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ABSTRACT

This study aims to show, from a theoretical poinview, the influence of various factors on
dynamic thermal behaviour of buildings. This tydeanalysis requires the consideration of
many factors that vary with the type of buildinghstruction, type of occupation and climatic
conditions. With the increasing concern with energynsumption, it is important to
understand how these factors interact with eachroffrom all the factors involved, thermal
mass is the main focus of this study. It is a vergortant aspect for south European climate
conditions, due to the fact that it can reduce pmmiing and peak heating loads and indoor
air temperature variations during the day, bueftgiency depends on the combination with
all the other factors.

In this context, numerical simulations of geneilo@dified building envelopes with different
thermal mass were performed to evaluate the infleenf several factors considered
independently and combined. These factors wereggmgraphic location, the envelope
thermal insulation, the glazing orientation, thgeyof occupation and the ventilation of
indoor air.

The software Energy Plus was the tool used in nisadesimulations. The model was a
simplified building construction, a closed box, wi¢he walls, the roof and the ground floor
had the same composition. This model was used nwlaie three different envelopes:
heavyweight elements with exterior insulation, heesight elements with interior insulation
and a lightweight elements thermal insulated. Adise three different envelopes had the same
thermal resistance.

In the parametric simulations the next aspects lmeesn considered: local weather, thermal
resistance, thermal mass, glazing orientation, paton and ventilation. Concerning the
factors considered in the simulations, the weatfrera two Portuguese districts were chosen
in order to compare the thermal behaviour in twidedent climates. To study the relation
between thermal resistance and thermal mass, Hudation layer was increased in similar
rate for each envelope. In order to evaluate thgonance of glazing in thermal behaviour,
windows were applied in North and South walls. Btedmine the importance of occupation,
the permanent presence of 5 people within the indpace was considered. The last studied
factor was the implementation of two different vkation rates of indoor air.

The results obtained were the indoor temperatwedch of the described factors, which
were translated in 3 parameters: average temperdemperature damping and thermal lag.
These parameters were calculated for the coldesthattest months, which in Portugal

coincide with January and August, respectively, atldwed to determine thermal mass
influence in indoor temperature and its relativeghewhen combined with the other factors
considered.
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INTRODUCTION
a) General concepts

Thermal comfort and energy consumption have bedaoreasingly important, and it reflects
the emergence of more demanding standards andatemd. However, thermal inertia is
taken into account with very simplistic methodsiilot of these documents.

In building design, thermal mass is a propertyh&f inass of a building which enables it to
store heat, providing "inertia" against temperatilwetuations. The best way to study this
property is to simulate the thermal performancbuwldings in dynamic regime.

Dynamic analyzes are complex and require many pateas) which vary both with the
climate as with the type of occupation. These patars can be grouped as internal
conditions, external conditions and properties led envelope elements between the two
environments, Fig.1.

Exterior Conditions
- Temperature
- Humidity
- Radiation

Interior Conditions
- Occupation
- Ventilation

- Wind pressure - Air conditioning equipment

Properties of the envelope elements
- Opaque elements

- Glazed elements

- Infiltration and Exfiltration

Fig.1 Synthesis of the factors involved in an egar@culation

The exterior conditions are essentially the loca&athier. These values are measured by
seasons and are available from institutional dase$, and may be arranged as:

e annual design conditions (annual heating and hdivadion; annual cooling and
dehumidification and extreme annual conditions);

« monthly and hourly design conditions (temperatutegree-days and degree-hours,
relative humidity, wind direction and speed, mowthburly dry-bulb and wet-bulb
and mean coincident temperatures, solar irradiandaadiation, amongst others).

The indoor conditions depend on and are conditiobgdhe type of occupation. These
conditions are characterized by:

» the gains from building occupancy;
» the gains and losses from ventilation;

» the gains from air conditioning equipment.
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Regarding the gains from building occupancy, tlisdition is due to human occupation and
activities carried out in the interior spaces (theregulation of the human body, the gains
from lighting and other equipment’s).

The gains and losses from ventilation is associtidtie intentional introduction of outside
air into the building through natural or mechanigahtilation. The introduction of outside air
into the buildings is responsible for a lot of teat loss (winter) or heat gain (summer) in the
interior spaces, and for this reason it is impdrtaniimit these exchanges without impairing
the quality of indoor air. Losses due to air exgemncan represent 20 to 50% of the thermal
load of the building (ASHRAE, 2009). Natural veatibn is the flow of air through the
building elements such as windows, doors and opies due to pressure differences between
spaces, temperature differentials or caused by wusts. Mechanical ventilation (or forced)
Is the intentional movement of air in the buildimging fans of introduction and extraction of
air.

Regarding the gains from air conditioning equipmeéms aspect is associated to the need to
incorporate heating, cooling or HVAC (Heating, M&tion and Air Conditioning)
equipment, to ensure a comfortable and constar@omdnvironment throughout the year,
since in most cases the building alone is not dapafbensuring the comfort requirements. In
an dynamic energy analysis the consideration e¢@mditioning systems is indispensable.

Regarding the properties of the envelope and tteziom elements, the main properties of the
of the envelope that are important to characteaieethe infiltrations and exfiltrations and the
properties of the construction elements that alloalsulating the thermal flow

The infiltrations are leaks that occur from theeerfl environment to the interior, while
exfiltrations make the opposite direction, fromidlesto outside. These air leaks are due to
unintentional nature and occur throughout crackep®nings in constructive elements, and
are mainly caused air movements imposed by winsisprre, Fig.2.
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Fig.2 Two-space building with infiltration and elifation (adapted from ASHRAE, 2009)

Despite infiltrations and exfiltrations being un&lable, they are increasingly less significant
because most recent buildings are increasinglyighiter. However, it is for this reason that
there is the need for inclusion of grids on facaadeseven the incorporation of mechanical
fans, to ensure the required renewal of indooamdf air quality.

Regarding the properties of the construction elémand calculation the thermal flow, in
energy analysis it is necessary to characterizeibhgerties of the building elements, opaque
or glazed. Buildings are traditionally made of walloors and roof, and the gaps are doors,
windows and skylights. To characterize these elésnahis necessary to know the core
properties and the surface properties of the elesndrhe core properties of the elements
define the resistance offered by the materialsetd transfer between spaces:
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« p - material density, kg/fn

e k- thermal conductivity, W/(rfiC);

e Cp - thermal capacity, J/(I¥g);

+ o - thermal diffusivity = k/¢Cp), n¥/s.

The thermal conductivity quantifies the ability @fmaterial to conduct thermal energy, the
thermal capacity is the physical quantity that datees the relationship between the amount
of heat supplied to the material and the tempegattariation, and thermal diffusivity
expresses how quickly the materials react to teatper changes.

The surface properties of the elements, such aw@thsce coefficient, reflection coefficient
and emissivity coefficient, are needed for the hetieation of thermal gain by solar radiation,
which is decomposed into absorbed, reflected ansinitted energy (the transmission is zero
for opaque elements), Fig.3.

OUTDOOR TEMPERATURE . INDOOR TEMPERATURE

d: INWARD HEAT FLOW BY
CONVECTION AND RADIATION

INCOMING SOLAR
RADIATION

INCIDENT
ANGLE

REFLECTED SOLAR RADIATION
TRANSMITTED RADIATION

OUTWARD HEAT FLOW BY
(GLAZING ONLY)
CONVECTION AND RADIATION

Fig.3 Instantaneous heat balance for sunlight (&disipom ASHRAE, 2009)

Moreover, on glazing elements it is necessary ke iato account the presence or not of
shading elements. These shading elements sigrifjcaatduce solar radiation, thus reducing
the thermal gains through the glazing, Fig.4.

HORIZONTAL .- ﬁ
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Fig.4 Vertical and horizontal projections and rethprofile angles for vertical surface
containing fenestration (adapted from ASHRAE, 2009)
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These properties allow the calculation of the Heet. Considering a static heat flow, the
calculation can be done by the following expression

Opaque elements:  Q = Ud,,(t; —t.) (1)
Glazed elements: Q@ = UA,((t; — t,) + (SHGC)A,fE, (2)
Q= instantaneous energy flow, W/h

U= overall coefficient of heat transfer, W/(I.fC)

App = total projected area of opaque elements, m

Aps = total projected area of fenestratior?, m

tin = indoor air temperaturéC

outdoor air temperaturéC
SHGC = solar heat gain coefficient, dimensionless
E, = incident total irradiance, W/(hn

The expressions (1) and (2), while useful, do xpress the influence of thermal mass. For a
transient state of the phenomenon, the expres8puldtermines the temperature (T), at a
given position, (x), and timegx), for a constant heat flux in a semi-infinite ek (flat
element with finite thickness) (Holman, 1986):

L | Ly b AN TP
Opaque elements: T=t—t; = a P\ 2 ) A (1 ETfZ\-’?r) (3)
t= temperaturesC
k= thermal conductivity, W/(nfC)
o= thermal diffusivity, nd/s
X = position/thickness, m

moment/time, s
erf = error function (see in [3])
% = constant heat flow through the element, \W/m

However, this last expression does not take inbm@at the variation of heat flux over time.
The variation of conditions to which the buildirng subjected can lead to complex energy
calculations. The heat fluxes vary over time, mgkih necessary the use of dynamic
simulations. For these simulations are typicallgdusiourly calculation tools, to study the
response of buildings in extreme temperature cmmdit For these calculations the most
efficient way is the use of computer programs, sastEnergy plus software. Nevertheless,
some calculation methods for energy use for spaaérig and cooling are defined standards,
such as ISO 13790 (ISO 13790, 2008).

b) Role of thermal inertia in buildings

One aspect that impacts the comfort of the indemtirenment is the capacity of building
elements, such as walls and slabs, for damping deatyre variations of outdoor air, in
particular damping the maximum and minimum tempegeapoints. This effect is commonly
referred to thermal inertia.
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The thermal inertia increases with increasing nodidke walls, which means, in other words,
increasing the thermal capacity of the wall (thdrmass). Therefore, in addition to a low
thermal conductivity, it should also be ensuredgh Iheat capacity, which it can be obtained
with a heavier construction. A strong thermal irgecan bring benefits in energy consumption
of a building, especially for buildings with contious habitation on temperate climates.

In addition to the damping effect, there is alse time lag effect that allows building
elements to provide heat in the colder hours ofdag and absorb heat in the hotter hours.
Recommendations for this time lag range from 6 2ohdburs (Tubi, 1999; Alves e Sousa,
2003), depending on the geographical locationdmgl orientation and weather season.

Figure 5 illustrates the expected behavior of twiddings with different thermal inertia in the
coldest and hottest months of the year in Portugakn be seen that the need for heating a
high thermal inertia is lower in the heating seagaeimter), while cooling requirements e are
reduced in the cooling season (summer) and carbal$éessened with a high thermal inertia.
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Indaor temperature
(Low thermal inertia)
5 5
——|ndoor temperature
(High thermal inertia)
0 T T T 0 i Y T
0 4 8 12 16 20 24 hours 0 1 8 12 16 20 24 hours
Cooling for buildings with low thermal inertia Cag for buildings with high thermal inertia
Fig.5 Heating and cooling to ensure comfort indbklest month and in the hottest month

of the year

In conclusion, the thermal inertia can bring besefo energy consumption, but there are
other factors that can completely change the redelbehavior, in particular the percentage of
glazing and the indoor air ventilation. The exisewof large glazed areas can be beneficial in
the heating season (winter), but causes overheatinthe indoor environment, if these
elements are not properly protected during theingaeason (summer).Ventilation can be
beneficial in the cooling season (summer) for remgvhe heated indoor air, but the air
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exchanges in the heating season (winter) are reggerfor a significant part of the heat loss
of the indoor air.

NUMERICAL SIMULATIONS - PARAMETRIC STUDY

To better understand the influence of some of thetof described before, numerical
simulations were performed with software developdthe US Department of Energy
(Energy Plus). The factors simulated in this pataimetudy were:

a) influence of Local weathers;

b) influence of increasing the thermal insulation @ &xterior envelope;
c) glazing/fenestration orientation;

d) occupation (Indoor gains);

e) indoor air ventilation;

f) combination of factors.

The assumptions made on each one factors are eag@lafterwards in the discussion of
results. To simplify the study, a single compartimeas modelled in which the walls and roof
were in contact with the outside environment aredfkbor with the ground, Fig.6.

8m 8m

> <

Fig.6 Representation and dimensions of the simdiledenpartment
The constructive solutions considered for buildelgments (floor, walls and roof) in the
numerical simulations were:
« HeavyConst_Extins - Concrete structural elemertt @itternal thermal insulation;
« HeavyConst_Intins - Concrete structural elemenh witernal thermal insulation;

* LightConst - Element composed exclusively of thdrnmsulating material with
interior and exterior coatings.

For these three solutions it was ensured that da transfer coefficient and the coating
solutions were all the same. In Table 1 are shown groperties used for the building
elements. The performed simulations are synthesizé&dble 2.
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Tab.1 Thermal properties used for the construdolations

. . Thickness cp @ A U
Constructive solutions / Layers (cm) (kg‘/) M /Izg.K) (WImK)  (W/M2K)
Rendering (exterior) 2,5 1858 837 0,6918
HeavyConst_EX hermal insulation (Wool) 3,4 91 837 0,0432
tins Concrete 20,3 2243 837 1,7296
Gypsum plaster (interior) 1,3 785 830 0,1600
Rendering (exterior) 2,5 1858 837 0,6918
HeavyConst_InConcrete 20,3 2243 837 1,7296 0,98
tins Thermal insulation (Wool) 3,4 91 837 0,0432
Gypsum plaster (interior) 1,3 785 830 0,1600
Rendering (exterior) 2,5 1858 837 0,6918
LightConst Thermal insulation (Wool) 3.9 91 837 0,0432
Gypsum plaster (interior) 1,3 785 830 0,1600

(1) For current building materials, except metals, pies and wood, specific heat values have littldataons (between
and 1000 J/kg.K).

Tab.2 Combinations simulated with Energy Plus safev

0
g S §5
Weather Season & renestrat § S8
2 ion 3 E©
£ QR L.=
Cases = ©c >&
© x — 3 .
2 £ £ 28288 3% 5 8 F %
B [@)] S E’S‘ c B (o)) Q B ) (8]
oS d 2582 = 2 6 § 3
1.1 — Porto, winter (reference) v v
1.2 — Porto, summer (reference) v v
1.3 — Braganca, winter v v
1.4 — Braganga, summer v v
1.5 — Evora, winter v v
1.6 — Evora, summer v v
2.1 — Increased insulation, winter v v v
2.2 — Increased insulation, summer v v v
3.1 — North fenestration, winter v v v
3.2 — South fenestration, summer v v v
3.3 — North fenestration, winter 4 v v
3.4 — South fenestration, summer v v v
4.1 — Occupation, winter v v v
4.2 — Occupation, summer v v v
5.1 — Ventilation-0,4 ach, winter v v v
5.2 — Ventilation -0,4 ach, summer v v v
5.3 — Ventilation -0,6 ach, winter 4 v
5.4 — Ventilation -0,6 ach, summer v v
6.1 — Combination (reference), winter v v v v v
6.2 — Combination (reference), summer 4 v v v v
6.1 — Combination (increased insulation), winter v/ v v v v v
6.2 — Combination (increased insulation), summer v/ v v v v v

For each combination referred in Table 2, the felig parameters were calculated, Fig
« AVERG - Monthly average indoor temperature (°C);
» DAMP - Average damping of peak temperatuf&y;
 LAG - Time lag of the maximum and minimum peak temgtures (hours).
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Fig.7 Schematic representation of the calculatedmaters from simulations output

For comparison purposes with considered combingtidnwas admitted that the first two
cases, 1.1 and 1.2 (Porto winter and summer), veéeeence situations.

RESULTS AND DISSCUTION
a) Influence of local weathers

In order to compare the thermal behavior of the gantment in different weathers, it was

chosen to study the cities of Porto (referencegBnca and Evora. The weather files were
obtained from the Energy Plus database (U.S. Dajeait of energy, 2014). The results are
presented in Table 3.

Tab.3 Results for the locations in Porto (1.1; 1Btaganca (1.3; 1.4) and Evora (1.5; 1.6).

Text HeavyConst_Extins HeavyConst_Intins LightConst
Cases Averg Averg Damp Lag Averg Damp Lag Averg Damp Lag
(°C) (°C) (°C) (hours)  (°C) (°C) (hours) (°C) (°C) (hours)

Ref-1.1 9,4 13,2 -3.4 5-7 13,7 -2,4 5-8 13,3 3,0 1-2

Ref-1.2 19,4 25,2 -3,.1 6-7 26,5 -1,1 7 25,1 7,7 2
13 4,3 10,2 -2,3 4-6 10,3 -15 4-6 10,0 2,9 0-1
14 21,0 26,9 -5,7 5-6 27,6 -3,6 6 26,5 59 1
15 8,8 14,2 -2,0 5-10 14,0 -1,0 6-7 13,7 3,8 2
1.6 22,9 27,8 -5,6 6 28,1 -3,3 7 27,8 5,6 1

From these results, the following aspects are lygted:
» average temperatures do not differ significantly;

* heavy construction has a high damping (-2 to -9,°athough slightly smaller when
the insulation is in the interior;

» the temperature peaks in the lightweight constomnctire aggravated, unlike the other
solutions, causing overheating (from +3 to +8 ° C);

» the time lag is higher for heavy construction (8thours) and extremely low or zero
for lightweight construction (0 to 2 hours);

+ average temperatures have slight differences dumde extreme temperatures in
Braganca and Evora weather;
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« comparing with Braganca and Evora weathers, damfonghe Porto weather is
slightly higher for the heating season (winter) asightly lower for the cooling
season (summer);

» the time lag for Braganca weather is generally lowe

b) Influence of increasing the thermal insulation on the exterior envelope

As mentioned before, it was assumed as refereatéhd three constructive solutions had the
same heat transfer coefficient, U=0,98 \&mFor the studied cases treated in this point, it
was considered an insulation increment of 3,4 td tén for the two heavy solutions, and for
lightweight solution an insulation increment of 3®10,6 cm. This resulted in a new heat
transfer coefficient, U= 0,39 WA (Cases 2.1 and 2.2). The results are presentedtle 4.

Tab.4 Results with increased thermal insulatiof;(2.2)

Text HeavyConst_Extins HeavyConst_Intins LightConst
Cases Averg Averg Damp Lag Averg Damp Lag Averg Damp Lag
(°C) (°C) (°C) (hours)  (°C) (°C) (hours)  (°C) (°C)  (hours)
Ref-1.1 9,4 13,2 -3,4 5-7 13,7 -2,4 5-8 13,3 3,0 1-2
Ref-1.2 19,4 25,2 -3,1 6-7 26,5 -1,1 7 25,1 7,7 2
2.1 9,4 13,8 -3,6 6-11 13,6 -3,0 7-12 13,3 -0,3 43 -
2.2 19,4 25,2 -3,4 7-8 26,5 -2,4 9 25,3 2,3 4

From these results, the following aspects are fggted:

e it appears that there are no noticeable changesarage temperature with increased
thermal insulation, which may be justified by thek of internal heat gains;

« damping presents no change for the heavy consiruatith exterior insulation, while
a reduction of peak temperatures were found ftweight construction (3 to 5 °C);

e time lag presents a clear increase in general 41htours).

c) Influence of glazing/fenestration orientation

The existence of glazing elements/fenestrationgwensidered in the north and south walls
(cases 3.1, 3.2, 3.3 and 3.4) with an area equabs® of the area of these walls. The
simulations were performed separately for the nartd south walls with glazed elements.
The features considered these elements were:s timkness (3 mm); - thermal conductivity
(2,5 W/m.K); emissivity (0,84); transmittance (0)8bhe results are presented in Table 5.

Tab.5 Results for the incorporation of windowshe North (3.1 and 3.2) and South walls (3.3 andl 3.4

Text HeavyConst_Extins HeavyConst_Intins LightConst
Cases Averg Averg Damp Lag Averg Damp Lag Averg Damp Lag
(°C) (°C) (°C) (hours)  (°C) (°C) (hours)  (°C) (°C)  (hours)
Ref-1.1 9,4 13,2 -3,4 5-7 13,7 -2,4 5-8 13,3 3,0 -
Ref-1.2 19,4 25,2 -3,1 6-7 26,5 -1,1 7 25,1 7,7 2
3.1 9,4 13,2 -3.4 1-6 13,6 -2,5 1-6 13,2 3,4 1-2
3.2 19,4 25,5 -3,1 2-4 26,6 -1,1 3-4 25,3 8,2 2
3.3 9,4 15,0 -2,8 1-0 15,3 0 1-0 14,8 59 1
3.4 19,4 26,8 -2,8 2-0 28,0 0,3 3-1 26,7 10,3 2-1

From these results, the following aspects are lygted:
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* no major changes in the average indoor temperattiresdamping or the lag, due to
the fact that north walls in Portugal have a redusin exposure;

e an increase in the average indoor temperature seasdfwhen incorporating glazing
elements on the south wall (1 to 2 °C);

« damping is differently affected by the existencelaizing elements on the south wall:
it ranges from a slight increase in the peak teatpees for heavy construction with
exterior insulation (0,3 to 0,6°C), to a large smse in the peak temperatures for
lightweight construction (2,6 to 2,9°C);

» the results show that the heavy solution, eitheh witerior or exterior insulation, is
not able to damp the gains by solar radiation;

» time lag is lost when incorporating glazing elensantthe south wall.

d) Influence of occupation (Indoor gains)

The influence of occupation in indoor environmenaswconsidered by a permanent
occupation of 5 people, in which each person cpmeded to 75W of heat gain. The results
are presented in Table 6.

Tab.6 Results for indoor occupation (4.1 e 4.2).

Text HeavyConst_Extins HeavyConst_Intins LightConst
Cases Averg Averg Damp Lag Averg Damp Lag Averg Damp Lag
(°C) (°C) (°C) (hours)  (°C) (°C) (hours) (°C) (°C)  (hours)

Ref-1.1 9,4 13,2 -3.4 5-7 13,7 -2,4 5-8 13,3 3,0 1-2

Ref-1.2 19,4 25,2 -3.1 6-7 26,5 -1,1 7 251 7,7 2
4.1 9,4 15,9 -3,3 5-7 16,4 -2,3 5-7 15,8 3,0 1-2
4.2 19,4 27,2 -3,1 6-7 28,3 -1,4 7 26,8 6,7 2

From these results, the following aspects are lggted:
e ageneral increase in average temperature was {dundb 2.7 °C);

» damping and time lag did not report significantropees with indoor occupation.

e) Influence of indoor air ventilation

The ventilation rates simulated were 0.4 and 0.6 imca steady state. The results are
presented in Table 7.

Tab.7 Results for indoor air ventilation of 0,4 46l e 5.2) and 0,6 ach (5.3 e 5.4).

Text HeavyConst_Extins HeavyConst_Intins LightConst
Cases Averg Averg Damp Lag Averg Damp Lag Averg Damp Lag
(°C) (°C) (°C) (hours) (°C) (°C) (hours) (°C) (°C)  (hours)
Ref-1.1 9,4 13,2 -3,4 5-7 13,7 -2,4 5-8 13,3 3,0 1-2

Ref-1.2 19,4 25,2 -3,1 6-7 26,5 -1,1 7 25,1 7,7 2
51 9,4 12,1 -2,9 1-0 12,4 -1,6 1 121 2,9 1
5.2 19,4 23,5 -2,8 2-1 24,3 -1,2 3 23,3 6,4 2-1
5.3 9,4 11,9 -2,8 1-0 12,2 -1,6 1 11,9 2,8 1
5.4 19,4 23,2 -2,7 1 24,0 -1,2 2 23,1 6,1 2-1
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From these results, the following aspects are lggted:

« influence of ventilation rate of 0.4 ach: - redoatin the average temperature (1,1 to
2,2 ° C); - slight increase in the peak temperattioe heavy construction with exterior
insulation (0,3 to 0,5 °C); - slight reduction imetpeak temperatures for lightweight
construction (1,3 °C); - time lag was lost for hgasonstruction with exterior
insulation, while no change was found for lightweigonstruction.

e influence of ventilation rate of 0.6 ach: - theme a slight reduction in average
temperature and a slight increase in peak tempes{0,1 to 0,3°C) when compared
to ventilation rate of 0.4 ach.

f) Combination of factors

To better understand the influence of combining eahthe factors analyzed, a simulations

were performed for the constructive solutions tste table 1 with increased insulation as

referred in b). The combination of factors constdieare listed in table 2 (cases 6.1, 6.2, 6.3
and 6.4). The results are presented in Table 8.

Tab.8 Results for combination of factors

Text HeavyConst_Extins HeavyConst_Intins LightConst
Cases Averg Averg Damp Lag Averg Damp Lag Averg Damp Lag
(°C) (°C) (°C) (hours)  (°C) (°C) (hours) (°C) (°C)  (hours)
1

Ref-1.1 9,4 13,2 -3.4 5-7 13,7 -2,4 5-8 13,3 3,0 -

Ref-1.2 19,4 25,2 -3.1 6-7 26,5 -1,1 7 251 7,7 2
6.1 9,4 15,2 -2,3 0 15,4 0,6 1-0 15,1 4,9 0-1
6.2 19,4 26,6 -2,2 1-0 27,3 0,7 2-0 26,3 8,0 1
6.3 9,4 16,7 -2,2 0 16,6 1,8 1 16,4 3,7 1
6.4 19,4 27,7 -2,3 1-0 28,2 2,0 2-1 27,7 5,6 2-1

The following aspects are highlighted for the ca&&ésand 6.2:
« increase in the average indoor temperature (1@);2°

e increase in peak temperatures in relation to tlfererce cases (cases 1.1 and 1.2),
particularly the solution with interior insulatioim, which the damping became zero;

* time lag became globally close to zero for all ¢bestructive solutions.

The following aspects are highlighted for the ca&&ésand 6.2:
* increase in the average indoor temperature higjaer the previous cases (2 to 3 °C);

» damping for the heavy construction solution witlieetor insulation has not changed
significantly in relation to cases 6.1 and 6.2;

» the heavy construction solution with interior iretidn had its peak temperature
increased (1°C in relation to cases 6.1 and 6.2);

» the lightweight construction solution had, unlikeetothers, its peak temperature
reduced (1°C in relation to cases 6.1 and 6.2);

» time lag did not changed significantly.
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CONCLUSION
From the simulations made in this paper, the follmnaspects are concluded:

e comparing the constructive solutions, it was codetl that the heavy construction
ensures a higher indoor temperature stabilizatian tightweight construction;

* unlike heavy solutions, the lightweight construstipromoted overheating of the
interior space, despite of having the same heaisfiea coefficient as the heavy
solutions;

« the comparative analysis of Porto, Braganca andé&weathers has shown small
differences in temperatures for the three simula@dtions due to certain weathers
being more extreme than others;

» the presence of glazing on the north wall had digibte contribution for the interior
heating in all constructive solutions and in baasons;

» the presence of glazing on south walls promoteerimt heating, with an increase in
average daily temperature, reducing the temperatareping and eliminating any
existing time lag;

» with the presence of glazing in the south wallg, $blutions with interior insulation
demonstrated not being able to damp temperatuctufitions in the same way as the
solutions with exterior insulation;

» the occupation of interior spaces increased indemperature in all simulated cases,
but the damping and the time lag were not affected;

» the ventilation reduced the indoor temperatureallirtases and eliminated any time
lag promoted by the constructive solutions;

* increasing thermal insulation only had significarineindoor temperatures if any
indoor thermal gains occur, such as solar radidatioough glazing or heat gains due
to occupation;

« higher thermal insulation increased the time lagnafoor temperatures for all the
solutions and for both seasons;

 when factors were combined, heavy construction icoat to be important in
stabilizing the indoor temperature, with higher gémy than lightweight construction.

In summary, it was concluded that heavyweight qoieibn ensures higher stability to indoor
temperatures, although the use of interior insoatireduces slightly that stability.
Furthermore, heavyweight construction is much ngieble than lightweight construction.
Moreover, it was concluded that glazing orientateord ventilation are the most influential
factors since all temperature stability given by thermal mass can be lost when these factors
are more prominent.
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