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Cultural Heritage

IMPORTANCE:

@ key element for the history and the identity of the society, contributing to its
economic and other well-being

@ only remnant of human existence, creation and achievements in the past

@ deserve special attention due to their individual historic, architectonic, documentary,
economic, social and even political or spiritual value

PROTECTION:

@ multidisciplinary approach: team of experts from different profiles

@ one of the main tasks and problems: how far we should go as to the level of safety
and the extent of the intervention

@ a moral and legal obligation and the duty of present civilization
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Cultural Heritage in Republic of Macedonia

* Archeological heritage
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Cultural Heritage in Republic of Macedonia

* Medieval Heritage
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Cultural Heritage in Republic of Macedonia

* QOttoman Heritage
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1963 Skopje Earthquake: M=6.1 1070 deaths 3300 injured

Pos’r office

* Brick wall structures - the most damaged
* Mixed construction - considerably damaged

e Old adobe structures (timber bracing) - some damage :
* RCframe - slightly damaged -
- |
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1963 Earthquake effect on Architectural Heritage

* entire monument fund was more or
less damaged

* failure of individual parts of the
structures

* large cracks

* inclination and deformations of
structural elements

e part of it was completely destroyed
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Post-earthquake Repair and Seismic Strengthening

e immediate structural consolidation

* repair & strengthening during renovation process,

* involving RC bearing elements, columns and belt courses incorporated into the
existing masonry

Ishak Bay Mosque
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Effects of Post-earthquake Protection of Monuments

e adverse affect of cement — Skopje recommendation 1988 — unite efforts of architects,
engineers, conservators, restaurateurs, material scientists....

* extensive research 1990 — 2000 (IZIIS & National conservations center)

* experimental verification of different retrofitting techniques

(ties and injection, seismic base isolation, composi j
: m RECOMMENDATIONS - SKOPJE 88

\

On the basis of 51 lectures presented by 5 invited keynote lecturers,
d lecturers and 15 participents” presentations, the discussions

§ Bivics end the general discussion at the end of the Seminar regarding
P Wsed theses for recommendations given by the members of the Organizing
(Lazar Suranov and Predtag Cavrilovie), the following final recon-
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Protection of Cultural Heritage — new approach

"Guide", "Recommendations”, "Resolutions", "Charters"
and

Scientifically based methodology for earthquake protection of historic
buildings and monuments during their protection
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Earthquake Protection of Monuments — IZIIS approach

e Determin:
¥ T e ey e
e Definition

Minimum interventions — Maximum protection

e Definition of expected seismic hazard, investigation of soil conditions
e Investigation of the characteristics of built-in materials
e Investigation of the dynamic characteristic by AVT

K-FORCE, Ohrid, July 2018
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scientific-research projects

Methodology for Seismic Strengthening of Byzantine Churches

Traditional Technology vs. New Technology /

® Typology
® Existing state

° Interventions
® Authenticity

St. Nicolas, Psacha
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scientific-research projects

Experimental Investigations of the Model

® OBIJECTIVES _ Investigation of seismic resistance and
verification of the proposed strengthening concept

® Selection of the geometrical scale ~ ——) Lr =1:2.75

® Investigation of the model materials
® Experimental testing of wall elements
o

Design of the church model
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scientific-research projects

Concept for Repair and Strengthening - traditional

Design Criteria:.
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€ Level I: without damage, tp = 100 years
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Selected method for strengthening:
€ incorporation of horizontal steel ties
€ systematic injection of elements

€ incorporation of vertical steel ties
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scientific-research projects

Experimental verification of methodolog

SR
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lower damage level even under higher level of input excitation

amax=0.43g
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scientific-research projects

Earthquake Protection using Seismic Isolation - new

Laminated rubber bearing element
element 2: Steel plate damper (hysteretic behavior)

element 3: Stopper element (limited displacement)
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scientific-research projects

Shaking table testing of base-isolated model
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scientific-research projects

Traditional Technology vs. New Technology /

Test No: 10

Input Excitation:
El Centro Earthquake, acc=0.54g
return period t, =1 000 years




P.Gavrilovic, G.N.Cvetanovska, R. Apostolska (2001)

Consolidation and Reconstruction of the Structure
of the St.Pantelymon Church in Plaoshnik, Ohrid

In reconstruction

Implementation........
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I St.Pantelymon Church in Plaoshnik, Ohrid

- Concept for Consolidation and Rebuilding

o

5 v"Injection of the walls:

§ Walls below the floor level with cement emulsion

& Walls over the floor by use of lime-based emulsions

o

X . :

o v' Contact between the existing and the rebuilt walls

£
_ v' Strengthening and the consolidation of the existing foundation walls up to
level 0.00

S v Reinforced concrete floor slab with a thickness of 20 cm

©

§ v' Construction of the church as massive stone and brick masonry in lime

S mortar with incorporated horizontal and vertical steel ties

)

Q

E
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In reconstruction

Implementation........

St.Pantelymon Church in Plaoshnik, Ohrid

foundation
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horizontal & vertical steel ties
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St.Pantelymon Church in Plaoshnik, Ohrid

plan of the structure at the level of -0.22m
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St.Pantelymon Church in Plaoshnik, Ohrid
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cross section of the structure

Implementation........
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V. Shendova, B. Stofanoski, P.Gavrilovic, (2004)

Reconstruction, Seismic Strengthening and Repair
= of the St Athanasnus Church in Leshok
A
T Armed confllctc in RM
S August, 2001
®
c
O
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2 St. Athanasius Church in Leshok, (2004)

Concept for Repair, Strengthening and Reconstruction

Repair and structural strengthening up to the design level of seismic
safety for the damaged existing part

2. Complete reconstruction by maximum possible use of selected
material in lime mortar plus structural strengthening elements for the
design level of seiemic safety for the demolished part

In reconstruction
-

3. Dilatation (not less than 3 cm) between the structural units

Implementation........
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2 St. Athanasius Church in Leshok, (2004)

Cross section 1-1
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In reconstruction

Implementation........

2 St. Athanasius Church in Leshok, (2004)

@ Providing architectural documentation

& Cleaning up and identification
& Urgent preventive measures
& Archeological investigations
@ Chemical analysis

@ Other investigations T o o -,,L\,,.\%

~ .



In reconstruction

Implementation........

2 St. Athanasius Church in Leshok, (2004)

@ Experimental verification of Input Design Strength of Lime Mortar

* Job mix formula for lime mortar
M =1 (slaked lime) : 1 (broken half-backed brick)®

«  Building of wall elementsi S T z:.\‘

» Testing of elements ung
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St. Athanasius Church in Leshok, (2004)
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In reconstruction

Implementation........

Reconstruction and Seismic Strengthening of the
Blown Up Church of the Holy Trinity in Mostar

1992 - 2005
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S Concept for Strengthening and Reconstruction
S
2
Z" 1. Full reconstruction with maximum possible use of the existing
9 preserved material and minimum additional intervention
@
= 2. Three general states have been analyzed:
£
_ (1) structural system of plain stone masonry (PS);
(2) strengthened structure by horizontal steel element (HS)
_S (3) strengthened structure by horizontal & vertical steel strengthening
E elements -confined masonry (HVS)
3
£
D
Q
E
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Church of the Holy Trinity in Mostar, (2010)
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Church of the Holy Trinity in Mostar, (2010)
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Church of the Holy Trinity in Mostar, (2010)
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Church of the Holy Trinity in Mostar, (2010)

2011- 2017
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Implementation........ In Seismic Upgrading

V. Shendova,P. Gavrilovic (2011)

Seismic Upgrading of Mustafa Pasha Mosque, Skopje

- One of the biggest and best preserved Ottoman monuments in Skopje and Balkan
- Damaged by Skopje earthquake in 1963 (domes, east facade, minaret)

- Today represents cultural historic monument of extraordlnary |mportance
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Implementation........ In Strengthening
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Mustafa Pasha Mosque, Skopje (2011)
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Quasi-static testing




4 Mustafa Pasha Mosque, Skopje (2011)

EU FP6 - PROHITECH Pragject (2004 - 2007)
Shaking table testing of the mosque model (2006-2007)

original state strengthened by
CFRP bars & wrap

In Strengthening

Implementation........
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In Strengthening

Implementation........

4 Mustafa Pasha Mosque, Skopje (2011)

DOME Structure (A)
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Implementation........ In Strengthening

Mustafa Pasha Mosque, Skopje (2011)

= i :
e j i NI :
o

Repair of minaret

én
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Implementation........ In Strengthening

Mustafa Pasha Mosque, Skopje (2011)

W Strengthening of
P i bearing walls
E =8 = v’ Cleaning of all joints on the outside with a
e S depth of max 7-8 cm
TEE: = = “ v' Placement of CFRP bars (d=1cm) in an epoxy
> e — & %" '__ mortar layer




ing

In Strengthen

Implementation........

K-FORCE, Ohrid, July 2018

Mustafa Pasha Mosque, Skopje (2011)

trengthening of
central dome

v’ Removal of the cement
mortar layer

v’ Coating of existing RC
' ring with injection mixture
based on lime mortar

v’ Placement of CFRP wrap
in a layer of epoxy glue
along the perimeter with
the width of 3m

v’ Coating of entire dome
. with a protective layer of
lime mortar

Veronika SHENDOVA, UKIM-IZIIS (Skople)
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In Seismic Performance Evaluation

V. Shendova, V Sheshov, L. Krstevska (2015...)

Seismic Safety and Stability of Existing Structure of
St. Mary Peribleptos Church in Ohrid

* single dome, inscribed developed cross

* among most important medieval
monuments

A1, church, 1295

* small chapels, XIV c.

* A2 porch, XIXc.

* conservation 1950

» strengthening 1986

A
A
A
&

-~
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St. Marry Peribleptos, Ohrid (2015...)

* repairing of cracks INCORRECT !

* inserting of steel ties in central area * historical respect for building authencity
* placing of RC slab over the vaults e actual capacity to prevent leaks

e placing of RCrings in the tambour base | * due to construction errors, unsuitable

e covering of the dome with cement laye materials and lack of maintenance

aog
aoo
oog
aoo

RAINWATER INSERTION

air comidor
reinforced concrete beam

- brickwall 25cm (2x6/12/25)
wooden beams (7x17cm) roofing tes (urkish* type)
T

wooden buttress (8x10am) lime mortar

reinforced concrele slab (5-7cm)
wooden planking (2cm)
wooden beam (5x17cm) aadaa bidlimas

reinforced concrete beam
brickwall 25cm (2x6/12/25)

3 Exu e

air comdor




St. Marry Peribleptos, Ohrid (2015...)
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St. Marry Peribleptos, Ohrid (2015...)

Proposed seismic upgrading:
to convert the negative solution of placing the RC elements into a positive one by:

v

v

cleaning the openings and space between the plates and masonry to provide
ventilation

using the RC plates for providing structural integrity by way of hinged
connections of the plates with the bearing walls, thus preventing uncontrolled
displacement of the reinforced concrete plates and enabling activation of all the
bearing walls and behaviour of the structure as a whole;
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1ZIIS’ on going profjects (2016...)

- St. George, Kurbinovo, Xll Century
* Treskavets Monastery, Prilep, XIll Century
» Kurshumli An, Skopje, XVI Century
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Instead of Conclusion..........

Proving the effectiveness of the
selected strengthening could be
successfully overcome by using
“design by testing” methodology.

It is very powerful tool, especially
when the object of design is a
complex structure, which is difficult
and unsafe to analyze by using
traditional methods.

THANK YOU !
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