of
the final energy consumption According to the
National Agency for the Promotion and Rational
Use of Energy APARUE. Figure 1 shows Algeria’s
final energy consumption by sector, the building
sector is the most energy consuming sector in
Algeria, as a consequence of the absence of
comfort and the inadaptability of buildings.
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Fig 1.The Final energy consumption by sector in Algeria,
APARUE 2009[12]

C. Building Envelope

The building envelope is the physical barrier
between the exterior and interior environments.
Building envelope represents all the surfaces of a
space, which consist of opaque parts: walls, floors
and roofs and transparent parts: windows and
openings, it is the partition between the external
and internal environment of a building which
influences the heat transfer between the two
environments. Generally, the building envelope is
comprised of a series of components and systems
that protect the interior space from the
environmental effects as shown in figure 2.

walls foundation

- s + o+ <L 3=
windows,
doors

roof

BUILDING ENVELOPE

Fig 2.The component of the building envelope

The building envelope includes the materials that
comprise the foundation, wall assembly, roofing
systems, glazing, door, and all other penetration
areas.

D. Building envelope and thermal comfort

In buildings, indoor thermal comfort depends on its
envelope materials components and their physical
properties and thermal such as resistance,
conductivity, these thermo-physical properties
determine the climatic response of the envelope.
[13] . Balaji’s study [14] found that, in order to
reduce the energy consumption in the building, it is
necessary to understand the thermal performance
of the building envelope on the indoor
environment, he points out that most studies have
found that time lag and decrement factor are the
most critical performance measures of a building
envelope that influence heat transfer and the indoor
temperature. Envelope design characteristics affect
the thermal comfort of the occupants, as well as
energy consumption in the building. As such,
according to Bakhlah (2015) [15], in a hot and dry
climate context, a proper passive design of building
envelope can influence directly the outdoor
condition, by reducing the heat gain transfer,
indoor air temperature, and improving the indoor
thermal condition and reducing the need for HVAC
systems, which will reduce energy consumption.
Choosing building materials is essential solutions
that can guarantee to maintain the comfortable
conditions inside the building in all seasons, In
other word choosing building envelope materials is
a passive strategy that may help to ensure indoor
thermal comfort. Indoor thermal comfort can be
achieved through the understanding of the thermal
performance of the building envelope in relation to
its environment [16]. The indoor ambiance
temperature depends directly on the materials that
compose the envelope (Walls, Roofs, and Widows)
and their properties and how they affect heat
transfer through the materials, Primary heat
transport modes are: conduction, convection, and
radiation as shown in figure 3
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Fig 3.Heat transfer modes through the building envelope

The roof is responsible for 70.62% of the gains
received while 27.11% of the thermal gains are
transmitted by the four facades and 2.27% by the
windows [13]. A judicious treatment of the walls
of the envelope according to the warm and arid
climatic conditions (choice of construction
materials with high thermal inertia for walls and
roofing, reduction of the dimensions of windows,
solar protections ... etc.) allows to guarantee an
optimal comfort inside the building, even if the
outside conditions are unfavorable .

II. THECASE STUDY

In this study, an investigation of the effect of
envelope building materials on thermal comfort
took place to investigate the impact of different
components of opaque part of the building
envelope (wall, roofs, and insulations) of apartment
buildings in the hot and dry climatic context of the
city of Biskra.

A. Case of the City of Biskra: the Climatic
Characteristics

The city of Biskra is a Saharan city, it has a high
rate of solar radiation, it is located in the south-east
of Algeria as shows the Figure 4; it is characterized
by a cold winter and a hot dry summer, the city is
characterized by a maximum temperature in
summers which reaches in the month of July 45
(C°), and a minimum temperature in winter that
reaches 5 ° C during the month of January, with a
rare level of precipitation(less than 30 days per
year), The average relative humidity is low around
47%, with a maximum value of 65% in the month

of December, and a minimum of 28.29% in July
and August.

Fig 4.The climatic zone and the geographic position of the
city of Biskra

Table 1 summarizes the main climatic data of the
chosen city.

Table.1: The Metrological characteristics of Biskra

Temperature (c°) Relative Humidity (%)

Max Temp: 42 °C in July.
Min Temp: 7 °C in January.
Average annual Temp:
21.5°C

Max RH: 50%
Min RH: 10%
Average annual RH: 46%

Precipitations (mm) Winds (m/s)

prevailing winds are north-
western in winter south-
eastern in summer speed of
6 m/s to 10 m/s

Very low rainfall
Max: 20 mm/year Average
annual 8.8 mm / year

B. The chosen buildings

The buildings envelopes that were studied
represent the most recurrent and typical envelope
(walls, roofs and insulations) types of residential
houses and apartments in the city of Biskra. Only
the opaque parts of the building envelope were
chosen since they are responsible for the majority
of heat transfer from the outdoor to the indoor. In
this study, different measurements of the
temperature and humidity in indoor and outdoor
were conducted in three typical rooms in three
residential buildings; table 3 shows the three
different cases.

123



International Journal of Advanced Natural Sciences and Engineering Researches

Table 3.The chosen buildings envelope compositions

Envelope compositions

Case 1:

Roof:
Hollow Slab 20cm

Wall:
Double red brick wall Oriented: Est in the ground floor

ROOF

Roof:
hollow Slab 20cm

Wall:
Single prepend wall cinder block 20 cm
Oriented: west on the first floor

ROOF

WALL

full perpend brick 20 cm 1]

-

Cement mortar 2cm

Case 2:
Roof:
Slab 20cm+ plaster suspending ceiling
Wall:

Double red brick wall+ polystyrene insulation 5 cm
Oriented: Est in the first floor

ROOF

é Ceiling plaster S cm | |

ck 10 cm

Red Hollow Brick 15 em

WALL

Cement mortar 2em

A\

-

1. MATHODS AND MATERIALS

In this study, a quantitative method was conducted
to evaluate indoor thermal conditions using in situ
measurements and numerical simulations.

C. The measurements protocol

Different In situ measurement was conducted;

indoor and outdoor measurement of air
temperature, relative humidity, and surface
temperature, using a hygrothermal instrument

Testo 480 as shown in figure 5.

Fig 5. The Measuring instrument TESTO 480

The measures of the ambient and surface
temperature and the relative humidity were
conducted in surfaces of a wall inside and outside
surface as shown in figure 6.
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.

Outdoor
Indoor

w "
Fig 6. The Measuring positions of the chosen parameters
Bi hourly measurements were made under natural
conditions without any type of active systems from

(8.00 am to 22.00 pm) in a single day the 28" of
March (a mild day).

D. The simulations protocol

In order to evaluate the thermal comfort, a
numerical simulation was conducted with
"DesignBuilder 5.5" software. DesignBuilder is a
tool for dynamic thermal simulation and energy
consumption analysis of buildings. The model of
the studied Buildings and envelope compositions
simulated with DesignBuilder based on actual
weather conditions (climatic weather data file).

The figure 7 shows the modeled case in
DesignBuilder.

R i _—— - [s=IR TSt Ra< R

——

e "1

Fig 7. The modeled case in DesignBuilder

¢ An annual simulation was conducted;

e The simulation was conducted natural
conditions the mechanical systems were
inactive (ventilation, air conditioning;

e Ambient and operative temperature
simulation were conducted;

e Three cases of the building were modeled
and simulated (envelope and materials).

IV.RESuLTs DISCUSSION

A. Measurement results
1) The Ambient Temperature (Ta)

The graph Figure 8 shows the results of the
measured ambient air temperature inside the 3
cases.

Ambient Temperature

—m— Outdoor T

e Case 1Indoor T°
v Case 2 Indoor T*
224 -5 —w— Case 3Indoor T*

TempertureC*)
®
i
N

T T T T T T T T 1
6 8 10 12 14 16 18 20 22 24
Time (H)

Fig 8. The ambient Temperature measured in the 3 cases

The graphs show that in the same outdoor
temperature condition there is different indoor
temperature this is due to the different envelope
compositions , thickness and thermal properties ,in
case 1 and 2 where the walls are thicker and more
resistant we noticed that the indoor temperature
(Ta) is more stable with a gap of 4 C° than case 3.
The indoor ambient temperature is higher than the
outdoor air temperature; this is due to the
cumulative heat throughout the day and the high
thermal mass of the used wall materials that keep
the heat accumulated.

2) Wall surface
temperature)

temperature  (radiant

The graph Figure 9 shows the results of the
measured surface temperature of the 3 cases
envelope walls.

Wall surface temperature
22
21 4
—~20+ é -
(&)
\é 19 * 2 1 : -
=1 - < — - -
S 2 b 4
18 -~ -
g S
D
=17 b 4 v
: -
16 ¥ - 3 ¢
< °
L 4
15 4 <
6 8 10 12 14 16 18 20 22 24
Time (H)
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Fig 9. The wall surface (Ts) Temperature measured in the 3
cases

The graph shows the results of the measured indoor
and outdoor wall surfaces temperatures of the 3
cases. As it noticed from the graph, in case 1 and 2
the indoor surface temperatures are close and

almost stable throughout the day with an average |
lag of 3 C° due to the effect of thermal inertia. The *}

external surface temperature depends directly on
the sun exposure and radiation, as a result, the
internal surface temperature depends on the wall
compositions materials and their thermal properties
to conduct accumulate and resist witch influence
the indoor ambient temperatures. Thus the heat
grained by the walls is stored inside the various
layers of the envelope.

3) Roof surface
temperature)

temperature  (radiant

The graph Figure 10 shows the results of the
measured surface temperature of the 3 cases
envelope roofs.

Roof surface temperature

Tempreture (C°)
@

15 L -

T T T T T T T 1
] 8 10 12 14 16 18 20 22 24
Time (H)

Fig 10. The Roof surface (Ts) Temperature measured in
the 3 cases

The graph in Figure 10 shows the results of the
measured indoor and outdoor roof surfaces
temperatures of the 3 cases. The difference is
between case land 3 with a standard roof cement
slab en hollow bricks 20cm and case 2 with a
plaster suspended ceiling from the result we can
notice that adding the suspended plaster ceiling
helps on reducing heat transfer from the outside to
the inside ambiance.

B. Simulations results

The figure 11 presents the simulations results of
the indoor air temperatures simulated in the three
cases.

—=— Air Temreture
40 o —=— Case 1 Ta
—a— Case 2 Ta
—v  Case 3 Ta

35

W
(=]
1

Air Temreture (C°)

T T T T T T T T T T T T 1
JAN FEBMARAPR MAI JUI JUL AUG SEB OCTNOV DEC
Months

Fig 11. Simulation results of Temperature measured in the 3
cases

From the simulation results, we can notice that
different envelope materials result in the different
ambiance and surface temperature which means the
building envelope effect directly the indoor thermal
ambiance  sensation that affect energy
consumption.

V. CONCLUSION

This study shows the impact of building envelope
on indoor thermal comfort which is evaluated by
ambient and surface radiant temperature with
different envelope building materials in a hot and
dry climatic context of the city of Biskra .the study
demonstrates the essential results of an empirical
study that have been done wusing in situ
measurements as well as numerical simulations,
also it reveals the importance of the building wall
configuration. To achieve a better thermal
performance of the envelope, it is desirable to have
a multi-layered envelope comprising materials of
different thermo-physical properties which allow
regulating heat exchanges between the building
and its environment, a double red brick wall with
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isolation is efficient to ensure thermal comfort due
to his thermo-physical properties, thus A bad
choice of the material constituting the building
envelope can result in a long-term additional cost
to ensure thermal comfort. In general, the study has
shown that choosing a multilayered isolated
envelope will likely affect positively the level of
the indoor thermal comfort.
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