OASP

Organlsmos Antiselsmikou
Sxedlasmou & Prostaslas

(Earthquake Planning
& Protection Organization - EPPO)

EUR‘OPA

EURHOR% MILIDR HAZARDS
ACEORD ENR-OFA ms MAIEURS

ion of horizontal tie beams in

g by means of radar of endoscopy.

m—

H 38

I

Tr‘nn..

COUNCIL OF BLURCTE

CONSEIL DE LEURCPE

WBHIC
IS







—
[ COUNCIL OF ELUROPE
* v
2 g
OASP £ EUI’\-OIJ&
} £
Cvganismos Antisolemikou %, )
Srdnanu & Prosissies %, IS

EUR-OPA MAJOR HAZARDS AGREEMENT
ACCORD EUR-OPA RISQUES MAJEURS COMNSEIL DE LEUROPE

ECILS/ECPFE Workshop

“Seismic Assessment and Retrofitting of
Masonry and Preserved Structures”

PROCEEDINGS

Skopje, 23rd May 2024



Introductory Note

EUR-OPA Major Hazards Agreement is a platform for co-operation in the field of major natural and techno-
logical disasters. Its field of competence covers disaster risk reduction, in particular; knowledge, prevention,
preparedness, risk management and post-crisis analysis.

The main objectives of the EUR-OPA Major Hazards Agreement are to reinforce and to promote co-operation
between member States in a multi-disciplinary context to ensure better prevention, protection against risks
and better preparation in the event of major natural or technological disasters. In Greece, It was ratified by
the Greek Law, 2031/92.

The ‘Specialized Centers’ operate within the framework of EUR-OPA, with specific role to develop projects,
both at the national and regional level, that aim to improve the awareness and resilience to major risks with-
in the population.

The European Center on Prevention of Earthquakes(ECPFE), was inaugurated in 1987 and it is part of the
Network of the 21 Specialized Centers of the Agreement. It is supported administratively and financially by
Earthguake Planning and Protection Organization(OASP).

The axis of policy are: Earthquake Protection of Monuments & Historical Centers, Earthquake-Development
of Informative Material for individuals with disabilities, Reduction of the Vulnerability of Structures, Acces-
sibility Assessment. In 2023, ECPFE and OASP organized a Workshop in Athens on “Seismic Assessment and
Retrofitting of Masonry and Preserved Structures” where the new Greek Code for the Assessment and Struc-
tural Interventions of Masonry Structures (KADET) was presented. The European Centre on the Vulnerability
of Industrial and Lifeline Systems,(ECILS), from North Macedonia participated as a partner in the Workshop,
held in Athens. KADET is the third level pre-earthquake assessment for masonry buildings.

KADET, the new Greek Code for the assessment and structural interventions of masonry structures, was
issued in Greece in 2022, responding to a long term need for a regulatory framework, relevant to seismic
intervention of existing masonry structures.



As a follow up, ECILS, organized a workshop on the “Seismic Assessment and Retrofitting of Masonry and Pre-
served Structures” on 23 May 2024, in Skopje. The workshop constituted another milestone of a joint project
implemented in cooperation with the European Centre on Prevention and Forecasting of Earthquakes, from
Athens, Greece. In addition to the exchange of know-how at this workshop, both Centres working together
under the aegis of the EUR-OPA Network of Scientific Centres, collected preliminary data from masonry and
preserved structures in North Macedonia and discussed the lessons learned from the implementation of the
new Greek Code on Seismic assessment and retrofitting of masonry structures (KADET).

During the workshop, distinguished Professors and also colleagues of ECPFE from Greece, Dritsos, Vintzi-
laiou, Miltiadou and Pandazopoulou, presented the separate chapters of the Code.

Relevant methodologies and experiences in the field of preserved masonry structures,will also be present-
ed, commented and compared by ECILS, N.Macedonia and Serbia as well.

This Workshop, was a great opportunity to bring together distinguished scientists from different countries,
to exchange ideas, to collaborate in the future and to improve measures to cope with. Specifically as the two
countries and the Balkan area as a whole, share a common past in the field of cultural heritage, KADET is a
very important tool that can be implemented in this field.

To conclude, | would also like to thank once again our colleagues, from both Centers, for the initiation to
organise this event.

Dr Evangelia-Linda Pelli
Dir of Earthquake Planning Div. of OASP &
Dir of ECPFE

Maria Panoutsopoulou
Head of Planning Dep. of OASP &
Dep. Dir of ECPFE
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Opening address: Krzysztof Zyman,
Executive Secretary
European and Mediterranean Major Hazards Agreement (EUR-OPA)

23 May 2024, Skopje,

North Macedonia



Dear prof. Roberta Apostolska, deputy director of the Institute of Earthquake Engineering and Engineering
Seismology, 1Z1I1S-Skopje

Dear prof. Veronika Shendova, director of European Centre on the Vulnerability of Industrial and Lifeline
Systems, ECILS, North Macedonia

thank you for your invitation to address this important gathering in my capacity of the Executive Secretary
of the European and Mediterranean Major Hazards Agreement (EUR-OPA). | am grateful for this invitation
and | warmly welcome other Seakers and Participants: Mr Vlatko Sestov, Mr Zoran Pavlov and Ms Linda Pelli
(online).

Ladies and Gentlemen,

On 13 September 2023, | had the privilege of opening online the “Seismic Assessment and Retrofitting of
Masonry and Preserved Structures” workshop held in Athens, that many of you participated in. | am equally
honoured to be addressing you today, as you are gathered in Skopje, North Macedonia.

| am particularly grateful to be given the floor at the Workshop that gathers academics specialising in a va-

riety of technical fields, working in an interdisciplinary manner, identifying problem areas, examining data,

proposing solutions and making cases for policies to be implemented to increase resilience to earthquakes.
| note with satisfaction the international aspect of your workshop, notably the presence of Professors Drit-
sos, Miltiadou, Vintzeliou and Pantazopulou from Greece and Ms Svetlana Brzev from Canada.

Today’s workshop constitutes another milestone of a joint project between the European Centre on the
Vulnerability of Industrial and Lifeline Systems, from North Macedonia and the European Centre on Preven-
tion and Forecasting of Earthquakes, Athens, Greece implemented under the aegis of the EUR-OPA Network
of Scientific Centres.

In addition to the exchange of know-how at this workshop, both centres are collecting preliminary data
from masonry and preserved structures in North Macedonia and discussing the lessons learned from the
implementation of the new Greek Code on Seismic assessment and retrofitting of masonry structures
(KAAET). This is exactly the type of cooperation that the EUR-OPA Network of Scientific Centres was create
for. | am very satisfied to see it applied in practice.
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Dear Participants,

Fighting against environmental degradation and climate change is one of the key priorities of the Stra-
tegic Framework for the Council of Europe. At the 4th Summit of the Heads of State and Government of
the Council of Europe held in mid-May 2023 in Reykjavik, member States adopted a Declaration “United
Around Our Values” in which they underlined the urgency of taking co-ordinated action to protect the
environment by countering the triple planetary crisis of pollution, climate change, and loss of biodiversity.
The Declaration, which provides guidance for future priorities of the Council of Europe affirms that human
rights and the environment are intertwined and that a clean, healthy and sustainable environment is inte-
gral to the full enjoyment of human rights by present and future generations.

These priorities, that are currently being implemented by the Council of Europe, are directly relevant for
the topic of your workshop today, as climate change increases the hazard of occurring disastrous events be-
ing more frequent and occurring with greater force. Higher sea surface temperatures increase evaporation
and add additional moisture to the atmosphere over the oceans. This extra water vapor boosts the precipi-
tation dumped by rainstorms and blizzards on coastal areas and inland locations.

While wetter areas will experience more precipitation, dry regions of the world will likely become drier

due to the changes that ocean warming causes to the water cycle. Devastating fires over the dry land and
unusually violent precipitation and flooding weaken structurally buildings and other structures by under-
mining the foundations as underground water levels drop due to drought or when land is eroded due to
flooding. In consequence buildings and other structures are more vulnerable to earthquakes.

| wish you all interesting discussions and many insightful ideas. | am also looking forward to continued co-
operation - and schedule permitting - meeting and greeting you all in person next time.

Thank you for your attention!
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Code for the assessment and structural interventions of masonry structures — KADET

Earthquakes represent one of the most destructive natural hazards

Number of deaths by disaster type (1994-2013)

@

55%

750,000

> ‘!.‘-". < ~$’ s
http://www.boston.com/bigpicture/2010/01/earthquake_in_haiti.html

Ref: The Human Cost of Natural Disasters, CRE of Disasters, 2015

O PATROS Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024

Code for the assessment and structural interventions of masonry structures — KADET

Assessment and retrofitting is a much more complicated issue, than
the design of new structures

= [imited knowledge, poorly documented for the subject
= [ ack of codes or other regulations

= The configuration of the structural system of an existing structure may not be
permitted according to the new code provisions. However, it exists.

® High uncertainty in the basic data of the initial phase of documentation.
Hidden errors or faults.

= Use of new (retrofitting) materials, which are still under investigation!

= Usually, low (or negative) qualifications or experience of workmanship in
retrofitting applications

O '[;;'Q-'l'-‘i'{:'}\‘:'\;; Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024
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Code for the assessment and structural interventions of masonry structures — KADET

KADET: the new Greek Code for the Assessment and Structural
Interventions of Masonry Structures

KADET first issued in Greece in 2022: long term need for a regulatory
framework

Challenging task

v" inherent complexity of the problems associated with the seismic performance of
masonry and the inevitable lack of scientific consensus on many open research
topics.

v’ need for simple, yet rigorous solutions and calculations for the practicing
engineers in the framework of a legislative document.

v" vast majority of the existing masonry structures in Greece and beyond, usually
is not compliant to any code for new structures.

v need for good understanding of the load bearing mechanisms of both the
existing (as built) and the retrofitted structures.

O PATRAS Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024

Code for the assessment and structural interventions of masonry structures — KADET

KADET: the history

2011: Appointment of the first drafting Committee for the Code
development by the Directing Board of OASP, after the enforcement of the
Greek Code for Seismic Interventions for RC Structures — KANEPE (used
as a guide in terms of structure and context).

April 2017: The first draft of KADET reviewed by 13 independent experts
and 17 well established design offices acted as consultants that worked
pro-bono to perform pilot studies on a set archetype structures to
demonstrate and ultimately improve the applicability of the Code.

March 2019: All comments were addressed by the Committee and were
taken on board leading to the next draft version of the KADET.

September 2019: The code draft was open to public consultation.
March 2021: The new draft of the code was presented.

2022: KADET was finalized following a second round of public consultation
by a finalization and publication committee.

2023: Enforcement of KADET as legislative document

O UIVERSITY OF Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024



Code for the assessment and structural interventions of masonry structures — KADET
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Code for the assessment and structural interventions of masonry structures — KADET

KADET: Objectives

®* The main objective of the present code KADET is the introduction and
enforcement of criteria for the assessment of the bearing capacity of
existing masonry structures to resist seismic forces. The Code sets rules
for the re-design of these structures following potential interventions (repair
or strengthening), as well as for the interventions themselves.

= More specific aims are to:

- offer a set of specific criteria for assessing the seismic response of masonry

structures,

- describe the appropriate approach for select the appropriate measures of
intervention (repair, strengthening or addition of new elements)

- set criteria for the re-design of the retrofitted structure, including the design of
the strengthened or new structural elements and their connections, either
between new and existing ones or among the new elements themselves.

UNIVERSITY OF
O PATRAS

Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024

16




Code for the assessment and structural interventions of masonry structures — KADET

KADET - Field of Application

= |t covers all masonry structures, formed by masonry units (stones, bricks
etc.) connected with mortar, however, it is evident that the underlying main
principles of mechanics are of general use.

» Dry-stone masonry structures are not included

* Preserved buildings, monumental structures and monuments — Applied
But often under additional provisions and restrictions (provided by the
responsible Public Authority) depending on the particularity of each building

= Structures made of timber-frame masonry and Structures with a
composite bearing body (vertical elements from masonry and RC)
— Applied
In these cases, the Code can be used by the designer in combination
with other Regulations (indicative: KAN.EPE., EC 3-1-1, EC 4-1-1, EC 5-1-
1), with reasonable assumptions in favor of safety for the entire structure.

O PATRAS Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024

Code for the assessment and structural interventions of masonry structures — KADET

Obligation of the code provisions
= Depending on the expression, such as: must, applies,
may, proposed, alternatively

= Comments: Same force as main text (formative)

Is partial satisfaction of the requirements of the Code allowed?

YES under certain conditions

= Either with an explicit reference to the Code

= Eijther by a relevant decision of a Public Authority

O UIVERSITY OF Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024



Code for the assessment and structural interventions of masonry structures — KADET

Obligation of the code provisions

Is it allowed to use other evaluation methods besides those of the Code?
YES under certain conditions
= Scientifically documented

= They provide at least the same level of safety

= They have been approved by the responsible Public Authority

v" In buildings assessed or redesigned with this Code, modifications of load-
bearing or non-load-bearing structural elements (e.g., timber framed
partition walls) are not allowed without a prior study of the consequences of
the changes.

O PRI Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024

Code for the assessment and structural interventions of masonry structures — KADET

Structure of the Code (same with KANEPE)

g g

| Field of Application (Ch.1) ! —

' Basic Principles (Ch.2) ! BASIC DATA

L T 4 * Investigation - Documentation (Ch.3)

- Confidence levels
» Rationality of Verifications — Basic Variables —
Partial Confidence and Safety factors (Ch.4)

! !

ACT|ON EFFECTS (Sd) RESISTANCES (Rd)
Analysis prior and after » Basic behaviour models (Ch.6)
interventions (Ch.5) * Capacity of structural elements (Ch.7)

- Types of tie-elements and connections

_(?_'_‘_‘5)_ _____________________ J
SAFETY VERIFICATION
____________________________________ ] Sd<R4 (Ch.9)
i Required Contents of the Study ! Bt 10 R e U B e e R i
i (Ch.10) i N i ANNEX :
' Quality assurance-Maintenance : i - Types of Masonry :
i (Ch.11) ! - Types of floor/roof i

O UIVERSITY OF Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024



Code for the assessment and structural interventions of masonry structures — KADET

KADET vs Eurocode

KADET and Eurocode share the same concept, adopting a similar framework for the
assessment and retrofitting of existing structures. However:

= KADET:

v’ is deemed as a major advancement in relation to the current version of Eurocode 8
— Part 3 (CEN, 2004) and the provisions referring to masonry structures as outlined
in its respective Appendix C for dealing with seismic assessment and retrofitting of
buildings.

v is also more detailed covering approximately 350 pages compared to the new draft
of the new generation Eurocode 8-Part 3 (CEN, version 16-12-2022) and
specifically to the provisions of Chapter 11, which is dedicated to masonry (40

pages).

O PATRAS Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024

Code for the assessment and structural interventions of masonry structures — KADET

KADET and Eurocode Concept

What is failure? == Action effects > Resistance

In the design of a new building this could never be accepted
However, in an existing building this is very possible to occur

Questions: What level of damage will there be?
What are the consequences?

Is this acceptable?

O UIVERSITY OF Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024
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Code for the assessment and structural interventions of masonry structures — KADET

Damage Levels - Performance Levels or Limit States (LS)
in relation to the acceptable (tolerable) degree of damage of the building

Performance Level A
Damage Limitation (DL) or
Immediate Occupancy (I0)

= Minimal damage, elements have not
substantially yielded

Performance Level B Sienificant d . ted in th
SEneT B ma sl D) — ignifican amage is accepted in the

| building, as usually it happens in the
or Life Safety (LS
l y (L) ductility design of new buildings.

Performance Level C
Near Collapse (NC) or
Collapse Prevention (CP)

= Extensive and serious or severe damage
is accepted. The building is very close to
collapse

O PATHAS Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024

Code for the assessment and structural interventions of masonry structures — KADET

Damage Levels - Performance Levels or Limit States (LS)
in relation to the acceptable (tolerable) degree of damage of the building

the structure has only experienced light damage.

Its structural members retain a high degree of their
capacity and stiffness. Residual relative displacements
between storeys are negligible.

Performance Level A ™%
Damage Limitation (DL)

h h ffe 1 f which
Performance Level B = the structure has suffered major damage, some of whic

Significant Damage (SD)

may be severe, without local collapses. However, it has
retained residual bearing capacity and stiffness. The
vertical structural members are able to bear permanent
(gravity) and live loads. Some moderate residual relative
displacements do exist among storeys, that can be large
locally. The load-bearing structural system can resist
moderate future earthquakes.

O PATIAS Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024



Code for the assessment and structural interventions of masonry structures — KADET

Damage Levels - Performance Levels or Limit States (LS)
in relation to the acceptable (tolerable) degree of damage of the building

Performance Level C
Near Collapse (NC)

=

the structure has experienced severe damage, the
majority of which is not repairable. Its residual capacity
and stiffness are low; however, the vertical structural
members are still able to bear permanent and live loads.
Large residual relative displacements among storeys
are observed. The load-bearing system does not
possess adequate safety factor against collapse, and it
is likely that it will not be able to resist future
earthquakes even of moderate intensity.

O YTy oF Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024
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Performance Levels’ llustration

" . : . Vs V2 V, 5,5, 8
Gradual pushing (static horizontal loading) | G R o,
of structure up to failure S T e -
(Base shear) 2—3—#‘
V 4 V 1 Performance Levels V73N QR
: N ' Points (v, ;)
Capacity curve s
V. A L
3 (]
Vv, ‘
Vi

; (Top displacement)

51'5;53 (]

¢ Light | Significapt Heavy _: damage

= The capacity curve of the building is represented by a base shear versus top displacement
graph, which can be defined using pushover analysis.
= The performance levels A, B and C could be illustrated in the capacity curve as shown in this

slide.

= The yield point of the curve represents yielding of the structural elements and defines the end of
Performance Level A which is the level of damage limitation.

= C represents the enter of the near collapse level, while B is the threshold ( of performance level
B) and is depicted in this curve between B and C.

O YNpERTYOF Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024
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Code for the assessment and structural interventions of masonry structures — KADET

Seismic Actions

Which is the design earthquake in assessment pro or after retrofitting?

=  Which return period should be selected for the seismic action?
= Should this be the same as for new structures?

= Generally, assessment can be performed for a seismic action with any

possible probability of occurrence (during the design life of the building ) for
any desired performance level.

= |t is up to the owner to select the design seismic action and the desired
Performance Level. However, in case of high importance structures there
are specific limits for the minimum seismic actions and Performance Levels,
which are defined by the national authorities.

Q i

Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024

Code for the assessment and structural interventions of masonry structures — KADET

Performance Objectives

KADET: Nine design earthquakes combined with three performance
levels = 27 Performance Objectives

seiemic Occurre.n.ce Performance Levels
o probability | o, /a, Level A Level B Level C
in 50 years Damage Limitation (DL) | Significant Damage (SD) | Near Collapse (NC)

EO 2% 1.80 A0 BO Cco
E* 5% 1.30 Al+ Bl+ c1+
E, 10% 1.00
E,* 20% 0.75
E, 30% 0.60
E3+ 50% 0.45
E, 70% 0.35
E,;* 90% 0.25
E4 >90% <0.25

0y IS the reference horizontal ground acceleration defined with a 10% probability to be
exceeded in 50 years (as in the design of new structures) and
a, is the seismic acceleration adopted in the assessment and redesign.

0y /04 e - SEISMIC design index

©)

PRTION

Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024




Code for the assessment and structural interventions of masonry structures — KADET

Seismic Classes of Buildings

Which is the maximum seismic action that leads to failure of the building? (Owner or
public authority question)

» For an acceptable level of damage (e.g., for a pre-selected performance level)
* Which is the higher performance objective that could be achieved?
mm) Seismic class of building

» For each Performance Level, the maximum seismic action a building can resist
defines its seismic class. Classes of performance level B, are considered as basic

classes.
Performance Level of the load-bearing structural system
max g /0 rer A B C
Limited Damage Significant Damage Near Collapse

1.80

max a4 /0, ¢ : capacity index

O YTy oF Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024
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KADET: Social - Economic Aspects

KADET promotes a strategic decision to serve social-economic needs and yield
redesign of masonry structures financially viable, hence, more attractive.

The minimum mandatory requirements for seismic capacity that must be met by
existing structures may, under conditions, be reduced in relation to the provisions of
the current design regulations that apply (at the time of the assessment) for new
structures.

= The minimum acceptable assessment or redesign objectives are defined
according to the importance class of the building. The owner can choose higher
than the above minimum objective.

Minimum acceptable assessment or redesign objectives

Importance Class Minimum Acceptable Objectives
I C2
Il C1
1 B1
v B1 and A2 (both to be fullfilled)

O YNpERTYOF Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024



Code for the assessment and structural interventions of masonry structures — KADET

KADET: Social - Economic Aspects

A breadth of options are provided to the designer in order to meet the specific needs of the
respective owner or stakeholder that is assessed with the aim to be strengthened. It is
deemed that the above flexible scheme will encourage pre-earthquake assessment and

seismic upgrade of the existing stock of masonry structures and upscale the application of this
new regulatory framework across the country.

Alternative Minima for the Redesign of Buildings of Importance Class | and Il

In private buildings, any restoration or change of use and possibly addition of new floors,
may be allowed under the condition that the building is finally upgraded (by retrofitting it) one
basic seismic class at least and from those of Table below.

The higher seismic class is achieved, the higher financial support can be received by the
State.

Table.1 Minimum (prior to be upgraded) basic seismic classes of existing buildings of importance | and Il

Construction period and Minimum basic seismic class
respective applied design code of existing buildings
...<1985 B3
1985%<...<1995 B3+
1995<... B2+
O PATRAS Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024
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Assessment Procedure

1st stage:

Documentation of the existing structure

2st stage:

Assessment of the (seismic) capacity of the structure

3rd stage:

Design the structural intervention

O PATIAS Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024
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Documentation of an Existing Structure

e Data on the strength of materials

* Reinforcement (quantity and detailing)

* Geometry (including foundation)

e Actual loads

* Past damage or “wear and tear” or defects

Extend of documentation m=)  Knowledge Levels (KL)

O YTy oF Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024
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Documentation: Knowledge Levels (KL)

Geometry (KLG), Strength of Materials (KLM), Details (KLD)

® High Knowledge (Comprehensive Survey) =) KL3
® Average Knowledge (Extended Survey) ) KL2
" Minimum Knowledge (Limited Survey) =) KL1

" Inadequate: May allowed only for secondary elements

==> Confidence factors = Safety factors for assessment of existing structures

O YNpERTYOF Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024
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Materials

Determination of masonry’s compressive strength (empirical calculation)
fwe = EUEFoc = fo} + fimcl

Determination of mortar’s tensile strength
The fragments method is recommended

Reference values for the strength of materials under specific conditions

» In small-sized buildings of minor importance that are free from damage
(area up to approx. 100 m? and maximum 2 floors above the basement)

» In cases when mortar is particularly friable, so samples for mechanical tests
cannot be obtained

» Not in monumental or preserved buildings

O YTy oF Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024
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Methods of Analysis before and after the Intervention

Lateral Force (Static) Method of Analysis — Basic Reference Method

Modal Response Spectrum Analysis (Elastic Dynamic)

Non linear Static Analysis

Non linear Dynamic Analysis (Time History Analysis) — Not recommended
in general

Approximated Analysis

Linear Analysis by using:
v Global behavior factors q (q-factor approach) or local factors m
(m=8,,,/d,) through force control

v' R=V./V, through deformation control

O YNpERTYOF Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024
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q-factor approach

Table 2: Reference values of the behavior factor q for performance level B (Significant Damage)

Existing damage in primary structural
Masonry Type elements
YES NO
Unreinforced masonry 1,20 1,50
Masonry with horizontal ring beams 1,50 2,00
Masonry with horizontal and vertical tie 2,00 2,50
elements (confined masonry)

A modified behaviour factor g* is prescribed in KADET to account for different performance levels adopted for
assessment or redesign, as opposed to the fixed value of g<1.5 prescribed in current version of Eurocode 8 —
Part 3 (CEN, 2004). The values of ratio q*/q are summarized in the following table:

Table 3:Values of the ratio q*/q

Performance Level
Damage Limitation (A) Significant Damage (B) Near Collapse (C)
0,60
in any case 1,0 1,4
1,0<q*<1,2

g* refers to values of any performance level, q refers to values of performance level B (Table 1)

O YTy oF Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024
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Elastic Analysis
Application with control in terms of deformations

A . . . .
\Y% 'V Corellation between elastic and inelastic

| deformations
: dm-.' 1 T>T
] - = a 1=
: dn’ yu &

Vol dinet 1.0+(R—1)¥}1 Wt
| | — =21 wn e
] dey R
R=Vu/Vy

- : » V. Obtained from the eleastic spectrum
d_\, d~| d d

inel V', Base shear at the yield point of the structure
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Safety Checks M

Verification criteria for performance
levels A, B or C are defined in terms of
forces or deformations depending on the
analysis method

Sd is the design action effect

Sdé Rd

8 2 8, 0
Rd is the design resistance 4 8 +0)/

For brittle components/mechanisms (e.g., shear) Sd, R, concern forces

For ductile components/mechanisms (e.g., flexural) Sd, R e eerrsdoforiations

A Level (10) 0 =0,
6, +6 6,
B Lavelis) s ca ot vt o - e e A
Rd Rd
Yra 2 Y Rra
‘primary” elements “secondary” elements
C Level (NC) 0 = 0, 7p=1,8 for “primary” elements
Rd Y ra ¥rs =1,0 for “secondary” elements
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Elastic Acceleration Response Spectrum according to EC8 (EN 1998-1)

Sy
L . T n
. 0<T<Ty: S.(T)=a, -s-{n—-{f;-:j—u}

- T.T,
Tp<T<4s: se(r,)zag..an-z.s[ S D}

T2
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Out-of-Plane Action

___
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Out-of-Plane Action

O ‘p‘A‘H;'}\“, Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024
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Out-of-Plane Action
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Out-of-Plane Action

A

e

N ) 35
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Corner Failure

O ia\xllk]l{':.\“g Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024
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In-Plane Action

\-\.

Diagonal ]
crack
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In-Plane Action

PRSI RTT T .

Diagonal
crack
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Sub- vertica

. cracks
Tensile \

1)
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In-Plane Action
" Sliding shear failure
photo by J. Jara
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Safety Verification against Overturning
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Local Checks
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Punching control at the floor support
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Interventions in Masonry with conventional techniques

A. Reconstruction, B. Introduction of a RC ring tie beam, I. Stone stitching, A. Re-pointing,
B. E. Groutinjection, 2T. Covering with fiber reinforced mortar

P. Koufopoulos, “Theoretical and practical issues for strengthening of monumental structures by steel elements”,
21° Student Conference, University of Patras, 2015

O PATRAS Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024
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Interventions in Masonry with steel elements or other modern materials

KATOWH ME
TeEMER AILATATH EAV»yf.nq—wn/

A. Introduction of steel ties along the walls, B. Steel bars for corner stitching, I'. Array of prestressed or
unstressed steel bars, A. Crack stitching with small mismatched steel rods

P. Koufopoulos, “Theoretical and practical issues for strengthening of monumental structures by steel elements”,
21° Student Conference, University of Patras, 2015

O PATRAS Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024
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Interventions in masonry with steel ties or other modern materials

(=
" Y\

{

b ~ - 5 il ‘\\1 . A \.‘_._
P. Koufopoulos, “Theoretical and practical issues for strengthening of monumental structures by steel elements”,

21° Student Conference, University of Patras, 2015
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Addition of a new internal structural system

With stiffness at least equal to the stiffness of the existing structure

Crucial for the application of the technique: Connections to the existing building should
be verified

There should be at least two non-coplanar and stable new elements in two mutually
perpendicular directions (e.g. the main ones), depending on the size, geometry and
regularity of the structure

Eurocodes should be used for the design of the new system

In the application of the q factor approach, when the ratio Vg / V¢ is at least equal to 0.75
on each floor and in each direction, q is taken as in new constructions

Vr is the total resisting shear force of the new elements and

V¢ is the active shear force

In cases where 0.60 <V / V¢ < 0.75, q'= 4/5q can be obtained

O PATHAS Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024
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The Greek Myth

The ancient Greeks had impersonated earthquake as the chief of the
Giants named Egelados, who was attacking and punishing the people.
The myth says that goddess Athena bit Egelados in a battle and
imprisoned him in Mountain Etna, in Sicily. This is the reason why Etna
erupts from time to time, as Egelados tries to escape.

As Athena was the goddess of wisdom and knowledge, the myth’s
message is that people shouldn’t be afraid. Knowledge and wisdom will
win the battle with the earthquake.

O PATIAS Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024



Code for the assessment and structural interventions of masonry structures — KADET

References

Code for the Assessment and Structural Interventions of Masonry Structures,
KADET (in Greek): https://tinyurl.com/2p82hu28

Code for Seismic Interventions of Concrete Structures, KAN.EPE. (2022),
34 amendment (in Greek): https://tinyurl.com/4dre57u3

Code for Seismic Interventions of Concrete Structures, KAN.EPE. (2012), 1st Draft
(in English):
https://ecpfe.oasp.qgr/sites/default/files/files/%CE%9A%CE%91%CE%9D %CE %95
%CE%AQ0%CE%95 EN2013_FINAL(1).pdf

CEN. (2004). European Standard EN 1998-3. Eurocode 8: Design of structures for
earthquake resistance - Part 3: Assessment and retrofitting of buildings”,
Committee for Standarization.

CEN/TC 250. (Draft 2023). Eurocode 8 - Design of structures for earthquake
resistance-Part 3: Assessment and retrofitting of buildings and bridges, Committee
for Standarization.

O PATROS Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024

Code for the assessment and structural interventions of masonry structures — KADET

YNOYPFEI0 KAMATIKHE KPERT KAl NOAITIKKE APOETALIAL
CPANIMEL ANTIZETMINGY IXEMAINOY KAI NPOTTARIAE

CODE FOR THE
ASSESSMENT AND
STRUCTURAL
INTERVENTIONS
OF MASONRY
STRUCTURES
(KADET) https://oasp.gr
https://ecpfe.oasp.gr/

www.episkeves.civil.upatras.gr

OPTANIIMOZ ANTIZEIEMIKOY EXEAIAEMOY EYPOMAIKO KENTPO NPOAHWHE XA
& NPOLTALIAL {OALN) NPOMNATHE TON ZEITMON (EXNND)

A
o
£ 11, EARTHOUAKE PLARNING AND ‘\j " EUROPEAN CENTER ON PREVENTION

PROTECTION ORCANQATION (EPPO) AND FORECASTING OF EARTHQUAKES (ECPFE

ABHNA 2022

O '[n'n']'a'}u Stephanos E. Dritsos, Prof. Emeritus | Scopje, May 23rd 2024

37







Ao
WUAC 4
rUREOP L @g
EUR-OPA MAJOR HAZARDS AGREE MENT : IZI IS l‘% &
ACCORD EUR-OFA RISQUES MAJEURS  CONSEIL DE LEUROPE %*'mnumm“f

“Seismic Assessment and Retrofitting of
Masonry and Preserved Structures”

Investigation and Documentation in KADET

Androniki Miltiadou-Fezans

Dr Civil Engineer,
Associate Professor (r.), School of Architecture,
National Technical University of Athens

Skopje, 23rd May 2024, I1ZIIS Premises



Introduction

Existing masonry structures, differ from ordinary new structures built under

controlled conditions of conception and construction, as they are old “non
engineered” structures, which:

a) have been constructed without prior calculation and dimensioning

We need to discover their secrets

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

Introduction

B) are based on empirical knowledge gained through trial and error. usually
reflected in local earthquake resistant structural systems developed over the
centuries to protect human life and prevent collapse and severe damage

PLOMARI LESVOS ISLAND
Local structural system, comprising a wooden reinforcement system on the inner side
of the masonry, systematically connected to the outer side with metallic ties well
anchored to the facade

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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Introduction
y) have suffered damage and interventions that need to be identified.
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Past interventions, often contributed, if not caused collapse and heavy damage

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

Vrisa, Lesvos island

Insertion of R.C. Ring beams of various
dimensions without strengthening the low
quality masonry and without taking measures
for their connection with masonry
Result: Collapse of ring beams and/or masonry

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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Introduction

Amatrice

The traditional buildings of rural architecture that exist in most of the villages of our countries,
give them a special local character, which we should preserve. Otherwise there is the danger,
after an earthquake to replace them with neo-traditional constructions, ...

The load bearing systems of such

structures are composed by masonry and

wood. These systems have to be

preserved, that is why they should be

investigated, documented and assessed,

in order to:

* Identify their internal vulnerabilities
and their advantages

*  Make it possible to design adequate
interventions to mitigate (in whole or
in part) the internal vulnerabilities of
the system, without altering it
radically.

BUT, WHY WE NEED TO
INVESTIGATE EACH BUILDING??

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens




... The mechanical characteristics of masonry depends on the mechanical characteristics of

constituent materials and the way of construction ... ,
: For the analysis of

the structural
behaviour, the
Engineer makes the
! hypothesis (even in
. the most precise

i ones) that the
masonry has the
same properties
through its entire
width..

But, the problems
emerge with the
earthquake and then
the operation is more
difficult and requires
a lot of resources
and time!!!

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

KADET CHAPTER 3

Before any design study or intervention, it is necessary to investigate and
document the existing structure to a sufficient extent and depth, with detailed
surveys, observations, in situ and lab investigations and records in order to
map the condition of the structure and the history of its construction and
maintenance, which may differ from structure to structure or even from one
part to the other of the same structure. Necessary, either there are or there
are no damages!!

Aiming at the structural so as to make the data on which the
documentation of the existing assessment and/or redesign study will be
building in sufficient extent based as reliable as possible.

and depth

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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KADET CHAPTER 3

The required in each case level of
reliability of the above data depends on
many factors, and affects

v’ the calculations of actions and
resistances
v" The decisions for the interventions

Some of the factors that affect the
reliability of the data are:

« the availability of the historical
records of the building

» the adequacy of the investigated
load-bearing system and its material
characteristics

* The difficulties to investigate on-
site invisible elements, connections,
and to assess material properties.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

KADET CHAPTER 3

For the assessment of the condition of the existing structure, data
will be collected, where necessary and feasible,

v" from available public or private records,

v’ from relevant responsible and reliable information,
v" from on-site and laboratory tests and investigations.

Inspection procedures, on-site and laboratory tests and investigations, and other data
collection procedures, shall follow professional or public organization specifications, and
shall be compatible with available means for inspection, investigation, and

repair/strengthneing measures. [see and § 1.2.1.(9)].

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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KADET CHAPTER 3

It is advised to carry out a preliminary
analysis of the building, after collecting the
necessary data, in order to identify:

The drafting of the investigation work
program is facilitated and its optimum
efficiency is achieved.

(a) the most vulnerable sections of the «  The areas are identified where the

structure | characteristics of materials and structural
(b) the expected failure modes of the members, which are expected to play a
building. significant role for the assessment of the

building's condition, should be assessed
as a matter of prioritv

There is relevant literature on the
preliminary sensitivity analysis that could
be performed by the designers.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

CONTENTS OF KADET CHAPTER 3

3.1 General (Introduction)
3.2 Survey and mapping of the load-bearing system

3.3 Historical survey Elements to be

3.4 Survey of decay and damage (pathology) documented
3.5 Investigations (in situ and laboratory).
3.6 In situ measurement of materials strength
3.7 Monitoring of the behaviour of the struvture
Methos of
3.8 Laboratoty tests documentation
3.9 Tests on scaled models of buildings
3.10 Data reliability level (D.R.L.) I Levelof
documentation

Annex 3.1 Contains elements to assist the Designer for the
selection of default strength values of the materials

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.2. Survey and mapping of the load bearing system

Knowledge of the geometry of the structure, which includes both load-bearing and non-
load-bearing structural members, is a prerequisite for assessment and redesign.

 General construction plans of the deformed structure: describe the
geometry of the load-bearing system, allow the determination of
structural members and their dimensions, and of the load-bearing
system that resists the vertical and lateral actions (earthquake, wind
pressure, etc.). They are based on:
* Architectural surveys of the building
* Already existing drawings after checking their accuracy
* |nvestigations for the invisible elements.

Kladaki’s tower in Rhodes

E‘ﬂ Jﬁ. E—n— -.-!

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

3.2. Atroturwon @. O. (pepovTWY + P PEPOVTWY OTOIXEIWV

Detailed construction drawings : in plan or elevation or section describe the way of
connection between the members and the construction detailing in all places where this is
deemed necessary.

(a) Roof drawings, Kladaki's tower in Rhodes

) Floor drawings, N
c) Drawings of curved entities acting as roofs or floors
d) Connection of roof and floors to the vertical load-bearing memb
e) Connections between the various roof and floor elements
f) Foundation drawings.
g) Plans of construction phases and past interventions

(b
(
(
(
(
(

Topn otéyng - dwpatog, kKAipaxka 1:20

APXIKH OEZH EYAINOY |

"TATEMA™ (APTIADAET XOMA )

ZYAINO NETEOMA NAXOYE 2 3cm.
APMOKANYTITPANAXOYE 1.2¢m
BSEYTEPEYOYZEL AOKO! MAXOYE 4.5¢m
KYPIEZ AOKOI NAXOYE 313 em

H

| OEZH MAPAMOPOOMENOY

| EYAINOY ZEYKTOY

Source: A. Chryside, Afch. Eng.

Aim: full understanding of the materials and the way of construction and connection of
each member with other members and the structural system of the entire construction
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3.3 Historical record

+ Gathering of information relevant to:

. Its construction time, as well as its construction phases.

. Subsequent additions, interventions, changes of use or loads, etc.

. Presence of damage or wear in the past and how they have been restored

+ Accidental actions (earthquakes, fire, pounding, construction of a large
neighbouring project, etc.).

The required adequacy and completeness of the historical record
is proportional to the importance of the structure.

In private buildings of small In buildings with
scale and limited importance, historical/architectural/artistic value, an

archive research and a review of the

relevant literature is required
The history may be a simple record of

facts, data, etc. or information, which
is given by the Project Owner.

The Historical Record can be based on
relevant studies of other disciplines (Architects,
Archaeologists, Historians, Art Historians, etc.)

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

3.3 Historical record

Great importance: data regarding possible pre-existing damage and interventions
METATENEXITEPEL ENEMBAZEIZ

Eix. 278 Eik. 280

Eix. 281

47



3.3 Historical record

In case that a building is located in a historic settlement, the collection of information can also
be done in neighbouring or other buildings of the settlement, which have been constructed with
the same structural system and have experienced similar actions.

Especially in terms of seismic response, the comparison of the structure under consideration
with other neighbouring ones is a piece of information that must be duly taken into account as
an overall physical test of the building.

._‘a

Vrisa, Lesvos island Anavatos, Chios island

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

3.4 Recording of damage and decay (pathology)

Damage: any alteration or deterioration of
the geometry, or of the continuity or the
mechanical characteristics of the load-bearing
or non-load-bearing elements (e.g. partition
walls constructed in-dry).

Examples of damage:

e Deformations of structural members
and/or their deviations from the vertical
or horizontal axes.

-=| © Cracks or detachments between
structural members.

e Local failures, cracks or fractures of
stone bodies.

o Deformations, fractures, disorganization
of wooden or metal elements.

o Extensive exfoliation of stone bodies.

Decay: due to

aging of the

mgaté;rials due to Both damage and Decay shall be

h sicocr;emical recorded and mapped on the drawings
chilons etc in plan, elevation and cross sections

Androniki Miltiagou-Fezans, Associate Professor (r), National Technical University of Athens
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3.4 Recording of damage and decay (pathology)

The detailed record of decay and damage “Pathology”, repaired or no and their evolution in
time since the beginning of the study, complements the mapping of the load-bearing.

All data regarding damage and decay are recorded on the survey drawings together with the
necessary explanations and relevant photos.

Selection of adequate means and in situ works, in order to survey
the deformed geometry of the building.
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FOYTOYAAK. | KAAYGOMMATOZ M. | POBHAQZM. | POZANHT. . o
Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

3.4 Recording of damage and decay (pathology)

Cracks are recorded in detail by location and size.
Other issues are also recorded such as:

V" Whether the cracks are new or preceding

whether their opening is constant or varies

significantly along the length of each crack.,
vooif out-of-plane displacement of the crack edges is
observed.,
i slip is observed along the cracks (between blocks g Kpmonasa, Mgy, Koo,
or arch stones, ...) g
v whether the cracks are constant over time or a

change in their width (or their length) has been
observed since the initiation of the study

V" ifthe cracks occur along joints or they cross through
the stones.

Special attention should be paid to the identification of
any horizontal cracks in horizontal joints or vertical
cracks in vertical joints and/or stone

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.4 Recording of damage and decay (pathology)

MeAém:, MiAtiaSou-Fezans,
OwpotrotAou, KwvaTavrivou

MeAém: Namragripou, MiATiaSou, AeAnvikoAa

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.4 Recording of damage and decay (pathology)

Many times it is necessary to draw up special The piers of the drum of the dome of the
plans or axometric drawings in order to Katholikon of Daphni Monastery, in Athens
render the damage in a more visual way.

MeAétn: MiATidSou-Fezans, AeAnvikoAag, Xwpagd, Zapoyiavvn,
AABMM &11 EBA - YNNO

West part of Aghia Eirini Church in
Aiolou Str., in Athens

i, o, e, L v, T e e e e TR . e e
am e - o )
) P el P o el ol o= Pl POl Tl o o P T P
YIIAPXONTA EYAINA ZEYKTA NEA METAAAIKA ZEYKTA

00

g -

——— ®ATNOMATIKH OPOOH

DXHMATIKH KATA MHKOZ TOMH TH OEZH AA (Ex....)
THMEIONETAL H MAPAMOPOREH TON ZEYKTON KAI THE

MeAétn: MiATiaSou-Fezans, @wpotoUAov, sxediaon;: B. £iepakn, Apy, Mnx
KwvoTavrivou

Mapaudpewan EUAIVIG GaTVWHATKAG 0POPAG Kl TWV GEPOVTWY Karoyn a1a8ung mapabipwv-Teaawyv TpoUAou.
autrv 6idupwy CEUKTWV MpoBoAr pwypwv nuio@aipikol keAU@oug. KatdkAion
EOWTEPIKWV OYEWV TIEGTWV.




3.4 Recording of damage and decay (pathology)

Possible poor workmanship or
construction errors, which cause a
change in the characteristics of the

load-bearing system and may have leac : :

to a reduction of the bearing capacity,
functionality and/or durability of the
building, are reported and duly taken
into account.

Potential damage to non-load-bearing
structural members (such as, for
example, partition walls) is also
recorded and evaluated appropriately.

Androniki Miltiadou-Fezans, Associate Proféssr(r), National Technical University of Athens
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ource: Raptis and |tr0|as,
Arch. Engineers

NAAAIOE AIAXQPIETIKOX TOIXOL
(MNATAATI)

1. KAAPONIA

2. KAAAMIA

3. EMIXPIEMA

3.4 Recording of damage and decay (pathology)

At this stage, depending on the
extent and intensity of the damage,
taking into account the importance of
the building, the need to take
immediate (emergency) intervention
measures is considered.

In the case of buildings classified as listed
or monuments, the relevant works must
have been previously approved by the
competent public authority

The choice of temporary emergency measures depends on
several factors, including the:

v" type and use of the building, in relation to its size and
importance (according to the meaning of the applicable
Seismic Code and/or the applicable relevant legislation)

v’ [type of damage

v’ [available resources (personnel, equipment, etc.)
v [degree of risk

v’ [probable evolution of damage

v lexpected seismic response

v’ [the cost of interventions

Such immediate intervention measures can be:
v Immediate demolition of unstable sections

| v Removal of loose or hanging elements

v" Reduction or removal of large loads

v" Temporary support against vertical loads

v Lateral support against horizontal loads

v" Prohibition of use of the building (in part or as a whole)

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.5.1 Investigation works - General

The investiaation works are aimed at Appropriate measurements and tests can be
€ Investigation Works are aimed a performed on site and/or in a Laboratory.

gathering data, which are necessary The choice of measurements and appropriate tests,
for assessing the capacity of the should be made on a case-by-case basis, at the
building. discretion of the Designer. However, to minimize
uncertainties, it is recommended to cross-check the

The exploratory works carried out are results of the measurements or tests.

divided into several groups, When drawing up the program of investigation works,
depending on the data obtained the Designer takes into account
through them: » the importance of the building,

* its pathology,

* Locating and mapping invisible » the type and methods of calculation that will be
s applied during the assessment and redesign.

* Material characteristics and method Based on the results of the exploratory works, the

of construction Designer must justify the assumptions made, on the
basis of which, the assessment and redesign will be
performed, in accordance with Chapters 2 and 4 of
this Code

* Foundation soil, etc.

* Other factors

Androniki Miltiadoli-Fezans, Associate Professor (r), National Technical University of Athens

3.5.1 Investigation works - General

The Designer draws up the program of the investigation works, which are carried out by
him/her, either under his/her supervision, or by laboratories recognized for this purpose.
The supervision of the execution of the program and the evaluation of the results, is
carried out by the Designer or another Engineer with the required qualifications.

Criteria for the selection of the sample size and the | Nonuments and listed buildings:

respective locations: « the sampling program must take into
» The intended level of data reliability. account the limitations that result
* The representativeness of the samples or from the historical/architectural value
sampling locations. of the building.
* Local damage and potential decay « the sampling program should have
the approval of the competent
The determination of the minimum number of Authorities.

sampling tests must be made in such a way, so that
statistical processing and calibration are possible
(see Ch. 3.10).

See in relevance "primary" and
"secondary" members, according to
§2.5.3.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

The importance of each structural member on
the seismic capacity of the building should also
be taken into account




3.5.2 Documentation of materials and method of construction

It includes Technical Reports, Drawings and evaluation of
results of on-site and/or laboratory investigations, which
contain data on the following:

a) the construction materials of all structural members and

their physical and mechanical characteristics, as well as the -
method of construction. Bricks|
Specifically for masonry elements, the following are indicated: i

(i) the type, shape, dimensions, way of carving and the way of
arrangement and interlocking of the stones, as well as the degree
of any erosion.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

3.5.2 Documentation of materials and method of construction

(i) the type and quality of the bed construction mortar and the mortar used for jointing (if
applicable), the thickness of the mortar joints, as well as the state of preservation of the
mortar (in terms of strength, hardness, disintegration, presence of decay, cracks or
possible large internal voids, etc.),

(iii) the way of constructlon of the masonry along the thlckness the existence or not of

transverse connections in two-leaf or three-leaf masonry and the characteristics of the filling
material (percentage of mortar and small pieces of stones, cohesion of material, existence of
voids and discontinuities, etc.).

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.5.2 Documentation of materials and method of construction

(iv) the minimum nominal width of cracks-voids-discontinuities (W, ), which characterizes
the masonry and is necessary for the design of an adequate strengthening hydraulic grout
and the percentage of voids and cracks to be filled.

@ Coexistence of cracks
* and discontinuities of
various widths: both
large and very fine
cracks are present

An estimation of the minimum nominal width of
discontinuities W, is needed

Two-leaf One-leaf

Jy N4 1
e

y) %
-

Mnyn: E.
Toakavika
Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

Mnyn: E. Toakavika

The importance of Wnom (minimum nominal width of voids)
o % “ ’ :

There is many fine cracks and voids in the
interior of masonry and it is proved that :

|« Itis not necessary to fill “all” voids of
masonry

» Aconsiderable increase of the strength
of masonry elements may be achieved
after filling voids of a nominal minimum
width of the order of 0,1-0,3 mm.

 Thus, strengthening of masonry is
achieved, without preventing the
masonry to breath

*  Moreover, through such fine cracks larger
internal ones may be reached

The "minimum nominal width" of the cracks-voids-discontinuities of a masonry is estimated by
the Engineer by using the results of the investigations, to be used in the design of the appropriate
grout composition: the grout should be able to penetrate cracks and voids having a width greater
than or equal to this width (see § 8.9.5, where a default value is also proposed =~ 0.25mm).

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.5.2 Documentation of materials and method of construction

(a)
(v) The elements used for masonry reinforcement, if existing (wooden or metal reinforcement,
etc.)

(a)

R Ll
) 1;

i ¢
vy

Mnyi: E. AeAnvikoAa

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

3.5.2 Documentation of materials and method of construction

(a)
(vii) the way the walls are connected and the condition of the connections (at the corners of the
building in case of external walls, as well as at the point of contact of external with internal load-
bearing walls etc.)

Aap6pemOT SUCTAVPOGEDY APYOLIBOS0NMY

MnyR: ZTuhiavidng - lyvarékng

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.5.2 Documentation of materials and method of construction

 (0)
(viii) the discontinuities in the vertical walls (walled openings, joints of different construction
phases, etc.).

MnyA: E. Toakavika

As

l'lnvr'lii;purnvdm;, Armhwyaniki, ANME, Mpootaoia Mvnpeiwv, EMT Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

3.5.2 Documentation of materials and method of construction

(b) the location and size of the openings as well as the configuration of the lintel (material,
dimensions, support on either side of the piers) as well as the rest of their framing (lintel,
arch, pilars, etc.).

(c) other elements, such as steel ties at the origin of arches, at the level of the floors or at the
corners of the building, etc.

.\

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.5.2 Documentation of materials and method of construction

(c) other elements, such as steel ties at the origin of arches, at the level of the floors or at the
corners of the building, etc.

MnyA: AeAnvikora

Ge—aovas

—

Aamoptpoa SOTI00PWONS e IAUITpWY tu oY P, P ¥

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

3.5.2 Documentation of materials and method of construction

(d) the type and characteristics of the floors and roof and their connections to any existing
horizontal tie beams and vertical elements, as well as their state of preservation.

MnyA: Bepikdkn, Mmrapumrouvakn, Taipivn , Aoknon AN.M.Z. Mpootacia Mvnpeiwv, EMMN

0.77: b me antv o et Ex. 9: ALTIOUlE00 SUnSong wakod it coovea Sond

MnyA: Kapayiavvakidou, Mépou, KpekoUkia, Aaknan A.M.M.Z. Mpoataaia Mvnueiwy, EMMN

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

57



3.5.2 Documentation of materials and method of construction

e) the type and depth of the foundation.
(f) the type and characteristics of the foundation soil.

Mnyn: M. ZTparnydkng, AITAwWHATIKA
epyaoia, A.N.M.Z. MpooTacia
- l.‘ Mvnpeiwv EMN

Euxéva B65 Mn epdaviig Euhobeond oe afigm

Ewéva B66 O¢om oupBoki 165wy

Ewéva B67 Ayxipio ehxuatipa o Béom oupokis 1
Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

3.5.2 Documentation of materials and method of construction

(h) possible previous interventions in the building and the estimated time of their implementation.

(i) evidence of the behaviour of the materials in the past or that of structural members, the
possible failure mechanisms and the potential evolution of their current properties over time.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.5.2 Documentation of materials and method of construction

All elements are drawn to a suitable scale depending on the detail required for the
presentation of the data. 3D representations may be very useful

Mnyn: Kapayiavvakidou, Mépou, KpekoUkia, Aaknon Biviavn
ANM.Z. mpootaaia Mvnpeiwv EMMN

S

Eic. 62: Afovopemous oyébo

Mnyi: Kapayiavvakidou, Mépou, KpekoUkia, Aoknan Biviavn
ANME. Mpootacia Mvnpeiwv EMN TnyA: Bepikakn, Mrapytouvekn, Toipivn, Acknon Biviavn A.NM.E.
MpoaTaaia Mvnpeiwv EMMN

The Technical Reports also include all the necessary supporting material (sketches,
photographs, diagrams, etc.), which are used for the evaluation the documentation
elements.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

3.5.3 Documentation methods

The mapping of the load-bearing structural system, of the type and
characteristics of the materials, as well as the behaviour of the building, result
from on-site observation and measurements (either on-site or in the Laboratory),
as is indicatively described in the following.

Usually a combination of simple and more sophisticated methods may be
necessary, depending on the structure and its pathology

3.5.3.1 INSPECTION-VISUAL INVESTIGATION

3.5.3.2 IN SITU MEASUREMENTS BY USUAL MEANS
3.5.3.3 IN SITU MEASUREMENTS USING INSTRUMENT
3.5.3.4 LABORATORY MEASUREMENTS

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.5.3.1 Inspection-visual investigation

The inspection consists of the systematic
observation and recording of information about the
documentation of the load-bearing system, including
its behaviour.

The inspection, repeated as many times as
necessary to complete the information, is required
regardless of the application of on-site and/or
laboratory measurements.

3.5.3.2 In situ measurements by usual means

The mapping of the geometry, damage and wear, as
well as the monitoring of their evolution over time,
is carried out in principle or even exclusively
through systematic measurements using a tape
measure, spirit level and level thread.

5~ Karw BitooZAFOPI 2018
fltiyi: Toakavikgis oo

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

3.5.3.3 In situ measurements using instruments

Depending on the size, importance and/or criticality of a Methods such as: topographic,
building's condition, measurement methods are selected photogrammetric, laser
and applied using appropriate equipment. scanning, etc.

When visual inspection of hidden elements is not This is a fairly common case,

possible or when it is not allowed to reveal certain when e.g.

invisible areas of the building, one should: (i) the building under

(a) either apply on-site survey methods using consideration is declared as
appropriate equipment, listed or monument,,

(b) or search for relevant information in other similar
buildings (of the same area and period of
construction), or in the literature

(c) ensure that the drawings clearly indicate either the
lack of information, or the source of the data that are destruction of items, such as
assumed within reason. ceiling paintings, etc.,

(ii) the identification of the
required information would
result into local or complete

(iii) the building is in use.

ANaronikl Mimaaou-+ezans, Associate rroressor (r), National Technical University of Athens
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3.5.3.4 Laboratory measurements

Depending on the size, importance, use and condition of the building, laboratory
measurements can include

¢ simple measurements of physical, chemical and mechanical characteristics of
materials

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

3.5.4 In situ investigation works

Depending on the size, importance and/or the criticality of the condition of the building,
and depending on the objective of the investigation, one or more of the following on-site
investigation techniques may be applied (listed below, ranked by the investigation
objective:

3.5.4.1 IDENTIFICATION OF MASONRY WAY OF CONSTRUCTION ON ITS FACADES

3.5.4.2 IDENTIFICATION OF MASONRY WAY OF CONSTRUCTION ALONG ITS WIDTH
3.5.4.3 LOCATION OF HORIZONTAL TIE BEAMS IN MASONRY

3.5.4.4 IDENTIFICATION OF HOW THE WALLS ARE CONNECTED BETWEEN THEM
3.5.4.5 IDENTIFICATION OF CONSTRUCTION PHASES, DISCONTINUITIES, ETC.

3.5.4.6 IN SITU MEASUREMENT OF COMPRESSIVE STRESS IN CRITICAL REGIONS
3.5.4.7 FOUNDATION SOIL

3.5.4.8 OTHER FACTORS

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.5.4.1 Identification of masonry way of construction on its fagades

Local removal of the renderings in
characteristic positions, observation and
recording of the necessary data

Map the outline of the stones on a
representative surface (approximately
1X1m2), and estimate the average width

. .. Y4H AGOAOMHE MPIN THN AIEPEYNHTIKH OWH AMOOAOMHE META THN AEPEYNHTIKH
of the horizontal mortar joints and the TN TN
average helght of the stones and the Eymua Bg ‘Ogm Mbobopng mpiy kat petd my Stepeuviukn topn |
average VOIume Of the mortar as a . MnyA: N. Zrpamyakng, AmAwpariki epyaaia, A.N.M.Z. Mpootadia Mvnueiwv EMM
percentage of the volume of masonry in
this Iocation' Jou-Fezans, Associate Professor (r), National Technical University of Athens

3.5.4.1 Identification of masonry way of construction on its fagades

When the masonry is plastered but local removal of the plaster is not permitted, the
thermography technique can contribute to clarify the way in which the masonry is
structured along its faces

In the case of
monuments or
listed historic
buildings the
renders and
plasters may have
| decorative

e elements to be
preserved; the
application of
thermography
and/or other non-
destructive
techniques is
needed.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens




3.5.4.2 |dentification of masonry way of construction along its thickness

With careful visual observation :

(@) In parts with local collapsed or damaged areas.

(b) After local removal of the casements around
some openings of the building

(y) After careful removal of a small number of stones
or bricks on the one face of the masonry,
observation of its interior and mapping of the way of
construction along its thickness. Subsequently, the
removed stones are carefully restored back to their
initial position. The same procedure is repeated from
the other face of the masonry

Documentation is sought of the number of leaves and
their respective thicknesses, the existence of stones that
fully or partially cross through the thickness of the wall, the
existence or not of filling material, etc. The materials that
compose the filling material and the existence of voids and
discontinuities are also recorded.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

3.5.4.2 Identification of masonry way of construction along its thickness

Example of careful removal of a small number of stones or bricks on the one face of the
masonry, observation of its interior and mapping of the way of construction along its thickness

: £ :
s 15 o E &
ETAOMH '0..55. § R o -
TOMH .M@(;ﬁOMHE g -
MnyA: M. Zrpamyakng, ArmAwparikn epyacia, A.N.M.Z. Mpootacia Mvnpeiwy EMMN Ty Bis AJL(JIierer::L:]::I{:f::‘:H;u:pf.uvnuv:f]g Topfg Il
A - CHECK: the number of leaves and their
E
p : respective thicknesses, the existence of stones
g . g
3 5 that fully or partially cross through the thickness
g of the wall, the existence and quality of filling
ZTASMH +0.50 .
material, etc.

Impa Big Anotinwmon AlloSopng Siepeuviukng toprg 1

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.5.4.2 |dentification of masonry way of construction along its thickness

(d) Alternatively, cores are taken at
representative locations and the way of
construction is observed along their length.

(e) In case that it is not possible to apply (a)
to (d), then the determination of the way of
construction along the thickness is
complemented by means of radar and
endoscopies, as well as by sound-based :
methods, especially sound tomography. B Katholikon of Daphni

| 2,69

LA I Il [l l‘

These techniques are usually applied to buildings of }
| |’ ‘[ e I

great historical/architectural value

(f) In addition to cases (a) to (d), in case
that the building belongs to a historical
settlement  with  practically uniform
construction, then data from other
neighboring buildings can be used.

Tower of Pisa

NSource: Prof. Macchi

weauoa F€ZANS, Associate Professor (r), National Technical University of Athens

3.5.4.3 Location of horizontal tie beams in masonry

(@) When timber or metal tie beams are placed on the
faces of the masonry and the masonry is uncoated,
the tie beams are visible along the length of the
masonry elements, together with the transverse
wooden or metal elements: limited investigation is
only required for measuring the dimensions of the
horizontal tie beams and mapping their layout.

required to collect the necessary data.

In case it is not possible to partially remove the coating
(e.g., in a building that is in use or in a building classified as
a monument or listed), an investigation with the methods
mentioned in § (b) is required. aTnv Tapdypago ().

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.5.4.3 Location of horizontal tie beams in masonry

(b) Invisible reinforcements: the presence of tie beams cannot be
identified on the faces of the masonry, then an investigation is
required for finding the possible location of horizontal tie beams
within the masonry body and identifying their dimensions
(Observations through scaffolding holes, behind layers of small
stones or bricks ,...).

Source: Bureau of structural studies Epilysi Papathanasiou

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

3.5.4.3 Location of horizontal tie heams in masonry

(i) With local removal of some stones of the external and internal leaf of masonry,
if this is permitted by the way of construction .

-/~ \L Recep Pasha Mosque, Rhodes
T , ‘ » o = m s |
O S -4 ; 0o i i

7 N l “ql '
. —‘~ — = a Bl =0 | \ /
EmoTtnpovikA Emitpotn yia Tnv amokardoTaon Twv Mnvpgiwv Tng Podou, YMOA.
Opada MeAétng: T. Kigng, I'. NTéAAag, E. Matrayewpyiou, A. Mamradavaciou, A. Zaykotong, A. MiATiadou-Fezans, A. KaAaypn

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.5.4.3 Location of horizontal tie beams in masonry

(ii) In some cases by means of radar or endoscopy.

z — -

Church of Panaghia Krina in Chios

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

3.5.4.4 Identification of how the walls are connected between them

After the local removal of the render
across a suitable surface area, both at
the internal and the external face of
the walls, a plan is drawn up for
structuring the examined areas, based
on the visible dimensions of the stones
and given the thickness of the
intersecting walls.

In cases where it is deemed by the
process that there is no connection
between intersecting walls by means
of interlocking stones, the way of
structuring should be identified in the
ways described in § 3.5.4.2

In many cases, the connection areas of
vertical elements of three-leaf masonry
have a core with filling material. This is
probable in case of walls with a large
thickness (>0.60m approximately).

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

66




3.5.4.4 Identification of how the walls are connected between them

In the case of buildings, in which local removal of coating is not possible, the
following can be applied:

(a) The geometry of the stones on the faces of the masonry is identified through
thermography, and then the procedure of the previous paragraph is followed.

(b) If it appears from such an investigation that the construction is not solid, then
the provisions in § 3.5.4.2 are followed.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

3.5.4.5 Identification of construction phases, discontinuities, etc.

In the case renders are not present or
when it is possible to remove the renders,
careful visual observation is sufficient to
locate these elements.

rce E. Tsakanika

When the masonry is rendered and itis not  [nany case, the effective and economical

application of thermography presupposes that the
history of the building has been studied and there
will be evidence for the few positions in which the
investigation should focus

possible to remove the renders, the
identification of the construction phases or
discontinuities, etc. can be assisted by the
application of thermography.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.5.4.6 In situ measurement of compressive stress in critical regions

In cases of critical or important for the capacity of the building —

regions or structural members, it is possible to measure the
compressive stress under which the area or member is located,

through the method of flat jacks.

ISMES, Restauroedilizio e monumentale, 1990

The method can only be trusted under
certain conditions and is applied based on
the following relevant RILEM
recommendations:

(a) RILEM Recommendation MDT. D. 4: In-
situ stress tests based on the flat jack, and
(b) RILEM Recommendation MDT. D.5: In-
situ stress-strain behavior tests based on the
flat jack..

ATTENTION! Information only regarding the external leaves

B ‘__l o8
= i ‘
et e b 4
| i,

——¥hs ahpiorag = —
1

]

=l

{ ey

I

RS

Source:E. Vintzileou

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

3.5.4.7 Foundation soil

If a previous geotechnical investigation is
available and there is no evidence of
foundation failure, no new investigation is
required.

Special attention is required in cases
where there is a suspicion of failure of the
existing building foundation

Le KGBe GAAN epiTrTWON, akoAouBouvTai o1 atraiThoel§ Tou Mivaka 3.1

Preexisitng Previous Intervention that causes ~ Need for new
Geotechnical foundation  additional actions onthe  geotechnical
Investigation behaviour soil (1) investigation

Available Poor Yes
Not available Good No No
Yes Yes

Poor Yes

(1) When soil stresses are increased by more than 20% in at least one foundation element.

With reference to the type of the Geotechnical Investigation, the applicable regulatory provisions
concerning the design of new constructions apply.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.5.4.7 Foundation soil

When, during the assessment or redesign, soil-structure
interaction is taken into account, according to the
provisions of Chapter 5, and as long as there is no
sufficient Geotechnical Investigation (Gl) available, a Gl is
performed (either new or complementary) as per Engineer’s
judgment.

The values of the design soil parameters, for building of
importance | and Il (y=0,80 / 1,00) according to EC8-1, Van
be taken by the literature, on the basis of the description of
soil layers which influence the foundation

In cases where soil characteristics are not known from
Geotechnical Investigation, parametric analyses are
recommended, using reasonable maximum (upper bound)
values of deformability.

The cases of buildings with a basement along its entire
footprint without signs of problems are excluded.
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3.5.4.8 Other factors

In special cases, other factors may affect the capacity of the
building, such as:
* The natural environment
* The vicinity to other structures or underground works
* The operation of machinery, etc.,
These factors need to be evaluated.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.6 In situ measurement of strength of materials

In addition to the measurement of the strength of In this way, it is possible to
materials by means of laboratory tests on specimens, perform measurements in
the following can be complementary applied to more places and hence
estimate the material strength on site. increase the degree of

reliability of the acquired data,
provided that the on site
measurements are properly
calibrated.

However, due to lack of calibration data, the
application of these techniques in situ cannot replace
the sampling to form specimens and the measurement
of the mechanical characteristics in the laboratory.

3.6.1 COMPRESSIVE STRENGTH OF STONES

3.6.2 COMPRESSIVE STRENGTH OF BRICKS

3.6.3 COMPRESSIVE STRENGTH OF MORTAR

3.6.4 STRENGTH OF TIMBER

3.6.5 STRENGTH OF METAL

3.6.6 MECHANICAL CHARACTERISTICS OF MASONRY
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3.6.1 Compressive strength of stones

The compressive strength of the stones can be estimated by applying the impact test
using Schmidt hammer, as well as the ultrasonic and sonic methods in general.

In order for Schmidt hammer impact tests to be useful, data calibration should be available (by
means of laboratory tests), which are obtained through (i) application of Schmidt hammer impact
tests to stone samples in the laboratory and (i) loading of the samples until fracture. Thus, there is a
correlation between the measurements resulting from the indirect and the direct method.

The use of respective correlation curves from the literature is not recommended.

The above also applies to the case of sound methods in general.
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3.6.2 Compressive strength of bricks

In the case of stones with low strength or in the case of bricks, the engraving or
scratch method can be applied..

The description of the method should be sought in the peer-reviewed literature.
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3.6.3 Compressive strength of bricks

The compressive strength of the mortar can be measured in situ by scratch or
penetration techniques

The description of the methods should be sought in the peer-reviewed literature
. In both cases, it is necessary to have laboratory calibration data available, as indicatively described
in the commentary of § 3.6.1.

A relevant recommendation for the penetration test has been drafted by the Technical
Committee of RILEM TC177MDT: The penetration test with a special drill.

The following two recommendations of the Technical Committee of RILEM TC127MS Tests
for masonry materials and structures are also mentioned:

(a) MS-D.7: Determination of pointing hardness by pendulum hammer,
to estimate the hardness of mortar used in stone working, and

(b) MS-D.9: Determination of mortar strength by the screw (helix) pull-out method, to
estimate the quality of the mortar and its strength after appropriate calibration.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.6.4 Strength of timber

The strength of wooden members is assessed for each member separately, after detailed
on-site observation and visual grading based on physical defects and pathology.

Strengths vary according to the stress state of the member in the building (bending
members, members in compression or tension in parallel or perpendicularly to the fibers
etc).

Where required, the above classification in terms of resistances is supplemented by the
application of non-destructive or minor destructive methods (such as measurements with
a resistograph, ultrasound, etc.).

The process and the on-site methods are described in documents prepared by the RILEM Technical
Committee AST 215 “STAR 215 AST, In-situ assessment of structural timber”, as well as in other peer-
reviewed literature..

Roof of Aghia Paraskevi Chalkidas. Research Program of Hellenic Ministry of Culture —National Tecnical University of Athens —Politecnino de Torino
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3.6.5 Strength of metal

The on-site measurement of the hardness of the metal permits the approximate
estimation of its strength.

For this purpose, calibration data is needed along with knowledge of the characteristics of the
metals used during the period the building was constructed.

An important element that needs to be additionally considered in situ is the weldability of the old
metal elements.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.6.6 Mechanical characteristics of masonry

On-site measurement of the mechanical characteristics of masonry can be performed

throth the foIIowmg methods The description of the method should be sought in the
peer-reviewed literature. The relevant

. . recommendations of RILEM MDT are mentioned.
(a) By the method of flat jaCKs' This method D. 4: In-situ stress tests based on the flat jack and

can only be trusted conditionally and RILEM Recommendation MDT.
therefore the decision to apply, as well as the  D.5: In-situ stress-strain behavior tests based on the

evaluation of its results, must be made by a T'E;tJath-,CO”diiE’“a”yathlis o fa”t,a,'tso Prov‘ﬁe .
quallfled C|V|I Engineer. Information on the modulus or elastiCity as well as the

transverse expansion ratio of the masonry.
When the flat jack method is applied to three-leaf

masonry, it provides data solely for the masonry wall
faces.

((b) By cutting out masonry "specimens" and This method cannot be used in the case

subjecting them to compression or diagonal of constructions which are declared as
compression in the laboratory, upon suitable monuments or listed buildings, due to its
instrumentation. highly destructive nature..
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3.7 Monitoring the behaviour of the structure

When the aim is to establish that the damage observed in a building do not evolve in time,
or when there are indications that they deteriorate in time, then appropriate instruments
shall be placed on the structure and/or in its immediate environment (e.g. on the ground),
in order to monitor its behavior for an appropriate period of time.

Evolution of the technology regarding the instrumentation.
May solutions in the market

The decision on the measurement locations, the type of measurements to be made
(crack width, deviation from the vertical, etc.), as well as the duration of the monitoring
scheme is made by the Civil Engineer.

The selection of these data is based on the knowledge about the building, as well as on the qualitative (at
least) interpretation of the observed damage

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens




3.7 Monitoring the behaviour of the structure

important buildings
complex structural systems a comprehensive instrumentation
system for monitoring the building over a long period monuments
is recommended to remain in operation even after the completion of the
interventions

Katholikon of Daphni Monastery
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3.8 Laboratory tests

Laboratory tests can include a wide variety of measurements of physical, chemical
and mechanical properties at a material level, or at a member level, part of the
structure or even at the level of a scaled model of the entire building.

The type and number of tests, as well as the size and complexity of the specimens depend on the
importance, the condition of the building, its size, its use, etc.

The tests related to the mechanical behavior of the structures are the following:.

3.8.1 MEASUREMENT OF THE MECHANICAL PROPERTIES OF BLOCKS

3.8.2 MEASUREMENT OF THE MECHANICAL PROPERTIES OF MORTARS

3.8.3 MEASUREMENT OF THE MECHANICAL PROPERTIES OF TIMBER, METAL, ETC.
3.8.4 MEASUREMENT OF THE MECHANICAL PROPERTIES OF MASONRY

3.8.5 TESTS OF STRUCTURAL COMPONENTS, CONNECTIONS BETWEEN STRUCTURAL
MEMBERS ETC..

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.8 Laboratory tests

The chemical and mineralogical properties of materials affect the behavior of buildings over
time and, therefore, the development of damage. On the other hand, the determination of
the chemical properties of the materials in question is useful (or even necessary) for the
design of intervention materials, so that they are compatible, from a physicochemical point
of view, with the existing ones.

For the characterization of old mortars, the recommendations of RILEM TC COM 167
“Characterization of Old Mortars with Respect to their Repair: State-of-the-Art
Report” are deemed useful.
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3.8.1 Measurement of the mechanical properties of blocks

The measurement of the compressive strength, the tensile strength, the flexural
strength, as well as the modulus of elasticity of the stones and bricks is carried
out through corresponding laboratory tests on samples which are formed

v' either from stones taken from the building,
v' or from the products of cores taken,

v' or from stones of the same origin, which may be found in the surrounding
area of the building.

As a result, these specimens are either cylindrical or prismatic in shape and of
varying dimensions..

In some cases, if the quarry of origin of the stones of the monument is known, additional
testing of stones from that quarry is possible.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.8.2 Measurement of the mechanical properties of mortars

Where possible, test specimens are formed to measure the compressive strength.

Care is taken so that the mortar
used in construction that will be
detached from the building for the
experimental investigation are taken
from the interior of the structural
members and are not weathered.

In any case, however, the pieces of mortar that are taken from the building are irregular
and of small dimensions. For this reason, as well as due to the low strength of mortar in
many buildings, it is not possible to form prismatic or cubic specimens in the laboratory, in
order to measure the compressive strength of the mortar.

In the case of joints with small thickness, the following recommendation is applied: RILEM
Technical Committee TC 167 COM.2: Compression tests on sampled joints.
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3.8.2 Measurement of the mechanical properties of mortars

To measure the tensile strength of the mortar, it is recommended to apply the
fragment method..

The method is described in the peer-reviewed literature.

Ewkéva I'3 Asiypara koviapdrov Oéong I

MnyA: M. Zrpamydkng, AmAwpaikr, A.N.M.Z. Mpootaaia Mvnueiwy EMMN P ) L
Ewova I'y TotoBémem om pnyeoni OAigmg

Two additional tests are proposed by RILEM to measure the tensile strength of mortar:

(a) in case of 30-40mm thick joints "Indirect tensile strength" as drafted by the RILEM TC 76
LUMA.3 for bricks with holes and

(b) in case of thin joints “Splitting test for new and on site sampled old mortars”, issued by RILEM
TC 167 COM.

The use of the point load test method is also suggested in the literature for irregularly shaped

specimens. The test gives a measure of tensile strength. The results can also be related to the

compressive strength. It is noted, however, that in order for the measurements obtained through point

loading to be usable, calibration data should be available for low-strength materials, such as old

mortars.
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3.8.2 Measurement of the mechanical properties of mortars

The tensile strength of the mortar allows a rough estimate, based on the literature, of
its compressive strength

Besides, to be able to estimate the compressive strength of the mortar based on its measured
tensile strength, the composition of the mortar should be known. In particular, it is useful to
approximately determine, by means of chemical analysis, the type of binder powder, as well
as its ratio to the aggregates

However, the reduced reliability when estimating the compressive strength of the mortar
does not significantly affect the results of the load-bearing capacity tests, as the
participation of the strength of the mortar in shaping the mechanical characteristics of the
masonry is limited, and it manifests itself more in terms of tensile rather than compressive
strength.

In the event that the mortar is particularly fragile and therefore it is not possible to
form a specimen to measure its tensile strength, the Design Engineer may adopt a
very low compressive strength value, as defined in § 3.10.5.1(d1) (vi) and in the
Annex of Chapter 3
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3.8.3 Measurement of the mechanical properties of timber, metal, etc.

The measurement of the mechanical characteristics (compressive strength, tensile
strength, modulus of elasticity, etc., as the case may be) is carried out on samples
taken from the respective materials on site.

In case of timber, material anisotropy, the direction of the fibers, presence of
defects, moisture etc. should be considered during sampling. Also, the sampling
must be representative and taken from appropriate locations based on on-site
observations and the assessment of the existing situation. It should be noted that,
in any case, the results of strength measurements of wood samples are
complementary data of the visual grading, which, as mentioned above in § 3.6.4,
takes into account the factors that primarily define the strength of timber (natural
defects, pathology etc). The methodology is described in peer-reviewed literature.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.8.4 Measurement of the mechanical properties of masonry

If this is deemed necessary, and if all the required data is available, masonry
specimens are constructed in the laboratory, from the testing of which the strength
and deformability characteristics of masonry are derived.

The construction materials of the specimens are of the same or similar
characteristics as those of the in situ materials. During construction, the method of
construction (in terms of faces and in terms of thickness) which has been
established on site is followed precisely.

The responsibility of designing the tests, as well as evaluating the results, rests with
the Design Civil Engineer.

S ===
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3.8.5 Tests of structural components, connections between structural
members

Laboratory tests may be performed, where appropriate, to study the
behavior of connections in wooden or metal roofs, or connecting walls to
each other, to floors or the roof, etc..

As these tests cannot be standardized, their design (as well as the
evaluation of their results) must be performed by the Designe

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.9 Tests on scaled models of buildings

In cases of buildings listed as monuments, it is possible to build models
and carry out tests (e.g. in a shaking table), with the aim to assess the
monument, as well as to study the influence of various methods of
intervention.

Tests on structural models are also recommended in the case of buildings that have suffered partial
collapse and for which it is requested to establish whether they can remain intact or require

additions
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3.10.1 Data Reliability Level (DRL) - General

In existing structures, the numerical values of the
data that are considered in the assessment and
redesign may be associated with more significant
errors than in the case of new structures

The Data Reliability Level (D.R.L.) concerning actions
or resistances, expresses the adequacy of the
information about the existing building, and is taken
into account during the assessment and redesign.

D.R.L. it is not necessarily uniform for the entire
building. Partial D.R.Ls. are determined for the
various parts of the building. For the selection of the
analysis methods of Chapter 5, the most unfavorable
of the individual D.R.Ls.

In case of buildings that are declared
monuments or listed, the restrictions on the
implementation of on-site investigative work
and tests may lead to increased deviations
of the estimated values from the actual
mechanical characteristics in place..

The D.R.L. itis not defined based on
the dispersion of the results of the
exploratory works. This dispersion is
already taken into account during the
evaluation phase and affects the
"representative” value of each size.

The effects of uncertainty
may be considered in actions or
resistances as appropriate

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.10.2 Categories of Data Reliability Level (DRL)

Three categories of data reliability levels are distinguished:

A. "High"
B. "Satisfactory"
C. "Tolerable"

D.R.Ls. correspond to Knowledge

Levels (KL) 1 to 3 (Limited,

Normal, Full) as per new generation EC8-3 (§ 3.3)
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Depending on the Data Reliability Level:

(a) Suitable safety factors y;are selected
for some actions with uncertain values, in
conjunction with appropriate factors yg,
(see §4.5),(a)

b) The appropriate safety factors y,, are
selected for the existing materials along
with the suitable factors yg, (see. § 4.5).

Androniki Miltiadol

3.10.3 Implications of D.R.L. On the assessment and redesign

Such may be the case of representative values of
certain indirect actions (i.e., active or passive
pressures), as well as the weight of hard-to-reach
overlays (such as fill materials over the domes'
exterior).

In certain cases of increased uncertainty (and when
it is estimated that the influence of the amplitude of
the respective action is significant), the
consideration of two “reasonable extreme”
representative values (E ;,and E | ) is
recommended.

Material data imply the thickness of the elements,
the mechanical characteristics of the stones,
mortars, wooden and metal elements (if they exist),
as well as the way of construction of the masonry in
three dimensions (along its length, width and
height), the way the elements are connected to each
other, and other factors that control the resistances.

-Fezans, Associate Professor (r), National Technical University of Athens
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3.10.4 Criteria for determining the DRL

The consequence of the established D.R.L. for each piece of data will be
treated with corresponding handling provisions in the design of the
relevant structural member.

The D.R.L. for the mechanical characteristics of the materials is
determined in the subsections of 3.10.5
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3.10.5 Minimum investigation requirements - Evaluation of results -
Definition of DRL

3.10.5.1 Tolerable Data Reliability Level

(a) Mapping of the structural system.
General construction drawings are required to be available, as well as sketches of:

(i) the way of construction of the masonry along its faces and its thickness,
including the possible existence of horizontal tie beams,

(ii) the configuration of vertical connections at the corners and wall intersections,
(iii) the way of construction at the framing of openings and lintels,

(iv) the basic elements that form the roof and floors of the building, so that their
in-plane stiffness can be roughly estimated,

(v) how the horizontal elements are connected to the vertical ones, so that the
effectiveness of the connections can be assessed.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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3.10.5.1 Tolerable Data Reliability Level

(b) Construction history.

Simple documentation of data and information, provided by the Project
Owner, as well as brief reference to any modifications that took place during
the life cycle of the project (according to § 3.3), are deemed to meet the
requirements for this D.R.L.

(c) Documentation of decay and damage.

An approximate documentation of decay and damage is deemed sufficient: on
the general drawings of the load bearing system body and on special sketches of
the Engineer's choice, accompanied by characteristic photographs.

The approximate documentation of damage is the sketching of cracks (by location), as
well as the rough estimate of their width. With persistent visual observation, the existence
of any cracks in joints (horizontal and vertical) will be sought and will be noted on the
sketches. Next, an assessment will be made (without any detailed mapping) of any
deviations of load-bearing elements from the vertical, etc., by rough measurements with
simple means, in the context of the general mapping of the building.
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3.10.5.1 Tolerable Data Reliability Level

d) Documentation of materials and way of masonry construction
d,) Documentation of materials

In cases of buildings of low importance [importance category | or Il] that have small
size (with a total floor area up to approximately 100 sq.m). and with a maximum of
two storeys above the basement, and provided that there are no issues of poor
workmanship, decay or damage etc., reliable results of previous quality control
processes may be used to document the strength of the materials. When these are
not available, as an exception, it is possible to use “default” representative
strength values of materials in accordance with the Annex of Chapter 3, on the
basis of thorough visual inspection as per the type of stones and mortar as well as
their condition in the various areas of the building (see Commentary of [d1 (i)].

The possibility of using default values does not apply whatsoever, in case of a building
declared as a monument or listed, irrespectively of its size or use.

The «default» values are conservative.

Therefore, in case where they lead to the need for extensive interventions, which
are not justified based on the pathology of the building, the provisions of
paragraphs 3.10.5.1 d1(i, ii, iii, iv) apply instead.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens




3.10.5.1 Tolerable Data Reliability Level

d) Documentation of materials and way of masonry construction

d,) Documentation of materials

i. A detailed visual inspection of the stones and the mortar is necessary to facilitate the
initial determination of their type and condition of preservation in the various areas of the
building.

For natural blocks (stones), their geological type shall be assessed macroscopically, by examining
whether (and how) the stone is fractured using a geological hammer and whether it is engraved with
a knife (see Table P3.1 of the Appendix of Chapter 3). Any areas where the stones are not healthy
and are discolored, decomposed or fractured will also be identified so that the Engineer shall include
such stones in the sampling or take reduced values for the strength of stones compared to those that
will have resulted from the tests or, exceptionally, from the use of the default values (see Table T3.2
of the Appendix of Chapter 3).

For the artificial blocks, the Engineer should identify category in which they belong, among those that
are usually met in old existing masonry (as they are presented in more detail in the Appendix of
Chapter 3) i.e., clay bricks or the cement blocks

For modern artificial blocks, one can also make use of the classification scheme mentioned in EC6.

Based on these observations and his/her own experience, the Engineer will determine the sampling
locations to be used for the tests of the artificial stones or, exceptionally, will obtain the appropriate
default values (see Table T3.3 of the Appendix of Chapter 3).
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3.10.5.1 Tolerable Data Reliability Level

Bed mortars and jointing mortars, examine :

* Vissually the general category in which they belong will be identified (clay mortars,
lime mortars, lime-clay mortars, lime-pozzolan mortars, lime-cement mortars,
cement mortars)

* By means of contact, friction, and compression with the hand or scratching with a
sharp object, the Engineer will assess if they are hard, moderately hard, friable or
crushed.

* Using simple means their permeability will also be examined (almost impermeable,
moderately permeable, permeable).

All of these information and data will be taken into account by the Engineer to
characterize the mortar as very strong, strong, moderately strong and weak.

Their preservation condition across the structure will also be examined in terms of the
presence of different colors and moisture, corrosion, cracks or any internal voids, etc.

Based on these observations and his/her experience, the Engineer will determine the
sampling locations for the tests or, exceptionally, obtain the appropriate default values
(see Table T3.4 of the Appendix of Chapter 3).
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3.10.5.1 Tolerable Data Reliability Level

ii. Itis deemed sufficient to take three stones and three pieces of mortar
from the prevailing type of masonry and from suitable representative
locations, in order to form specimens and measure their mechanical
characteristics in the Laboratory.

H 01apeTPOG TWV TTUPAVWVY:
amd 15-20 cm A kar’
ehayiotov 10 cm.

Alternatively, respective specimens may be obtained by
taking three cores at suitable representative locations..

lii When it is seen that many types of masonry are contributing in large
percentages to the formation of the load-bearing system, the sampling
and relevant verification checks must be repeated for all types

iv. If the construction is large, the number of samples should be such that
15% of the vertical elements (piers - walls) and 8% of the lintels are
checked.

iv. If metal or wooden or reinforced concrete elements exist in the
construction, it is deemed sufficient to assess the condition of these
elements through careful visual inspection.
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3.10.5.1 Tolerable Data Reliability Level

d,) Documentation of masonry way of construction.

i. Along to the faces of the masonry (after removal of renderings if necessary)

* At least three places on both sides: check the way of construction of the prevailing
type or for each essentially contributing type: visual documentation on surface of
(~1m?) on different structural members

+ At least three places on both sides: check the way of construction of the corners
of the building, the connections of the walls and the framing of the openings, the
configuration of the lintel (material, dimensions, adequacy of support)

+ At least three places : visually inspect the existence of horizontal tie beams at the
level of the floors, at the stem of the walls as well as above and below the
openings, from both sides
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3.10.5.1 Avekt} Z1d0un ASlotrioTiag Acdopévwy

ii. Along to the thickness of the masonry

* Inthe case that cores have been taken, the construction of the masonry
can be roughly established by observing the core, in combination with the
appreciation of the hole in the position from which it was taken.

+ If cores have not been taken or the information of the cores is not sufficient
: stones are removed from both sides at three places for the prevailing
masonry type or for each essentially contributing one § 3.5.4.2y.

* Incase it is not possible to remove stones from one (usually, from the
inner) side of the masonry, then the provisions of § d2(i) apply, under the
same restrictions.
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3.10.5.1 Tolerable Data Reliability Level

d;) Documentation of foundation and foundation soil.

Provided that no building damage is identified that are attributed to the
role of the foundation soil or to a deficiency of the foundations, it is
acceptable to omit the relevant investigations

In the event that damage is observed and it is attributed to the foundation or the
soil, then the provisions for satisfactory D.R.L. should apply.
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3.10.5.1 Tolerable Data Reliability Level

(d,) Documentation of horizontal floors or chambers, vaulted structures and roofs.

» By visual observation and/or exploratory cross-sections and on-

site measurements are determined:

a) at least one location per type of floor or roof or vault : the
material and way of construction

B) the distances of the load bearing beams of floors and roofs,

y) the section of at least one one rafter and one tie of a typical
roof truss

0) ) the section of at least one beam of a floor, or the thickness of
aR.C.slab

e To determine the connections of the floors and roofs with

the vertical walls, at least one investigation section is made
on each floor together with one on the roof at the level of its
support on the walls.

For a large structure, the geometry, materials and
construction method of 15% of the floors, domes and roofs
shall be determined.

It is imperative to collect
all the necessary data to
assess the in-plane
stiffness of the horizontal
floors and roofs, as well
as to identify the
effectiveness of their
connections with any tie
beams and vertical
elements..

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

3.10.5.2 Satisfactory Data Reliability Level

Additional data is needed apart from those included in Tolerable
DRL:

v
v

v

Detailed geometry of all visible elements

Pathology on general drawing and sketches for details and
photos

Data for materials and way of construction, after checking

in 30% of piers and 15% of spandrels, 30% of connections,
lintels, tie beams, elements of roof, floor and vaults, etc..

3.10.5.2 High Data Reliability Level

Additional data is needed apart from to those included in
Tolerable DRL:

v
v

v

Detailed geometry of all visible and invisible elements
Pathology on general drawing and detailed drawings and
complete photographic survey.

Data for materials and way of construction, after checking
in 50% of piers and 25% of spandrels, 50% of connections,
lintels, tie beams, elements of roof, floor and vaults, etc..

Based on a rational
combination of
laboratory and in situ
minor destructive
methods.

Based on a rational
combination of
laboratory and in situ
minor destructive
methods.

National Technical University of Athens
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ANNEX ASSISTING THE ENGINEER FOR SELECTING DEFAULT VALUES

FOR MATERIALS STRENGTH

TABLE WITH THE CHARACTERISASION OF THE INTACT ROCK IN THE FIEKD

Use of the Table of ISRM: International Society for Rock Mechanics

2009, see footnote 1).

Table T3.1: Characterization of Intact Rock in the Field and Estimation of Compressive Strength (by ISRM 1981, reprinted from Tsiampaos,

Characterization Uniaxial Compressive strength In situ assessment of strength Examples
(MPa)
Extremely strong >250 It does not break with a geological hammer Healthy basalt, quartzite, diabase,
gneiss, granite, flint
It breaks after several blows with a geological hammer Amphibolite, sandstone, basalt, gabbro, gneiss,
Very strong 100-250 granodiorite, peridotite, rhyolite, tuff
Strong 50-100 It breaks with more than one blow with a Limestone, marble, phyllite, sandstone, slate
geological hammer
Moderately strong 25-50 Cannot be craved with a knife. It breaks with only one blow witha | Concrete, phyllite, slate, siltstone*
geological hammer
Weak 5-25 Itis difficult to carve with a knife Chalk, claystone, potash, marl,
slate, mineral salt **
Very weak 1-5 Shatters with strong blows with a Intensely defaced or weathered rock
geological hammer. It is carved with a knife
Extremely weak 0,25-1 It can be carved with the fingernail Rigid crack filler

Notes by the Drafting Committee of the present code

*Travertine is also classified in this category

** Porous sandstones, such as bioclastic limestones (biocalcarenites) and calcareous margaic/margaic sandstones found in Greece, such as e.g. the porous sandstone of Rhodes, Crete, Kefalonia. In the same
category are the fossiliferous Margaic limestones, such as the shell stone.

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

TABLE WITH THE CHARACTERISTICS OF THE MOST COOMON GEOLOGICAL TYPES AND DEFAULT VALUES FOR OF STONES

Mivakag M3.2: EVvOEIKTIKES TULEC UNYOVIKWV XAPAKTNPLOTIKWY GUVNBEGTEPWV TIETPWHATWY KO EPI NV TULEC
MBoowpdrtwy pe Pdon tnv eni tomov otk mapatrpnon, eéétaon ko katdratn tov MBoowpatos ot
katnyopiec tou Mivaka MN3.1 and tov Mnxaviko.
Doawvopevn Avtoyi oe | Avto)r oe Métpo EvSelKTIKES Eprjpnv tuyur)
NETPOMA MUKVOTRTa OAn edeAkuopd | shaotkdTnragE, udég avtoyfc o
p (er/fcm?) (MPa) (MPa) (GPa) TMETPWUATWV QA (MPa)
loyupd: 50
Tpavitng 2,60-2,82 16-434 3-40 10-77 MeTp. loyupod: 25
loyupd: 50
Awopitng 2,50-3,03 64 -333 5-50 29-107 Metp. loyupo: 25
loyupd: 50
Mopdupitng 2,50-2,80 173-250 12-13 65-76 MeTp. loyupo: 25
loyupd: 50
Hbaloteiaxog _ B _ Metp. loyupo: 25
odPoc 1,80-2,11 6-300 1-40 2-55 AGBEVEC: 5
Apyukog loyupd: 50
oqotehBoc 1,60 — 2,90 34 503 0,7-23 2_90 Metp. loxupos: 25
Aohoyt 2,40-2,87 45-410 3-13 23-90 loxupo: S0
OAOHING T - B B MeTp. loyupd: 25

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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ANATNQPIZH OYZIKQN AIOOZQMATQN KAI MPOTAZH EPHMHN TIMQN ©AINTIKHZ ANTOXHZ

Nivakag M3.2: EVOEIKTIKES TLEG UMY OVIKWY ¥OP AKTNPLOTIKWY oUV BE0TEpWV METPWULATWY KL EPH LNV TLUIES
MBoowpdtwv pe Baon tnv eni ToMou otk napatripnorn, eEétacn kol katdragn tou MBoowpatog otig

katnyopiec Tou Mivaka M3.1 and tov Mnyoavikd.

Dawopevn) Avtoyn o | Awtoyri o Métpo EvBELKTIKES Eprfjunv tuun
NETPOMA MuKvOTHTR BAipn ededkvopd | ehacukomnagE, vdég avrtoyg oe
p (gr/cm?) (MPa) (MPa) (GPa) METPWRATWV BAiYn (MPa)
. loyupd: 50
Mapuapo 2,64 —3,02 38 — 280 2-29 24-103 Metp. loxupé: 25
loyupd: 50
Acpectohbol 2,4-2,70 18-197 3,5-14 10.5-87.0 MeTp. loyupo: 25
AoBeveg: 18
B . | logupo: 50
. Metp. loyupo: 25
Tpafeptivng 2,40-2,54 18—68 4-10 445 AcBevéc : 18
loyupd: 50
ZEpTEVTIVNG 2,61-2,80 70- 250 16-19 45 -65 MeTp. loyupo: 25
. loyupd: 50
Warppiteg (Ax. _ : ~ } ..
MBapevitec) 2,50-2,80 35-140 5-16 13-54 MeTp. loyupo: 25
NuwpohiBol (mopuw-
Sewg Wappiteg Ly,
Brokhaotikol acfe-
otohBol, acfeoto- AcBeveg: 5
porpyaiikol Yoppi- 157-2,45 125 18-10 Mokt AoBevéc: 1
Teg) M amoMBwpoTo-
bopoL papyaikol
aofeotohbo, kh.m.).

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens

TABLE WITH THE CHARACTERISTICS OF THE MOST COMMON TYPES OF BRICKS AND DEFAULT VALUES FOR OF STONES

Type of artificial stone

Defauttvatues of
conressjve strength
(MPa) &

Slab-shaped solid bricks 7,0
Solid bricks ~ 6/9/19 cm 10,0
Bricks with horizontal holes 3,0
Bricks with vertical holes 4,0
Cement blocks 2,0

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens




TABLE WITH THE CHARACTERISTICS OF THE MOST COMMON TYPES OF MORTARS AND DEFAULT VALUES

Range of Default values of
Mortars used in construction variation of compressive
compressive stength
strength (MPa)
(MPa)
Clay mortars 0,1-0,5 0,2
Lime-clay mortars 0,2-0,7 0,3
Lime mortars 0,3-20 0,4
Lime mortars with pozzolana and 0,7-2,5 0,8
clay
Lime-pozolanic mortars 0,9-4,0 1,0
AcBeotokoviapota pe Bpavotod
KEPOULKO Kol TiBavn xprion moloAavng 1,0-5,0 1,5
(koupacavia)
Lime mortars with brittle ceramics and
possible use of pozzolan
(«koupacavia»)
Lime-cement mortars 2,0-10,0 2,0
Cement mortars 50-15,0 5,0

Androniki Miltiadou-Fezans, Associate Professor (r), National Technical University of Athens
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THE TOPIC

WHAT DO WE NEED TO KNOW?
Mechanics of masonry (of the construction typologies
applied in old masonry constructions).

The major significance of documentation of the bearing
system and the means to achieve it.

The typical weaknesses of masonry buildings, and their
strong points.

To learn from their pathology and to detect the causes of
the observed damage.

To adequately model the structures and to do the necessary
verifications.

To choose adequate interventions (and materials) and to
dimension them.

The vast majority of Str. Engineers in many countries do
not hear about all this, during the undergraduate
studies.
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Furthermore, the available scrutinized knowledge is not at the desired level. This is proven
also by the relatively poor “representation” of those topics in Codes (e.g., the revised EC8-3
includes 2 % pages to §11.6-Analysis and resistance models for retrofitting, as well as an
Informative Annex E-of qualitative nature, providing also default values for the mechanical
properties of masonry).

The recently approved Greek Code provides quantitative guidance-wherever the available
knowledge allows. In several cases, the character of the document can be classified as
“didactic”. Although this may not satisfy the concrete requirements of the designer, it is of
value. Indeed, the structural engineer who is aware of the nature of the phenomena can seek
for data contributing to the adoption of reasonable assumptions.

CHAPTER 6: BASIC BEHAVIOUR MODELS

Basic information on the mechanical behaviour of masonry (at material level), as well as on
the behaviour of constructions-before and after interventions.

Although the data included in this Chapter are mostly qualitative, they introduce the
designer to the next (more quantitative) chapters. They also function as a reminder of the

mechanics of masonry, assisting the designer in his/her decision making.

Example: Because of the anisotropy of

masonry, its compressive strength depends on

the angle of application of the compression.
fwee Thus, when verifying a masonry element
subjected to in-plane shear, the bearing
capacity of the inclined strut should be
calculated based on the “inclined” compressive
strength of masonry. Furthermore, there is a
simultaneous transverse tension acting on the
strut, leading to further reduction of the

T

fw-c.h

(a) (B
The Code does not provide arithmetic values for this reduction, because (a) relevant data are
not available, and (b) reduction factors strongly depend on the construction typology of
masonry.

bois I s “vertical” compressive strength.
!
feu iw; Lo Similar to the compressive strength, the tensile
N q . strength of masonry depends on the angle of
i i 1 application of tension.

b

<0
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Reference to modification of the mechanical properties of masonry, at the level of the
bearing element.

The typical example of timber laced masonry.
Due to the confinement offered by the laces, there is a moderate increase of the
compressive strength of masonry, and...

. KA

1]
002 0016 £.012 -0.008 -0.004 0
E

... Significant increase of its deformability!

The basics of the mechanics of masonry (single-, double-, three-leaf) in compression, as
well as of the (many) parameters on which this property depends.

& The compressive strength of

o masonry is higher than that
— - =22 of the mortar and smaller NA, e
_/%1 than the strength of the
u_mﬁq — m==  Masonry units

P
E fQE ' VE

LRV, ﬁ;

%

Zx. £ 6.18: H Mnyavikr] tng tplotpwing toyonotiag und kevipwkr) BAUbn.

= (Vo/E)

Interpretation of the limited contribution of
mortar to the shaping of the compressive strength
of masonry.

crack opening™~1,0mm (faces) vs. ~5,0mm (within thickness)

t=t(1+vo/E) Bothara, Brzev, 2011
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(Empirical) equations are given, for the estimation of the compressive strength of
masonries of various construction typologies.
Because the equations are empirical, they are given in the left hand side of the Code.

Information related to the tensile strength of masonry is also provided.
A highly uncertain property. Typically, it is not accounted for in the design.

Shear capacity of masonry (equations) and masonry elements and influencing parameters

CHAPTER 8: REPAIR/STRENGTHENING, VERIFICATIONS

The strategy of interventions: Introductory paragraph of significance

The scheme of interventions is chosen, based on (a) its target and on the difference between the current and
the targeted behaviour, (b) on the future use of the building, (c) on the historical, architectural, artistic, social
and economic value, (d) the geographic location and the available technical facilities, etc.

The optimum scheme of interventions (the Structural Engineer is expected to choose) is based on the overall
behaviour of the building and it is not limited to measures improving the properties of each distinct structural
element. E.g., when it is proven that the strengthening of some individual elements is not sufficient for the
target to be reached, it is recommended to the engineer to examine “systemic” interventions, to alleviate the
inherent weaknesses of the original structural system (for example, enhancement of the diaphragm action of
floors and roof, the improvement of the connection among the bearing elements, the transformation of non-
bearing elements to bearing ones, etc.).

Quite often, there is a need for more than one intervention techniques to be applied. We cannot add the
contribution of each distinct technique to the improvement of the bearing capacity, due to the lack of
relevant data!
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The preliminary modelling and numerical analysis (before the documentation is completed) is highly
recommended, as it can detect the more vulnerable regions, the type of inadequacy, as well as the difference
between the assessed and the targeted behaviour. Thus, the structural engineer is guided towards the
adoption of the most adequate scheme of interventions.

Recommended also by ISCARSAH/IICOMOS

The intervention techniques are distinguished in Repair and in Strengthening techniques.

Repair are those techniques that are meant to reinstate the pre-earthquake bearing capacity of the structure,
although it is known that-at least-some of the repair techniques provide some enhancement of the bearing
capacity.

E.g., re-pointing, plastering, filling or stitching of cracks, local reconstruction, reinstatement or improvement
of connections and connectors.

Strengthening techniques are assumed to be applied after repair of the structure.
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Transverse connection of masonry leaves

L'Aquila, 2009 Samos, 2020 Gaziantep, 2023

It is achieved through grouting AND, if so needed, using transverse connectors (the code provides guidance related to the
durability, the diameter, the distribution, the minimum number of connectors, etc.)

Existing wall Make holes Place steel bars Detail Interior Element
and fill concrete Suxtost hole A
Lockin
s — =Z
We do not recommend the use of connectors A PR

4 mm pipe thickness

unless grouting precedes.

Figure 421 hough walls after the 2002 Molise, italy, carthquake (source Maffei et ol 2006}

Bothara, J., and Brzev, S. A Tutorial: Improving
the Seismic Performance of Stone Masonry
Buildings, EERI-First Edition 2011.

Figure 4.20: of c through: retrofit projects in Maharashtra, India (photos: S. Brzev)
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Efficacia dei Consolidamenti Realizzati: Prove di Compressione

&
Muri ristilati: Muri con tirantini: ~Intervento '“T’
320 ra 2
(MPa) 280 —_—
240
200 4 N e ——
120
080
040
000
Jex it sim i3 e e 161 ) em  J1sr T et nT g [t
criginal njection g sjestorGrou: 1 et s _AFepointng| inection | Weesore{ction
wal ties ties il ntie
ties.
[pere [ 00 | t0s T oa0 | EREER| 083 [ oss | 108 | oei |
meost| 183 [ 240 [ 240 | 254 [ 257 | 1m2 | 248 | 197 | 1a¢ | 1m [ 177 | 134 | 128 | nss | 2% | 214 | ame

+ Ristilatura dei giunti e inserimento di tirantini
non aumentano resistenza e rigidezza dei muri

- | tirantini danno il massimo contributo nella

Modena C., 2012. Analisi e

. ; X . riduzione della def. trasversale dei muri &l

interventi strutturali su edifici

in muratura secondo le Norme + L'iniezione & la tecnica pil efficace B

Tecniche per le Costruzioni -5 | ‘

2008, Ordine degli Ingegneri + Le tecniche combinate migliorano il i L
della Provincia di Pistoia comportamento globale oriinal w3l necin Jsnsverssliie

Modena, 2012

Analisi e interventi strutturali su edifici in muratura secondo le NTC 2008 — Prof. Claudio Modena Pistoia — 5 Novembre

Deep repointing/rejointing
Double-sided deep rejointing (using adequate new mortar) to elements of thickness limited to 0.60m and of

relatively low original mechanical properties, can be considered as strengthening technique.
Pre-requisite! Homogenization of masonry.

The percentage of the replaced mortar as a ratio of the total mortar volume is rather limited. Taking into
account the small contribution of the mortar to the shaping of the mechanical properties of masonry, the
benefit from this intervention is not expected to be significant.

The mechanical properties of the new mortar should not differ significantly from those of the original mortar.
The new mortar has to be compatible with the original one (to ensure durability)

The efficiency of the technique strongly depends on the quality of the workmanship
(complete filling of the joints).

High cost with limited efficiency.

Rejointing: YES
Deep rejointing: ???
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The use of mortar much stronger than the removed one, as well as the deficient filling of the joints, may cause
spalling of the masonry units and, finally, reduction of the compressive strength of masonry!

otphon
ontomhivbwv

véo véo

Koviapa Koviapa
Kevo / /

oTphOon
7% [

ontomAiviov ‘H'm I 6>,

Tests at NTUA: Compressive strength of bricks=50MPa, Compressive strength of original mortar~1.0MPa
compressive strength of rejointing mortar~6.0MPa
Original compressive strength of wall=6.50MPa, after rejointing=4.50-5.70MPa

Vintzileou E.: “The effect of deep rejointing on the compressive strength of brick masonry”, Masonry International, Vol. 15, No 1, 2001,
pp. 8-12.

Reinforced Plaster

Reinforced plasters may contribute to the improvement of the in- and out-of-plane capacity of walls
provided that

(a) Homogenization of masonry precedes (e.g., grouting)

(b) They are double-sided or, if one-sided, they are constructed at the exterior face of walls !

(c) The thickness of the walls is such that the (max. 40mm thick) g
(d) Mlasters constitute a substantial percentage of the overall thickness
of the element. 3

Adequate materials (durability), surface preparation, anchorage to
masonry, etc.

g0cm thick Quite often, in contrast to mechanics, single-sided reinforced plaster is
| masonryis located at the interior face of walls, the exterior one remaining unplastered.
| asumedtobe  The Code allows for this application, stating though that the exterior face
§ ot should also be adequately protected. No guidance on how to achieve this is
provided.

Compare the thickness of
the plaster to the overall
thickness of the wall
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Grouting-Homogenization of masonry (exclusive use of hydraulic grouts!)

%" ’#N
R\\
\\“\‘
AW
Ay
Before grouting
gWallene 1 2
Wallette 2 1
| Awallette3 \ \
Afier grouting i
& Wallette | \\l\
[ @ Wallette 2
A Wallette 3
| :
-36 -32 28 24 -2 -16 -12 -08 -04 O

vertical strain, €(%o)

28
24
2

1.6
12

compressive stress, © (MPa)

0.8

0.4

Vintzileou E., Miltiadou-Fezans A.: “Mechanical properties of three-leaf
stone masonry grouted with ternary or hydraulic lime-based grouts”,

leaves of masonry

to in-time behaviour of grouts are rather stringent.

Grout introduced (at low pressure) to masonry elements, to fill all voids
and cracks (to the order of the tenth of mm) and to bond together the

The technique is non-reversible and, hence, the requirements related

PREREQUISITE FOR ANY EXTERNALLY APPLIED INTERVENTION

0.36

0.28

4
it
T mas .

0.24

0.16

0.12

Engineering Structures, Volume 30, Issue 8, August 2008, Pages 2265- |

2276

0
22 2 -18-16-14-12 -1 08-06-04-02 0

vertical strain, € (%)

tensile stress (MPa)

Modena C., 2012. Analisi e
interventi strutturali su edifici
in muratura secondo le Norme
Tecniche per le Costruzioni
2008, Ordine degli Ingegneri
della Provincia di Pistoia

Modena, 2012

“Intervento in
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+ Ristilatura dei giunti e inserimento di tirantini

non aumentano resistenza e rigidezza dei muri

| tirantini danno il massimo contributo nella
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» L’iniezione & la tecnica piu efficace
-60
+ Le tecniche combinate migliorano il T e e | =]«
joriginal wall injection transversal tie

comportamento globale

Analisi e interventi strutturali su edifici in muratura secondo le NTC 2008 — Prof. Claudio Modena

Pistoia — 5 Novembre
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Do we need cement-based grouts to increase the mechanical properties of masonry?

O O O Vintileou etal., 1995 O O O Vintzleou et al., 1995
+ 4+ Toumbakari, 2002 + + + Toumbakari, 2002
O O 0O valluzzi, 2000 30 O O 0O Valluzzi, 2000
® ® @ vinuileouetal, 2006 ® ® @ Vintzleou et al., 2006
33 25 5.5
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Reinforced Concrete Jackets
A very invasive technique applied when there is significant gap
between the assessed and the target capacity of the building.
(a) Radical change of moisture and vapour movement within
masonry, leading to durability problems
(b) Proper anchorage to floors, walls, perimeter of openings,
etc., affects the geometry of spaces.
(c) Significant increase of mass and stiffness (hence, of
conventional seismic loads. S s T
(d) Effects on foundation (interventions?) The Code discourages in any possible way the Engineers!

(e) To be applied to already homogenized masonry
(f) If single-sided, usually applied on the interior face of
walls!

Intervention prohibited by the Hellenic Ministry of Culture to
historical constructions and monuments.

The Code guide the Engineers to apply alternative systemic
interventions (such as, enhancement of diaphragm action of floors and
roof, improvement of all connections among structural members,
construction of new bearing elements at the interior of the building,
transforming non-bearing elements to bearing, etc.).
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Plomari, Lesvos island, 2018 Pyrgos, Peloponnese, 2014

Composite materials

For durability reasons, as well as due to the (by orders of magnitude) difference in the mechanical properties
between FRPs and masonries, the Code discourages the Engineers to use them in the form of “jackets”

B~

The Code covers the technique of fiber reinforced composites in inorganic matrix
(treated in a way similar to reinforced plasters).

Still, the masonry elements have to be consolidated before the application of the
composites.
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Tie- or bond-beams

Needed to ensure the connection between floors/roof and walls. Made of timber, steel, RC.

Connection between the roof and the walls (through the
tie-beams). The friction between concrete and top of
walls may not be sufficient! The vertical loads at that
level are of very small value.

Width of tie-beams ~ thickness of walls and
Prior consolidation of masonry

It is important to ensure an
adequate connection between the
roof and the wall.

LAquila, 2009

Bothara, Brzey,

Roof Bracing e v(\ 2011
As a rule, the tie-beams DO NOT provide diaphragm action L FloorStructure

to floors and roof!!!

Christchurch, 2011
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JE

lllica, Rieti, 2016

Diaphragm action

A

Hellenic.Association of Earthquake Engineering,
Report an the Arkalohori earthquake, 2021

104

Ensured, provided that (a) the masonry walls are adequately repaired and strengthened, (b) tie-beams

are arranged, (c) adequate interventions are applied to enhance the in-plane stiffness of horizontal
elements, and (d) diaphragms, tie-beams and walls are connected.

The Code does not promote the replacement of timber
floors and roofs by RC slabs, due to the resulting significant
increase of the mass of the building and to the difficulties
related to the construction of RC tie-beams of sufficient
width and to their connection with the walls.

Applications of RC slabs, without following the

aforementioned provisions/conditions, are-in many cases-
proven to be catastrophic.

Alternative techniques: Double-planking, arrangement (in-the-plane of diaphragms) of steel or FRP rods,
etc.




Antakya, 2023
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DANNI A EDIFICI CONSOLIDATI

SOSTITUZIONE DI SOLAI E COPERTURE

La sostituzione di solai in legno con solai in

laterocemento, ovverosia |’ irrigidimento di strutture Modena C., 2012. Analisi e

orizzontali, non ha prodotto I" atteso miglioramento interventi strutturali su edifici in
muratura secondo le Norme

del comportamento strutturale. Tecniche per le Costruzioni

: 5 2008, Ordine degli Ingegneri
Cordolo appoggiato solo sul lato interno della muratura a della Provincia di Pistoia
pit paramenti: eccentricita di carico ed indebolimento della
sezione

La muratura non & adeguatamente
consolidata

Espulsione della facciata

Le pareti ortogonali non
sono adeguatamente
collegate tra loro

Analisi e interventi strutturali su edifici in muratura secondo le NTC 2008 — Prof. Claudio Modena Pistoia — 5 Novembre
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KAAET: A Code for Seismic Evaluation and Interventions in
Load Bearing Masonry

Chapter 1  Objective, Field of Application, Role of the Engineer

Chapter 2  Fundamental Principles, Criteria and Procedures

Chapter 3  Investigation, Documentation

Chapter 4  Basic Data for the Seismic Evaluation and Retrofit

Chapter 5  Analysis before and after the Intervention

Chapter 6 Models of Material and Structural Behavior

Chapter 7  Engineering Demand Parameters / Modelling Parameters
Chapter 8  Dimensioning / Detailing of the Intervention

Chapter 9  Acceptance Criteria

Chapter 10 Contents of the Evaluation File

Intent: To Formulate Rules for:

* Seismic Evaluation & Redesign ; Versatile Rules, for the broad range of “non -
engineered” Construction. Dependable results that can be used to guide retrofit

* Intensity of effort commensurate with the level of uncertainty in
the data and the magnitude of the future seismic hazard

Il

Important Decisions /

t A B r
»L . ,-,\ Uncertainty:

q
I 5
i o £
= 7 2 -Idealization of structure
(7]
= o -Modelling material behavior
Sl I ! L -Method of Analysis
I Rotation, 6 -Loads




Scope of the Chapters: S,<R,

Displacement Demand
4 Spectrum

Performance point

/

Structural Model

Base Shear, V

C

O

demand Drift Ratio, e Deformation or deformation ratio
Member Model

* Chapter 7: mechanistic models for calculating the member resistance

* Chapter 9: the performance criteria that are part of the design inequality

Lateral Resistance Curve (Case without Diaphragm Action):
* Equivalent Frame Analysis / macroelements (inelastic, dynamic, or static pushover)

Modeling the 3-D structure, as a
sequence of plane frames. After the
lateral load analysis, the individual walls
are checked against out-of-plane failure
mechanisms

* Out of Plane action is checked by Postulating different Mechanisms

K1 K1

X ¥ v

2 sided 1 sided 2 sided 1 sided

CEENNNNN NN\ NN k2, NN

2 sided 1 sided 2 sided 1sided
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Yield Line Arrangement for Qut-of-Plane Mechanism Assessment

Lateral Resistance Curve (Case without Diaphragm Action):

+ 3-D Elastic Analysis - shell elements / plate elements, or 3D solids (bricks) (If possible,
combined with nonlinear springs for unidirectional contacts).

Specifically for Inelastic Analysis, the amount of
required information is not necessarily compatible
with the level of documentation and data
reliability that we can have in common buildings:
Therefore, this method is more appropriate for
special structures of significant heritage value, or
the structure has rigid diaphragms.

?

- -

Eigenvalue Analysis? Need to determine which is the dominant translational mode

......
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Application Example:
A 1893 URM Structure, developed damage in the 1978 Thessaloniki Earthquake

Stone Masonry: f, = 5.5 MPa,
Specific Weight= 28.5 kN/m3

Clay bricks: fk = 4.0 MPa,
Specific Weight = 18.0
kN/m?3

(al)

Basement Plan 1st Storey Plan 2nd Storey Plan Timber: E = 10 GPa
71 , ) E‘g S Cs Iron beams: E = 150 GPa
Bar—
. B4

o Wass
’ ] oy 2
i) 786 | 31T 7880 Roofing: 1.5 kN/m

ivisions @
Wy Bzl adde by
f later ] Py

¥
1
ey N s

~

F o

Moving loads: 3.5 kN/m?

RS

= T3 46
N

5.19||4.54| 6 p9

TNz Cs Crx M Nz s
®3)
Eigen Analysis Results
100 5
1] 3
8 807
3 3
;gﬁso +
5 40 7
B E
é 20
0]

0 200 400 600 800 1000
Number of modes
—Direction x —Direction v

o~
&

3D-Modeling using FEA: Pushover curve by applying a gravitational field

in the horizontal direction. F —afl
__.§,—"r

—-b
—L-’i'f”—'—w

‘_‘21

(a) Analysis for gravitational loads for the Seismic Load Combination. (B) Determine internal
forces and displacements for a total spectral response acceleration of 1g. To determine the
elastic forces in the seismic load combination, the values from analysis (B) are multiplied with
seismic amplification = S(T)/g.

' = ===
OO0
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Estimating the Inelastic Deformations from the Elastic Analysis Results:

Multiply with the ratio : p/q = A,o/Aq

* Estimating the response modification factor (known as “Behavior Factor”) =V, d/vw where
VE‘d=Cm‘Se(T)-W/g

o Dpa/Ba =1 va T >T,

* Ain@bl’l‘Ael E(1+(Q'1)'Tc_l T)/q vaT <Te¢

A
Maximum Base Shear V' ,
from the Elastic Analysis Edflmm—m———
= Binel = 8¢ ‘l-l/q
V,=V,jq —f - -@---—--" 4
|
|
|
|
|
I ~
1.0 for 1 and 2 storey A @S ® >
0.8 for higher structures e d Ainol

* For calculation of Notional Yield Lateral Force V,: Chapter 7: The force that the system
develops when the lateral relative drift ratio is in the range of 0.15 - 0.2%

* Evaluation Checks & Modelling Parameters:

|l. Frame Method: You need to input Moment - Rotation Resistance Curves for the
«Members». Significant points of reference: «Notional Yielding», ko «Failure»

' I 20%F

* Mechanisms that are controlled by deformation: Flexure, Shear Sliding
* Mechanisms that are controlled by force (brittle): Compression Toe Crushing; Diagoral
Tension Cracking
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Evaluation:

load (compression).

moment.

NI L'I{T—f. 15 -wal/2

MRd=Nsd'(1_1-15v d)L/Z

[

Normalized Axial Load
Vsd = Nsd/(Ltf(‘i)

Ja=IuPw

Depends on the level of
confidence of thedata |~

#1 Important Element for Comprehension of the Methods for Modelling and

(a) In unreinforced masonry, the flexural strength of a section is owing to the presence of axial

= Without an Axial Force, the cross section (and the structural member) cannot resist

Normalized Axial Load

vsd= 1

failure)

In-Plane Action: Controlled by Flexure

I LT T T Tl
TTTTTTTTTT

CTTTTTTTTTT
TTT T T T T TTT

||||||||||

Fyp=

* Definition of Yield Strength, F,, of a member (and definition of mode of

L-(1-1,15-v
( d) v
2H,

113



114

Definition of Yield Strength, F,, of a member (and definition of mode of
failure)

In-Plane: Controlled by Shear

Fy,v = fvdL’t

foa = min(fvd,tr fvd,s) < 0,065/}

o7
Vd =f\,d,t t-L Nl / Vslid =Tva,s t-L N

[=——>4

S8

by T A, T |

\ cohesion
deJ - \/fwtd '(fwtd TV, fd) fvd,s :fvo +y-(vdfd) FLP"e’ _ 4

yitier — Z'lb,tier ) ptier ) Lb,tier

The smaller of all these estimated "
strengths defines the pier resistance Vres = min{Viex Vo Vsiia:Va - )

« Safety Checks and Acceptance Criteria:

* Frame Method: Moment - Rotation Relationships for the «Members». Points of
reference: «Notional Yielding», and «Failure»

Local
Checks
only

Flexural Pier (a) in-plane, and (b) out of plane, and equivalent cantilever




Modelling Parameters according with ASCE-41 for each type of Wall Pier (i.e.,

either URM or RM).
For Actions that are controlled by Deformation  For Actions that are controlled by Forces
For URM: e=d (there is no (ASCE 41)
ol plateau) 10 112 ) [ H3 H, ]—1
= + ;
/0, , /0, 3Eply | 0354,Gp,
' il H3 He |7
B 12Epl; * 0.354,Gp,
0 L " ' >
g d g g.d e f
Drift Ratio Aggp/fege Drift Ratio A/l
(a) (b)

Reference Performance Limit States for URM:

Structural Performance Levels
Immediate Occupancy: A: 10 / DL Life Safety: B: LS /SD Collapse Prevention: I': CP / NC

(neproplopde PraBav) (Emwokevédoeg BAGBec) (amoduyi kardppeuang)
Primary Minor cracking of veneers. Minor spalling in  Major cracking. Extensive cracking; face course and
3314 veneersata few corner openings. No Noticeable in-plane offsets of masonry. veneer might peel off. Noticeable in-
observable out-of-plane offsets. Minor out-of-plane offsets plane and out-of-plane offsets
{=leely (o ElaT s Same as for primary elements Same as for primary elements Non-bearing panels dislodge

Elements

Transient drift that causes minor or no non- Transient drift sufficient to cause non-  Transient drift sufficient to cause
structural damage. structural damage. Noticeable extensive non-structural damage.
igi ent drift permanent drift Extensive permanent drift

Modelling Parameters for URM Walls with v,; > 0.2 MPa (ASCE-41)

Limiting Behavior Mode Modelling Parameters
for URM Walls/Piers

( d e f

Qtoe/Qroc Ac/He% Ac/He % etty
He
Bed-joint sliding Qckr/QstiaE 0.4% 1.0% 1.0+2_y %
e

A= Lateral displacement associated with the onset of toe crushing V,_, Table 11-4

Limiting Behavior Mode 102A IS8 CP2T

Simplified 0.1% 0.4(h¢/L)<1.5% 0.6(h.q/L)<2.25%
Rocking -

Comprehensive 0.1% 0.6(h.¢/L)<2.25% 8. u/he$2.5%
Bed-joint Sliding 0.1% 0.75% 1.0%

EC8-1ll (2022):

Flexural (Rocking) Bed-joint shear sliding Diagonal shear cracking

m 9so=9f,u eNc=ef,u2 Opr1. eSD=es,u eNC=es,u2 OpL eSD=ed,u eNc=9d,uz

elastic (1-v)% 4 elastic  0.4% (solid bricks) 4 elastic 0.5%° or 4
(o (9. (G

limit 8, 3 limit 8, 3 limit®,  0.6%4

0.59(hollow bricks) 3

0.8%(stone)

115



#2 Important Point for Comprehension of the Modelling Methods and Safety Checks:

The modulus of «Elasticity»
which is estimated from the
initial secant slope (to 40%
of peak) in the stress —
strain law in compression,
has little relevance with

I T 1 1
the stiffness of masonry to | T T ]
lateral loads. AEn A I
ateral loads ‘ 5 | T T
w I T IE [ T T 1
“ 11 [ T 1
typology D typology E typology E1

Fig. 2 Stone masonry typologies: sketches of typical textures and cross-sections

Table 6 Elastic and effective stiffness ranges for the various masonry typologies

Eefz a'fw

Masonry typology

A B C D E El
a between 200 and 400
Effective stiffncss, E.4 .
Median (MPa) 320 (22400° Q00 430 550 L1 dependlng on the URM
morphology

CoV 0.49 022" 038 042 0,57 0.42
(Eer /1) @“ 300 250 D
+ Stiffness of Cracked Section (El) & (GA) = % of the corresponding elastic sectional stiffness of
the gross section of the member.

=>» Small Values!

* Rotation Capacity:
Experimental Evidence
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typology D typology E typology E1
Fig. 2 Stone masonry typologies: sketches of typical textures and cross-sections
DISPLACEMENT CAPACITY A=B=C-D E=El
Drift at cracking: &, = 0.20%  Drift at SD limit state &gp = 0.50 - §, Shear Flexural Shear Flexural
— . . failure failure fatlure failure
Yielding drifi: Dirift at max. foree: Srax = 0.70 - 8,
- shear 8,=1/4-6, Driftat collapse 5. =115 6, :_""i“‘l L 0.90 1.50 225
113
- flexure 8y =1/65 -8y Cov 0.50 0.50 0.50 0.50
Ultimate drift: - Model 1: reference values from table
. o H .
- Model 2: 8y, = max(1.5% — 4% - % 0.3%) - min(';‘,m (typologies A-B-C-I))
o H .
8, = max(2.25% — 6% -an'?:‘. 0.3%) min(l:r,:.) (typologies E-E1)
ALEATORIC VARIABILITY Suggested coefficients of variation
Kew Vr. Scr 53- 5SD Sr_‘mx E'J Sc
A-E1 0.20 0.10 0.10 0.20 0.30 0.30 0.30 -




Il. 3D-Modeling using FEA: Relative Drift Ratios. Demands and Capacities are
calculated again, however their values are determined in terms of deformation.

...........

|||||||||||
.........

||||||||||

(o) B

(v) (6)

Definition of Acceptance Criteria in terms of Drift Ratios:

Relative Lateral Displacement between any two points that lie on the surface of a masonry pier,

along a vertical or a horizontally line, divided by the distance between the points.
DM

7 - (2522 o eout—n=A{pfar/f1

In-Plane, Height\;vise, Out of Plane, Horizontally BovtvAr/Ho
Flexure Controlled: Yielding: 6,,,,=0.2%
Yield Point: 8,=0.15%
Failure: 6,=0.008-H,/L Piers in Shear Buildings (Rigid Diaphragms)
(for Secondary Elements, Failure: 6,,,,,,=0.72% for solid bricks; s.d =35%
6,=0.012-Hy/L) B,1an,u= 0.45% for hollow bricks; s.d. 30%

Shear Dominated: (C] = 0.6% for Stone; s.d 25%

plan,u™
Yielding: y,=0.20%
Failure: y,=0.40%
(for Secondary Elements, y,=0.60% )
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Acceptance Criteria: Check Demands Against the Capacities

acceleration

4444480
N

Uniform Field of

Photo: Dr. Karantoni

eheight = AUheight //v
eplan - 2 ‘ AUmid /ﬂ

For each performance limit state, the EDP
(Engineering Demand Parameter given as the
value of rotation, y or 0) is checked against the
corresponding limit values given previously

Fe/2

(c) Out of Plane
Action (H,:

Measured from the

point of Max.

Displacement to the

pole of rotation)

Out of Plane Action - Risk of Toppling

Fra =AW - (1+W) -2 ; W=2P/W
o
\ A
Fra
P+(W/2)
e . S
Fe/2 ’ :
1
| '
M v 5
Bv 0, O
eu,out = min {Hu,l’ 014,2}
0,,=0.003-H,/t
0,,=0p, (1-F, /
4 Force required to cause out-of-plane

toppling of the wall




Importance of Qut-of-Plane Action:

A, ,, Wall pier surface.
A: Support Conditions

n

(a) (b)

([
L

SR

(a) Stress superposition at cracking,
(b) Ultimate Flexural Strength

strip 1

z

trip 3 I
srlpi&\

Fgg = A-Wgyq 'AL,W
P

|

A

o

S
VA A

< L —

Example: Wall with a thickness of 0,5 m and specific
weight of 18 =KN/m3, for an acceleration response equal
to 0,5g at the top floor, is subjected to lateral pressure:

w,.= 4,5 KPa (= the same as the self-weight of a RC slab)
Qut-of-Plane Bending

— el D ——
Direction of carthquake

‘ ’ R
T
H.
N
| L !
= =l
|

Horizontal cracking

Vertical strips

4

IS

Vertical cracking
Horizontal strips

([T [T 9s

d3 ds;2
N
W Me /§
\\\\J \_/ N o
ALLLLLLL LI SLS LTSS, ¢
7 2=\
T= 1l —p
v
"7 b
V) =
ITITIIS ST 7ITITTY, S

Ly

-+ L

;
;

&
o
Py

{
A

Critical punching path

Fig. 2 5-B.1: Out of Plane Forces acting on the wall

. G4
iz Z
IH =\
9 7 maxivig q1
gc_: _>2 ) M,=q,L, /8
AN/ - /T 7 - I A--p-------
/. 7 1 N \ § et
’////////////////f ; M § Y i (A nqLYs
L — N TP R o s Y
3,
B [ gs=(as+as2)a:Ly e
al MegLYs )
5.5 = 5.(T) wfwes

amnou

S n pEyiotn cowvskTA s sTTdyLVOn

5(T) n daopanikn smrayuven ans To sAaoTike aopa andkplong
Wy 1O CELOMIKG $OpTio oTNV aoToyic Tou Tolgou

Wrd TO GELOHIKD $opTio nou aviotowet oty S.(T) (EE. 5.13)

§K """"""""" f“i_;ils
N N __;__f_i:’_-);“;L::S N

A=0.5
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Chapter 9: Checking the Design Inequality
Acceptance Criteria: Check the Demands against the Capacities

The design values for the demand (or assessment, per the Paragraph 9.3.2) are compared
with the corresponding values of the acceptance criteria in order to determine whether the
design inequality is satisfied for the building, and to estimate the anticipated level of damage
(performance limit state) that will be developed in the building when the design or
evaluation demands will be realized (depending on the assessment performance objective
per paragraph 9.3.2)

r

CcP

‘ 9.1.3 a) If the assessment’s objective is intended to
._.! demonstrate that the structure meets the capacity

requirements, then all the individual members ought
to satisfy the corresponding acceptance criteria.

B) If the assessment is conducted in order to support
decisions related to redesign and retrofit, all the
. structural members should satisfy the corresponding
d,+d, acceptance criteria after the intervention.

Acceptance Criteria: Relating Performance with Deformation Capacity:
OLA SDB CPT

Voo

Performance Limit State Magnitude of Rotation Limit

B: Significant (Repairable) |%yvy, %8,
Damage




Deformation Capacity in terms of Rotation (drift), for In-Plane and Out-of-Plane Action
Type of Seismic Response Limit Value for Rotation at Failure

In plane, piers that belongto  glements controlled by Flexure: 8, . =0.008-H,/L
the system of lateral resistance '

(i.e., contribute to lateral

Elements controlled by Shear: 6,,,=0.004
resistance). '

Out of Plane - Toppling 0,00t =min {6, 4, 6, ,}
Performance Limits (Acceptance Criteria) for in- and out- of plane Actions
Type of Seismic Response | Relative Drift Limits Performance Limit State
In plane 8,,<0.15% A: Immediate Occupancy —
Damage Limitation
0.15%<6,,<0.75-0,;, B: Significant but

Repairable Damage
0.75-0,;,<6,,<1.33-6,;, [ Life Safety — Collapse

u,in =

Prevention
{Bouty s Ooutnt < 0.20% A: Immediate Occupancy —
Out of Plane (in the Damage Limitation
horizontal direction) 0.20% < {8yt ; Oourn} < B: Significant but
0.75-0, out Repairable Damage
0.758, out £ {Bouty s Oouent < | i Life Safety — Collapse
1.33-0,, ot Prevention

In Conclusion:

3 principal stages are defined in the Method of Analysis and Assessment
regardless of modelling approach, and material response idealization:

e Stages / Steps:

I.  Determine the relative distribution of lateral Drifts in the URM structure for an applied
displacement at the control point

Il.  Quantify for the structure the peak displacement response (whether that is modeled as
a MDOF or as a ESDOF system) and obtain the drift demands for the peak displacement
at the control point — either using elastic or inelastic response

lll. Find the local demands in terms of deformation, and apply the acceptance criteria in
order to quantify the anticipated damage and therefore the anticipated PLS.
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Capacity is evaluated at each different floor level of the building, in the direction of seismic
action as follows:

(a) In the case of flexible diaphragms, lateral load capacity is evaluated for each individual
structural component.

(B) In the case of stiff or rigid diaphragms, structural capacity may be taken as the sum of
the strengths of the individual parallel walls.

Strength of each individual wall in the direction of seismic action is calculated according
with Chapter 7, depending on whether it is controlled by flexure (Eq. (7.1)) or by shear (Eq.
(7.2)).

a) For ductile behavior and modes of failure of the structural elements,

Performance is assessed in terms of deformation:

u

R; =8, =—— * InPlane: ygy=1,33. Out of Plane: yy,=2,0.

YrRa For secondary elements y, is 1.33 always for Performance

Limit State B, but 1.15 for Performance Limit State I

B) For brittle behavior and mode of failure,

Performance is assessed in terms of Strength.
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ECILS/ECPFE Workshop

“Seismic Assessment and Retrofitting of Masonry and Preserved Structures”

Protection of heritage structures
from earthquake effects:
status of regulations and practice
in the Republic of Serbia

Dr. Svetlana Brzev

Adjunct Professor, Department of Civil Engineering,
University of British Columbia, Canada

President, Serbian Association for Earthquake Engineering (SUZI-SAEE)

SU|SA
/Z1EE

IZIIS, Skopje, 23rd May 2024



SU|SA
ZI'EE

Serbian Association for Earthquake Engineering (SAEE)
Srpsko Udruzenje za Zemljotresno Inzenjerstvo (SUZI)

= Established in 2018 as a non-governmental non-profit
organization in Belgrade, Serbia.

= Main objective is to raise awareness and the level of
knowledge and practice of earthquake engineering in the
Republic of Serbia.

= Governed by the Board of Directors (11 members) headed
by the president (currently Svetlana Brzev).

= Currently has 46 members from Serbia and neighbouring
countries, mostly civil engineers, architects, seismologists,
etc.

= Member of the International Association for Earthquake
Engineering (IAEE) since 2018.

Srpsko Udruzenje za Zemljotresno Inzenjerstvo - SUZI We b S ite : WWW- s uZi -saeg . rs

Serbian Association for Earthquake Engineering - SAEE |

SU|SA
Z1'EE

Main activities:

= Lectures/seminars - published on Youtube channel
https://www.youtube.com/@suzi-saee9813

= [nternational workshops held in Belgrade:

- Seismic risk, recovery, and resilience workshop in 2022

https://suzi-saee.rs/akcije/international-workshop-seismic-risk-recovery-and-resilience-held-
in-belgrade-on-june-16-and-17-2022

- SERA Seismic Risk at Balkans workshop in 2019
= Earthquake reconnaissance visits (Albania, Croatia, and Turkiye)
- organized seminars/lectures and prepared articles for the newsletter

Srpsko Udruzenje za Zemljotresno Inzenjerstvo - SUZI We b S ite : WWW- s uZi -saeg . rs

Serbian Association for Earthquake Engineering - SAEE |
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= Exhibitions — e.g. an exhibition on the 100th anniversary
of the Great earthquake of 1922 (strongest earthquake in
Serbia in the 20th century)

https://suzi-saee.rs/akcije/izlozba-povodom-stogodisnjice-najjaceg-zemljotresa-u-srbiji-u-
xx-veku-otvorena-u-lazarevcu

See attached posters — an example shown below

« MOCTNEAMLIE 3EM/LOTPECA Y BEOTPALY mes

Srpsko Udruzenje za Zemljotresno InZenjerstvo - SUZI

Serbian A ion for Eartt g ing - SAEE Beograd | Mart2020 |
SU|SA
Z1|EE 31'|Sf\. e —
ZIEE eGlasnik
= Newsletter (eGlasnik) - twice a year R n

Example: last issue (July 2023)
https://suzi-saee.rs/img/suzi-eglasnik_broj-11-jul2023_final_1_1.pdf

= Other publications — a monograph re the 2019 Albania
earthquake

https://suzi-saee.rs/img/suzi-publikacija_zemljotres_albanija2019_1.pdf pati e

Posledice zemljotresa u Albaniji
od 26.11.2019. godine
na objekte | infrastrukturu

Srpsko Udruzenje za Zemljotresno InZenjerstvo - SUZI
Serbian A iation for Eartt ke Engi ing - SAEE
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Introduction A
»  Serbia is located in a region of moderate seismic I
activity, however its territory is close to regions of ‘ ;
high seismic hazard which triggered major N e
earthquakes in recent history, e.g. the 1979 o - o
Montenegro earthquake (M 6.9) the 1977 Vrancea, e o e
Romania earthquake (M 7.2). / o S P
> In the last 100 years more than 10 earthquakes with ¢ e padac 75
magnitude 5.0 or higher occurred in Serbia. > B -

»  The most significant earthquake in the 20th century
occurred in 1922, had magnitude 6.0 and epicenter
near Lazarevac (approximately 60 km aerial distance
from the capital Belgrade). N e

>  More recently, the 2010 Kraljevo earthquake (M 5.4) (R ] e 7 .|
caused 2 fatalities and more than $100 million in oo R
damages, based on the World Bank’s (WB) country e Pl =
risk profile for Serbia (WB 2017). \

>  Several other earthquakes affected rural areas of i
Serbia, such as the 1927 Rudnik earthquake (M 5.9),
the 1980 Kopaonik earthquake (M 5.8), and the 1998 — e
Mionica earthquake (M 5.5).

Seismic hazard map of Serbia
10% probability of exceedance in 50 years
PGA in the range from 0.05g-0.25g

Cultural heritage portfolio - Serbia (1/2)

» Cultural heritage ranges from individual buildings of
secular architecture, to civil buildings typologically linked
with urban centres, public objects, fortifications and
religious buildings

» Key government institution: Republic institute for the
protection of monuments of culture, Belgrade,
established in 1947 (currently under the Ministry of
culture and information)

> Cultural heritage portfolio for Serbia:
v 155 monuments of exceptional importance, and
v" 512 monuments of great importance.
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Cultural heritage portfolio - Serbia (2/2)

Five UNESCO heritage sites in Serbia

o O -
Stecci— o T F
Perucacr— p A ]

@ L ( Gapa
Stecéci— (A
Rastiste 7 1

., \@Studenica ..

Stedci-Hrta " @ S_t_érihﬁas e y

The Studenica Monastery (12t century)

Patriarchate@ _ "~ w0
of Pec. @Decan Gf;}camca

Location of UNESCO World Heritage
Sites within Serbia and Kosovo (striped
area)

The Sopocani Monastery (13t century) + Stari Ras

Cultural heritage portfolio: documentation

» Several publications related to cultural heritage
monuments in Serbia, including the UNESCO heritage
sites

https://www.heritage.gov.rs/cirilica/Download/Svetska__bastina__S
rbija__World__heritage__Serbia__book.pdf

» An interactive online information system
https://nasledje.gov.rs/index.cfm
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Cultural heritage: interactive online
information system

Information Sistem of

Immovable cultural

properties

Information Systam of immovable
Cultiral Property (15 NKD) is an
Information system designed to
store dighal and digitized data of
immcvabie beritage (immoyable
cultural properties) of the Reputlic
of Serbla.

Cultural heritage online database:
an example of the collected info

Studenica Monastery [ $tampa)

Hasue: Studenica Monastery

OnwtuHa: Kraljevo

Mesto: Brezova

Nadiddnost: Institute for the ProFecnon of Cultural
Monuments of Serbia

Kontakt podaci

Teritorijalno nadleZni Institute for the Protection of Cultural

zavod: Heritage in Kraljevo

Broj u centralnom

registru: SK 158

Datum upisa u

centralni registar: 05/04/1982

Broj u registru K4

Datum upisa u registar 03/02/1982

Decision of the Institute for the

Protection and Scientific Research of
ReSenje/Odluka o rotection and Scientifi earch of

MAPA proglasenju za NKD: Cultural Monuments of the People's
s ' Republic of Serbia no. 421/47 from
23.10.1947.
\ wan WMQ C 3 Brojidatum sluibenog Sluzbeni list Opétine Kraljevo broj 13 od
Konak S‘tudedlca@ glasila Odluke o utvrdivanju: 29.12.1988. god
\
W & st
Manastir Studenica granica
[ ne|
¢ N
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Technical regulations: past (before 2022)

» 1981: Technical Regulations for the Design and Construction of Buildings in
Seismic Regions (Pravilnik o tehnickim normativima za izgradnju objekata
visokogradnje u seizmickim podrucjima). Yugoslav Institute for
Standardization, Official Gazette of SFRY No. 31/81 (Amendments 49/82,
29/83, 21/88, 52/90)

» 1985: Technical Regulations for Repair, Strengthening and Reconstruction of
Building Construction Damaged by Earthquakes and for Reconstruction and
Rehabilitation of Building Structures (Pravilnik o tehnickim normativima za
sanaciju, ojacanje i rekonstrukciju objekata visokogradnje ostecenih
zemljotresom i za rekonstrukciju i revitalizaciju objekata visokogradnje).

Yugoslav Institute for Standardization, Official Gazette of SFRY No. 52/85.

Technical regulations: present (post-2022)

» 2022: Building regulations (Pravilnik za gradevinske konstrukcije). Institute for
Standardization of Serbia, Official Gazette of Republic of Serbia No. 89/2019,
52/2020, 122/2020, https://www.paragraf.rs/propisi/pravilnik-za-gradjevinske-

konstrukcije.html

» Eurocode 8 - Design of structures for earthquake resistance-Part 1: General
rules, seismic actions and rules for buildings (SRPS EN 1998-1/NA:2018 Evrokod
8 - Projektovanje seizmicki otpornih konstrukcija, Deo 1: opsta pravila,
seizmicka dejstva i pravila za zgrade). Institute for Standardization of Serbia,
Serbia, 2018 (in Serbian).

» Eurocode 8 - Design of structures for earthquake resistance-Part 3: Assessment
and retrofit of buildings (SRPS EN 1998-3/NA:2018 Evrokod 8 - Projektovanje
seizmicki otpornih konstrukcija, Deo 3: procena stanja i ojacanje zgrada).

Institute for Standardization of Serbia, Serbia, 2018 (in Serbian).
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Cultural Heritage Law - Republic of Serbia

» 2021: Cultural heritage law (Zakon o kulturnom nasledju), Official Gazette of
Serbia, No. 71/94, 52/2011, 99/2011, 6/2020, 35/2021, 129/2021) (in Serbian)

https://pravno-informacioni-

sistem.rs/eli/rep/sgrs/skupstina/zakon/2021/129/11

= Article 1: the law establishes the system for preservation and

protection of cultural heritage.

= Article 71: the cultural heritage at risk has a priority for conservation

compared to remaining cultural heritage objects. Natural hazards

(including earthquakes, floods, etc.) have been identified as a potential

source of risk. It has been stated that a responsible minister makes a

decision regarding the intervention based on the recommendation by a

responsible institute for the protection of cultural heritage.

Preservation of cultural heritage in Serbia
from earthquake effects

> Due to relatively few seismic events in the recent history there is a
limited focus on reduction of seismic vulnerability of existing building
stock and cultural monuments.

» The November 2010 Kraljevo earthquake (Mw 5.5) caused damage of
unreinforced masonry structures, including religious heritage
structures (churches)

N “‘-: (4
N ¥

b)

Figure 31 — Post-earthquake rehabilitation of a church in the Siréa village near Kraljevo after the 2010 earthquake:
a) severe damage in the vaulted ceiling and b) horizontal steel ties provided to improve the overall structural
integrity (Krstivojevi¢, N., 2014).
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Structural rehabilitation of Serbian cultural
heritage: an example
» Cathedral Church of St. Michael the Archangel (Saborna Crkva), Belgrade

» Greek orthodox church built in a neoclassical style - in general not common

in Serbia, but it was common during the reign of Milos Obrenovic

» Built around 1840 - one of the few preserved monuments in Belgrade from

that era.

» The church was considered as a central support in the independence fight

from the Ottoman rule.

» One of the most important churches in Serbia and a landmark of Belgrade

Structural rehabilitation of Serbian cultural
heritage: Cathedral Church (Saborna Crkva),
Belgrade
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The Cathedral Church (Saborna Crkva),
Belgrade: description of loadbearing
structure

» Massive brick masonry walls (2.45 m thickness at some locations) with the

pilasters in longitudinal walls
» Plan dimensions: 45 m length by 19.6 m width
» Four elliptical brick masonry arches in transverse direction.

» It is believed that the original design assumed that the arches are rigidly

supported by the walls.

» Two internal (hidden) metal ties (15 x 45 mm) were placed in the upper

portion of each arch and embedded in the walls at the ends.

The Cathedral Church (Saborna Crkva), Belgrade:
Arches and Vaults
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The Cathedral Church (Saborna Crkva),
Belgrade: damage and rehabilitation

» Damage in the form of cracks and relative horizontal movements in the walls at

the top (in some cases on the order of 10 cm or more)

» Cracking of the masonry at the tie support area due to excessive tensile stresses

- the original ties were no longer effective...

» Rehabilitation had to be performed without any exposed ties (a heritage

conservation requirement).

=> A rehabilitation solution had to involve the hidden ties (similar to the original

design, but more effective)

A detailed description of the rehabilitation project presented in the paper by Aleksandar Mali¢ and Djordje Marinkovic:
“Structural rehabilitation of arched structures of the Cathedral Church in Belgrade” (Sanacija konstrukcije lukova Saborne
crkve u Beogradu), Nasledje, 2001, Vol. 3, pp. 155-164

https://beogradskonasledje.rs/wpcontent/uploads/2013/nasledje3/12_aleksandar_malic_djordje_marinkovic.pdf

The Cathedral Church (Saborna Crkva),
Belgrade: rehabilitation solution

1. Installation of new post-tensioned rods/ties 20 mm diameter (two
for each arch)

2. Strengthening of the damaged portion of the arches, by connecting
new and existing material through metal fasteners

3. Construction of new anchor blocks using a “special” concrete
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The Cathedral Church (Saborna Crkva),
Belgrade: rehabilitation solution
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The Cathedral Church (Saborna Crkva),
Belgrade: anchor block detail

A special concrete mix was custom developed for this project by the Faculty of

Civil Engineering, University of Belgrade - using recycled bricks
Mass density at 14 days: 1770 kg/m3

Compressive strength: 17 MPa
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ADRISEISMIC - an Interreg Project (2020-2022)

Full title: New approaches for seismic improvement and renovation of
Adriatic and lonian historic urban centres

Main objectives:

» To share the methodologies for assessing the seismic vulnerability of
existing buildings in historic urban centers.

» To share simple, effective and economical techniques and
strengthening strategies.

> To develop ADRISEISMIC methodology for seismic risk assessment of
buildings in historic urban centers.

» To develop action plans for seismic risk assessment for a region of the
country

The main focus areas are the historic urban centers and historical squares

and their surrounding buildings, conceived as symbol of local identity.

https://adriseismic.adrioninterreg.eu/

ADRISEISMIC project - partners

Lead institution:

University of Bologna - Department of Architecture (IT)

Partners:

1. Institute for Vocational Training of Construction Workers in the
province of Bologna - I.I.P.L.E. (IT)

2. City of Kastela (HR) <-> Faculty of Civil Engg, University of
Zagreb

3. Municipality of Gjirokaster (AL)

4. Regional Development Agency Backa (RS) <-> SUZI-SAEE

5. ?é(l))venian National Building and Civil Engineering Institute ZAG

6. University of Crete (GR)

7. Region of Crete (GR)
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ADRISEISMIC Methodology for Rapid Visual Assessment of
Masonry and Reinforced Concrete Buildings (“expeditious
methodology”)

The expeditious methodology must be able to fit into the existing context of the

region and respect the following fundamental criteria:

» Provide qualitative analysis in a short time, useful as a preliminary tool for
subsequent quantitative analysis.

> Identify the most likely criticality/collapse mechanisms for a given structure
(total/partial).

» Needs to be applicable to reinforced concrete and masonry buildings.

The methodology was explained in the paper (free access journal)

Predari, G.; Stefanini, L.; Marinkovi¢, M.; Stepinac, M.; Brzev, S. (2023). Adriseismic
Methodology for Expeditious Seismic Assessment of Unreinforced Masonry Buildings.
Buildings, 13, 344. https://doi.org/10.3390/buildings13020344

SEISMIC BEHAVIOUR OF MASONRY BUILDINGS: CRITICAL
PARAMETERS

Possible failure mechanisms for masonry buildings:

seismic actions

mechanism in-plane

Mechanism 1. Mechanism 2. Kinematic failure Mechanism 3.
Disintegration mechanism - out-of-plane Kinematic failure

M -

oo
These mechanisms depend on

the mechanical characteristics
of masonry and are usually

analyzed uing numerical
\ / models.

IQM method - used in Basis: C.I.N.E. Method
Italian practice (not (Italy)
included in the code)
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ADRISEISMIC METHODOLOGY: EXCEL FORM

ADRION ACRIATIC-IONIAN
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Interreg H
ADRION  scrumcionan

S S
ADRISEISMIC

i

INPUT - MASONRY

Four categories:
1. General data

Construction characteristics

2
3. Masonry quality
4

Building data

CRITICAL INPUT PARAMETERS FOR MASONRY STRUCTURES
Mechanism 1: Disintegration <-> Quality of masonry

IQM method (masonry quality index) developed at the University of u Perugia, Italy
around 2000 (Borri, de Maria). IQM - an approximate system for determining masonry
quality in a specific building.

Masonry Quality - 9 input parameters:

. Type of masonry

. Horizontal alignment of brick/stone rows in a wall
. Presence of headers

. Shape of masonry elements

. Alignment of vertical joints

. Masonry element size

. Quality of mortar

. Resistance of masonry elements

. Thickness of mortar joints

NV O0ONOUANANWN=-
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CRITICAL INPUT PARAMETERS FOR MASONRY STRUCTURES

Mechanism 1: Disintegration - examples of input data

. Type of masonry

. Horizontal alignment of brick/stone rows

Horzontal

. Presence of headers |

. Shape of masonry elements

. Alisnment of vertical joints |
. Masonry element size

. Quality of mortar
. Resistance of masonry elements
. Thickness of mortar joints

© ®© N o [ala[dN] =

LMT=160cm LMT=126cm

LMT=166 cm

| 3. Presence of headers | | 5. Alignment of vertical joints

CRITICAL INPUT PARAMETERS FOR MASONRY STRUCTURES
Mechanism 1: Disintegration <-> IQM values

Type of failure mechanism /\

IQMep

1QMyp

. Horizontal alignment of brick/stone rows ‘ v

2

3. Presence of headers | 0
4. Shape of masonry elements ‘ 0
5. Alignment of vertical joints | 0
6. Masonry element size |9
7. Quality of mortar 0
8. Resistance of masonry elements 0,3

IMPORTANT: NR minimum number of points (0)
R maximum number of points (2)

0
0
0
0
o
0
0

1

1
lo5 |1
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CRITICAL INPUT PARAMETERS FOR MASONRY STRUCTURES
Mechanism 1: Disintegration <-> Masonry category

* Three failure mechanisms:
1) IQM, - disintegration
2) IQMgp - out-of-plane seismic effects
3) IQMyp - in-plane seismic effects
* |QM classifies masonry into 3 categories (A, B, C) based on the total humber
of points for Masonry Quality:
Category A = minimum collapse risk (maximum number of points)
Category C = maximum collapse risk (minimum number of points)

Masonry category
o A B ¢
ﬂecﬂa""sm ;:IIQAf\II\;/P SSIQMy<10 | 25<IQMv<S5 0=IQMy = 2.5
echanism :Q 7<IQMpp< 10 4<IQMppp <7 0 <IQMrp= 4
Mechanism 3: 1QMy, 5 < IQMnp < 10 3 < IQMwP< 5 0<IQMnp< 3

CRITICAL INPUT PARAMETERS FOR MASONRY STRUCTURES
Mechanism 2: Kinematic mechanisms due to out-of-plane
seismic actions

Fig] 10.1 —Meccanismi di
nbaltamento semplice
(Foto da: MEDEA -~ Papa e 8
2Zuccaro, 2001)

EPEICTORIO DEFMECCANISMEDEDANNO, DELLE
FEONICHE DY INTERVENTO § DI RELATIVE COSTE
NEGLLEDINICTIN MURATURA
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CRITICAL INPUT PARAMETERS FOR MASONRY STRUCTURES
Mechanism 2: Kinematic mechanisms due to out-of-plane
seismic actions
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G H s G . ﬁﬂ’ 5 (9.33) P By =-ug =hd: 8, 2 =vp=d9
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interreg M
il 1 1 ADRION 4
Pilot case study: application of ADRISEISMIC ADRION _ sersre s

methodology in Serbia: Vukov Spomenik, Belgrade ="

Studentski dom 1 menza
,Kralj Aleksandar I Stambene zgrade Visa poslovna Skola

Pozoriste
,, VUK

Stambeni objekti sa komercijalhim sadrzajem u
prizemlju

Source: Marko Marinkovi¢, University of B%rade

-
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ADRION ACRIATIC-IONIAN

Student Hostel ,,King Aleksandar 1

ADRISEISMIC
» [zgradnja je pocela 1926
= ZavrSeno 1928

» Najstariji studentski dom na
Balkanu

» Nearmirana zidarija, AB rebrasta
tavanica

= Koristi se kao studentski dom,
menza i restoran

Source: Marko Marinkovié, University of Belgrade

A

Interreg H

ADRION ACRIATIC-IONIAN

Student hostel ,,King Aleksandar 1

ADRISEISMIC
i,

Istorijski arhiv Beograda: osnova objekta
Source: Marko Marinkovi¢, University of Belgrade

- ]
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ADRION ACRIATIC-IONIAN

Student Hostel ,,Kralj Aleksandar | e

ADRISEISMIC
N

Source: Marko Marinkovi¢, University of Belgrade

Interreg H

ADRION ACRIATIC-IONIAN

Student Hostel ,,Kralj Aleksandar | e

ADRISEISMIC

Source: Marko Marinkovic¢, University of Belgrade
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Student Hostel ,,King Aleksandar 1

ADRION ACRIATIC-IONIAN

ADRISEISMIC
P e TN
OUTPUT: STRUCTURAL RESPONSE ‘OUTPUT: MASONRY CATEGORY = e
i e © MASONRY ASSESSMENT
For out-of plane actions A
For in-plane actions A TP GEIERAL DATA
Data rane0Lz
Pk accrem Bubrvar Kalia Mwkisidara DV, 11000 Db e
MOST PROBABLE COLLAPSE MECHANISM P45 coordnates ALY, J0ATIE
Vertical Deflection T CORSTRUCTION CHARACTIRISTICS
Fourdareni Bk Moy undation.
Vacery wall Sl ik ruananey with ke mortar
Fioos Cast m-sitw remborced concrete slab
INPUT: SITE DATA Rood
Peak ground acceleration 01 m? :'::n':mmw -
Ground type (Eurocode 8) c Trws of mascnry ek
i Horgontal donmest of backistone rows: " Musorey eemert e "
Building exposure X Frapmce o hasden B Qualty of rextie L]
i of mmsoney sbmasty = Erintarse of mascney siermty
OUTPUT: SEISMIC RISK SEISMIC RISK CATEGORY Adgrmant. of vertcal jonts o Tuckes of marar jones d =
—_ s NPT BUILDING CHARACTERISTICS
Sh — I‘U X E X P - 0.36 [ Fa Eomerectuns between strucal sty -]
Lv= index of vulnerabity (1/1) 2.02 m:‘f e sl c
E= Exposure 120 Trawrersal wal detanice Furmmarneet foot e =
‘Wl thickness. L Thrusts due to anches of vauts (foor level) 1
H=Hazard 0.15 Fo height u Thrusts due toanches or vauts (roof level) 1
STRUCTURAL RETROFITTING CHARACTERISTICS
Extent of intervention Intervention extended to all elements of the building
Material preference
MEASURES COULD BE IMPLEMENTED
I Jacketing, through a reinforced plaster with fibres mesh t]
CosT MEDIUM 85
TECNICAL COMPLEXITY MEDIUM
SUGGESTED FOR Al colgpse mechanisms

Source: Marko Marinkovi¢, University of Belgrade
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REPORT ON THE STATE OF THE ART

IN ADRISEISMIC PARTNER COUNTRIES
REGARDING TECHNIQUES OF INTERVENTIONS
FOR REDUCING SEISMIC VULNERABILITY
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REPORT ON THE STATE OF THE ART
IN ADRISEISMIC PARTNER COUNTRIES
REGARDING METHODS OF
EXPEDITIOUS ASSESSMENT
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DT2.2.2 - REPORT ON PROTOCOLS AND GUIDELINES
FOR ADAPTING EXPEDITIOUS EVALUATIONS

AND RETROFITTING TECHNIQUES

TO THE LOCAL CONTEXTS

REPORT ON THE LP PILOT ACTION
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EUR-OPA MAJOR HAZARDS AGREEMENT
ACCORD EUR-OPA RISQUES MAJEURS  CONSEIL DE 'EUROPE

European and Mediterranean Major Hazard Agreement (EUR-OPA)
ECILS/ECPFE workshop

“Seismic Assessment and Retrofitting of Masonry and Preserved Structures”

Historic buildings and monuments
in North Macedonia:

Treatment and retrofitting aspects
STRUCTURAL PERSPECTIVE

Dr. Veronika SHENDOVA
ECILS Director

Ss. Cyril and Methodius University in Skopje
Institute of Earthquake Engineering and Engineering Seismology - 1ZIIS

Skopje, 23rd May 2024



Outline

" INTRODUCTION

® CULTURAL HERITAGE
= Vulnerability, Importance, Protection

= Cultural Heritage in North Macedonia

® EARTHQUAKE PROTECTION OF HISTORIC BUILDINGS AND MONUMENTS
- 1IZ11S’ APPROACH -

= Scientifically based methodology for seismic upgrading

= Implementation in reconstruction/seismic upgrading of important monuments

® CONSLUDING REMARKS

modern vs existing buildings

* building stock - mix of modern buildings, designed
according to modern building codes, and older buildings,
most often not compliant to any code, especially seismic
one

* older existing buildings - largest risk to communities

* modern building seismic codes - reached by the
developments from the learned lessons on the nature of
earthquakes, performance of geotechnical, structural, non-
structural and lifeline systems, social and economic
aspects...

% of buildings built before 1980 in total building
* regulation for existing buildings - an area less well defined stock in Europe (ENTRANZE 2017)
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existing buildings — need for structural strengthening

Strongthening o errors in designing or construction
o load increases, damage to structural parts,
2 @ New minimum modification of structural system
l' y ‘t
" Design minimum ‘ N improvements in suitability for use,
.\@ )- @J 4 : © upgrading of standards or national technical
demands provisions

oo

existing references do not provide a clear path
toward addressing the hazards, assesment and retrofitting of existing buildings

existing buildings — need for seismic retrofitting

* to make existing earthquake- yalue mq&m,m— B
damaged or earthquake-vulnerable "
buildings more resistant strengthening

* necessarily modification of existing 100

structural system

lack of standards for risk
assessment, evaluation and
retrofitting methods

restoration

variability of effectiveness of each
retrofitting method
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introduction

Seismicity in Balkan Region

deadly earthquakes 1963-1979

maore than 3000 deaths

introduction
| 5

Earthquake Risk Reduction in Balkan Region

UNESCO’ agencies - extremely important role in overcoming problems in Balkans:
* implementation of several projects (1970 — 1985)

* 1979-1984: UNDP/REP/79/015: Building Construction under Seismic Conditions in Balkan Region
(Governments of Bulgaria, Greece, Hungary, Romania, Turkey, Yugoslavia)

Defined
procedure
NG CONSTRUCTION Drawn on
SEISMIC CONDITIONS .
- BALKAN REGION experience
following
VOLUME 7 recent
rthquak
SEISMIC earthquakes
DESIGN CODES Agreed and
OF THE
BALKAN REGION adopted by
all Balkan
countries
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REPAIR -
re-establishment of initial
strength of damaged
structural members

STRENGTHENING -
judicious modification of
the strength, stiffness
and/or deformability of
structural members or
structural system

P . Plain co
h
(o Increase in rength I [Masonry | | prfatrcated panels
seismic | | (o croas instrength |——| ifiling - Masonry inflling
strengthening] l and ductility ) ‘\\' . Concrete blocks
\
l - o A\Y - Injection
(c) Increase in ductility \ W : -R/C jacket
WA S;ren'gﬂ'\enmg .New R/C elements
VN | ofexisting [ Rebuilding
(a) Increase in strength ,\\\ L walls
o \\‘\ \\ )
g \R @ . Cast-inplace R/C
> b) | instrength | | walls walls
3 (bl aﬁe::z;i?ky e \'\ . Prefabricated walls
@ - ; . Steel incasement
/ N[0 Inereasein ity | opcouron ™| - Stelsreps
Non-strengthened structure .R/C jacket

existing strength and deformability ‘

~———= Displacement

’ required strength and deformability

—J strengthening ’—

introduction
1

Repair and Strengthening of existing buildings in Balkan Region

REPAIR

AND STRENGTHENING
OF RENFORCED
CONCRETE, STONE
AND BRICK-MASONRY
BUILDINGS

REPAIR
AND STRENGTHENING
OF HISTORICAL

MONUMENT
AND BUILDINGS
IN URBAN NUCLE!

Cultural Heritage - vulnerability to earthquakes

Greece

Cultural Heritage
I —
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Cultural Heritage - vulnerability to man made disasters

Cultural Heritage — importance / protection

IMPORTANCE:

@ key element for the history and the identity of the society, contributing to its well-being
@ deserve special attention due to their value

@ the reason does not play a primary role when damage of cultural historic monuments is considered

PROTECTION:

@ multidisciplinary approach: team of experts from different profiles
@ the main tasks/problem: how far we should go as to the level of safety and the extent of the intervention
@ present civilization’ moral and legal obligation: to protect CH in its authenticity for next generation
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Republic of North Macedonia

® crossroads of important traffic routes

® turbulent economic, cultural and political
history

® different spiritual influences, military
campaigns and ethnic migrations, ups and
downs, fires and earthquakes...

® marks in material and spiritual culture

North Macedonia - archeological sites

4 e -LYCHNIDOS

\ }Mother
&% Easth
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North Macedonia - medieval churches

North Macedonia - Ottoman architecture

Daut Pasha

Kurshumli : ‘ " o “ - Bitola
Inn : = Old Bazaar
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Skopje 26 July 1963,5:17
earthquake M 6.1 1071 deaths 3300 injured 83% of buildings

Py e et

- unusable

N
5

* entire monument fund was more or
less damaged

* failure of individual parts of the
structures

* large structural cracks

* inclination and deformations of
structural elements

* part of it was completely destroyed

Kurshumli
Inn

Post-earthquake treatment of monuments - legal framework

Recovery of Skopje:
* lack of corresponding technical regulations and directions 1976 Law for protection of cultural heritage
* lack of experience in aseismic design and practice (first legal frameworlk: glossary, registration,

labeling, organization of protection...)
1963 General recommendations for repair and strengthening of structures

damaged by Skopje earthquake 2004 Law for protection of cultural heritage

(responsible institutions, categorization,
regime for protection and use, conservation
research and projects, owners' rights and
1981 Code for Design and Construction of Buildings in Seismic Regions obligations, professional titles, other issues)
(for design of new buildings, predominantly RC and confined masonry)

1964 Temporary Technical Provisions for Construction in Seismic Regions
(monuments not treated separately)

* conservation projects — team of architect,

1985 Code for Repair, Strengthening and Reconstruction of Buildings conservator; historian, structural engineer,
Damaged by Earthquake (for ordinary buildings) archaeologist...
* Ministry of Culture, Directorate for
2005 Law for Construction protection of CH, Conservation Centers,
2020 Eurocodes, introduced in parallel to national code Museums & Libraries,

* national ICOMOS
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Post-earthquake treatment of monuments - activities on the field
= immediate structural consolidation, repair & strengthening during renovation process,

= involving RC bearing elements, columns and belt courses incorporated into the existing masonry
= later on - adverse affect of cement

Ishak Bay Mosque
Sulli Inn

1ZIIS’ contribution in the field

* |ZIIS&ICCROM - Recommendation - Skopje | 988:
united efforts of architects, engineers, conservators, restaurateurs, material scientists; prohibition of cement....
° extensive research 1990 — 2000 (IZIIS & National conservation center)
* experimental verification of different retrofitting techniques (ties and injection, base isolation, composite materials)
* scientifically based integrated approach in earthquake protection of preserved structures
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IZIIS’ integrated approach:
minimum intervention — maximum protection

|.Available data review
v" technical, written and photo documentation, archive investigation,
interviews, professionals’ statements, previous investigation and
interventions

2.Visual inspection including NDT
v' observation and mapping, digital microscopy, infrared thermography,
drone imaging and 3D laser scanning

Soll Profile No. 1-Layer 8

IZIIS’ integrated approach:
minimum intervention — maximum protection

3. Definition of expected seismic hazard
v' geophysical surveys for definition of geotechnical and geodynamic
models of the site, including local soil effects, geo-radar recording

4. Structural identification

v'in-situ technical measurements, investigation of the built-in
materials

v" determination of dynamic characteristic through AVT
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IZIIS’ integrated approach:
minimum intervention — maximum protection

5. Structural analysis
v" 3D finite element modeling (calibrating until TAYT= T3Dmodel)
v’ definition of bearing and deformation capacity of existing structure
v’ structural response to defined seismic parameters

6. Seismic retrofitting
v' definition of safety criteria, selection of concept, materials, methods

and techniques, verification structural analysis, definition of field works
and subsequent documentation

strengthening =
(a) Increase in strength demand - existing

(b) Increase in strength
and ductility

//.-’ “‘\&c} Increase in ductility

Non-strengthened structure
——= Displacement

——— Shear force

IMPLEMENTATION: IN HISTORIC BUILDINGS
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l. old towns along Mediterranean coast

* damages after 1979 Montenegro earthquake

l. old towns along Mediterranean coast

* extensive in-situ, experimental and
analytical investigations for searching
optimum conditions and methods for
reconstruction, repair, strengthening of
structures (1979-1984)

“ §
| {8

e . v o« o
in-situ testing § |1:75caled mbdel

repaired model
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l. old towns along Mediterranean coast

* repair and strengthening of more than 300 buildings in old town of Budva, applying
acquired knowledge on application, material consumption and effect of injection

nowadays

2. historic adobe buildings in California

* damages after 1994 Northridge earthquake * 1995, GCl, Getty Seismic Adobe Project, GSAP
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Implementation

2. historic adobe buildings in California

* 1996-1998: extension of GSAP - shaking table testing at IZIIS of two [:2
scaled models of a typical southwestern American tapanco-style building

: .i ;

* GSAP project ends with ...
... practical aspects for technologically feasible, minimally invasive and inexpensive
techniques for stabilization of adobe buildings

Implementation
I 5

3. Parliament building in Skopje

2008
project for Enlargement, Building of Another
Story, Adaptation (+3600m?)
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3. Parliament building in Skopje w W

e 2010-2013 - Strengthening while continuously functioning

structurd fnon nonstructural ﬂéﬁj‘agé
during 2016 SKkopje 'earthquake, M 5725

4. Assessment and upgrading of seismic resilience of urban cultural

heritage centers
8 Benedetti D, Petrini V. (|984)-Vicente (2008) » Ferreira (2017) » Zlateski (2023)

Parameter i Weight, p;

Class, ¢,
14
I*
1. Structural building system = . .
vf Z Cle vi
i=1

P1 Type of resisting system 0 5 20 50 0.75 2.50
P2 Quality of resisting system 0 5 20 50 1.00 2.50
B3 Conventional strength 0 5 20 50 1.50 1.00
P4 Maximum distance between walls 0 5 20 50 0.50 0.50
P5 Number of floors 0 5 20 50 1.50 0.50
P6 Location and soil condition 0 5 20 50 0.75 0.50
2. Irregularities and interactions

P7 Aggregate position and interaction 0 5 20 50 1.50 1.50
P8 Irregularity in plan 0 5 20 50 0.75 0.50
P9 Irregularity in height 0 5 20 50 0.75 0.50
3. Floor slabs and roofs

P10  Alignment of openings 0 5 20 50 0.50 0.50
P11  Horizontal diaphragms 0 5 20 50 1.00 0.75
P12  Roof systems 0 5 20 50 1.00 0.50
4. Conservation status and other elements

P13  Fragilities and conservation status 0 5 20 50 1.00 1.00
P14  Non-structural elements 0 5 20 50 0.50 0.75
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pre-earthquake vulnerability assessment
I

4. Assessment and upgrading of seismic resilience of urban cultural
heritage centers

Implementation
5 5

IMPLEMENTATION: IN MONUMENTS
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I. Monuments in Pagan - Burma (1978-1980)

* damages after 1975 Pagan earthquake

I. Monuments in Pagan - Burma (1978-1980)

UNSECO/UNDP 78/023, (Gavrilovic et al):
Developing and implementation of a methodology for repair and strengthening
of pagodas & temples by injection and inserting of steel bracing or RC belts

4
e o
LJ_’L_LL;_'J!...J_‘__‘__‘_J
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I. Monuments in Pagan - Burma (1978-1980)
UNSECO/UNDP 78/023: implementation in |5 pagodas and temple

2. Byzantine Churches (1990-2000)

Scientific-Research Projects (IZIIS, GCI, NKC, EU Phare Development Program) ;

Conservation, Repair and Seismic Retrofitting of Byzantine Churches &
dated from IX — XIV century in Macedonia '
* Typology
® Existing state
® Interventions
® Authenticity

St Nikita; Bar{jani' -

St. Marry, Matejche St. Nicolas, Psacha

St. Marry Zahumska
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Implementation

%
.
I

“

2. Byzantine Churches (1990-2000)
Scientific-Research Projects (IZIIS, GCI, NKC, EU Phare Development Program)

Conservation, Repair and Seismic Retrofitting of Byzantine Churches
dated from IX — XIV century in Macedonia

4

AR

® Original - existing state
® Strengthened by ties and injection
® Base isolated

St.Nikita, Banjjani

Implementation

2. Byzantine Churches (1990-2000)

ties&injection
versus
base isolation
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St. Pantelymon Church, Ohrid, (2001)
I ——

3. implementation in reconstruction of churches
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St. Athanasius Church, Leshok (2007)

3.implementation in reconstruction of churches
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Church of Holly Trinity, Mostar (201 |

3.implementation in reconstruction of churches
| x s -

—Fs
120000 : . ]

I'/—| —s
100000 ! ——HVE
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- [ 1] S 1000 ECB

/- S 1000 PIOVS

4. implementation in seismic upgrading of churches
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5. Mosques
Scientific-Research Projects (IZIIS, EU FP6 PROHITECH)
Seismic Retrofitting of Mustapha Pasha Mosque in Skopje, (2008-2010)

* one of the biggest and best-preserved
Ottoman monuments in Skopje and
Balkans

* damaged by Skopje earthquake in 1963
(domes, east facade, minaret)

* today monument of extraordinary
importance

1000 1000 0029
o6

0,498 0385

0% om om

f,,=3.0Hz f,,=3.2Hz f,=1.04Hz

5. Mosques
Scientific-Research Projects (IZIIS, EU FP6 PROHITECH)
Seismic Retrofitting of Mustapha Pasha Mosque in Skopje, (2008-2010)

Shaking table testing of |:6 scaled mosque model

damage to original state strengthened by CFRP bars&wrap

169




Implementation
I

6. Implementation on Mustapha Pasha\Mosque

Implementation

6. Implementation in other Mosques

Ali Pasha Mosque, Ohrid Orta Mosque, Strumica Charshi Mosque, Prilep
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Concluding remarks

* selection of methodology and materials for retrofitting: the delicate problem/challenge in
long-term protection of monuments

* proving the effectiveness of the selected strengthening: successfully overcome by using
“design by testing” methodology, very powerful tool, especially for complex structure,
which are difficult and unsafe to analyze using traditional methods

» for seismic retrofitting od monuments, scientifically-based and experimentally-verified
methodology was applied
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SEISMIC ASSESSMENT AND RETROFITTING OF MASONRY AND
PRESERVED STRUCTURES

FINAL DISCUSSION/ CLOSING

“coming together is beginning, keeping together is progress,
working together is success”

* long-term collaboration between ECILS, ECPFE and other Centers within EUR-OPA
(relevant assessment and retrofitting of preserved structures)

* enhancing (re-establishment) of overall cooperation between neighboring countries
(engineering practice in applying Eurocodes, especially EC 8 part 3)
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“coming together is beginning, keeping together is progress,
working together is success”
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* guest for the excellent and comprehensive presentations
* attendees for fruitful discussion
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CODE FOR THE ASSESSMENT AND STRUCTURAL
INTERVENTIONS OF MASONRY STRUCTURES (KADET)

Executive Summary

Earthquake Planning and Protection Organization
English Version (Athens, 2023)

Background

KADET is the new Code for the Assessment and Structural Interventions of Masonry Structures that was first issued in
Greece in 2022 responding to a long term need for a regulatory framework relevant to seismic interventions on existing
masonry structures. This is a project of major importance for the seismic protection of structures in earthquake regions
and a challenging task on its own right, given the inherent complexity of the problems associated with the seismic
performance of masonry and the inevitable lack of scientific consensus on many open research topics. The need to pre-
scribe simple, yet rigorous solutions and calculations for the practicing engineers in the framework of a legislative doc-
ument is an additional challenge, which is further complicated by the fact that the vast majority of the existing masonry
structures in Greece and beyond is not compliant to any code. It is therefore necessary to obtain good understanding of
the load bearing mechanisms of both the existing (as built) and the retrofitted structures, digest and exploit the latest
research results and compile them in a way that can be appreciated and implemented by the professional community.

The first drafting Committee for the development of this Code was formed in 2011 following the mandate of the Board
of Directors of the Organization for Earthquake Protection and Planning and the enforcement of the Greek CSI (Code
for Seismic Interventions — KAN.EME.), which is applicable to Reinforced Concrete Structures. The latter was used as
a guide in terms of structure and context. The first draft of KADET was introduced in April 2017 and was reviewed by
13 independent experts (D. Aggelou, I. Doudoumis, A. Kappos, G. Manos, Ch. Mouzakis, K. Spyrakos, K. Toumbakari, A.
Triantafyllou, I. Psycharis). Moreover, 17 well established design offices acted as consultants that worked pro-bono to
submit a series of design calculations for a set archetype structures in order to demonstrate and ultimately improve the
applicability of the Code. All comments were addressed by the Committee and were taken on board leading to the next
version of the KADET in March 2019. The code draft was open to public consultation in September 2019, with the final
draft of the code being published in March 2021. KADET was finalized following a second round of public consultation
in 2022. The English translation is expected to be released in December 2023.

Objectives

The main objective of the present code KADET is the introduction and enforcement of criteria for the assessment of the
bearing capacity of existing masonry structures to resist seismic forces. The Code sets rules for the re-design of these
structures following potential interventions (repair or strengthening), as well as for the interventions themselves. It
mainly covers masonry structures, however, it is evident that the underlying first principles of mechanics are of general
use.

More specific aims are to:
— offer a set of specific criteria for assessing the seismic response of masonry structures,
— describe the appropriate approach for select the appropriate measures of intervention,
— set criteria for the design of new structural elements and their connections, either between new and existing
ones or among the new elements themselves.
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Content

KADET comprises 11 chapters of approximately 350 pages dealing with the range of application of the code (Ch.1, see
below), basic principles and assessment criteria (Ch.2), on-site investigation and pathology justification (Ch.3), basic
data for assessment and redesign (Ch.4), numerical analysis before and after the intervention (Ch.5), principal finite
element models for simulating structural behaviour (Ch.6), determination and quantification of the seismic response of
structural members (Ch.7), design of repair and strengthening works (Ch.8), verification checks (Ch.9), documentation
requirements (Ch.10), as well as quality assurance and maintenance aspects (Ch.11). It also contains several formative
and informative Appendices related to seismic pounding among adjacent structures, simplified analysis methods, de-
fault values, minimum acceptable (re)design targets and overall synthesis guidelines for design.

Major advancements

KADET is deemed as a major advancement in relation to the current version of Eurocode 8 — Part 3 (CEN, 2004) and the
provisions referring to masonry structures as outlined in its respective Appendix C for dealing with seismic assessment
and retrofitting of buildings. It is also more detailed covering approximately 350 pages compared to the new draft of
the Eurocode 8 — Part 3 (CEN, version 16-12-2022) and specifically to the provisions of Chapter 11, which is dedicated
to masonry (40 pages). It is also noted that even though both codes cover masonry structures, they are conceptually
quite distinct in several ways, the most important of which are outlined below:

1. mechanical properties in KADET are defined using semi-empirical relationships separately for different types of
masonry (including single-, double- or triple leaf masonry), while also offering the opportunity to the Designer to
update the default values based on in situ measurements.

2. several numerical analysis methods are offered by KADET such as, finite elements, macro-elements, equivalent
frame method and the strut and tie model. They are all presented in great detail including recommendations for
practical applications bespoke to masonry structures.

3. a modified behaviour factor gq* is prescribed in KADET to account for different performance levels adopted for
assessment or redesign, as opposed to the fixed value of q<1.5 prescribed in current version of Eurocode 8 — Part
3 (CEN, 2004). The values of ratio g*/q’ are summarized in the following table using as reference value the value
of g’ that applies for Performance Level B (Significant Damage).

Performance Level

Limited Damage Significant Damage Near Collapse
(A) (B) ©
0.6 1.0 14

(1.0<g*<1.2 applies)

Note that Performance Levels of the structural system are defined in relation to the acceptable (tolerable) degree of
damage of the building as follows:

e “Limited Damage” (A): the structure has only experienced light damage. Its structural members retain a high de-
gree of their capacity and stiffness. Residual relative displacements between storeys are negligible.

e “Significant Damage” (B): the structure has suffered major damage, some of which may be severe, without local
collapses. However, it has retained residual bearing capacity and stiffness. The vertical structural members are
able to bear permanent (gravity) and live loads. Some moderate residual relative displacements do exist among
storeys, that can be large locally. The load-bearing structural system can resist moderate future earthquakes.

e “Near Collapse” (C): the structure has experienced severe damage, the majority of which is not repairable. Its re-
sidual capacity and stiffness are low; however, the vertical structural members are still able to bear permanent and
live loads. Large residual relative displacements among storeys are observed. The load-bearing system does not
possess adequate safety factor against collapse, and it is likely that it will not be able to resist future earthquakes
even of moderate intensity.

4. KADET is more flexible to Eurocode 8 — Part 3 in terms of the envisaged Performance Levels. This is a strategic de-
cision to serve socio-economic needs and yield redesign of masonry structures financially viable, hence, more at-
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tractive. More precisely, the minimum mandatory requirements for seismic capacity that must be met by existing
structures may, under conditions, be reduced in relation to the provisions of the current design regulations that
apply at the time of the assessment for new structures. In this context, KADET defines three main Performance
Levels (as have been already described above), but also nine levels for seismic (re)design. This essentially implies
that each performance objective is the combined outcome of a Performance Level and a specific seismic action
with a given “acceptable probability of exceedance during the design life of the building” (i.e., design earthquake).

The resulting 27 options of performance objectives are listed in the following table. Note that ag,ref is the reference
horizontal acceleration defined with a 10% probability to be exceeded in 50 years as in the Greek National Annex of
Eurocode 8 (ELOT, 2008), which is identical to the one defined in the Greek Seismic Code of 2000 (EAK 2000) following
the update of the seismic hazard map for the country in 2003, and ag is the seismic acceleration adopted in the assess-
ment and redesign.

Performance Level of the load-bearing structural system

(lg / (lg ref . A . B C
’ Limited Significant Near
Damage Damage Collapse

1.00
0.75
0.60
0.45
0.35
0.25
<0.25

The above table illustrates the breadth of options that are provided to the designer in order to meet the specific needs
of the respective owner or stakeholder of the existing masonry building that is assessed with the aim to be strength-
ened. It is deemed that the above flexible scheme will encourage pre-earthquake assessment and seismic upgrade
of the existing stock of masonry structures and upscale the application of this new regulatory framework across the
country. For details can be found in the documents listed below that are freely available online.

Downloads:
— Code for Seismic Interventions (KAN.ENME.): https://tinyurl.com/4dre57u3
— Code for the Assessment and Structural Interventions of Masonry Structures KADET: https://tinyurl.com/2p82hu28
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