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“INTELLIGENT / SMART BUIDINGS”

SAFE, SOUND and SUSTAINABLE
BUILDINGS

- The Three S Approach -

- ECCE moto for 2020 -
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. Summary

The majority of the existing building stock in many European countries built in the 80s,
70s or earlier lack of modern design standards, including the basic requirements for
seismic safety and energy efficiency.

Thus, based on their date of construction, the vast majority are deficient both in terms
of energy and seismic resistance. This creates the need for the society (government,
public and engineers) to take actions to keep and maintain the building stock in
operational, reliable and resilient state, in order to_ensure primarily the safety of the
users.

In addition to safety, nowadays the comfort of the users is of prime importance.
To satisfy the required comfort levels, the user should consume energy, in the form of
heating, cooling etc.

In civil engineering, this ongoing process is achieved by updating the design codes to
incorporate aspects studied after, extensive research, laboratory work or identified
through experience in real hazard situations!.

Therefore, this ongoing trend to satisfy those conditions, results in new buildings which
are safer, more economic to operate, more secure and more sustainable (so they
satisfy the three S approach). 3
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However, the current building stock of Europe comprises of structures that have been
designed and constructed over a long period of years, spanning some decades ago. For
traditional masonry buildings, this can be more than 100+ years.

A BPIE (Buildings Performance Institute Europe) survey [BPIE, 2011] revealed that a
significant amount, over 40% of the existing building stock in EU is over 50 years old (only
around 17% is constructed after 1991), i.e. exceeding firstly their design life and secondly
are constructed during a period that Seismic_knowledge and standards were very
limited and energy performance guidelines were non-existent.

Thus it is easily understood that for this “aging” group of existing buildings, key challenges
lie ahead, regarding their structural safety, sustainability and energy performance.

The structural performance of buildings is related to their stiffness and strength as
well as their ability to undergo non-linear (ductile) deformations. The extent to which
a building can resist loads depends mainly on the characteristics of its lateral load
resisting structure (L.L.R.S., i.e. columns, beams and walls). Most existing buildings do
not pose_significant lateral resistance and require upgrading to increase their
efficiency and robustness of one or more of the above. 4
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Earthquake history in Europe

Distribution of over 30,000 earthquakes
with magnitudes larger or equal to 3.5 for the period 1000 to 2007

Source: EU SHARE Project (2013)
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Peak Ground Acceleration [g]
Probability of Exceedence in 50 years
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In the case of the aging existing buildings, the lack of consideration at the
design and construction stage for the seismic effect, means this building
stock is more vulnerable to earthquakes. In addition, as it is exceeding its
design life of 50 years, it means that along with strengthening interventions
to improve the seismic performance, durability and structural
assessments should also be carried-out to ensure functionality and thus
safety and comfort for the users.

In addition to safety, in the last decade the importance on the energy front
has been hugely highlighted. Increased energy consumption lead to adverse
environmental impact (e.g. climate change). Therefore, for the building
sector the energy efficiency term is introduced, which was highlighted by the
Europe's aim to reduce by 2020 the Greenhouse emissions by 20% and
achieve 20% energy savings [EPBD recast, 2010/31/EU].

It is evident that there is a big portion of the existing EU building block that
IS under-designed, both regarding their seismic capacity and also their
energy performance, and therefore in _need of structural and energy
renovation to remain operational and safe.
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« To improve the seismic performance/capacity of existing buildings that have not been
designed according to the earthquake standards of Eurocode ECS8, a variety of techniques
based on the typology of the building and the level of the required strengthening are currently
used.

 For RC structures, the seismic retrofit techniques are generally divided to local and global
methods [JRC 2014a]:

Local methods are concentrated in_ improving the performance of particular structural members
and most commonly include the strengthening of the column-to-beam joints, column and beam
jacketing and column and beam strengthening with advance materials such as fibre reinforced
polymers (FRP) or combined with new technology such as the textile reinforced mortar (TRM)
techniqgue, or with traditional R.C. jacketing.

Global methods may be provided with the addition of shear walls and/ or foundations
strengthening, which will lead to the change of the type of the structural system.

* Regarding the energy performance level of buildings, it is influenced by a number of factors
including the installed heating/cooling systems, the climatic _conditions and the building
envelope. The energy demand of buildings can be reduced by improving the insulation of
the envelope, increasing the thermal capacity of the building and by using energy
efficient systems in the building's operating processes.

9
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The insulation of the envelope can be drastically improved by reducing the
enerqgy loss from windows and doors and by insulating the walls and the roof.
The level of improvement depends on the thickness of the provided insulation
and the properties of the insulating material, although thick insulating layers
are sometimes unfavorable due to limitations in space, aesthetics reasons and
other technical constraints [JRC 2014a].

Currently, from a sustainability perspective, emphasis must be placed on
developing an integrated structural and energy design methodology for new
buildings that should be preferred over individual actions, to ensure a
Sustainable Structural Design (SSD). Such approaches like the SSD
methodology will ensure that new buildings satisfy both structural safety
and energy efficiency targets.

However, for existing buildings, especially of a certain construction age, the
problem of seismic and enerqgy inefficiency is of primary importance and
a similar in concept approach is required to provide upgrading on both
fronts.

10



BEF Building Engineering Forym,

20-21 October 2021, Sofia, Bulgaria ~e=ii-s{iii ;“”h-l’\ Wl et
2021 | International Conference on Earthqé e ngmeermg

Given that buildings in some European regions experience frequent seismic activity
and high temperature variations, it _becomes a necessity to _proceed with
upgrading or retrofitting measures as part of a major refurbishment process.

These measures are expected to improve the resilience of the existing building
stock in an economically feasible way, reduce the operational expenses, contribute
to the sustainability of the society and the environment and offer safer buildings to
people (Home).

As it is well known to all Engineers if buildings are cladded and insulated, then
they may look new, but their underlying structural issues remain, hidden,
unseen and unassessed and may become life-threatening, especially in case

of a major seismic event and may lead to a collapse or failure.

Platonas Stylianou B.Eng. (Hons), MSc, MCS, CEng, FICE, FCIArb
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If that occurs, then all EU money spent for energy Upgrades and
refurbishment of buildings would be lost.

However, the economic risk is redundant compared to
the potential injury and loss of Human Life.

Platonas Stylianou B.Eng. (Hons), MSc, MCS, CEng, FICE, FCIArb 12
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2.0 Another new trend iIs ... smart financing for smart
buildings.

But, a building can only be called smart once it is safe,
sound and sustainable.

The starting point for every Country in Europe must be all state/government
buildings and all buildings of high importance,

as categorized in the Eurocodes, as well as private buildings that concentrate a
lot of people.

Platonas Stylianou B.Eng. (Hons), MSc, MCS, CEng, FICE, FCIArb 13
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3. Scope

« Our aim through the production of the position paper was to ensure
sustainability, resilience and safety of existing buildings through structural or
seismic upgrading, against seismic and other dynamic actions and also
enhanced energy efficiency.

 The solution provided should follow a holistic approach to address the
iIssues_simultaneously and link individual retrofit/'upgrading activities in an
integrated procedure. One of the most important issues, which defines the way
of living, is safe, sound, and sustainable buildings (the three S approach),

.. And that is a basic Human right.

« That is why we decided as ECCE in 2019 to create a Position Paper, in
order to convince E.U. member states and Brussels to grant funding for the
Assessment and Structural and / or Seismic Upgrade of Buildings,
together with the grants given for the improvement of the energy performance
of buildings, under Directive 2010/31/EM, of the European Parliament and of
the Council of 19" of May 2010. 14
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4. POSITION PAPER

The position paper was finally created and distributed in 2020. It can be found at :
http://www.ecceengineers.eu/position papers/index.php

ECCE POSITION PAPER 2020

THE NEED FOR
INTEGRATING
STRUCTURAL /

SEISMIC UPGRADE
OF EXISTING BUILDINGS,
WITH ENERGY EFFICIENCY
IMPROVEMENTS

feae” Civil En ;.‘

2020

SAFE SOUND
SUSTAINABLE 15
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5. The working team

The Basic Team was:

a) Eur. Ing. Platonas Stylianou Cyprus (P.S.), Basic Author and Coordinator
of the working team,

b) Mr. Aris Chatzidakis Greece, (A.C.)

c) Mr. Andreas Theodotou Cyprus, (A.T.)

d) Dr. Nicolas Kyriakides Cyprus, (N.K.)

e) Mr. Andreas Brandner Austria, (A.B.)

f) Dr. Branko Zadnik Slovenia, (B.Z.)

g) Mr. lvan Paska Croatia (I.P.)

h) Mr. Paul Coughlan United Kingdom, (P.C.)

Platonas Stylianou B.Eng. (Hons), MSc, MCS, CEng, FICE, FCIArb 16
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6. The content
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Platonas Stylianou B.Eng. (Hons), MSc, MCS, CEng, FICE, FCIArb 17
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7. Seismic Risk Chart
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8. Expected Benefit
1. Raise awareness and demand for better and structurally sound buildings
among stakeholders, governments, owners, operators and all citizens.

2. Improve knowledge and information regarding assessment and design for
structural and/or seismic upgrading of existing buildings.

3. Increase funding opportunities from EU.

4. Offer a significant contribution to the community, as the need to protect the
homes and build property, is a basic one, that originates from antiquity.

By applying the idea expressed in the position paper, countries that possess
abandoned, deteriorated or ill-maintained buildings, especially those subject to
seismic hazard, can assess, evaluate and if necessary, structurally
strengthen their buildings, in order to obtain the same or better structural
capacity than what was mandated by the building codes and allowed by the
construction practices at the time of the original construction.

Platonas Stylianou B.Eng. (Hons), MSc, MCS, CEng, FICE, FCIArb 19
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9. The biggest Earthquakes in Europe the last 10-15 years.

Earthquake Hazard Zones - Eutigaiehoy Bupe
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asemap: Gridded cartogram transformation of earthquake inter
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Izmit Earthquake (Turkey)-17 Auqgust
1999

« On 17 of August, 1999 at 03:01:3 (Local
Time) there was a strong earthquake, M
= 7.4 on the Richter Scale, with its
epicentre South-West of Izmit town in
northern Turkey and at a depth of 15-
17Km.

* The duration of seismic vibration was 37
sec. The earthquake shook the cities of
the wider area such as Istanbul, Bursa,
Eskishir, Duze and Bolu.

e« The impact was dramatic, 17,118
civilians died, 45,000 injured, 600,000
homeless and thousands were missing.

« The financial impact of the devastating
earthquake amounts to appr 50 billion.
dollars without taking into account all the 21
long-term impact.
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Earthquake in the city of Duzce, Turkey

12/11/1999

On November 12, 1999 at 18:57:22
(local time) a strong earthquake of
magnitude, Mw = 7.2. Acceleration
reached PGA = 1g, as it was recorded
by the accelerator in the city of Duzce.

The deaths caused by the earthquake
reached 1,000 and more than 5,000 8 s LS | ‘
people were injured, 55,000 were forced W "\“ R T

to leave their homes. | :

The economical impact has exceeded
$ 1 billion.

Platonas Stylianou B.Eng. (Hons), MSc, MCS, CEng, FICE, FCIArb 22
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Earthquake in the city of Laquila (ltaly)

On April 6, 2009, a strong earthquake
excitation Mw = 6.3 or 5.9 magnitude on
the Richter Scale, occurred with its
epicentre 7km outside of the city of
L'’Aquila at a depth of 10km deep.

The earthquake was fatal and 319 people
were killed, 1,600 were injured and more
than 10,000 homes were damaged,
70,000 were forced to leave their homes,
where 30,000 were left homeless for
several months.

The economical impact of the earthquake
exceeded $ 15 billion and created a major
unemployment problem. But the cultural
impact was _also_qgreat due to of the
damage or_collapse of several
buildings of the Medieval Period.

International Conference oh Eart ngmeermg
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Earthquake of Parnitha (Athens)

1999

On September 7, 1999, there was a
strong earthquake excitation, M =
5.9 on the Richter Scale with its
epicentre, 18km north of downtown
Athens.

The horizontal acceleration
exceeded 0.5g in central Athens
while the vertical reached 1 g.

The impacts of the earthquake were
dramatic, 145 people lost their
lives, 2,000 were injured and
50,000 were left homeless.

The financial impact reached $ 4
billion, with 110 buildings collapsing
completely and more than 50,000
buildings were damaged.

International Conference oh Earté ngmeermg
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Earthquake of Central Italy - 2016

« On August 24, 2016 there was a
strong earthquake excitation, M = 6,2
on the Richter Scale with its
epicentre, Southeast of Norcia, the
focal depth of the earthquake was
10km.

 The impacts of the earthquake were
dramatic, 299 people lost their live,
more than 400 were injured and
4.500 were left homeless.

« The financial impact was appr $ 11
billion.

« The cultural impact was dramatic.

Platonas Stylianou B.Eng. (Hons), MSc, MCS, CEng, FICE, FCIArb 25
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Earthqguake of Samos & lzmir

« On October 30, 2020, an
earthquake of a 7.0 Mw (UGGYS)
magnitude occurred Northeast of
the Greek island of Samos.

« Many buildings severely damaged
in Samos, Greece and Izmir,
Turkey.

A small-scale tsunami followed
the earthquake.

« 119 people died, at least 15,000
homeless.

* Preliminary Estimated damage >
$600 million.

Platonas Stylianou B.Eng. (Hons), MSc, MCS, CEng, FICE, FCIArb 26



EF Building Engineering Forum,

20-21 October 2021, Sofia, Bulgaria ~ bl

2021 |International Conference on Earthqa e E ngmeermg

Crete Earthqguake

On September 30, 2021, a 6.0 Mw
(EMSC) magnitude earthquake
struck the island of Crete in Greece.

The epicenter was located at the
mainland of the island of Crete, at a
depth of 8.7 km.

The peak ground acceleration
recorded, was 0.82g (vertical) in
Arkalochori.

1 person killed, 36 injured.

More than 10 aftershocks > 4.0 Mw
followed the main event.

Platonas Stylianou B.Eng. (Hons), MSc, MCS, CEng, FICE, FCIArb 27
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Petrinja Earthquake (Croatia)

e On December 29, 2020, a 6.4
Mw magnitude earthquake hit
Central Croatia.

* Depth: 10 km

« Duration: 26 seconds

« 7 peopledied.

« Many buildings collapsed in
Petrinja, Croatia.

« The total damage is estimated
at appr. 5 — 5.5 billion euros.

Platonas Stylianou B.Eng. (Hons), MSc, MCS, CEng, FICE, FCIArb 28
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10. Example of Seismic/Structural Update of a Building (Cyprus).

« The building is situated in Germasogeia
Limassol, Cyprus.

« Building was constructed circa 1980.

« The existing building consisted of
ground floor (used as utility area) and
five more floors above and was serving Building under
as a small business hotel. assessment

&L
LTS %’frx

Platonas Stylianou B.Eng. (Hons), MSc, MCS, CEng, FICE, FCIArb 29
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« The situation of the building before strengthening.

Platonas Stylianou B.Eng. (Hons), MSc, MCS, CEng, FICE, FCIArb 30



ineering

r &
-
w ik
o &
e
I"me
(e)]
1t
n_“,m
O3 E
c .0
wsa o
S ®
23 S
-I...m,..-“
OS E
oEmm -
Sq 9
i g £
LIS
—hh.u
(aa] X

More photos




OO
i
“

N

021

« 3D Drawings of the proposed renovated
building, energy upgraded and with the
addition of an extra floor.

Platonas Stylianou B.Eng. (Hons), MSc, MCS, CEng, FICE, FCIArb 32
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10.1 In situ Testing and Site Inspection Results.

Extensive in-situ testing has been carried out by an authorized laboratory during
the field survey. Testing scope included the collection of cylindrical samples from
structural elements that their properties were going to be determined later in the
lab by destructive methods. Also to identify and record the reinforcement geometry
and properties in various selected locations.

Platonas Stylianou B.Eng. (Hons), MSc, MCS, CEng, FICE, FCIArb 33
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1° Op6gou | Excess Voidage 0.0% | 4° Opégou | Excess Voidage 0.0% -XEL"A'?%‘"? avroxd e :
° Opopou 3 Kavotrommiki*™
K1 Mapouoia kuyeAidwy K2 Mérpiol, MeydAor % - n
2°" Opo6gou | Excess Voidage 1.5% | 4°° Opégou | Excess Voidage 0.0% A2 17 Opogou 21.8 IkavomroinTike
2 A3 1 0pé ] |
K2 nﬂ“’:;zg?;' KMUHSI\?blwv A1 MNapouaia kKuweAidwy BN i SAREH SR
2% Opbdpou Excpess VOldal; e10% | 4° Opbpou | Excess Voidage 1.0% Mioog 6pog 18.3 finte
K3 MeydAol A2 MNapoucia kuyeAiduwy ;":":ﬂ A"“Amt' gd
2% Opégou | Excess Voidage 0.0% | 4° Opépou | Excess Voidage 5.0% 2 ;n“'::::'"j Lia] " 11.3 frnyss = K, Where K is 7 34
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Ewi rémou AioAéynon ocloppwva
Kwdikog Aokipiou BAITITIKN HE TO TTPOTUTTO
avroxn (koBou) CYS EN 13791 §9
K1 4° Opogou 6.0 Mn ikavorroinriki**
K2 4° Opogou 15.0 Mn ikavoTtromnki**
Méoog 6pog 10.5 fminyis
A1 4°° Opogou 23.8 Ikavorrommnkn**
A2 4°° Opbdgou 13.1 Mn ikavorromriki*
Méoog 6pog 184 finnyis

Kwdik6g Aokipiou E'.'fé?;ﬁ'i:ﬁé'é.',')‘" mﬁgﬁﬁ%tw

K1 2° Opogou 30.9 Ikavorrommki*™
K2 2°" Opégou 20.3 IKuvorromﬁxr]“ e
K3 2°° Opégou 234 Ikavorrommiki**

Méoog 6pog 249 fniapis

Tummikn AﬂéK)\lOl] 55

el o 17.9 fooys ~ k, where k s 7
A1 2°" Op6gou 13.7 Ikavorrommki**
A2 2°** Opogou 223 - IkavoTtromriki*™
A3 2° Opogou 7 12.2 Mn ikavomrommiki**

Méoog 6pog 16.1 finis

Tumikr) ArékAion 6.5

e e 9.1 frioyis ~ k, Where k is 7
K1 3% Opoégou 40.3 Ikavomonmki™
K2 73°" Opéﬁou 23.9 Ikavorromriki*™
K3 3°” Opogpou 33.5 Ikavorromnmiki**
K3 3° Opogou 23.2 Ikavorromriki**

‘Méoog 6pog 302 oot

Tumikn AmrokAion 8.2

e 232 frinis = k, Where k is 7
A1 3°" Opodgou 1.1 Mn ikavorromriki*
A2 3* Opogou 17.8 Ikavorrommiki*™
A3 3% Opogou 13.2 Mn ikavomroinmiki*™
A4 3 Opogou 13.2 Mn ikavoTromTiki**

Mtoo; épo; 13.8 fm(n)_h

Tumiki AwékAion 2.8

)E(:; ;:;‘n‘;‘::;;‘mﬁ:;ﬁ 6.8 finyis = K, Where k is 7

*O uTroAoyIopGS TNG ETTT TOTTOU EKTIUNUEVNG XAPAKTNPIOTIKNG QVTOXAS £YIVE
oUp@uwva pe TNV Tapdypago 7.3.3 tou rpotdtrou CYS EN 13791.

**H agloAdynon éyive olu@wva pe 1o pdTuTro CYS EN 13791 §9 kai pe Tn
uTréBEDN OTI YIa TNV KATAOKEU TWV KOMOVWY XPNOILOTIOINBNKE OKUPODEU
katnyopiag C20/25 (ikavotroinTiké amoréAeopa >17.85N/mm? = (25-4)*0.85
Kai yila TNV KATOOKEUr] Twv OoKWv okupodepa karnyopiag C15/20
(ikavotromnTiké amoréAeopa >13.6N/mm? = (20-4)*0.85).

**O umroAoyiopdg TG £TTT TOTTOU EXTINMPEVNG XUPAKTNPIOTIKAC QVTOXAC EYIVE
olppwva pe Ty Tapaypago 7.3.3 Tou wpotutrou CYS EN 13791.

**H agioAdynon £yive oUppwva pe 1o rpérutro CYS EN 13791 §9 kan pe
uTr6BeON OTI IO TNV KATAOKEUN TWY KOAWVWY XpNoipoTroinke okupddepa
karnyopiag C20/25 (ixkavomoinmkd amoréAcopa >17.85N/mm? = (25-4)*0.85
Kal yia TNV KAaraokeurp Twv dokwv okupddepa karnyopiag C15/20
(ikavotroinTikd cororéAcopa >13.6N/mm? = (20-4)*0.85).
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ATT6 ToV £AeyX0 TTOU EYIVE, N EVaVBPAKwWon oTa £iKOoT OKTW aTrd Ta TPIGVTA
Sokipia Tou £xouv eEaxBei EXEl TTPOXWPNOEI TEPAV TOU TIAXOUC TNG
ETMKGAUYNG Tou oTrAiopoU (cover) Trou utroAoyileTal va gival Tng TAENg Twv
2.0cm. Ze YEVIKEG YPUHPES N evavBpdkwon Kupaiveral amd 0.0 péxpr 9.0cm.

Kwdikog EvavBpdakwon Kwdikog EvavBpdkwon
Aokipiou cm Aokipiou cm
K1 looyeiou 40-45 A1 2% Opogou 50-55
K2 looyeiou 45-50 A2 2°° Opogou 40-45
B Ks looyeiou 45-50 A3 2°" Opodpou 55-6.0
A1 looyeiou 40-45 K1 3* Opdégou 0.0
A2 looysiou 45-50 K2 3° Opogou 25-30
—_A;I_c;oyziou 80-85 K3 3° Opogou 25-30
K1 1°" Op6gpou 20-25 § K4 3°” Opbgou 30-35
K2 1°" Opoégou 55-6.0 A1 3™ ;pé¢ou 85-90
K3 1°¥ Opogou 25-30 A2 3* Opoégou 55-6.0
A1 1% Opogou 50-~55 A3 3 Opodpou 80-85
A2 1°* Opogou 45-50 A4 3° Opodpou 50-55
A3 1" Opépou 55-86.0 K1 4° Opégou 0.0
K1 2° Opdgou 20-25 K2 4°* Opoégou 45-50
K2 2° Opogou 35-40 A1 4 Opoégou 40-45
K3 2°" Opopou 40-45 A2 4 Opoégou 40-45

20-21 October 2021, Sofia, Bulgaria ~e=imi-s{i{y
International Conference on Earthqé

BabBudg AAKaAIKOTHTAC

Zm xwpa pag eival eEUIPETIKG OTTdvio TO  EVOEXOMEVO  OTAdIOKIS
amoolUvBeong Tou okupodéparog Adyw evaAaywv THEEWC-THEEWS Tou
VEPOU TWV TTOPWV 1} AGyw aAKaAOTIUPITIKAG avTidpaong. ZUVETTWS To KUpPIo
TPORANUA amrd diroyn avBeKTIKGTNTAS TOU OTTAICPEVOU OKUPOBEPATOG Eival
n didBpwon 1wy otrAicpwy. O1 padBdor oTTAicpoU TrpoaTatelovTal amd Tn
O1dBpwon péow evog TOAU AerTol emi@avelakol OTPWHATOG £vudpou
ogeidiou Tou o1dripou, TTou dnuioupyeiTal Adyw NG UWNARG aAkaAikoTTAG
TOU OKUPOBEPATOG TTOU TIG TEPIBAAAEL. To OKANPUPEVO OKUPOBELT TTEPIEXE!
HeydAo TrooooTé ofeidiou Tou aoPeatiou,Ca(OH)z, aTo vepd Twv TTOPWY
£701 WOTE va dnpioupyeital aAkaAiko repiBdAAov pe Tipi pH yopw oto 12.5.
Me autdv Tov TpéTTo TrpooTaTteleTal o XaAuBag amod ) didBpwaon epdoov To
oéeidio  Tapapivel avémago. Autd TO QaIVOMEVO Eival yvwoTd WG
aénTikotroinan Tou xdAuBa. O1 Tpeig Baoikoi Adyor BiGBpwaong Tou XdAuBa
elvar n evavBpdkwon Tou oKUPODEPATOG, 1) ETHOPACH TWV XAWPIOVTWY Kal
Ol PWYHES TTou dnpioupyolvTal eite Adyw Trapouciag Belkwy aAdTwy eiTe
Aoyw kaBiZrioswy.

A6 Ta amoreAéopara @aiveral 611 i aAkaNikGTTA OTO ETIPAVEICKO
OKUPOBEPQ, TNV TIEPIOXH TTOU EXEl ETMPEACTEl TTEPICCOTEPO QMO TNV
evavBpakwor, €xel YeIwBEel ot peydAo BaBud Kol kupaivetal atrd 8.6 péxpl
12.1. Z1i¢ TEPIOKEG TTOU TO OKUPOOEUQ OEV £XEI ETIMPEACTEl OE GNUAVTIKO
BaBué amd v evavBpdkwon, n akkaAikémTa Bpiokeral oe WwnAéTepa
emimeda. O €heyxog TG aAKaAKOTNTAG £yive O€ BuUO TURHATA YIa TO KABE
KUAVOPIKO Bokipio.  To TPApa oOTo OToio Xl ETNPECOTEl amd TNV
EVaVOPAKWOT Kal 01O TPIAPA TTou mBavOv va Pnv £XEl ETTNPECOTEL,

Kwdikag Meproxn H Kwdikog Meproxn H

Aokipiou EAéyxou (cm) P Aokipiou EAgyxou (cm) P
0.0-40 9.1 0.0-6.0 06

A3 2% O, ———
IKtorsio 50-130 | 118 PPy I 115 15
0.0-8.0 11.9 00-3.0 12.1
A3 looyeiov K3 3% Opéyou |
90-110 | 121 40-140 12.3
K2 1% Opbepoy ——a— o0 59 | ass=opogos |—ao=90 a9
v oy 7.0-122 | 119 i 9.0-110 | 116
A1 1% OpbGoU 00-86.0 10.7 K2 4% Opé 00-50 12.0
e —————— " ou OU

g 70-121 | 121 g4 6.0-125 123
K2 2% Opbpou |—oo—t0 L 104 f 1) 4w opogou |—0=40 | 88
PO 50-85 | 121 i 50-110 | 119

Platonas Stylianou B.Eng. (Hons), MSc, MCS, CEng, FICE, FCIArb
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Me Bdon ta amoreAéapara gaiveral 611 1o Too0oT6 Ot XAwpiouxa (10/10)
kal Benkd (5/10) dhara ota meploabTEPa dokKipia gival TTdvw arrd 1o péyiaTo

ETTITPETTO.
Ap./0ton By weight By weight By weight By weight
Aoxipiou of san:ple of cement of sample of cement
Cl % ClI % S03 % S0; %
| K1 looyeiou 0.218 1.453 0.630 4.2
A3 looytiou 0.244 1.627
K2 1°" Opégou 0.303 2,020
A1 1% Opbégou 0.187 1.247
K2 2°¥ Opogou 0.166 1.107
A3 2°° Op6gpou 0.171 1.140
K3 3°° Opégou 0.356 2.373
A3 3° Opbgou 0.403 2.687
K2 4° Opdgou 0.092 0.613
A2 4°° Opbgou 0.067 0.447

MéyioTn amoSexTr] WEPIEXTIKGTITA:

0.4% xara Bapog ropévrou (by
weight of cement) - BS8110

N&ymm amoBexr) wepiEXTIKGTNTQ;

0.2% kard Bapog Toipévrou (by

weight of cement) -~ CYS300:2008

‘1o wpérurro BS1881 amansl my fkgppacn twy amoreAeopdrwy xard Bdpog toipstviou oto Sclypa. Aurd

umroBEroupe 6m eivan g 1agng Tou 15%.

AtroteMiopara £kT6¢ pEyIoTwY oplwy olppwva pe Ta Trpdrura BS8110 & CYS300:2008

AmroreAéopara exvég pEyIoTWY 0piwv olpgwva e 1o TTpdTuro CYS300:2008 aAMG
evTog olpgwva pe 1o TpdTuTre BS8110

- AmoreAfopara evrdg EMITPETITOV opiwy oUpgpwva pe To TpdTuto CYS300:2008

Evromoudg omrAiopol pe nAektpopayvnTiki péBodo (cover meter) &

ATTOKAAUWEIG

Ze TpIGvTa onueia evioTioTnKeE O OTTAMIONOG HE NAEKTPOUOYVNTIKY péBodo
(cover meter) ka1 o€ TéVTE onpeia Eyive amokdAuyn Tou. Ze OAa Ta onuEeic
TOU aTroKaAUPBNKE 0 oTrAIopOS fTav ofeIdwiéVog Kal Ot duo amd autd n

Siatopry Tou €xel aloiwBei. OAeg ol Aemrropépeiec kai Ta OKitoa

mapouoidlovral oto TTapdptnua A & B.

Platonas Stylianou B.Eng. (Hons), MSc, MCS, CEng, FICE, FCIArb




4.0 AZIOAOMHEH AMNOTEAEEIMATQN
e Merd amd Tov Aemropepr] oTTIkG £Aeyyo Twv Bokipiwy Taparnpeeltar:
Wi pExpr xapnhr aupmikvwon

WnAo mooooTd Wépwv kal Trapoudia KuweAiBuy (o 13
Bokipa)

o EAMumg  kokkopetpiky  SapdBuion  twv  uMkav  Tou
okupodEparog (xapnAd TooooTd okipwy PEYESouS 20mm Kal
auEnuEvo ToooaTd AETTTOKOKKNC dupou)

o Ehlagppid amokdAnon adpaviw (o £§ dokipa)

e AT Ta amrorehégpaTa TG BATTIKA avTOXAS QUIVETA 611 Ta SEKAEVVIG
(63%) amd ta Tpidvia Sokipa  Toapouciaoav  IKavoToINTIKG
amoteAeopara. TEooepa amd Ta évieka Sokipia Trou Tapouciagay
YapnAry BATTIKA avroxf effxBnkav amd mg kohdveg (26% Twy
doxipiww mou  effjxBnkav amé T kohveg). Ta duo Bokiuic
e€rxOnKkay atmo 1o 106yEI0 Kal Ta dAha Buo aTTd Tov TETAPTO GPogo.
Edw eivanr onuovriké wva  towioTel 6n1 n afiohdynon  Twy
amoTeAeopdTwy Tng BAIMTIKIG avroxrc Baciletal atnv uTrdBeon 6T N
KaTnyopia Tou OKUPOBEPNTOS TTOU XENCILOTOINBNKE OTIC KOAVEC
frav C20/25 kan oTig dokolg Arav C15/20.

e H evavBpdkwon oTa eikool okT® amd Ta Tpidvia Sokipia ExEl
TpoXwpfoel o onuavTiké BuaBud TEpav Tou TaXoUg TNG ETIKAAUYNG
Tou oTrhigpol (cover) Trou urohoyiferar va eivar Tne TaEng Twv 2.0cm.

* H ohkohkdTnra otn eEWTERIKG ETIPAVEIN TOU OKUPOBENATOS OTA
meploobtepa Sokima  éxel peiwBsl o ToAO  peydho  BaBps.
Avnouynmko Kpivetal To yeyovog OTI pElwpEvn ahkahikdTnra Exel
EVTOTTIOTE] kau o€ peyahiTepo BdBoc (=8cm)

= Am TIG ¥npikég avaAloelg gaiveral 6T 0E OAa Ta Sokipig TTou
eAEyXBnKav To TOCOOTO TEPIEKTIKOTNTAG OF XAWpIoUxa dhara efvon
kard oAl wnAdTEPO amd To péyioTo emTpeTTS. EMiong dcov apopd
TO TOOOOTO TEPIEKTIKGTNTAG O Benkd Ghata ota TEVTE amd Ta Beka
Bokipia eival ehagppuig TEpav Tou péyioTou emiTpeTTol opiou. E&M
WPETTEl va onuewBel o1 Ta amotehéapara TRETE va KPIBoOY LE
1Biaitepn pogoyr 16T Ta amoTeAéouara Baoilovtal aTnv EKTIUNGN GTI
1 TOTOTNTA TOU TOIMEVTOU OTO OKUPOSENA Elval TG TAENC Tou 15%.

s ATG TIg TEVTE amrokahOWEIS TToU EyIvay, EVTOTIHOTIKE Tiwg 0 oINS
firav o€ dha Ta onpein ofeidwpévog. e Buo amd autd n diatopr| Tou
omAiopoU eiye ahhalwei.

Building Engineering Fort
20-21 October 2021, Sofia, Bulgaria =il
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1 Jig

CYS EN 12504-1 — Testing concrete in structures
ored specimens — Taking, examining and testing in compression

Adrng /

hamelEpvordfos | ZHNON A. ZHNQNOE (Kwbikég Epyaciag 17EKA34)

:}’;' MOAYKATOIKIA TANTA ETH FTEPMAZOTEIA - AEMEZOZ

:g",f:;" ZHNON A, ZHNQNOZ (APX.) & NAATQNAEZ ETYAIANOY (N.M.)

iepopnvia EAéyxou Huepopnvia EZaywyrig

te if testing 05/04/12017 i l Date of extraction 29&30/03/2017
sixeio EAéyxou ‘Exouv egay0ei ouvoAikd Tpiavra kuAIvBpIKG Sokipia aTmé T KOAWVES Kal
sting member 11§ 50KO0UG TNC TTOAUKATOIKIGG

oxAion amd 3 NAI 0X| Ze mepinTwon awéxAiong PAéme oxéia / if yes see
n oonfonmty to standard method YES comments below:

1Awon/ Declaration

+ taking, examining and testing in P ion was to CYS EN 12504-1

amoTEALOpATA GPOPOUV POV To Selypa eALyxou.

+ results are related ortly to the sample tested

ayopederal n avarapaywyr Tou evrdmou xwpls Eykpion Tng Geoinvest Ltd
+feproduction of this document is nol aliowed withoul approval by Geoinvest Lid
rwganopés Twv empaveiwy Bpatang yve pc 1oomd

ra vov tAcyxo Ta Soxipa drav emaveiaxd areyva (Saturated Surface Dry)

Boxipa moptpeivay 48 wpeg o Sefapevi) vepod ot Beppoxpaaia 20 °C

(wdIk6g
JoKipiou NMepiypagn Orrhiopos Exohia

K1. / /
yoyeiou

K2 / Napatnpoivral kueABES Kal EAGPPIG
yoytiou arokGAANON AETITOKOKKWY adpaviv

K3. / Naparnpodvial KueAideg
mmeon | To okup6depa Twv dokipiwy -

A1 amoteAeiral até Bpouatd / Naparmpeital eAa@pid amokGAANaT)
yoyeiou Biafaoikd oxkipa Kal PUOIKN Guuo adpaviv

e (HéyioTo péyeBog oxkipwy: 20mm) _—

A2 / /

YOyEiou Napampeitar augnpévo TooooTd
TTAGKOEIBWV OKUpWY, pElwpévo [~

A3 mo000T6 OKUpWY peyEBoug 20mm / /
yoyeiou ka1 aUENWEVO TTO000TO

K1 AETITOKOKKNG GUpOU Nl
1 Opbpou / MNaparnpouvral KUWPEASES

K2 "

!

' Opé@ou Naparnpolvral KUYeAIBeg

K3 / )
' Opdyou
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Al
1% Opdpou

A2
1% Opdepou

A3
1= Opopou

K1
2% Opdyou

K2
2% Opdgow

K3
- oa Upoq:ou

A1
29 Opdgpou

A2
2% Dpdipou

A3
2% Opdpou

K1
1™ Opdypou

K2
3% Opbgou

K3

K4
3™ Opdgpou

Jou Opc'aqmu_

A
3% Dpdyou

A2
3™ Opoyou

A3
3™ Opogou

Ad
3™ Opdgou

K1
4% Dpépou

K2
4% Opdpou

A1
4 Opdpou

A2
45 Opdpoy

To okupdbepa Twv Sokipiuwy
arroteheital amod Bpavotd
BioBaoikd oxdpa Ka QuOIKT AuPo
(péyioro péyeBog akipwy: 20mm)

Naparnpeital augnuévo mogoord
mhakoedisy oripwy, PElwpivo
TTOoooTd oKipwy peyEBous 20mm
Kol auEnpévo oot
AeTrTdKoKKng dupou

Naparnpodyvral KuehiBeg

Naparnpeita ehappd amoxkdhinan
abpavioy

MNaparmpotvtal kuyehiGeg

MNaparnpodvral kuywehiBes

MNapatnpolvial KUWEAIBEG

D L be L A LOAD ST/IGTH STIGTH
ala (mm) | mm mm A (mm~2) (N) of Core* c1 g of Cube**
(N/mm»2) (N/mmA*2)
Kilo | 74.6 130 77.4 | 1.038| 4370.9 102470 23.4 1.015 1 23.8
K2lo | 74.6 120 78.4 | 1.051| 4370.9 63110 14.4 1.020 1 14.7
K3lo | 74.6 125 77.6 | 1.040| 4370.9 67520 15.4 1.016 1 15.7
Allo 74.6 126 79.9 |1.071| 4370.9 57620 13.2 1.027 1 13.
DH2lo | 746 132 79.5 | 1.066| 4370.9 78990 18.1 1,025 1 18.
A3lo | 74.6 110 76.7 |1.028| 4370.9 44130 10.1 1.011 1 10.
K1 1ou| 74.6 120 74.6 |1.000| 4370.9 156530 35.8 1.000 1 35.8
K2 1ou| 746 122 78.1 | 1.047| 4370.9 95740 21.9 1.018 1 22.3
K3 1ou| 746 130 76.8 | 1.029| 4370.9 129500 29.6 1.012 1 30.0
A1 1ou| 746 121 81.7 | 1.095| 4370.9 80460 18.4 1.036 1 19.1
A2 1ou| 746 131 77.3 ]11.036| 4370.9 94150 21.5 1.014 1 21.8
A3 1ou| 74.6 115 77.9 | 1.044| 4370.9 60000 13.7 1.017 1 14.0
K1 20u| 746 85 77.2 | 1.035| 4370.9 133260 30.5 1.014 1 30.9
K2 20u| 746 121 79.3 | 1.063| 4370.9 86450 19.8 1.024 1 20.3
K3 2ou| 746 141 80.0 [1.072| 4370.9 99480 22. 1.028 1 23.4
A1 20u| 746 110 794 [ 1.084| 4370.9 58270 13. 1.025 1 13.7
A2 20u| 74.6 133 79.8 [1.070| 4370.9 95020 21.7 1.027 1 22.3
| A3 20u| 74.6 115 77.8 1,043 4370.9 52360 2.0 1,017 1 12.2
K1 30u| 746 105 82.5 | 1.106| 4370.9 169290 38.7 1.040 1 40.3
K2 3ou| 74.6 141 78.3 | 1.050( 4370.9 102640 23.5 1.019 1 23.9
K3 30ou| 74.6 140 81.0 |1.086| 4370.9 141610 32.4 1.033 1 33.6
K4 30u| 74.6 121 80.2 | 1.075| 4370.9 98510 22.5 1.029 T 23.2
A1 3ou| 74.6 125 82.1 | 1.101| 4370.9 46790 10.7 1.038 11.1
A2 3ou| 74.€ 130 79.8 |1.070| 4370.9 75800 17.3 1.027 17.8
A3 3ou| 74.6 110 76.5 [1.025]| 43709 57300 13.1 1.010 13.2
A4 3ou| 746 110 79.4 | 1.064| 4370.9 56240 12.9 1.025 1 13.2
K1 4ou| 74. 110 79.7 [1.068| 4370.9 25750 5.9 1.026 1 6.0
K2 dou| 74.€ 125 79.9 |[1.071]| 4370.9 63880 14.6 1.027 1 15.0
A1 dou| 74 110 80.0 | 1.072] 4370.9 101340 23.2 1.028 1 23.8
A2 4ou| 746 110 79.9 |1.071| 4370.9 55610 12.7 1.027 1 13.1

MNaparmpotvral kuyehiGeg

Napamnpadvra kuwehlBes kan eAagpid

atmokdhhnan AeTTToRoKKWY afpaviay

Naparnpodvra kuWeAlBeg kol EAappid
amokdALNan AETTTOKOKKWY abpavioy

!

!

Naparnpeital EAappid amokéAAnan
abpaviv

!

Naparnpolvral HIKPES KUWEABES

Maparnpodivial Kuyelibeg

C1 = correction factor
C1=2.5/ (1.5+1/A) for horizontal specimen (columns)

D = diameter of core in mm
L = length of core in mm

A=LD C1=2.3/ (1.5+1/A) for venlcal specimen (slabs)
A = area of compressive edge In mm?® = (m*D?%) /4 E= ion for steel

LOAD = load In Newtons §=1.0#1.52%( (&, *d) / (®:*1) )

ST/GTH = strength in Nimm? @, = di of steel rei

@, = diameter of specimen
d = distance of bar axis to the nearest specimen edge
| = length of specimen before capping

WT = weight of core in grams

Iy6Ma — Discussions

*0 umahopopdg TG BmMKAS cvrois Lyive e féan 10 wpdiuiro CYS EN 125041

40 umohoyiopss TG BATTIKAG avToxhs Eywe pc fidon To mpoTue BS 1881-120
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10.2 Existing and Added Data.

PSA LLC was provided with some architectural plans and some structural
drawings only. In any case, the drawings provided was a valuable source to
understand / recognise the different components of the structure.

Through the performed field survey the overall structural system was identified
and imprinted and then new structural plan and sketches were produced.
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10.3 Knowledge Levels.

Performance assessment according to EN1998 can be performed with a variety
of approaches. Still, the use of more sophisticated, nonlinear approaches also
requires a similar sophistication in the data available for the structure, codified via
the definition of the appropriate knowledge’ as shown in Table 1.

For the present case, the requirement was for nonlinear static analysis to be
performed for verifying seismic performance. When applying EN1998, this
requires the existence of structural information at Knowledge Level 2 (KL2),
requiring extensive in-situ testing of materials or detailed “as-built” drawings
complemented by limited testing.

Platonas Stylianou B.Eng. (Hons), MSc, MCS, CEng, FICE, FCIArb 42
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Table 1: Eurocode 8-3 Knowledge levels and corresponding methods of analysis (LF:
Lateral Force procedure, MRS: Modal Response Spectrum analysis), NLA: Non
Linear Analysis and confidence factors (CF).

From original
outline
construction
drawings with
sample visual
survey or from full
survey

Simulated design in
accordance with relevant
practice and from limited in-situ
inspection

From incomplete original
detailed construction drawings
with limited in-situ inspection or
from extended in-situ inspection

From original detailed
construction drawings with
limited in-situ inspection or from
comprehensive in-situ
inspection

Default values in
accordance with
standards of the time of
construction and from
limited in-situ testing

From original design
specifications with limited
in-situ testing or from
extended in-situ testing

All

From original test reports
with limited in-situ testing
or from comprehensive
in-situ testing

All

LF-MRS

C:FKLl

Cl:KL2

CI:KL3
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EN1998 requirements also dictate the use of appropriate confidence factors to
provide further safety given the incomplete information implied by knowledge

levels lower than KL3.

The values ascribed to the confidence factors to be used in a country may be
found in its National Annex. The recommended values, adopted by Cyprus Annex,

are CF,,, = 1.35, CF,,, = 1.20 and CF,,, = 1.00.
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10.4 Application Codes and Guidelines

For the analysis, the design checks as well as the assessment procedures, we have used the following codes:

&

EN1990 Basis of Structural Design
Cyprus National Annex to CYS EN 1990 Eurocode 1990

b) EN 1991 Actions on Structures
Cyprus National Annex to CYS EN 1991 Eurocode 1991

C) EN1992-1 Eurocode 2: Design of concrete Structures
Cyprus National Annex to CYS EN 1992 Eurocode 1992

d) EN1993-1 Eurocode 3: Design of Steel Structures
Cyprus National Annex to CYS EN 1992 Eurocode 1992

e) EN 1997 Eurocode 7: Geotechnical Design

f) EN1998-1 Eurocode 8: Design of Structures for Earthquake Resistance
Cyprus National Annex to CYS EN 1998 Eurocode 1998

9) EN 1998-3 Eurocode 8: Assessment and Retrofitting of Building
Cyprus National Annex to CYS EN 1998, Eurocode 1998

In addition to the above, further supporting guidelines were consulted on the issue of seismic assessment, mainly to provide guidance in
applying nonlinear static methods:

a) ASCE/SEI Standard 41-06, Seismic rehabilitation of existing buildings, American Society of Civil Engineers
b) FEMA 356 and 547, techniques for the seismic rehabilitation of existing buildings. 45
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10.5 Seismic Hazard

For the purposes of the current assessment, the design spectrums of Eurocode
8 was purely adopted. These spectrums were derived by the implementation of
probabilistic seismic hazard analysis in the Cyprus seismotectonic - geological
territory of the Eastern Mediterranean, since they comprise of a fairly good
approximation of the actual seismic hazard.

The three limit states also adopted from Eurocode correspond to three
probabilities of exceedance in a period of time of 50 years for a strong ground
motion event:

The Near Collapse limit state (NC), corresponds to a seismic event with a
probability of 2% to be exceeded in 50 years.

Significant Damage limit stat (SD) corresponds to a seismic event with a
probability of 10% to be exceeded in 50 years, and finally

Damage Limitation limit state (DL), corresponds to a seismic event with a
probability of 20% to be exceeded in 50 years.
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10.6 Modelling

Models in any advanced software are mathematical representations which provide a
means for predicting the response characteristics of a structure without actually
building it, and subjecting the structure to the maximum loads or disturbances it is
being designed to withstand.

Throughout the frame elements of the structure, non-linear plastic hinges are added
— which serve the purpose of control points — in which the stress level increases
gradually along with the gradually increased lateral loading. When a particular non-
linear hinge reaches its failure point, load redistribution occurs with possible global
yielding effects, or yielding of other nearby non-linear hinges. This way, the various
weaknesses of the structure can be identified and monitored in a step-by-step
procedure from the beginning of lateral load application towards reaching the target
displacement. Moreover, with this approach retrofit decisions can be made easier.

In our case the building was modeled and analyzed using the ETABS Ultimate
Version 18.0.0 code, by C.S.I.
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Figure 1: 3D Model Idealization Figure 2: 3D Model Idealization
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10.7 Structural Model

The structure was modelled using linear elements for RC beams and columns and
shell elements for shear walls and RC slabs. Regarding the foundation system,
fixity was assumed at the element bases. Overall dimensions, element sections
and material properties included in the analysis model, were based on the survey
drawings and findings, the photos taken on site and the laboratory results.

The building was designated together with the client to be of importance class Il
and hence the design ground acceleration (0.25g) was multiplied by a factor
of 1 according to the EC8 recommendations. Further to this, the material
damping was set as 5% and the soil class was taken to be class B.
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Figure 6: Frame Element main moment Range under U.L.S.

Earthquake Combination in main X-direction.

Figure 5: Pier Element main moment Range under U.L.S.

Earthquake Combination in main X-direction.
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Figure 7: Frame Element main shears under U.L.S. Figure 8: Frame Element main moments under U.L.S.
combination 1.35G + 1.5Q. combination 1.35G + 1.5Q.
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10.8 Performance and Risk Seismic Rehabilitation

A seismic risk assessment procedure involves the novel concept of
performance levels or objectives, used to define the targeted level of risk for
the building investigated. Their complex nature suggests that they should be
carefully studied and discussed with building owners before use.

Generally, the terminology used for target building Performance Levels is
intended to represent goals of design. Structures rehabilitated to a higher
standard will always perform better than the ones designed to a lesser one.

Variations in actual performance could be associated with unknown geometry and
member sizes in existing buildings, deterioration of materials, incomplete site data,
variation of ground motion that can occur within a small area and incomplete
knowledge and simplifications related to modeling and analysis (former FEMA
356).
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10.8 Performance and Risk Seismic Rehabilitation

Building performance can be described qualitatively in terms of:

(a) the safety afforded to building occupants during and after the event;

(b) the cost and feasibility of restoring the building to pre-earthquake
condition;

(c) the length of time the building is removed from service to effect repairs;

and
(d) economic, architectural, or historic impacts on the larger community.

These performance characteristics are directly related to the extent of damage
that would be sustained by the building. A broad range of target building
performance levels may be selected when determining rehabilitation objectives.

Probabilistic earthquake hazard levels frequently used in relevant standard and

their corresponding mean return periods (the average number of years between
events of similar severity) are as shown in Table 2.
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10.8 Performance and Risk Seismic Rehabilitation

Probability of Exceedance Mean Return Period (years)"

20% / 50years (DL) 225
10% / 50years (SD) 475
2% / 50years (NC) 2475

These mean return periods are typically rounded to 225, 500 and 2500 years, respectively.

Table 2: Earthquake probability of
exceedance versus mean return period.

The rehabilitation objective selected as a basis for design will determine, to a
great extent, the cost and feasibility of any rehabilitation project, as well as the

benefit to be obtained in terms of improved safety, reduction in property damage,
and interruption of use in the event of future earthquakes
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10.9 Performance and Risk Seismic Rehabilitation

Regarding the strategy for assessing the seismic capacity of the building, the

general parameters to be determined before the assessment of the existing

structure and the evaluation of probable rehabilitation alternatives are the

following:

» The magnitude of the seismic action to be taken into account in the assessment
and strengthening design (Codes & Annexes).

*The performance level that is acceptable for the structure and its
subcomponents.

The combination of action and performance levels proposed by Eurocode 8 for
our building was corresponding to level SD, thus multiplied by a factor of 1.0. The
corresponding peak ground acceleration proposed in the Cyprus National Annex
to Eurocode 8 for this level is 0.25g on rock at the location of the building.

Thus considering the building function, we suggested a a scheme of
strengthening up to the level of a 10% exceedance probability in 50 years
for the Significant Damage performance level.
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* Photos after the structural/seismic strengthening — FINAL BUILDING
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THANK YOU FOR YOUR
ATTENTION!
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