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Abstract: - The choice between different materials and constructive systems can influence significantly the
environmental impact and economic cost of construction. In this context, four constructive systems used in
South European were studied: one conventional - composed by hollow brick walls and steel reinforced post and
beam concrete structure; and three non-conventiona - light steel framing (LSF); wood frame (WF); and
insulation concrete form (ICF). Using a case study based on a contemporary Portuguese typology of a single
family dwelling, some environmental impact indicators, as well as the weight and the economic cost of these
solutions were eval uated.
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1 Introduction systems were analysed without finishing materials,
The construction industry plays an important role in as these were assumed as equal. _ _

the economy, being responsible for the generation of The analysed solutions were defined to have in
great amounts of capital and employment. However, common thg same heat transfer coeff|20| ent for
it is also a sector that is associated with significant opague horizontal elements 0,25W/nv.°C _ and
environmental  impacts.  Construction  industry vertical  opague elements 0,30W/m".°C. These
consumes more raw materias than any other coefficients were based on the Portuguese thermal

economic activity (around 3.000 Mtons/year, almost regulation, with values responding aready to the
30% by weight) [1], accounts for 30% of carbon required demands for 2015 and beyond to the more

dioxide emissions, the building stock consumes ~ Severeclimatic zonesin Portugal [5]. _
42% of the energy consumed in Europe [2,3] and . For each of the four solutions the construction
produces 500 million tons of construction and time, the economic cost and the environmental cost
demolition wastes, which represents 40% of all were quantified. _
waste produced in Europe [4]. The problems of Four environmental parameters were considered:
pollution, the large amounts of energy spent and the embodied energy (EE), globa warming potential
high consume of raw materials make this sector one (GWP), acid potentia (AP) and photochemical
of the most problematic in terms of environmental ozone creation potential (POCP). _
impact. This study was also focused on the evaluation of
This work studies the viability of four the energy performance cost of the studied
constructive systems used in South European constructive solutions in its design stage by using
(France, Greece, Italy, Portugal, Spain) in terms of _the(njal smulatlon_s. It follows previous works from
economic costs, considering the cost of materials, individuals of this research team, such as the
shipping cost and labour cost. The four selected sustainability —assessment of an innovative
constructive systems studied were defined for a lightweight building technology for partition walls
current Portuguese typology of a single family (ADjustMEMBRANE) where it was also considered
housing dwelling: conventional (CS, made with the ~environmenta, functiond and economic
non-structural hollow brick and structural reinforced performances of a conceptual lightweight sandwich
concrete frames); light steel framing (LSF); wood membrang partition compared W_|th conventlongl
frame (WF); and insulation concrete form (ICF). All technol ogies. The study took place in Portugal and it

concluded that, at that research stage, the solution
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development under this research project is more
sustainable than the reference solutions used in the
Portuguese building market [6].

An economic and construction analysis about the
use of lightweight membranes in the envelope walls
of housing was presented in a scientific journa
paper by two of the present paper authors. It
concludes that it is possible to reduce the
environmental impact and cost of buildings by using
lightweight instead of heavyweight solutions, even
in temperate climates [7]. This paper presents the
embodied energy of the materids, labor and
materia costs, heating and cooling needs, and the
ratio between useful/gross areas of lightweight
solutions.

Another previous research study by one of the
authors of the present paper refers the potentialities
of using innovative mixedweight solutions in
temperate climates to achieve more sustainable
housing constructions, even considering a cradle to
grave LCA analysis, from the materials production
to the building use, regarding functional aspects
related with comfort, like thermal, acoustic and
natural illumination [8].

2 Description of the case study
According to recent statistic data (2011) the T3 type
dwelling is the most frequent typology in Portugal
(about 57%) [9]. This predominance has been a
constant reality in the last 15 years and this type of
housing is usualy suitable for a household
consisting of 3 to 4 people. The T3 typology
consists in three bedrooms, one living room, one
kitchen and two sanitary compartments. A
contemporary Portuguese T3 reference residential
dwelling was developed for this conceptua study
based on the average area of T3 dwellings in the 13
climatic zone — the most demanding in accordance
to Portuguese thermal regulation [10].
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Fig. 1. Reference typology used for the case study

As it can be seen through Figure 1, the reference
typology studied has an area of 144m’ resulting
from the association of 4 square shaped modules of
6x6m. The compartments and total areas of the case
study are shown in Table 1. The rooms' sizes are
compatible with the Portuguese Buildings General
Regulation (RGEU) [11].
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Table 1: Comparative analysis between the areas in the
case study and the minimum areas allowed by Portuguese
Buildings General Regulation

RGEU | Case Study
(m?) (m?)
Space Distribution
(to distribute between 8
living-room and kitchen)
Hall - 8

Circulation Area - 17.8
Living-Room 12 31.64
Kitchen 6 13.85
Bedroom 1 105 20.5
Bedroom 2 9 10.5
Bedroom 3 9 10.5

Bathroom 1 45 43

Bathroom 2 - 7.3
Gross Area (ga) 91 144

3 Studied constructive solutions

The CS, LSF, WF and ICF systems were analysed
in relation to its ultimate limit state and service limit
state according to the relevant Eurocode. The
structural  design was performed using modal
dynamic anaysis and the determination of its
response was performed considering the seismic and
wind actions.

For the structura analysis of the building it was
necessary to quantify the actions and estimate their
effects on the structural elements. The permanent
actions considered correspond to the self-weight of
materials (structural and non-structural). To
calculate the weight of the structural elementsit was
considered specific reference weights. For the roof it
was considered 3,00kN/m? with an overload of
1,00kN/m?, considering that the roof was not
accessible[12].

According to Eurocode [13], for the wind actions
it was considered that the building islocated in zone
B and presents a roughness of type Il and for the
seismic action it was considered atype Il soil.

The whole procedure of structural design and
verification of safety was conducted considering the
Eurocode [12,13,14,15,16].

3.1 Conventional Solution (CS)

The conventiona constructive solution consists on
non-structural partition interior and exterior walls
made of hollow ceramic bricks and a reinforced
concrete structure comprising slabs, beams, columns
and foundations. Acting loads are transmitted from
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dlabs to beams that in turn transmit them to columns
and afterwards to its foundation. Continuous footer
foundations are connected by lintel beams, both in
reinforced concrete.

The first element to be built is the footer. After
its concreting, the reinforced sted armour of the
columns is mounted and after the concrete is placed
on the formworks. The beams are performed in the
same manner. Before concreting the beams the dabs
must be placed. Usudly, the reinforced concrete
dlabs are lightened ones made with precast beam-
and-block floor system. The beams are pre-stressed
ones and the blocks are non-structural lost
formwork ones. The concreting of slabs and beams
is made simultaneously.

The ceramic hollow brick is one of the most
widely used materials for partition walls, both
interior and exterior ones. In the inner partition
walls single 30x20x11cm brick is used. For the
facade walls, due to insulation requirements, a
double brick solution is commonly used. The
selected solution was composed by 30x20x15cm
brick in the external face and 30x20x11cm in the
other. The air gap was partialy fulfilled with 9cm
XPS insulation plate as one can observe on Figure 2.
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Fig. 2: Conventional constructive system solution for walls

The design of the reinforced concrete sections
for dabs, beams, columns and footings were made
according to Eurocode 2 [13] comprising the
structural plant presented on Figure 3.
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Fig. 3: Structural plant

The adopted dimensions for columns and beams
could be observed in Figure 4.
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Fig. 4: Section of the beam and column

For slabs one has selected the thickness of 24cm
and XPS insulation of 12cm. The type of beam-and-
block floor system adopted is showed in Figure 5.
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. Fig. 5: Conventional constructive system solution for slabs
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3.2 Light Steel Framing (L SF)
LSF is a condructive system which structura
elements are made of galvanized cold formed stedl
profiles. This construction method can be used in
the execution of exterior walls, interior walls, dabs
and roofs on al types of building such as single
family, multifamily, commercial and industrial
buildings[17].

This system is characterized by a higher
manufacturing technological level than conventional
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reinforced concrete construction because alarge part
of its elements is produced at the factory and not on
site. With such prefabrication one can reduce the
time required for the construction, the required
workmanship and heavy equipment, increasing
hygiene health and safety at work, on the
construction site, and decreases the amount of
generated waste.

The LSF walls are responsible for supporting
loads from adjacent dabs and from the upper floors.
However, one must take into account that there are
two types of walls that can be used in cold formed
profiles construction: structural and non-structural
partitions walls. A structural wall, beyond the
resistance to vertica loads, must also resist to
horizontal applied loads such as those due to wind
or earthquake, which can generate shear and
bending stresses in addition to axial ones. Thus, if
necessary, one can design LSF interior structura
walls besides the exterior ones. Structura walls
shall consist of a structure with steel profiles spaced
from 150mm to 600mm, having greater thickness
than the inner non-structural walls[14,15].
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Fig. 6: Structural plant

In this studied case the partitions walls do not
need to have structural capacity or thermal
properties. The LSF adopted solution uses a
partition wall made with galvanized cold formed
steel profiles and gypsum plasterboard according to
Figure7.
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Fig. 7: LSF constructive system solution for walls

The LSF dabs are composed by a galvanized
cold formed steel profile structure with a height of
180mm coated with a 20mm thickness OSB panel in
both faces as showed in Figure 8. The OSB panels
are dructural ones and are fixed to steel profiles.
Usually, the OSB panels are of Grade 3 or 4 and its
minimum thickness is of 18mm.

For the finishing of the floors various solutions
are commercially available, being possible to apply
a lightweight screed, thereby improving its acoustic
behaviour, and thus increasing the thermal inertia of

thefloor.
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Fig. 8: LSF constructive system solution for slabs

As insulation material is usually used rockwool
with a density of 70kg/m®. The U-values of opague
horizontal  (0,25W/m?°C) and vertical opaque
elements  (0,30W/n°.°C) were achieved by
calculating the required thickness of thermal
insulation, as shown in Table 2.

Table 2: Thickness of insulation and heat transfer

coefficient
Vertical elements | Horizontal elements
(Walls) (Slabs)
Insul. U2 Insul. U2
(W/m*.°C) (W/m=.°C)
RW RwW
LSF 110mm 0,30 130mm 0.25
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3.3 Wood Frame (WF)

This system is structuraly composed by glued
laminated wood and OSB boards. Upon execution
of the concrete foundation wooden structural
elements will be assembled using some steel device

such as screws, bolts or steel fasteners[18,19].

Like in LSF construction, if necessary, one can
design WF system interior structural walls besides
the exterior ones. The interior and exterior WF walls
adopted are presented in Figure 9 A and B

respectively.
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Fig. 9: WF constructive system solution for walls

In Portugal, before the common usage of
reinforced concrete, slabs were currently made with
its usage is not
common. However, the constructive system is
similar to LSF dlabs. The difference among the two
systems is only related to the type of supporting
beams adopted: while in the LSF system the beams
are steel cold framed profiles, in the WF system the

WF technology. Nowadays,

beams are made of wood [19].

As insulation materia is usualy used rockwaool
with a density of 70kg/m®. In Figure 10 one can

observe the WF solution slab adopted.

0SB Wood 0SB

Rockwool profiles

13 8

~

Fig. 10: WF constructive system solution for slabs
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Table 3: Thickness of insulation and heat transfer

coefficient
Vertical lements | Horizontal el ements
(Walls) (Slabs)
Insul. U2 Insul. U2
(W/m*.°C) (W/m=.°C)
RwW RwW
WF 110mm 0,29 130mm 0,25

3.4 Insulation Concrete Form (ICF)
Insulation Concrete Form is a constructive block
system comprising expanded polystyrene (EPS) that
is mounted with a Lego-like shape and filled with
steel rebars and concrete, thus forming a reinforced
concrete structural wall system [21].

This system is composed by concrete placed
between two plates of EPS joined by tie rods that
may be of various materials such as PP, PE, sted,
among others. The thickness of EPS may vary by
manufacturer and can respond to different climate
requirements of the con§tructi on zone.
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Fig. 11: ICF constructive system solution for walls

The thickness of the concrete wall was fixed at
15 cm because it corresponds to a commercia
available system used in Portugal. The reinforced
concrete design of the walls of the studied building
was performed according to EC2 [13] and resultsin
the need of minimum steel reinforcement area aong
the concrete section.

In the ICF structura system, there is no specific
type of dab associated. However, a conventiona
lightened beam-and-block concrete dab type was
chosen in order to ensure the thermal inertia of the
housing and also represents the option with lower
Ccost.

E-ISSN: 2224-3496

514

Francisco Oliveira, Paulo Mendonga,
Joao Pedro Couto, Aires Camdes, Elisa Silva

00

1200

B00

Legend:

Ij Structural walls
Fig. 12: Structural plant

4 Presentation and analysis of results
Although al these constructive solutions are already
established in the market, the traditional system
continues to be the most widely used solution in
Portugal. In this study a comparison analyses is
made among the various constructive solutions,
partitions, structural walls and dabs, regarding
construction time, economy and environmental
impact.

The construction time, represents the sum of al
working time needed to build the typology under
study, as the construction details for each
constructive solution.

For calculation of income and time to build one
national database were used, considering only one
more official a helper for building any constructive
solution.

The economic cost of dwelling results from the
sum of various costs of materials, cost of labour,
and cost of equipment needed to support the
construction [22,23,25].

The final cost of materials, can be divided into
two different costs: the cost of acquisition; and the
cost of transportation. This last cost depends on the
distance from the factory to the building site, the
volume and weight.

To compare al solutions it was assumed that all
materials are transported by road with heavy
vehicles. Thereby, it is necessary to consider the
maximum capacity that can be carried by each
heavy vehicle; in this case it was considered that
each heavy vehicle could carry a maximum bulk of
67m° and aweight of 26.500kg.
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According to Portuguese National Road Carriers
Association of Public Goods [25], the reference
price per km for the first half of 2014 for the
transportation of goods, results from the sum of the
cost of unloading cargo (average price - 150€) with
travel cost per km (average price - 0,847€/km).

To synthesize the environmental impact that each
material used in the construction has on the
environment, three parameters were considered:
global warming potential (GWP), acid potential
(AP) and photochemical ozone creation potential
(POCP) [26,29].

4.1 Non-structural partition walls

Some internal partitions walls do not have structural
capacity, however must be able to withstand the
stresses induced by coating and other elements. This
type of wall has no thermal requisites for meeting
the housing interior, however, the acoustic level
should have a good performance.

4.1.1 Construction time

The construction of the walls can be performed after
applying the ground floor, no longer depends on any
task.

18,0

134

8.2

4.0
L5F W

Fig. 13: Construction time of the non-structural partition
walls

Conventional

As it can be seen through observation of Figure
13, the conventional construction system for non-
structura partition walls have lower construction
time, however to place finishes, such as a smooth
finish is required much more labour-intensive than
other systems because they already have a smooth
surface, and it is only necessary to regulate them
and apply a painting.

4.1.2 Economic analysis

Table 4 presents the total weight and bulk of each
material for each constructive solution as walls
dividing and cost [22,23,28].
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Table 4: Quantities (kg and m°) for non-structural
partition walls

. Bulk | Weight
System Materials (m?) (k)
Mortar 2,1 | 4158,0
Brick
cs 30x20x11 165 4212
Sum 18,6 | 4579,2
Cost sum (€) 3983,15€
Profiled steel 0,7 338,0
Rockwool 43 46,1
LSF Plasterboard 2,7 907,2
Sum 77| 12914
Cost sum (€) 7333,20€
Lumber 0,8 166,3
Rockwool 43 53,4
WF Plasterboard 2,7 907,2
Sum 78| 1126,9
Cost sum (€) 6 576,25 €

The conventiona solution is more economical
than the other considered building systems for non-
structural interna partition walls, costing less than
50% the remaining solutions. However, as the
conventional solutions have rough aspect, finishing
will require different materials to have a smooth
aspect, being dso affected the associated
construction time.

This cost is the cost of materials factory,
missing even to consider the cost of transportation,
based on the volume and the maximum weight that
each truck can carry.

0,70
0549
0,60
0,50
0,40
0,30
0,20

0,11
o.10

Conventional L5F W

Fig. 14: Number of heavy vehicles need for
transportation construtive solutions partitions

0,00

According to Figure 14 and as expected, the
heaviest solutions and greater volume needs more
transportation resources. The LSF and WF solutions
have the same transport needs, which are the best
performing in transportation issues.
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Fig. 15: Sum of the cost construction with cost of
transport the partitions

The results from adding construction costs and
transportation ones are presented in Figure 15.
Observing this Figure 13 one can conclude that from
distances higher than 6000km conventional solution
ceases to be more the most economical one. WF
solution becomes the better economic performance
one. The LSF and WF evolution of costs are based
on the same distance, because the number of
vehicles required for transportation is the same for
both solutions.

4.1.3 Environmental impacts

To synthetize the environmental impact that each
material used in the construction has on the
environment, three parameters were considered:
global warming potential (GWP), acid potential
(AP) and photochemical ozone creation potential
(POCP) [26]. For this study, the results of the
environmental parameters are show in Figure 16
GWP (Fig. 16 A), AP (Fig. 16 B) and POCP (Fig.
16 C).

GWP

3508403
3008403
2508403
2008403
150803
L00E«03

Conventonal LSF WF
3,01E=03

0.00E+00

HEwWP 5, FBE+DZ 1. B5E+02

E-ISSN: 2224-3496

516

Francisco Oliveira, Paulo Mendonga,
Joao Pedro Couto, Aires Camdes, Elisa Silva

B,00E<00
J00E=00
&,00E-00
5.00E-00
B 4,00E<00
3,00E=00
2, 00E=00
i -
0,00E<00
Conventional L5F W
& AP £,80E+00 2 A0E+DD 1,18E400
5,00E-01
4,50E-01
4,00E-01
3,50E-01
C 3,00E-01
2,50E-01
2,00E-01
1,50E-01
so0c.02 - _ I
5,00E-02
0,00E=00
Conventional LSF W

S pocp 4,54E-01 1,48E-01

Fig. 16: Environmental assessment of the analysed
partitions
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As it can be seen, the conventiona solution
presents the worst performance in al environmental
parameters due to the use of large amount of
material. The LSF and WF solutions have relatively
next weight, however WF solution, which uses
wood profiles verticaly, has the best performance of
any of all because it uses materials of renewable
origin.

The performance of the WF and L SF solution for
partitions walls could be further improved if other
materials originating from green materials replaced
the gypsum boards.

4.2 Structural walls

For conventiona solution the walls do not need to
have structural capacity. So, convectional solution is
composed of concrete slabs, beams, columns and
non-structural  brick walls. For the remaining
solutions LSF, WF and ICF al the wals were
considered as structural ones.

Structural walls made of reinforced concrete

must be capable of supporting the efforts from the
dlabs, earthquake, wind and others.
As mentioned previoudly by scaling issues thereis a
need to make structural walls within the housing,
however these do not need to have heat
requirements.

In ICF solution it is not common to remove the
EPS after application and curing of the concrete, the
inner walls why this solution has thermal
requirements.
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4.2.1 Construction time

For the construction of structural wals the
foundation element must aready be completed,
regardliess of the type of foundation, general mat
foundation, shoe continues or cuttings. The obtained
results for the case study are presented in Figure 17.
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Fig. 17: Construction time for structrual walls

According to Figure 15, solutions using
concrete, as the case of CS and ICF are those that
require more days for completion compared to other
solutions.

For the completion of the masonry wall and the
structure for conventiona solution various tasks are
required. The placing of formwork for concrete
beams and columns, the placing of steel rebars
armour and, after, the removing of the formwork
when the concrete is cured. Only after that it is
possible to start masonry construction. Thus a large
difference among L SF and WF solutions that do not
require concrete curing time or the application and
removal of the formwork can be expected.

ICF solution reduces the construction time by
37 days compared to conventiona one, despite
using concrete and requiring curing time also. This
aspect can be explained by the use of a formwork
that is lost during the construction, causing in
addition, as it is composed of EPS boards, much
better thermal behaviour.

4.2.2 Economic analysis

Table 5 presents the total weight and bulk of each
material for each constructive solution as walls
dividing and cost [22,25,28].
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Table 5: Quantities (kg and m°) for structural walls

: Bulk Weight
System M-atenals (m) (k)

Reinforced 206 | 474720

concrete
XPS 11,8 384,3
Mortar 6,0 11957,4

Brick
Cs 30%x20x11. 20,1 8711,8
Brick

30x20x15 14,7 11615,8
Sum 73,3 80141,3
Cost sum (€) 15840,77 €
Profiled steel 45 4221,3
Rockwool 15,8 1011,8
LSF 0SB 47 3831,6
Sum 25,1 9064,7
Cost sum (€) 28 243,37 €
Lumber 49 4189,7
Rockwool 15,8 1011,8
WF 0SB 47 3831,6
Sum 25,5 9033,1
Cost sum (€) 2191356 €
Reinforced 270| 621000

concrete
ICF EPS 200 26,1 940,6
Sum 53,1 63040,6
Cost sum (€) 10 416,15 €

Economically analysing the costs of the various
constructive solutions one can conclude that the ICF
solution has lower construction price, not even
considering the cost of transportation associated
with it.

Despite the LSF and WF solutions are less
labour-intensive, the cost of these materials
solutions is quite high, moreover the hourly cost of
labour, working time for these solutionsis higher.

To determine the shipping cost that is
associated on the basis of kilometres travelled, it is
necessary to know the number of trucks needed to
transport each solution. The obtained results are
presented in Figure 18.
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Fig. 18: Number of heavy vehicles need for
transportation construtive solutions strutural walls
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As in partition walls, conventional solution
requires heavier vehicles than the ICF and LSF and
WF solutions needs the same number of vehicles
(see Figure 18).
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Fig. 19: Sum of the cost construction with the cost of
transport of structural walls

Including the shipping cost in the final cost
(Figure 19) the ICF solution becomes the low cost
one until a distance of transportation above 6000km.
For higher distances WF becomes the most
economical solution.

The conventional solution despite the second
lowest cost until the distance of about 3000km, due
to the high number of trucks needed it exceeds all
other solutions for distances higher than 4000km.

4.2.3 Environmental impacts

To synthesize the environmental impact that each
material used in the construction has on the
environment, three parameters were considered:
global warming potential (GWP), acid potential
(AP) and photochemical ozone creation potential
(POCP) [22]. For this study, GWP (Fig. 20 A), AP
(Fig. 20 B) and POCP (Fig. 20 C) evaluated.
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Fig. 20: Environmental assessment of the analysed
structural walls
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Solutions using concrete (CS and ICF) have a
worse environmental performance in al parameters.
In GWP parameter, a conventional solution can
overcome the ICF solution. The use of reinforced
concrete and insulation aso uses other products
such as bricks and mortar which manufacture is very
harmful to the environment.

The use of wood in the LSF solution leads to a
negative value of the GWP parameter even when
using materials such as rockwool and sted!.

For the AP and POPC parameters the ICF
solution shows the worst performance, by using
large amounts of EPS and concrete.

4.3 Slabs

The dabs are the horizontal element of the housing
and may be floor when it is inside the housing or
cover when in contact with the outside.

In the case of typology study there is only one
dlab cover and be in contact with the outside needs
to therma requirements, as previoudy described
details.

At this point only three types of dabs were
analysed: conventional, LSF and WF, because the
ICF solution does not present any type of specific
slab.
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4.3.1 Construction time

For the dab manufacturing, regardless of the
constructive solution that is needed reinforced
concrete structure, in the case of conventiond
solution or resistant walls, LSF, WF and ICF
solutionsis now completed.

35,00
29,15
30,00
25,00
20,00 1750
15,52
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10,00

0,00

Conventional L5k W

Fig. 21: Construction time for slabs

For conventional lightened concrete dlabs is
necessary to fulfil various tasks already presented in
42.1 such as concrete placement and curing.
Moreover, this kind of dabs also requires lifting
means due to the weight and quantity of materials,
thus presenting the longer construction time (Figure
20).
The LSF solution is faster for building slabs,
applying the former the metal profiles after the OSB
plates and finally the insulation material.

4.3.2 Economic analysis

Table 6 present the total weight and bulk of each
material for each constructive solution as walls
dividing and cost [22,23,28].

Table 6: Quantities (kg and m®) for slabs

: Bulk Weight
System M -atenals (m?) (k)
Reinforced 123 | 282182
concrete
XPS 17,3 561,6
cs Girder-slabs 2,1 5225,5
Joist 22,1 12181,0
Steel 19 106,6
Sum 55,7 46292,8
Cost sum (£) 9235,67 €
Profiled steel 34 3185,3
Rockwool 18,7 13104
LSF OSB 2,6 2099,5
Sum 24,7 6595,2
Cost sum (£) 18 105,66 €
Lumber 59 5040,0
Rockwool 18,7 13104
WF OSB 2,6 2099,5
Sum 27,2 8449,9
Cost sum (£) 13 996,80 €
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As for the partition walls, without considering
the cost of transport, the conventiona solution for
dlabs continues to be the lower cost one. The LSF
solution is the most expensive one featuring a cost
of 125,73€/n".
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Fig. 22: Number of heavy vehicles need for
transportation construtive solutions slabs

Evaluating the number of heavy vehicles needed
for transportation (Figure 22) one can conclude that
the conventiona solution needs more heavy
transport vehicles, while the L SF and WF solutions.

Taking into account the variation of the distance
travelled one can check the most economical
solution for a given distance, as the following
Figure 23 reports.
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Fig. 23: Sum of the cost construction with cost of
transport the slabs

Analysing Figure 23 one can observe that the
conventional solution, despite the need for greater
number of heavy vehicles, is competitive within a
nearby distance of 6000km due to its low initial
cost. For superior distances WF solution becomes
more competitive.
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4.3.3 Environmental impacts

To synthesize the environmental impact that each
material used in the construction has on the
environment, three parameters were considered:
global warming potential (GWP), acid potentia
(AP) and photochemical ozone creation potential
(POCP) [25]. The aobtained results are presented in
Figure 22. For this study, GWP (Fig. 24 A), AP
(Fig. 24 B) and POCP (Fig. 24 C) valuesin gr of
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Fig. 24: Environmental assessment of the analysed slabs
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The WF dab solution consists mainly of wood.
Being wood a renewable source materid, its
environmental performance is always better than all
others, with even negative value in GWP parameter.
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4.4 Global

The partition walls, structural walls and slabs were
analysed individually. However it is aso important
to consider the overall construction time, economic
and environmental impact.

4.4.1 Construction time

Figure 25 shows the total time of construction for
partitions and structural walls, slabs. The nhumber of
days required for construction of the type under
consideration does not correspond to the sum of
days required for each type of construction element.
This is because there are elements that can be built
in simultaneously and have precedence and thus
decreases the number of total days for construction.

140

120 117

100

79

Nz of days

0 N 37

Conventional Ik L5k Wi

Fig. 25: Construction time of the solutions

As it is possible to observe in Figure 25 the
constructive solutions with greater construction time
are conventional (117 days) and ICF (79 days).
Construction timein LSF and WF is reduced at |east
50% compared to other solutions.

4.4.2 Economic analysis
The overall cost of the construction is the sum of the
cost of construction of each building el ement.

B0 000,00 £
50 000,00 £
T A0 000,00 €
E
3 3000000
]
8  a0ooo00€ —
——
10 06,00 € —_— ——
Conventi LSF WF ICF
onal
Costsum (€] | 30855306 | 536B2,23€ | 424B6,61€ | 2363497 €
structural walls | 17 636,98 € | 2824337 € | 2191356 € | 10416,15€
Ephidingwalls | 308315€ | 7333206 | B57625€ | 308315¢
Slabs 9235676 | 1810566 | 1399680€ | 923567¢

Fig. 26: Construction cost
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As expected, the heavy solutions have lower
construction cost (conventional and ICF) compared
to lighter solutions, LSF and WF. For this case
study the cost of ICF is around 157€/n.

Based on the bulk and the maximum weight that
each heavy vehicle can carry, the number of
vehicles required to transport each constructive
solution was determined (Figure 27).
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Fig. 27: Number of heavy vehicles need for
transportation construtive solutions.

Due to its large bulk and weight, the
conventional and ICF solutions require greater
number of heavy vehicles to be transported, while
LSF and WF housing solutions under study can be
carried by a single heavy vehicle.

Based on the number of heavy vehicle needed to
transport the constructive solutions it is possible to
determine the total cost of housing under study in
function of transport distance (km) of materials for
the congtruction site. The obtained results are
presented in Figure 28 and the total cost represents
the sum of the cost construction with cost of
transport.
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Fig. 28: Sum of the cost construction with cost of
transportation

By analysing Figure 28 one can see that the ICF
solution is economically competitive with up to a
maximum distance of 8000km from the factory to
the building
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4.4.3 Environmental impacts
To synthesize the environmental impact that each
material used in the construction has on the
environment, three parameters were consdered:
global warming potential (GWP), acid potential
(AP) and photochemical ozone creation potential
(POCP) [25]. For this study, GWP (Fig. 29 A.), AP
(Fig. 29 B) and POCP (Fig. 29 C)

Figure 29 presents the environmental assessment
indicators comparison graphs for the constructive
systems analysed.
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Fig. 29: Environmental assessment of the analysed
structural solutions

As it would be expected, the WF structura
solution is the best solution at the environmental
level, although being negative in the global warming
potential parameter, despite having an equivalent
weight to a L SF with the same insulation thickness.
It's quite different performance is due to the fact
that wood is a renewable source natural material.
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The conventional solution presents the worst
performance in the GWP parameter. ICF solution
evidences the worst performance in AP and POCP.

4.4.4 Embodied Ener gy

The total embodied energy associated with each
solution, meaning the sum of all the energy required
to produce the materials used, was estimated (Figure
30). The emissions produced by the materias
transport were also calculated [29] and its results are
presented in Tables 7 and 8.

[kWh]
120000.00

100000.00
80000.00
60000.00
40000.00
20000.00
0.00

LSF

Fig. 30: Embodied Energy of the structural elementsin
the analysed solutions

WF s ICF

Table 7: Emissions from transported km [25]

Weight | CO, |CH,|NO,| cO vOCS
T kg/km

kWh/km

LSF 3390,24 | 701,78 |1,02 |12,20| 8,14 | 3,73| 2722,36

WEF| 3720,52 | 770,15 |1,12 | 13,39| 8,93 | 4,09| 2987,58

CS| 22532,2 |4664,17 | 6,76 | 81,12|54,08| 24,79| 18093,36

ICF|19279,923990,94 | 5,78 | 69,41|46,27| 21,21/ 15481,78

Table 8: Emissions from transport considering an average
distance of 200km

Weight | CO, |CH,/NO, | co |vocs
T kg

kWh

LSF|3390,24 | 701,78 |1,02|12,20| 8,14 | 3,73 | 2722,36

WF|3720,52 | 770,15 |1,12|13,39| 8,93 | 4,09 | 2987,58

CS|22532,2 |4664,17 | 6,76|81,12 |54,08 | 24,79|18093,36

ICF[19279,92|3990,94 | 5,78|69,41 |46,27 | 21,21|15481,78

4.5 Thermal simulation

The dmulations carried on were done with
EnergyPlus dynamic thermal simulation engine
[27], a software that can account for complex time-
varying climatic and occupation conditions in the
prediction of heating and cooling loads, and indoor
environmental conditionsin a building.
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4.5.1 Analysed solutions

All simulations were done using the same case study
T3 dwelling previously described, but differing only
in the constructive elements. L SF and WF solutions
only differ between them in the profile material for
the partitions. CS and IFC solutions only differ
between them in the envelope construction. The
choice of the materids can influence the
achievement of thermal comfort requirements and it
should be taken into account some criteria and
characterigtics that were inputted in the simulation
such as the specific heat and thermal conductivity
[31]. The compositions and U-values of the
simulated solutions are shown on Table 9. The
compositions of the other congructive elements
considered for thermal simulation are presented on
Table 10 and the materiads characteristics are
defined on Table 11 [28,29]. The layers are listed
from the outdoor to the indoor in the envelope and
partition walls, and from the top to the bottom on
the roof and floor.

Table 9: Composition and U-valuesin W/m?K of the

solutions
Light Steel Framing - L SF
Envelopg mm |Partitionjmm| Roof |mm| Floor |mm
1| OSB | 18 Plaster 13| OSB [20| OSB | 20
board
. . Rock .
2 | AirGap | 35 | Air Gap (120 WOOl 130|Air Gap 180
3| Rock 90| Plaster 1510 Gag 50| 0sB | 20
wool board
4| OSB |18 OSB | 20
U 0.298 0.259 1.588
Wood Frame - WF
Envelopg mm |Partitionjmm| Roof |mm| Floor |mm
1| oss |18 ™% 13| osp | 20| 0B |20
2 | Air Gap | 35 | Air Gap [120 \?v‘(’)f)'l‘ 130|Air Gapl 180
3| Rock 90| Plaster |15 10 Gag 50| osB | 20
wool board
4| OSB |18 OSB | 20
U 0.298 0.259 1.588
Conventional Solution - CS
Envelopg mm |Partitionjmm| Roof |mm| Floor |mm
1 | Hollow 155 prager (15| xPs |120] €O |240
Brick crete
. Hollow Con-
2 | AirGap | 40 Brick 110 crete 240
3| XPS | 90| Plaster |15 |Plaster| 15
Hollow
4 Brick 110
U 0.296 0.284 3.546
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Insulation Concrete Form - ICF

Envelope mm |Partitionjmm| Roof |mm| Floor i/mm
1|EPS200| 50 | Plaster [15] xPs |120] €O |240
crete
2 | concrete| 150| HOIOW (190 CO™ 1549
Brick crete
3 |[EPS200| 50 | Plaster | 15| Plaster| 15
u| 0307 0.284 3.546

Table 10: Composition and U-valuesin W/K.m? of other
congtructive elements considered

Other Constructive Elements

Window | mm Doors mm
1 Glass 6 Wood 6
2| Air Gap 12 | AirGap 30
3 Glass 6 Wood 6
U 24 2.523
Table 11: Material characteristics
. . ecific
. Conductivity|Density P
Material |[Roughness 5 Heat
(W/m-K) |(Kg/m®) (Wkg-K)
Concrete| MEIUM | 5600 | 2350 | 940
Rough
eps | Medium 0,033 30 1550
Rough
Hollow
Brick Rough 0,423 1900 960
Medium
OSB Smooth 0,130 650 1300
Plaster Rough 0,800 1500 1046
Fgaser Smooth | 0,250 875 | 1000
oard
Rockwool | Medium |4 55 70 735
Rough
Medium
Wood Smooth 0.18 658 2005
xps | Medium 0,037 32 1550
Rough
Thickness [Thermal Resistance
(mm) (m°.2C/W)
Vertical Air Gap 25-300 0.18
Horizontal Air Gap 30-300 0.16

4.5.2 Other considerations

The dynamic simulation considered some of the
requirements referred on the Portuguese Regulation
for the Energy Performance of Housing Buildings
[4]. The main objectives of this regulation are to
guarantee heat and cooling requirements for thermal
comfort based on temperature set points and
assuring minimum ventilation requirements for air
quality. Here, the use of natural ventilation should
aso contribute to maintain thermal comfort and
reduce the energy use [31]. The following reference
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parameters for simulation were considered:

e Interior comfort set points — 18°C for winter
and 25°C for summer;

e Air change rate per hour due to air leakage of
04 h'; under average operating conditions to
guarantee indoor air quality;

o It was defined afictional heating system by the
IdealLoadsAirSystem input. It is used when it is
wished to study the performance of a building
without modelling a full HYAC system [32]. It was
considered that this system operates only during
occupation hours,

e In order to evaluate the internal gains due to
occupancy, it was set a metabolic rate of
80W/person during the night and 120W/person
during the day;

e It was considered an illuminance level of 100
lux that corresponds to 4W/m?, during occupation
hours between 17:00 and 23:00;

e An additiona gain of 4W/m? from other
€l ectric equipment during occupation hours was set.

453 Climate

The simulations were carried out using a climate file
of Braganca, Portugal. This choice was due to the
fact that thisis the most severe climate area existing
in Portugal. The latitude of Bragancga is 41° 48 N,
the longitude is 6° 46" W, the average atitude is 692
meters (2270 feet) above sea level and the exterior
temperatures vary from 36.2°C to -6°C. The climate
file used in the analysis is available for download
from the United States Department of Energy site
[33].

4.5.4 Pattern of occupancy

All models were analysed using the same pattern of
occupancy, shown in Table 12 for each
compartments during weekdays (WD) and
weekends (WE). These were based on the UK NCM
(National calculation methodology — occupancy
pattern for fractions) and on the Portuguese average
occupancy of 1,8 persons per dwelling unit [9].

Table 12: Pattern of occupancy considered for the

dwelling unit
Bedrooms Living Kitchen |Bathrooms
Room

Hours| WD | WE |WD |WE WD | WE | WD | WE

gala|lw|N

RlRr|Rr|R|R
L
o|lo|o|o|o
o|lo|o|o|o
o|lo|o|o|o
o|lo|o|o|o
o|lo|o|o|o
o|lo|o|o|o
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6 01| O 0 0 0 0
7 0|0 0 0 0 0
8 05 0|0 |05 0050
9 05|05 0| 0|05 0 |05]| 0
10 0 |025| 0 | O 0 |05| 0 |05
11 0 0| 0(01|] O |05| 0 |05
12 0 0| 0101] O 0 0 0
13 0 0| 0 |01]| O 0 0 0
14 0 0| 0(01| O |05 O 0
15 0 0| 0 |01]| O 01| O 0
16 0 0| 0101] O 0| O 0
17 0 0| 0 |01]| O 01| O 0
18 0 0| 0 |[025/{05| 0 | O 0
19 0 0 |0,75(025|{ 05| 0 | O 0
20 0 0 |0,75]0,25| O 0 |01] 01
21 0 0 |0,75/0,25| O 0 |01 01
22 |10,25| 0 |0,75|0,25| O 01| O 0
23 |05| 0 [|05]|0,75| O 0| O 0
24 1 0| 0 |05| 0 0| O 0

45,5 Simulation Results

The mean air temperature for one compartment
(bedroom 1) in each of the different analysed
solutions was simulated. These first simulations did
not consider the HVAC system. Since it is not
accurate to conclude the variation of conditionsin a
year by choosing randomly a few days or weeks, it
was selected the typical summer and winter weeks
(Figures 31 and 32, respectively) that represents the
average conditions for these seasons.

Exteriar
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Fig. 31 Typ|cal summer Week thermal smulanonsfor
bedroom 1 from the analysed solutions
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Fig. 32: Typical winter week thermal simulations for
bedroom 1 from the analysed solutions

The building’s energy consumption associated
with the therma comfort can be obtained by the
heating and cooling needs for the winter and
summer seasons, respectively. They represent a
large proportion of the building's energy use
through the year, even if necessary levels depend of
occupancy rates, types of activity and equipment
loads. But it is also important that the efficiency and
capabilities of the system can influence the
following results [31]. Also, the energy use and cost
can clearly be controlled by the use of suitable
insulation in exterior walls and roof of the building,
where most of the thermal exchanges happen [34].

Jl1

Fig. 33 Cooaling and heating needs of the analysed
solutions
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Considering an eectricity cost average for
housing buildings of 0.2081€/kWh.year [35], it is
possible to estimate the total economic cost of the
analysed solutions (Table 13).

Table 13: Estimated economic costs of a dwelling with
the analysed solutions

Coerg Ir(iijlcr:]tgi]on negtsa}lnESr(])e;g;rs TotaEI€;:osts

(€) (€)
LSF | 53.682,23 13.948,50 67.630,73
WF 42.386,61 13.948,51 56.335,12
CSs 30.855,30 8.517,87 39.373,17
ICF 23.634,97 8.163,65 31.798,62

4.6 Statistical analysis

In order to better understand the variation of the
results to the different constructive solutions a
statistical analysiswas done.

4.6.1 Non-structural partition walls

In the following table is presented the average,
standard deviation and coefficient of variation for
the construction time and environmental impacts.
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Table 14: Statistical analysisto the construction time and
environmental impacts of the non-structural partition
walls

Constr. Environmental impacts
Solutions Time
(days) GWP AP POCP
CS 9,2 3,01E+03 | 6,80E+00 4,54E-01
LSF 15,5 5,78E+02 | 2,40E+00 1,48E-01
WF 134 6,26E+01 | 1,16E+00 5,80E-02
Average 12,7 1,22E+03 | 3,45E+00 2,20E-01
Standard 321 | 158E+03 | 2,96E+00 | 2,08E-01
deviation
Codfficient | 55g, 129% 86% 94%
of variation

The average construction time of the non-
structura partition walls is 12.7 days with a low
coefficient of variation - 25%, in comparing to a
very high variation of environmenta impact to the
different parameters tested, more than 85%.

The same dtatistical analysis is also presented in
following table for the cost without and with
transport.

Table 15: Statistical analysis to the economic aspects of
the non-structural partition walls
Economid
without
transport

®

Number
of heavy
vehicles

Solutions 500 km | 4000 km | 16000 km

Cs 3983,15€¢ 059 |4327,25€ 610595€ |12204,35€

LSF 733320 011 |739,11¢ 7721,31€| 883627 €

WF 6576,25€ 011 |6640,02€¢ 6969,63€ | 8099,75€

Average |5964,20€ 0,27 |6121,13€ 6932,30€ | 9713,46€

Standard

deviation 175689

0,28 |1598,88€ 808,32€ | 2188,39€

Coefficient

29% 103% 26% 12% 23%

of variation

On average the cost in Portugal is 5964,20€ and
there is a cost variation of 29% among the
constructive  solutions studied. Regarding the
number of vehicles used for transport the solutions
there is a great variation, more than 100%, and the
national average of heavy vehicles is 0,27. For
distances of 500 km and 16000km the cost variation
exceeds 20%, but for a distance of 4000 km the cost
variance is 12% with an average cost of 6932,20 €.

4.6.2 Structural walls

In the following table is presented the average,
standard deviation and coefficient of variation in
terms of construction time and environmental
impacts.
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Table 16: Statistical analysis to the construction time and
environmental impacts of the structural walls

Constr. Environmental impacts
Solutions Time
(days) GWP AP POCP
cs 87,5 1,55E+04 | 5,84E+02 | 6,59E+01
LSF 20,8 710E+02 | 2,43E+01 | 2,00E+00
WF 19,5 -8,15E+03 | 1,49E+01 | 1,52E+00
ICF 50,9 1,41E+04 | 7,46E+02 | 875E+01
Average 44,7 520E+03 | 3/42E+02 | 3,92E+01
Standard 32,0 1,15E+04 | 3,78E+02 | 4,42E+01
deviation
Coefficient 72% 222% 111% 113%
of variation

For the construction of the structural walls are
needed on average 44,7 days, and the coefficient of
variation to the four constructive solutions is 72%.
There is a great variation in al parameters of
environmental impact studied (greater than 100%),
justified by the different values obtained at each
constructive solution.

The same dtatistical analysis is also presented in
following table for the cost without and with
transport.

Table 17: Statistical analysisto the economic aspects of
the structural walls

Economic
without Number
Solutions of heavy| 500 km | 4000 km | 16000 km
transport )
vehicles
(€)

CS 17636,48€| 3,3 |19551,52 € 29 450,65 €| 63 390,50 €
LSF 28243 37€| 04 |28459,98€ 29579,65€| 3341854 €
WF 2191356€| 04 |22129,41€ 23245,18€| 27070,68€
ICF 10416,15€ 2,6 1192256 € 19709,39 €| 46 407,08 €

Average |19552,39€| 1,68 |(20515,87€ 25496,22€| 42571,70€
Standard | oaese | 153 |684318€| 486027 € | 1604363 €
deviation
Coefficient
of 38% 91% 33% 19% 38%
variation

The average cost of the solutions to structural
wall in Portugal is 19552,39 €, and there is a 38%
variation in the cost of construction. The CS and
ICF solutions require greater number of heavy
vehicles for transport, 3.3 and 2.6, respectively. The
cost variation for the distances 500 km and 16000
km is much higher than for 4000 km.

4.6.3 Slabs
In the following table is presented the average,
standard deviation and coefficient of variation in
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terms of construction time and environmentd
impacts.

Table 18: Statistical analysisto the construction time and
environmental impacts of the dabs

Constr. Environmental impacts
Solutions Time
(days) GWP AP POCP
cs 292 9,16E+03 | 2,43E+01 | 4,91E+00
LSF 155 1,21E+03 | 2,23E+01 | 1,96E+00
WF 175 -6,65E+03 | 1,66E+01 | 1,74E+00
Average 20,7 1,24E+03 | 2,11E+01 | 2,87E+00
Standard 737 | 7.90E+03 | 398E+00 | 1,77E+00
deviation
Coefficient | 359, 639% 19% 62%
of variation
For the dabs were only studied three

constructive solutions. In Portugal is necessary on
average 20.70 days to build a slab with 144 n®. The
coefficient of variation of the construction time of
the three dabs is 36%. The environmental impact
GWP has a coefficient of variation greater than
600%, justified by LSF and WF solutions use
materials from renewable sources, such as wood. In
others parameters - AP and POCP - the variation is
not significant, 19% and 62%, respectively.

The same dtatistical analysis is also presented in
following table for the cost without and with
transport.

Table 19: Statistical analysis to the economic aspects of
the dlabs
St oo
Solutions of heavy| 500 km | 4000 km | 16000 km
transport )
vehicles
(€
(ofS) 923567€ | 19 |10341,884€ 16060,00€ | 3566502 €
LSF |1810566€| 04 [18308,10€ 19354,52€|22942,28¢€
WF | 1399,80€| 04 [14219,98€ 15373,66€|19329,11€
Average | 13779,38€| 0,89 |14289,99€ 1692940 € | 25978,80 €
Standard( 4 s 90 | 000 |398357€| 212808€ | 8580,84€
deviation
Coefficient
of 32% 101% 28% 13% 33%
variation

The average cost for a slab with 144 m? is
13779,38 €, i.e. 9569 €, and coefficient of
variation of the solutions studied is 32%. Are
required on average 0.89 heavy vehicles for the
transport and the coefficient of variation is greater
than 100%, justified by the weight difference
between the conventional solution and the
lightweight solutions, i.e. LSF and WF. The
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variation of cost for the distance 4000 km is reduced
- 13%, and for the remaining distances, 500 km and
16000 km, the coefficient of variation is 28% and

33%, respectively.

4.6.4 Global
The partition walls, structural walls and slabs were
analysed individually. However it is aso important
to consider the global construction time, overall cost
and globa environmental impact for the four
constructive solutions studied.

In the following table is presented the average,
standard deviation and coefficient of variation for
the construction time and environmental impacts.

Table 20: Statistical analysis to the construction time and
environmental impacts of the global solutions

Constr Environmental impacts
Solutions Time
(days) GWP AP POCP
cs 119,0 2,77E+04 | 6,15E+02 | 7,13E+01
LSF 36,0 1,08E+03 | 4,90E+01 | 4,11E+00
WF 37,0 -1,47E+04 | 327E+01 | 3,32E+00
ICF 79 2,63E+04 | 7,77E+02 | 9,29E+01
Average 67,8 101E+04 | 3,68E+02 | 4,29E+01
?a{‘d?‘f d 39,61 20581,31 384,10 46,09
eviation
Coefficient 58% 204% 104% 107%
of variation

The average construction time of a dwelling with
144 m? is 67.8 days, with a coefficient of variation
higher than 58%. The variation of the environmental
impact to al parameters studied is greater than
100%.

A similar statistical analysis is also presented in
following table for the cost without and with
transport.

Table 21: Statistical analysisto the economic aspects of

the global solutions

Solutions

Economic
without
transport

®

Number
of heavy
vehicles

500 km

4000 km

16000 km

Cs

30.855,30 €

45

34.220,65 €

51.616,61 €

111.259,87 €

LSF

53.682,23 €

0,7

54.164,19 €

56.655,49 €

65.197,00 €

WF

42.486,61 €

038

42.989,41 ¢

4558847 €

54.499,54 €

ICF

23.634,97 €

34

26.591,69 €

41.875,34 €

94.276,45€

Average

37.664,78 €

2,35

39.491,48 €

48.933,98 €

81.308,24 €

Standard
deviation

13.203,70 €

1,9

11.856,22 §

6.527,76 €

26.099,49 €

Coefficient
of

variation

35%

81%

30%

13%

32%
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The average cost without transportation is
37,664.78 € and the variation among the four
constructive solutions is 35%. The constructive
solutions ICF and CS require a greater number of
vehiclesto be transported, 4.5 and 3.4, respectively.

5 Conclusions

This study analysed different constructive solutions
in four parameters. construction time, economic
costs, environmental impact and energy
performance. There was no solution proved to be
effective in the three parameters. The construction
time for the L SF and WF solutions stands out as the
most effective, allows to build the house presented
in the study in less than 40 days.

Solutions using concrete, such as the
conventional and the ICF present longer
construction times, as these require concrete to be
cured.

In terms of construction cost, heavy solutions are
less expensive when compared to LSF and WF
solution, being the smallest the ICF solution, with
157€/m?.

The total cost of construction results from the
sum of the cost of construction and materials, plus
the cost of transporting materials. The greater the
weight and volume of constructive solution the
higher is the cost of transport.

Despite that conventional and ICF solutions
require greater number of vehicles compared to L SF
and WF solutions, these only cease to be
competitive for distances greater than 2000km for
the conventional solution and distances exceeding
8000km for the ICF solution because the cost of
construction is well below the LSF and WF
solutions.

The comparison between solutions shows that
the solution with the best environmental indicators
is the WF solution, which presents an average of
50% reduction on the environmental parameters
evaluated in relation to the conventional solution.

The poor environmental performance during
construction of conventional system and heavy ICF
is mainly associated with the large amount of steel
and concrete used. However, these solutions present
a better thermal performance, with reduced costs
related to comfort maintenance.
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