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Generally, the differences obtained in the life-cycle analysis including maintenance follow
the trend observed in case of construction stage only, namely almost all the environmental
Impact categories are greater for the masonry house.
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Fig. 3.39: Life-cycle comparison on environmental impact (single score) for construction,
including maintenance and end-of-life

In a single score analysis (see Figure 3.39), and taking into account the boundary
conditions as explained before, the steel houses (6096 and 6481 eco-points, respectively) present
an important advantage in front of masonry house (7192 eco-points), while the score for the
wood house is about the average value corresponding to the impact of the other three solutions.
Of course, many parameters (such as national or regional peculiarities, climatic zones or distance
from the material distributors) may affect these results. From this point of view one has to
observe the trends and not the values given by the analyses.

3.3.2.5 Concluding remarks for case study 2
The case study presents an innovative structure-envelope solution, enabling flexible floor
plan and modular construction, faster fabrication and erection times and high solution diversity
for flooring and envelope. The following advantages of this structural system can be underlined:
(1) functional and aesthetical architecture;
(2) modularity and adaptability;
(3) enhanced structural performance, particularly for the seismic action (practically complete
prevention of collapse);
(4) cost effective;
(5) low-to-moderate environmental impact compared with traditional technologies (e.g.
masonry and/or concrete).

In the second part, a detailed environmental impact analysis on a family house designed in
four different building systems was performed: hot-rolled framing solution, cold-formed steel
framing, wood structure and masonry structure. The analyses show the following aspects:

o the steel framing solutions (both hot-rolled and cold-formed framings) represent a good
alternative to the classic masonry house, both from safety and sustainability points of
view;

o all the framing solutions present a better environmental impact for construction stage
and life-cycle analyses on building materials in comparison to the classic masonry
house;
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e the maintenance process of steel and wood solutions is more complex than that of
masonry house. More, it could be easily observed that maintenance plays a major role in
terms of environmental impact;

o there are two impact categories which lead the global impact score of analysed systems:
(i) fossil fuel due mainly to the processing of raw building materials and (ii) land use, in
case of houses using much wood in building process. In fact these impact categories
show practically the directions that should be followed for achieving a limited
environmental impact.

3.3.3 Case study 3 — Sustainable block of flats

3.3.3.1 Description of structural system and envelope

The structure is a block of flats built in 2007 in Timisoara, Romania [3.46, 3.47].
Architectural views, structure during erection and final view of the erected building are presented
in Figure 3.40. The keys for this kind of structure are built-in flexibility and energetic efficiency.
The main structure is made of steel profiles with light floors. Column-free and free floor slabs
are the optimum answer to allow users to optimally reconfigure internal areas that means long-
span solutions.

e i £

Fig. 3.40: Structure during erection and final view of the erected building

In the Building Envelope Technology Roadmap guide [3.48], the vision for 2020 is that
building envelopes will be energy-positive, adaptable, affordable, environmental, healthy,
intelligent and durable. This roadmap focuses on residential buildings, including new and
existing low-rise multifamily dwellings as well as townhouses and single family detached
homes. The envelope is essential in ensuring the comfort and energy savings of the system taken
as a whole. All envelopes have to address some of the following problems:

e to provide an exterior layer which has to balance the needs of protection from the
elements, visual value and economics;

e the thermal insulation has to be compatible with the exterior layer and mechanically
fastened to the structure;

e optionally there could be a cavity space for ventilation;

e the interior component of the envelope containing the finishing surfaces can be
permeable or not. The consistency of this last layer has a great influence on the indoor air
quality. The trend today is to use gypsum board and vapour barrier on studs.

Regardless of the system / wall assembly, the envelope has to provide as much as possible
a uniform “wrapping” of the structure in order to avoid and/or control thermal bridging. This
aspect is of high importance, as all condensation problems start from here.
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In building the high-end three story residential building, the builder/developer aimed at
providing superior levels of comfort at a reasonable cost. Considering this requirement, the
design was directed to fulfil three main objectives: (1) to minimize heat loss through the
envelope; (2) to ensure high levels of physical well-being; (3) to equip the building with an
energy saving heating system.

It should be noted that Timisoara is located in a moderate seismic risk region. In what
concerns the climate, Timisoara city is located in the temperate continental moderate climate
region which characterizes the southern-eastern part of The Panonic Depression. General
climatic features consist of various and irregular weather conditions. The average annual
temperature is of 10.6°C while the hottest month of the year is July (21.1°C). Being
predominantly under the influence of north-western maritime air masses, the precipitations are
far more numerous than those from the Romanian Plain. The average 592mm annual amount is
reached due to the rich May, June and July precipitations (34.4% of the total yearly amount).

Given the wide variations of seasonal temperature levels, as described above, and the
cumulated effects of:

e overheating of the south and west facades in summer and,
e heat loss due to the wind-chill effect on the north/north-west sides of the facade in winter;
special attention was paid first of all to the passive energy saving measures.

The envelope design was rationalised, as permitted by site conditions and functional
parameters [3.46, 3.47]:

e glazing was essentially restricted to the short facades [east and west], protected from the
afternoon sun by deep loggias. Windows and exterior doors are double glazing with
stratified wood frames;

e the long facades, facing north and south are mostly solid envelope, conceived as a
thermal cavity system wall.

In Figure 3.41(a) are presented the actual layers for the cladding (in/out). Figure 3.41
illustrates the importance of adequate insulation both as thickness and position in the wall
assembly; the comparison was made with a brick wall.
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1. Gypsum Board 12.5mm 1. Interior plaster
2. First layer of thermal insulation 2. Brick wall, 300mm
mineral wool 60mm, 45kg/mc 3. Thermal insulation
3. Thermal air cavity, 140mm mineral wool 40mm, 45kg/mc
4. Second layer of thermal insulation 4. Stucco, 20mm

mineral wool 100mm, 45kg/mc
5. Low admittance fluid membrane
6. High pressure laminated panels
(a) Thermal cavity wall: K = 0.219 W/(m?K) (b) Brick wall: K = 0.406 W/(m?K)

Fig. 3.41: Importance of adequate insulation
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The combined effect of insulation thickness 60+100mm and the thermal buffer produced
by the 140mm air layer, provides a high level of insulation for this climatic zone, both in summer
and winter (K = 0.219W/m?K). By comparison, a brick wall with 60mm insulation, has K =
0.406W/m’K.

Figure 3.42 presents some pictures with the envelope during erection. The materials used
in the building store moisture for a very limited period of time. Thermal insulation (basaltic
mineral wool with density of 45kg/m®) allows for constant vapour migration. In order not to trap
the moisture in the rooms, the vapour barrier layer under the gypsum board was eliminated,
allowing for the free vapour migration through the wall to the exterior. Given the gradual
migration of vapour through the thermal cavity wall, conditions for condensation are practically
eliminated.

Fig. 3.42: Envelope during erection

In order to ensure a high level of physical well-being for the occupants, the following set
of conditions has to be kept under control:
e Control of average surface temperature of enclosing elements and room temperature;
Control of relative humidity and room air temperature;
Control of floor and roof temperatures;
Control of air movement around occupants and room temperature;
Control of acoustical influences.

The high level of thermal insulation combined with the moisture control benefits of the
thermal cavity wall, address in a satisfactory manner the set of control measures enumerated
above.

Ambient measurements

Measurements were taken at the beginning of 2009 over a period of about two months
(January and February), the coldest for this location, considered as indicative for the whole
period in which the building is heated [3.46, 3.47]. Two sets of temperature reading sensors were
placed on the north and south facades of the building, in order to measure the interior, the wall
cavity and the exterior temperatures. The positions of the sensors correspond to the living room
area of the apartments, with a volume of approximate 120m?>. It has to be added that at the time
the measurements were taken, the apartments were not occupied and, as a result, the contribution
of human produced humidity in the room was not present.

The measurements have shown that moisture content in the building during the heating
season tends to be low as long as no fresh air supply is provided. During the heating period,
humidity levels in the building rise to 30-34% after short natural ventilation periods. When
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inhabited, the humidity level is adjusted to reach 45-55% at 20°C, through natural ventilation,
human produced humidity and/or with the help of humidifiers if required. It becomes evident
that by removing the vapour barrier under the gypsum board, vapour migration through the
envelope is accelerated. This factor combined with the mineral wool characteristics (of not
storing moisture) are the key elements for moisture control. The wall cavity has been
continuously monitored. After two winter seasons with high variations in temperature and
humidity, no particular problems were recorded.

The heating system

From technical point of view, the chosen solution tries to make use of the energetic
performances of the building, not only by means of production and distribution, but also by
another parameter, i.e. the heating time, because it is very important to heat up only what we
need and when we need.

The technical solution consists in the production of the thermal agent in a gas heated boiler
and, in the same time in a CHP (combined heat and power unit). The distribution is made
exclusively through the interior of the building, and the dispersion of the heat is done by
convectors placed in the ceiling, which ensure a massive heat exchange (heating or cooling), in a
short amount of time.

The usage of the CHP unit, which simultaneously produces hot water at 90°C and
electricity, leads to a substantial reduction of costs, as the in-house produced electricity is
cheaper than the electricity available from the distribution network. The hot water is stored in a
tank, that can use thermal agent from the boiler/ CHP/ boiler + CHP/ solar panels/ heat pump/
electrical.

Some areas in the vicinity of the windows or the floors in the bathrooms are fitted with an
intelligent electrical heating system, integrated in the floor. This has the advantage of being cost
efficient, safe in exploitation, flexible in configuration, and can be controlled via the internet.

3.3.3.2 Environmental impact

One of the requirements in an integrated design of the building [3.49]. For this reason, the
above-descried structure is analysed for the evaluation of the evaluation impact in two situations
[3.50, 3.51]:

e in a first stage, by comparing the structural system of the built structure to an equivalent
reinforced concrete one. This comparison is limited to structural systems only,
considering that the in-fill walls and the other non-structural elements could be identical
and;

e secondly, for the built structure a complete environmental impact analysis is made, by
considering all the building materials in order to observe the constructive elements that
request the greatest environmental impact on building.

For both analyses the material production and the construction stage were included. The
inventory used in analyses (performed by the help of SimaPro computer code [3.36]) was
determined on the basis of the list of materials resulted by resistance design and adjusted in
accordance to the following boundary conditions:

¢ no finishing were taken into account (for example wall painting, the floor finishing,
doors, windows and electrical or heating system);

o the domestic use (water/gas/electricity use) of the building was not accounted for;

e transportation and energy used for construction purposes (such as cranes and other
technological machinery) were not integrated in comparison.
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All the results are given in “Eco-indicator points” (Pt), which express the total
environmental load of a product or process, based on data from a life cycle assessment, in order
to have unitary and comparable outcomes. The method used for impact analysis is Eco-
indicator’99 [3.38].

Concerning the first issue, Figure 3.43 presents the results of the direct comparison (on
impact categories) between the analysed structural system and an equivalent reinforced concrete
framed structure. It should be underlined the fact that this analysis includes exclusively the
materials that are part of the structural system. For the built structure the main parameters are the
steel demand (48kg/m?/floor), concrete (0.1m*m? of lightweight floor and 0.44m*m? normal
concrete for foundation). In the case of the concrete structure, the main materials of the building
are the reinforcement (54kg/m?/floor) and concrete (0.44m*/m? normal concrete on total usable
area). The inventory includes also the foundations and the roofing systems.

The values from above related to steel consumption (48kg/m?/floor for steel structure and
54kg/m?/floor for reinforced concrete structure) show clear that in seismic regions including
moderate ones, the steel consumption is comparable. Also, the execution and erection time are
faster in case of steel structures.
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Fig. 3.43: The environmental impact comparison for steel and concrete structural solutions

It is easy to see that the concrete structure is having a larger environmental impact for
almost all the impact categories (with the only exception — ecotoxicity) and leads to a global
score (the inner figure) larger by about 50% than that of the steel structure. The above results
should be interpreted as trends and not by the exact figures, and show very clearly the fact steel
structures can have good environmental performances when compared to concrete solutions.
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Fig. 3.44: Environmental impact per constructive element
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Concerning the construction process ranked per constructive elements, Figure 3.44
presents the environmental analysis results considering the following elements: (1) exterior
walls; (2) interior walls; (3) flooring system; (4) terrace; (5) foundation-infrastructure. The
results show clearly that the major impact corresponds to exterior walls and infrastructure. These
constitutive elements are high consumers of resources and have a great impact on human health.
This analysis refers only to the steel solution, for which al materials and quantities exist.

3.3.3.3 Concluding remarks for case study 3

The building represents a complete sustainable technology of high performance thermo-
energetic materials used for cladding and finishing. It enables to obtain flexible partitions and
allows for further up-grade, easy modifications and/or development.

The steel main frame allows for: (1) high design and construction safety standards; (2)
larger spans; (3) layout flexibility; (4) faster fabrication and erection times; (5) high solution
diversity for flooring and envelope. In what concerns the physical well-being for the occupants, a
set of parameters can be kept under control: (1) inside average temperature; (2) relative humidity
and room air temperature; (3) air movement; (4) acoustic insulation.

In the second part, an environmental impact analysis was performed for the block of flats,
for the construction stage only and a comparison at the structural level, i.e. steel vs. reinforced
concrete.

Comparing the structural systems one can see that the concrete structure is having a larger
environmental impact for almost all the impact categories and leads to a global score 50% higher
than for steel structure. More, the steel consumption (steel vs. reinforced concrete structure), for
this type of structure located in a moderate seismic area is comparable. Also, the execution and
erection time are faster in case of steel structures. Concerning the environmental impact per
constructive element, in case of steel structure, the analysis shows that the major impact
corresponds to exterior walls, followed by the infrastructure and interior walls.

3.4 Scientific and technical contributions of the author to the actual state-of-knowledge

Regarding the subjects presented above and based on the studies done by the author and the
obtained results, the personal contributions include:

- According to candidate knowledge, the works done in the field of Sustainability in
constructions represent the first LCA applications done in Romania, related to the
construction sector;

- Analysis of three case studies of sustainable mixed building technologies, which combine
steel in the framing and different materials for cladding, roofing and flooring, in order to
obtain highly performance thermo-energetic properties;

- One of the innovative structural system developed is Affordable House (AH). Even if the
main structure is made by hot-rolled profiles, the secondary structure is made by thin-
walled cold-formed steel profiles. This innovative structural system is based on modular
progression in such a way that at any time the owner can add a new module, both by
vertical and/or horizontal addition, with high solution diversity for flooring and envelope.
The structural system uses the application of industrial building technologies in dwelling
building systems providing a fast erection and fabrication time.

- Development of comparative life cycle analysis (LCA) for each case study, which prove
that steel structures represent a good alternative to masonry houses, not only in respect to
structural requirements but also in considering the environmental impact assessment.
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(b-ii) Scientific, professional and academic future development plans

As presented in (b-i), the researches done by the candidate are developed in two main
thematic directions.

The first one is related to “7Thin-walled cold-formed steel members”, which continue the
long tradition of more than 40 years of activity of Steel Structures Research School of Timisoara
and remain the main topic for the candidate (18 years of research in this field).

The second direction, entitled “Sustainability of construction”, is a new field of research.
It should be underlined that in Romania, in general, and in the construction sector, in particular,
not too much work has been done in the field of sustainability. The work done by the candidate
and by the team from CMMC Department of the Civil Engineering Faculty from Timisoara
represents, probably, the only scientific papers and practical applications, in this field, in
Romania. The activity started in 2006, when the candidate was appointed as member of
Management Committee in the COST C25 action: “Sustainability of Constructions - Integrated
Approach to Life-time Structural Engineering” and vice-chairman of Working Group WG3:
“Life-time Structural Engineering” of COST C25 action. Since 2008 the candidate is member of
Technical Committee TC14 “Sustainability and Eco-efficiency of Steel Building” of the
European Convention for Constructional Steelwork (ECCS). More than 30 papers have been
published in this field.

A) In what concerns the future research and development plans of the candidate, related to the
field of research on “Thin-walled cold-formed steel members”, the following research topics will
be continued or will be developed:

1) To extend the database for plastic mechanisms for members in eccentric compression —
single sections (e.g. U-, C-, Z- sections) [2.7] or more complicated ones (e.g. two back-to-
back lipped channel sections connected with stitches, Z-purlins restrained by sheeting).
Figure below presents some on-going research in order to propose plastic mechanism for
thin-walled cold-formed steel members subjected to eccentric compression.

Plastic mechanisms of members subjected to compression and bending about minor axis

2) Codification of imperfections for cold-formed steel members and frames:

e to continue and to extend the work of identification and codification of local and global
imperfection for individual members, started in [2.74], especially for pallet rack sections;

¢ to extend the studies on imperfections sensitivity of pitched roof cold-formed steel portal
frames [2.75], i.e. (a) global imperfections for frames; (b) local imperfections for
individual members (in- & out-of-plane imperfections); (c) imperfections at the level of
cross-section.

e to provide a set of reliable and easy-to-use guidelines aimed at both (i) fabricators (to
limit and control the manufacturing tolerances), (ii) constructor (to limit and control the
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erection tolerances) and (iii) clear definition of member initial state that must be included
in a FE analysis;

3) Behaviour of multi-span cold-formed Z-purlins with bolted lapped connections restrained by
sheeting.

The behaviour of multi-span cold-formed Z-purlins with bolted lapped connections has
been studied in detail by Ungureanu & Dubina [2.28, 2.29, 2.30].

The structural behaviour of cold-formed steel purlins restrained by sheeting is very
complex. The cold-formed steel purlins restrained by sheeting shows a complex structural
behaviour characterised by a non-linear load displacement response differing substantially from
that obtained based on the analysis of the isolated purlin.

The purpose of the future research is to study experimentally and numerically the
behaviour of multi-span cold-formed Z-purlins under gravity loads, where at the inner support
the bending, torsion and lateral distortion of the free flange are influenced by the overlapping,
bolts, sheeting and by the connections between the purlin and the sheeting. In a similar way, but
more simply is to study after the behaviour under uplift loads which involves bending, torsion
and lateral distortion in the span.

A parametric study will be performed to see the influence of the above parameters on the
behaviour of cold-formed steel purlins restrained by sheeting. It is well known that the lapped
connections of such purlins are always semi-rigid and partially resistant. A method to determine
the semi-rigid behaviour will be proposed.

4) Cold-formed steel beams of screwed corrugated webs.

Corrugated web girders are relatively new structural system. Increased interest of this
solution was observed for the main frames of single-storey steel buildings. The thin corrugated
web, affords a significant weight reduction of these beams, compared with hot-rolled or welded
ones. In previous developed solutions the flanges are flat plates, welded to the sinusoidal web
sheet, demanding for specific welding technology. The girder’s flanges provide mainly flexural
strength of girder with low contribution from the corrugated web, which provides the girder’s
shear capacity. Failure of the web occurs by steel yielding or web buckling. Lateral-torsional
buckling of the girder and local flange buckling of corrugated web represents other possible
failure modes.

The future research proposes to investigate and validate a NEW technological solution of
such system: (1) the web is made by trapezoidal cold-formed sheet; (2) the flanges are built-up
cold-formed members; (3) the connections between flanges and web and web-to-web is made by
self-drilling screws or by a by a new welding technology called Cold Metal Transfer (CMT).

7 ”‘; iy) m.m y

An experimentally study will be proposed in order investigated and to demonstrate the

feasibility of structural solution and to identify the components and failure mechanisms.

A parametric study based on numerical models will be developed in order to validate an

analytical model.

The following aspects are proposed to be investigated:

- to identify the failure modes: failure of the web occurs by steel yielding, web buckling
(local or distortional or their interaction), lateral-torsional buckling of the girder and
local flange buckling of corrugated web, separately or in interaction, behaviour of
screwed connections between flanges and webs and seam fasteners between corrugated
sheets;
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- in order to obtain a complete solution, experimental investigations will be carried out
on beam-to-column connections and beam-to-beam connections at the ridge, to identify
their capacity in terms of strength and stiffness and to choose the proper one;

- the influence of openings in the web will be investigated.

A standard series of solutions will be proposed to be applied in portal frames, either with
steel or RC columns, or as secondary light beams.

5) Influence of residual stresses on the perforated pallet rack members due to the cold-reducing
process.

It must be specified that the steel strips used for cold-forming of perforated pallet rack
sections is obtained, very offend, by cold-reducing. In this case, the yield strength might increase
significantly (i.e. from 320-350 N/mm?, for the raw steel coil, up to 500-610 N/mm? for the base
strips used to form the steel sections). The ultimate tensile strength is also increased by cold-
reducing process. Together with the increase in yield and tensile strength, the material ductility is
significantly reduced (i.e. form 30% down to 14-15%, even less).

Due to cold-forming process of the cross-section, the material properties are modified. The
corners areas are more affected by plastic deformations and the changes in material properties
are more pronounced in corners areas than for flat ones.

Research in order to determine experimentally the increase of yield strength, ultimate
tensile strength and the distribution of residual stresses is proposed. The biggest impact is for the
case of connections. Recalibration of design formulas for connections of thin-walled cold-formed
members, especially in case of perforated pallet rack members is necessary. The use of existing
equations is overoptimistic for connections in steel having low ductility, leading to
unconservative estimates for the tension capacity.

6) The behaviour of pallet rack systems under seismic action.

Pallet rack systems are not regular buildings but a very particular form of steel
construction. They differ from buildings in terms of their use, the loads that are supported, the
geometrical dimensions and the components used in their construction. These components are
normally thin-gauge cold-formed steel profiles and, in the case of uprights, are typically
continuously perforated.

It should be mentioned that the new Code of Practice issued in September 2010 [2.76]
needs several improvements. The following aspects are proposed to be studied, i.e.:

- component tests are still needed with the aim of characterizing the behaviour of both
beam-to-upright and base connections, in order to allow a correct interpretation of full
scale tests as well as in order to calibrate numerical models;

- cyclic testing of the above components;

- correct definition of g-factors to be adopted in seismic design of racks.

7) Modular / affordable / emergency steel intensive houses

In recent years, users, architects and engineers have all been searching for the most
economic dwelling building systems. In this context, steel-framed houses have become a choice
in many European countries, including Romania. The idea is to find an innovative structure /
envelope solution, enabling flexible floor plans and modular construction, faster fabrication and
erection times and high solution diversity for floors and envelope.

Based on the experience learned in Affordable House Project, as member of Romanian
team, in the frame of ArcelorMittal Network, between 2008-2009, several types of steel intensive
houses are proposed to be studied, i.e. modular / affordable / emergency steel intensive houses.

Using thin-walled cold-formed steel members or hot-rolled profiles, such houses can be
developed to be affordable and to protect against damage from earthquakes, tornados, fires and
floods, to be extremely durable, comfortable, healthy and safe.

In this context, several ideas are proposed to be investigated:
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- the application of industrial building technologies in dwelling building systems
(residential applications) achieving fast erection and fabrication times. The basic
assumption is that an affordable / emergency house should rely on the standard details and
common technologies available to most builders instead of experimenting with new
materials with no track record;

- the development of a modular system in such a way that at any time the owner can add a
new module, both vertically and/or horizontally, with a high solution diversity for floors
and envelope;

- the design — in terms of structural performance — of both the walls and the floors based on
stressed skin technology. It is well known that using oriented strand board (OSB) panels
for walls and profiled steel sheeting as the floor decking results in very effective shear
diaphragms. Provided they are positively attached to the secondary members and main
frames by mechanical fasteners or welding, they are extremely reliable and predictable,
and may be confidently used as structural components;

- the use of structural systems made from lightweight steel frames, hot-rolled sections or
timber framing, which assures the lightness of the house and the proper response to
climatic and seismic loading.

Finally, it have to be underlined that the active role of the candidate in the field will
continuously increase by participation with new research topics to international conferences and
papers published in specialised journals. Also, as members of Technical Committee TC7 “Cold
Formed Thin Walled Sheet Steel in Building” of the European Convention for Constructional
Steelwork (ECCS), the candidate will continue the collaborative work with researchers in the
field.

It should be underlined the last collaborative work done in the frame of TC7 “Cold Formed
Thin Walled Sheet Steel in Building” of ECCS, i.e. the volume published in 2012: Design of
Cold-formed Steel Structures. Eurocode 3: Design of Steel Structures. Part 1-3 Design of cold-
formed Steel Structures. Authors: Dubina D., Ungureanu V., Landolfo R., Ernst & Sohn, A
Wiley Company, Berlin.

B) In what concerns the future research and development plans of the candidate, related to the
field of research on ‘“Sustainability of construction”, the following research topics will be
developed:

1) Sustainable design, climate change and the built environment

Climate change impacts the construction sector in various ways. In this context, the
construction sector includes not only construction chemistry, materials technology and building
science, but also planning, construction techniques and urban climate.

The challenge is to identify which component is most vulnerable to changes in climate,
how to keep the safety and durability of structures and how to respond to these changes. Many
challenging questions are raised by scientists, policy makers, industry etc. For example, what do
we know about climate change and its impacts on the construction sector? Which technologies
are needed to respond to future climate conditions without neglecting ecological, social, and
economical aspects?

Some of the climatic factors which affect the behaviour of buildings are:

- Extreme weather conditions in terms of wind, snow and rain. These extreme conditions
lead to increase of static and dynamic loads;

- Temperature. Maximum and minimum changes will affect heating, cooling and air
conditioning costs. Frequency of cycling through freezing point will affect durability of
materials.

- Relative humidity, which will affect condensation and associated damages;
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- Radiations. Increase may affect need for solar glare control. More intense sunshine and
associated ultraviolet levels;

- Heavy storm. Increase will affect the need for weather tightness, risk of water ingress,
effectiveness of air conditioning, energy use, risk of roof failures;

- Soil drying / Precipitation. Increase will affect water tables and could affect foundations
in clay soils.

The following topics in the context of sustainability and climate change will be addressed:

o Identification of longer-lasting, optimized properties, ecological, economical, and easy-
to-handle materials to reduce materials and energy input;

e Innovative building technologies and concepts which help to prevent damage caused by
increasing climate extremes and provide indoor environments with high energy and
comfort performance;

e Innovation of materials technology with focus on mechanical properties, processibility,
and serviceability of materials to reduce deformation and damage of infrastructure and
building.

Existing buildings have been designed for a given life-time. It is important to predict the
new life time, probably shorter than the estimated one, to find the best strategy of intervention
and to find the best materials and technologies to be applied. For new buildings the key will be
the use of new longer-lasting and eco- materials together with details for adaptive technologies.

2) Structural glass

The increasing demand in modern architecture for more slender and lighter structures
requires the use of new construction materials. Glass, a material that has been used for a long
time in windows as a filling material, has much to offer in this regard due to its very high
compressive strength and transparency. For this reason, there is a growing trend to extend the use
of glass sheets to load carrying elements such as columns, beams and panels. Due to their high
slenderness and high compressive strength, such elements tend to fail because of instability (i.e.
column buckling, lateral torsional buckling or plate buckling). At the moment little knowledge
exists about the load carrying behaviour of glass structural elements, and existing design
methods for other materials (i.e. steel) have been found to be unsuitable for direct transfer to the
design of glass panels. Connections present a special challenge when designing with structural
glass, but several different forms of connections have been successfully demonstrated in
construction.

The glazing facades can be classified into two main types, namely framed glazing and
frameless glazing fagade systems. The unitized curtain wall system is a more contemporary
framing method which comprises a glass vision panel and spandrel panel mounted in a
prefabricated aluminium frame. Alternatively a new contemporary frameless glazed facade
system is available which provides transparency and improved aesthetics, known as point fixed
or bolt fixed glazing curtain wall system. Point fixed glazing systems are often connected with
bolts to steel support structures, (which are exposed architectural elements) to combine structural
stability with aesthetic expression.

The two structural concepts are proposed to be analysed in interaction with the main
structure, especially under seismic actions:

e point support concept - the glass panel is attached to the substructure by bolted
connections at corners;

e linear support concept - the glass panel is attached to the substructure by continuous
supporting on the four sides;

The local behaviour of the connection devices and the global behaviour of the glass panel
under in-plane shear force will be studied by means of experimental investigations, numerical
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modelling and parametric analyses. Additionally, the thermal performance analysis of glazed
facades using EnergyPlus will be analysed.

3) Retrofitting of existing prefabricated concrete residential buildings to reduce the primary
energy use and GHG emissions
Concrete residential buildings present the largest retrofitting challenge in Eastern European
countries, including Romania, and one of the best opportunities to substantially improve energy
efficiency of residential buildings on the large scale in the EU. The scope is the renovation of
prefabricated concrete residential with special focus on technological (e.g. architecture, building
physics, safety, energy, etc.), economic, institutional and policy settings.
The following aspects are proposed to be studied:
e reorganisation of internal spaces including addition of new balconies, without affecting the
safety of structure;
e over-cladding and over-roofing — the use of light steel structure;
o the use of external elevators;
e the use of intelligent facades to reduce the primary energy use and GHG emissions.

Finally, it have to be underlined that the active role of the candidate in the field will
continuously increase by participation with new research topics to international conferences and
papers published in specialised journals. Also, as members of Technical Committee TC14
“Sustainability & Eco-Efficiency of Steel Construction” of the European Convention for
Constructional Steelwork (ECCS), the candidate will continue the collaborative work with
researchers in the field.

It should be underlined the last collaborative work done in the frame of Technical
Committee 14: Sustainability and Eco-efficiency of Steel Constructions of ECCS, i.e. the volume
published in 2012: Energy efficiency of light-weight steel-framed buildings. Authors: Santos P.,
Simoes de Silva L., Ungureanu V., No. 129/2012, Published by ECCS, ISBN: 978-92-9147-105-
8.

Also it should be mentioned here the participation in two international projects as
responsible person for “Politehnica” University of Timisoara:

1. RFSR-CT-2010-00027: ,,SB_Steel — Sustainable Building Project in Steel”. Period: 2010-

2013. Beneficiary: RFCS - Research Fund for Coil and Steel, EU.

2. ERA-NET 3002/2011: ,INSPIRE - Integrated strategies and policy instruments for

retrofitting buildings to reduce primary energy use and GHG emissions”. Period: 2010-

2012. Beneficiary: MECTS.
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